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5GIF 


Interim Evaluation Report for EUHT under Option-2 of IMT-2020 process 


From 5G India Forum 


Independent Evaluation Group 


Revision 3.8 EUHT


 





Part I 


 


Name of the Evaluation Group:  5G India Forum (5GIF)


 


5G India Forum (5GIF) has been established under the aegis of the Cellular Operators Association of India (COAI), aiming to become the leading force in the development of next generation communications and will enable synergizing national efforts and will play a significant role in shaping the strategic, commercial and regulatory development of the 5G ecosystem in India.  


5GIF is one of the registered as Independent Evaluation Group (IEG) for contributing to IMT-2020 development of ITU-R through independent evaluation of the IMT-2020 candidate technologies. This group was formed by the COAI to evaluate the IMT-2020 candidates from the perspective of Indian network deployments.  


This is a group of operators, OEM’s, universities and individual experts participating in a collaborative manner, in the evaluation of the candidate IMT-2020 technologies of interest. This is a contribution driven activity, with decisions made through a consensus seeking approach. 


While 5GIF had submitted its final report on EUHT in the original track of IMT-2020 evaluation, this interim report contains some reassessment by 5GIF based on further interaction with EUHT proponents under Option-2 process. The final report is based on further interactions and review of clarifications to be received from EUHT proponents, in next meeting.  


 


 


[bookmark: _Toc73371640][bookmark: _Toc73375268]Contact details: 


 


[bookmark: _Toc73371641]Vikram Tiwathia 


Deputy Director General, COAI 


Email: vtiwathia@coai.in   


Telephone: +91-11-2334-9275 


 


[bookmark: _Toc73371642][bookmark: _Toc73375269]Technical contact 


Email: imt2020@5gindiaforum.in  https://5gif.github.io   



  


 	 


Part II 


Technical Report 


 


While 5GIF had submitted its final report on EUHT in the original track of IMT-2020 evaluation, the current version is an interim report which contains the evaluation areas which are reviewed by 5GIF based on further interaction with EUHT proponents under Option-2 process. The final report based on further interactions and review of clarifications to be received from EUHT proponents, will be submitted in next meeting.  


[bookmark: _Toc73375270]A. Candidate technologies or portions Evaluated by IEG 


5GIF had carried out partial evaluation of select scenarios/test environments for EUHT [IMT-2020/18]. The original evaluation has been reviewed in the light of further interaction and clarifications received from the proponents and this is the interim report.


The 5GIF IEG utilized the ITU-R Guidelines for evaluation of radio interface technologies for IMT2020 provided in ITU-R Report M.2412. The evaluation has been conducted based on submission documentation under Step 3) of IMT-2020 process and also taking in to account the clarifications provided by the proponents.  


Summary table of the EUHT IMT-2020 candidate technology submission


			RIT/SRIT Proponent 


			Submission of Documents &  


Acknowledgement of Submission  


(IMT-2020/YYY) 


			Observations of SWG Evaluation 





			Nufront 


			Submissions IMT-2020/12 (Rev.1) 


received for proposals of candidate radio interface technologies from proponent ‘Nufront’ under step 3 of the IMT-2020 process 


			IMT-2020/27 (Rev.1) 


 


Observations of SWG Evaluation - IMT-2020 submission in Document 5D/1300 (Proponent Nufront) 





			


			Acknowledgement IMT-2020/18 (Rev.1) 


Acknowledgement of candidate RIT submission from Nufront under Step 3 of the IMT-2020 process 


			








  	


[bookmark: _Toc73375271]B. Confirmation of utilization of the ITU-R evaluation guidelines in Report ITU-R M.2412 


The 5GIF IEG confirms that it has evaluated the candidate technologies as well as evaluated the submissions from proponents based on the Reports ITU-R M.2410, ITU-R M.2411 and ITU-R M.2412. 


			Characteristic for evaluation 


			High-level assessment method 


			Evaluation methodology (M.2412) 


			Related 	section 	of 	Reports 


ITU-R M.2410-0 and  ITU-R M.2411-0 





			Peak data rate 


			Analytical 


			§ 7.2.2 


			Report ITU-R M.2410-0, § 4.1 





			Peak spectral efficiency 


			


			§ 7.2.1 


			Report ITU-R M.2410-0, § 4.2 





			User experienced data rate* 


			


			§ 7.2.3 


			Report ITU-R M.2410-0, § 4.3 





			Area traffic capacity 


			


			§ 7.2.4 


			Report ITU-R M.2410-0, § 4.6 





			User plane latency 


			


			§ 7.2.6 


			Report ITU-R M.2410-0, § 4.7.1 





			Control plane latency 


			


			§ 7.2.5 


			Report ITU-R M.2410-0, § 4.7.2 





			Mobility interruption time 


			


			§ 7.2.7 


			Report ITU-R M.2410-0, § 4.12 





			Energy efficiency 


			Inspection 


			§ 7.3.2 


			Report ITU-R M.2410-0, § 4.9 





			Bandwidth 


			


			§ 7.3.1 


			Report ITU-R M.2410-0, § 4.13 





			Support of wide range of 


services 


			


			§ 7.3.3 


			Report ITU-R M.2411-0, § 3.1 





			Supported spectrum 


band(s)/range(s) 


			


			§ 7.3.4 


			Report ITU-R M.2411-0, § 3.2 





			Average spectral efficiency 


			Simulation 


			§ 7.1.1 


			Report ITU-R M.2410-0, § 4.5 





			5th percentile user spectral efficiency 


			


			§ 7.1.2 


			Report ITU-R M.2410-0, § 4.4 





			Connection density 


			


			§ 7.1.3 


			Report ITU-R M.2410-0, § 4.8 





			Reliability 


			


			§ 7.1.5 


			Report ITU-R M.2410-0, § 4.10 





			Mobility 


			


			§ 7.1.4 


			Report ITU-R M.2410-0, § 4.11 








 


C. Documentation of any additional evaluation methodologies that are or might be developed by the Independent Evaluation Group to complement the evaluation guidelines 


Not applicable. 


 


D. Verification as per Report ITU-R M.2411 of the compliance templates and the self-evaluation for each candidate technology as indicated in A).  


			Aspects 


			NuFront 





			1) 





2) 


			Identify gaps/deficiencies in submitted material and/or self-evaluation; 


Identify areas requiring clarifications; 


			Refer 	Sec. 1.3 


 





			3) 


			General Questions to Proponents 


			Questions were posted to the forum (Refer Annex J.3) 








 


E. Assessment as per Reports ITU-R M.2410, ITU-R M.2411 and ITUR M.2412 for each candidate technology as indicated in A) 


			 Aspects 





			Detailed analysis/assessment and evaluation by the IEGs of the compliance templates submitted by the proponents per the Report ITU-R M.2411 section 5.2.4;  





			Provide any additional comments in the templates along with supporting documentation for such comments; 





			Analysis of the proponent’s self-evaluation by the IEG;  








 


F. Questions and feedback to WP 5D and/or the proponents or other IEGs 


The reviewed document containing the clarifications and 5GIF responses thereto is uploaded to the IMT-2020 evaluation collaboration area.
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[bookmark: _Toc32012482][bookmark: _Toc32013607][bookmark: _Toc73375272][bookmark: _Toc30787167][bookmark: _Toc32009427]Verification of Compliance Templates of candidate Technologies


[bookmark: _Toc32012483][bookmark: _Toc32013608]In this chapter, we have reported our observations on the submissions of the candidate technologies at the end of step 3 of the IMT-2020 process. 


For the candidate technologies from NuFront (IMT-2020/18) we referred their revised submission approved in WP5D#34 meeting. 


This chapter verifies the following aspects like – gaps and deficiencies in the templates – link budget, characteristic and compliance templates as well as ambiguous parts of the submissions which needs sufficient clarifications from the proponents so as to independently evaluate the technology as per M.2412 recommendations. 


[bookmark: _Toc32013614][bookmark: _Toc73375273]Candidate technology - IMT-2020/18


Proponents: NuFront 


There is a certain level of inconsistency across various documents i.e. self-evaluation report, specifications and characteristic template. As a result, 5GIF is still uncertain on how to consider the clarifications provided by EUHT proponents given that there are differing details for certain technical aspects/parameters at different places in the submission documentation under Step 3) of the IMT-2020 process.


This interim report only captures the areas of evaluation which have reached a clarity after provision of clarifications by proponents till date. There the other areas which need more clarity from proponents side and to be correlated with the Step 3) documentation.





[bookmark: _Toc32009424][bookmark: _Toc32013617]Observations based on the specification of EUHT RIT as per the submission in IMT-2020/18 is as follows:


A) Channel Switching Information


Channel Switching Information Frame (Section 6.3.4.14 of EUHT Specification) is specified as follows:


· Contains a CAP/STA starting channel number. This field is 8 bits (0-255). 


· Table 21 (Section 6.3.4.14) of Specification states that channel number 3 for 2.4 GHz is supported and no other band support is mentioned as per the specification.


· Channel Identifier field can support 256 channels as per the specification (Section 6.3.4.19)


Observation: Only 256 channels in the 2.4 GHz band can be utilized. (Point C of Section 4.2) which is inconsistent with Self-Evaluation Report of EUHT.


B) Spatial Streams


· EUHT specification defines a spatial stream as a data stream that is spatially transmitted in parallel. A spatial-time stream is an encoded stream after space-time coding of the spatial stream. (Section 2.8 and 2.9 in EUHT Specification)


· EUHT provides support for upto four spatial streams (per codeword) with up to maximum support for 2 codewords and therefore upto eight spatial-time stream. The MCS support is only for spatial streams upto four. (Section 8.2.8 and Annex B in EUHT Specification) (Details have been requested from proponents on MCS aspects)


For more information refer Section 4.2


Observation: Only maximum four layers possible codeword which is inconsistent with the usage of eight layers in the Self-Evaluation Report of EUHT.


C) Working Bandwidth Mode


· EUHT Submission 5D/1300, provides a STA basic capability request frame which specifies the working bandwidth mode of the STA. A working bandwidth mode specifies a combination of  “working bandwidth” called as (working bandwith-1, working bandwith-2 and working bandwith-3) from which the STA can choose one mode. Based on this specification, the maximum available bandwidth for a transmission is in the mode number 4 “100 : 25/50/100”, i.e. 100 MHz in Normal Mode.


For more information refer Section 4.2


Observation: The maximum supported bandwidth in EUHT RIT is 100 MHz which contrasts with the mentioned support for 6400 MHz in the Self-Evaluation Report of EUHT.


D) Spectrum Aggregation Mode (Referring to Specification submitted in WP5D#32, See Attachment in Annex-J.1)


In the revised submission 5D/1300, included in WP5D#33, these text in the section of the specification was missing.


· As per the specification referred:


“In spectrum aggregation mode, the STA resides on working bandwidth 1. The CAP can independently schedule 20MHz sub-channels to transmit in parallel. A 20MHz STA can only be scheduled on one sub-channel in one frame for transmission; a working bandwidth 2 STA can schedule one or two sub-channels in one frame for transmission; a working bandwidth 3 STA can schedule one or 2 or 3 or 4 sub-channels in one frame for transmission.”


· 4 sub-channels aggregated to obtain an effective usage bandwidth equal to “working bandwidth mode”. 


· The information regarding SCS, system bandwidth available in spectrum aggregation mode (Table 69 in Section 8.11.2.1) is presented in Table 1‑1


· As per the latest available specification, the information provided above is missing in Section 8.11.


[bookmark: _Ref32415858]Table 1‑1 Spectrum aggregation mode (Section 8.11 of EUHT specification)


[image: ]


Providing an example of the working bandwidth mode, sub-channel and spectrum aggregation usage below:


If the supported working bandwidth mode is reported to be four (bit-pattern: 100) by the STA, the STA can choose one of the three working bandwidth from 25/50/100 MHz (refer Table 4A). If the STA chooses to use the working bandwidth-3 (100MHz), the CAP will make use of all the four sub-channel each of bandwidth equal to that of working bandwidth-1 (i.e. 25 MHz). 


			5GIF Observation:


a) Multiple bandwidth support is obtained by using four sub-channels where the possible sub-channel bandwidths are 5,10,15,20,25 MHz (Table 4A). (The CA / spectrum aggregation mode functionality support is under discussion with proponents) (Details have been requested from proponents)


b) Spectrum Aggregation Mode cannot be used in mmWave mode due to lack of support in specification for SCS=390.625 needed for mmWave (see Table 4C & Table 4B). (The CA / spectrum aggregation mode functionality support is under discussion with proponents) (Details have been requested from proponents)


c) Maximum System Bandwidth in Spectrum Aggregation mode is 80 MHz (Table 4B).


d) Maximum Bandwidth supported by STA is 100 MHz (Table 4A). 


e) There is also inconsistency regarding bandwidths mentioned as 200MHz, 400MHz but no specification to support by STA (UE) (Details have been requested from proponents)











[bookmark: _Toc73375274][bookmark: _Toc31467118]Assessment of candidate technology – EUHT (IMT-2020/18)





The remaining KPI’s are still under review and will be updated in next meeting subject to final conclusions derived from the clarifications to be provided by the proponents and agreements.





[bookmark: _Toc73375275]3.1 Compliance Templates


This section provides templates for the responses that are needed to assess the compliance of a candidate RIT or SRIT with the minimum requirements of IMT-2020. This assessment is independently done based on the characteristic template and EUHT specifications referred in the submission by the proponents in IMT2020/18. 


The compliance templates are based on ITU-R M.2411:


· Compliance template for services.


· Compliance template for spectrum; and,


· Compliance template for technical performance


As per the ITU-R Report M.2411, Section 5.2.4, the summary based on our evaluation is as below: 


[bookmark: _Toc73375276]3.1.1 Services 


(M.2411 - Compliance template for services 5.2.4.1)


			M.2411 Section


			Service capability requirements


			5GIF comments





			5.2.4.1.1


			Support for wide range of services


Is the proposal able to support a range of services across different usage scenarios (eMBB, URLLC, and mMTC)?	





 YES / 🗹 NO





Specify which usage scenarios (eMBB, URLLC, and mMTC) the candidate RIT or candidate SRIT can support.


			


a) The proposal of EUHT component RIT does not support eMBB services. 


Spectral Efficiencies does not meet the minimum requirements.


b) The proposal of EUHT component RIT does not support URLLC services.


Reliability does not meet the minimum requirements.





			  








[bookmark: _Toc73375277]3.1.2	Spectrum 


(M.2411 - Compliance template for spectrum - 5.2.4.2)


			


			Spectrum capability requirements





			5.2.4.2.1


			Frequency bands identified for IMT


Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?


  YES / 🗹 NO


Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.


5GIF Observations


Unable to determine from the EUHT specifications, the specification does not have any information on the IMT bands.


There is one reference to 2.4 GHz band in Table 21, Section 6.3. of the specification which is not an IMT band.





			5.2.4.2.2


			Higher Frequency range/band(s)


Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?:


YES / 🗹 NO


Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.


NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.





5GIF Observations


Unable to determine from the EUHT Specification, if both STA and CAP can communicate using the mmWave band 


For e.g. :  In the System Information Channel (SICH), the broadcast information (table 55 in Section 8.4.1) has bit patterns only for representing Subcarrier spacing of 19.53125 kHz, 39.0625kHz and 78.125kHz, whereas the table for numerology (Table 38) supports only 390.625kHz for mmWave mode. 








[image: ]
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[bookmark: _Toc73375278]3.1.3 Technical Performance


(M.2411 - Compliance template for technical performance from 5.2.4.3) Only the reviewed KPIs are captured in this table. Others under review.


			Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference (1)


			Category


			Required value


			Value (2)


			Requirement met?


			5GIF Comments






			


			Usage scenario


			Test environment


			Downlink or uplink


			


			


			


			





			5.2.4.3.1
Peak data rate (Gbit/s)
(4.1)


			eMBB


			Not applicable


			Downlink


			20











			< 4.35542.177Gbps


			[NO]


			(Details have been requested from proponents on spectrum aggregation/carrier aggregation layer 3 signalling and maximum aggregation capability)





			


			


			


			Uplink


			10


			< 4.35542.177 Gbps


			[NO]


			





			5.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)


			eMBB


			Not applicable


			Downlink


			30


			< 21.7743.554


(for short CP)


			








NOYES








			





			


			


			


			Uplink


			15


			-


			-


			








			(1) 	As defined in Report ITU-R M.2410-0.


(2) 	According to the evaluation methodology specified in Report ITU-R M.2412-0.


(3)	Proponents should report their selected evaluation methodology of the Connection density, the channel model variant used, and evaluation configuration(s) with their exact values (e.g. antenna element number, bandwidth, etc.) per test environment, and could provide other relevant information as well. For details, refer to Report ITU-R M.2412-0, in particular, § 7.1.3 for the evaluation methodologies, § 8.4 for the evaluation configurations per each test environment, and Annex 1 on the channel model variants.


(4)	Refer to § 7.3.1 of Report ITU-R M.2412-0.
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[bookmark: _Toc73375279]3.2 	Detailed Technical Evaluation


EUHT RIT provides terminologies, procedures and definitions as part of specification. Some of which have been summarised below.


A. UE (as defined in 3GPP NR) - STA (station). 


B. BS or eNodeB (as defined in 3GPP) - CAP (Central Access Point) 


C. According to the EUHT specification a Channel Switching Information Frame (Section 6.3.4.14 of EUHT Specification) is provided:


a. Contains a CAP/STA starting channel number. This field is 8 bits (0-255). 


b. Table 21 (Section 6.3.4.14) of Specification states that channel number 3 for 2.4 GHz is supported and no other band support is mentioned as per the specification.


c. Channel Identifier field can support 256 channels as per the specification (Section 6.3.4.19)


D. We could not find information (e.g., ARFCN number or channel raster) on the supported band for EUHT in their specification. For example, we have TS 38.104 which lists all the operational bands of the 3GPP candidate.


E. Spatial Streams


a. EUHT specification defines a spatial stream as a data stream that is spatially transmitted in parallel. A spatial-time stream is an encoded stream after space-time coding of the spatial stream (Section 2.8 and 2.9 in EUHT Specification)


b. EUHT provides support for upto four spatial streams per codeword and upto eight spatial-time stream. The MCS support is only for spatial streams upto four. More clarification is requested from proponents to arrive at firm position on MCS (Section 8.2.8 and Annex B in EUHT Specification)


c. A spatial stream is equivalent to a layer (3GPP NR). Maximum four layers are available in EUHT and have been considered in the evaluation of Peak Spectral Efficiency and Peak Data Rate. 


d. A unique feature available in EUHT which is not available in other candidate technologies is its support of different MCS for different streams and the mapping.





[image: ]


Figure 4.1 Different MCS stream as per specification (8.2.5)


F. Working Bandwidth Mode


a. EUHT Submission 5D/1300, provides a STA basic capability request frame which specifies the working bandwidth mode of the STA as given below in Table 4-1. A working bandwidth mode specifies a combination of “working bandwidth” called as (working bandwith-1, working bandwith-2 and working bandwith-3) from which the STA can choose one mode. Based on this specification, the maximum available bandwidth for a transmission is in the mode number 4 “100: 25/50/100”, i.e. 100 MHz in normal mode.





Table 4‑1 STA support working bandwidth mode


			Working Bandwidth Mode (Bit Representation)


			Bandwidths available (MHz)





			000


			5/10/20





			001


			10/20/40





			010


			15/30/60





			011


			20/40/80





			100


			25/50/100





			Note: If working bandwidth mode is 000, the possible working bandwidths supported by STA are 5/10/20MHz


(Section 6.3.4.4 of Specification)











G. Sub-Channel


a. EUHT specification provides multiple bandwidth support by aggregating sub-channels. Each sub-channel is equivalent of carrier component (3GPP NR) which has a bandwidth equal to working bandwidth-1


b. As per the specification 


“The EUHT system uses working bandwidth-1 as the basic channel bandwidth, and supports working bandwidth-2 and working bandwidth-3 continuous or discontinuous bandwidths by spectrum aggregation”





[image: ]


Figure 4.2 Multi-carrier and multichannel working mode of EUHT


· Spectrum Aggregation Mode (Referring to Specification submitted in WP5D#32, See Attachment in Annex-J.1)


In the revised submission 5D/1300, included in WP5D#33, these text in the section of the specification was missing. (Details have been requested from proponents on layer-3 signalling for implementation and maximum aggregation capability)





c. As per the specification referred:


“In spectrum aggregation mode, the STA resides on working bandwidth 1. The CAP can independently schedule 20MHz subchannels to transmit in parallel. A 20MHz STA can only be scheduled on one subchannel in one frame for transmission; a working bandwidth 2 STA can schedule one or two sub-channels in one frame for transmission; an working bandwidth 3 STA can schedule one or 2 or 3 or 4 sub-channels in one frame for transmission.”


d. 4 sub-channels aggregated to obtain an effective usage bandwidth equal to “working bandwidth mode”. 


e. The information regarding SCS, system bandwidth available in spectrum aggregation mode (Table 69 in Section 8.11.2.1) is presented in Table 1‑1


f. As per the latest available specification, the information provided above is missing in Section 8.11.





Table 4‑2 Spectrum aggregation mode (Section 8.11 of EUHT specification)


[image: ]


Providing an example of the working bandwidth mode, sub-channel and spectrum aggregation usage below:


If the supported working bandwidth mode is reported to be four (bit-pattern :100) by the STA, the STA can choose one of the three working bandwidth from 25/50/100 MHz (refer Table 4A). If the STA chooses to use the working bandwidth-3 (100MHz), the CAP will make use of all the four sub-channel each of bandwidth equal to that of working bandwidth-1(i.e. 25 MHz). 


			5GIF Observation:  This is under review, and under discussion with the proponents


a) Multiple bandwidth support is obtained by using four sub-channels where the possible sub-channel bandwidths are 5,10,15,20,25 MHz (Table 4A).


b) Only 256 channels in the 2.4 GHz band can be utilized. (Point C of Section 4.2)


c) Spectrum Aggregation Mode cannot be used in mmWave mode due to lack of support in specification for SCS=390.625 needed for mmWave (see Table 4C & Table 4B).


d) Maximum System Bandwidth in Spectrum Aggregation mode is 80 MHz (Table 4B).


e) Maximum Bandwidth supported by STA is 100 MHz in normal mode (Table 4A). (Details of spectrum aggregation mode or CA have been requested from proponents)


f) There is also inconsistency regarding bandwidths mentioned as 200MHz, 400MHz but no specification to support by STA (UE).  (Details have been requested from proponents)











Working Modes


The EUHT transmission is TDD with frame numerology corresponding to three working modes: normal mode, low-error mode and mmWave mode. Both normal mode and low-error mode are used for sub 6GHz band, in which the low-error mode is used to achieve high reliability. mmWave mode is referred to millimetre wave band (above 24GHz, etc.). 





Table 4‑3 Working Modes


			Working Mode


			SCS supported (kHz)


			Cyclic Prefix Supported(μs)





			Normal Mode


			78.125


			Short /Normal CP





			Low-Error Mode


			78.125


			Normal CP





			mmWave Mode


			390.625


			Short/Normal CP





			Spectrum Aggregation Mode


			78.125


			Short CP





			Note: 19.53, 39.0625 kHz SCS are optional for Normal and Low-Error Mode.


			








Frame Structure


As per the information provided in the Description template and the EUHT specifications, EUHT transmits multiple physical layer frames, each frame has multiple OFDM symbols. The frame is self-contained for broadcast, downlink, uplink control channels and data among those symbols. As per the specification variable symbol durations are supported that depends on sub-carrier spacing, bandwidth and guard interval. Smallest allocation of one-symbol is possible, which also will be accompanied with other UL/DL Control channels and preambles.


[image: ]


Figure 4.3 EUHT Frame Structure


EUHT specifications and Description template mention that the frame length can be dynamically adjusted within the allowable range (0.1-14ms).The specification does not account for the methodology used for dynamic frame length adjustment and CAP time synchronisation which is an essential component for the use of  variable frame length without which frame length cannot be adjusted.





EUHT candidate self-evaluation report and simulation use only 78.125kHz SCS. The numerology for the same is provided in the Table 4-4:


		Table 4‑4 Numerology


			Parameter


			78.125 kHz





			System bandwidth Supported  (MHz)


			5/10/15/20/25/30/40/50/60/80/100





			Cyclic Prefix(μs)


			1.6 (Short CP), 3.2 (Normal CP)





			OFDM symbol period(μs)


			14.4 (Short CP), 16 (Normal CP)











EUHT specification mentions support for BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM, 1024-QAM but it has been observed that the STA can mention support for only upto 256-QAM in the STA Basic Capability Request Frame (Table 7 in Section 6.3.4.4).


 


Comparison of EUHT with similar technologies


5GIF also observed a few similarities with IEEE 802.11ax – 


(802.11ax is a standard meant for < 6GHz) which are shown in the Table 4-5– 





					Table 4‑5 Similarities


			Parameter


			Similarity





			Subcarrier Spacing of


			78.125 kHz[footnoteRef:1] [1: 1 	K. Chen, D. Deng and S. Lien and J. Lee. On Quality-of-Service Provisioning in IEEE 802.11ax   WLANs. IEEE Access,6086-6104.] 






			OFDM Symbol duration (GI + Duration)


			(14.4uSec + 16uSec)1





			FEC – BCC & LDPC 


			LDPC[footnoteRef:2] [2: 2 	Hoefel, R. P. F. (2018, July). IEEE 802.11 ax: On Performance of Multi-Antenna Technologies with LDPC Codes. In 2018 IEEE Seventh International Conference on Communications and Electronics (ICCE) (pp. 159-164). IEEE.
] 






			Max MIMO Layers (Spatial Time Streams) [footnoteRef:3] [3: 3 	Hoefel, R. P. F. IEEE 802.11 ax: On Time Synchronization in Asynchronous OFDM Uplink Multi-User MIMO Physical Layer.] 



			8





			Sub-channel / spectrum aggregation [footnoteRef:4] [4: 4 	Deng, Der-Jiunn and Chen, Kwang-Cheng and Cheng, Rung-Shiang.IEEE 802.11 ax: Next generation wireless local area networks.10Th international conference on heterogeneous networking for quality, reliability, security and robustness. Publisher IEEE.] 



			sub-channels





			RU Size 


			16 Subcarrier into one RU
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Requirements





			Performance Measure


			ITU Requirements





			Peak Spectral Efficiency


			DL: 30 bps/Hz


UL: 15 bps/Hz











Section 4.2 of ITU-R M.2410 states that these values were defined assuming an antenna configuration to enable eight spatial layers (streams) in the downlink and four spatial layers (streams) in the uplink. Proponents must demonstrate that the peak spectral efficiency requirement can be met for, at least, one of the carrier frequencies assumed in the test environments under the eMBB usage scenario.





Evaluation Methodology


Refer to section 7.2.1 of M.2412


Results


The EUHT candidate supports different channel bandwidth for normal mode and mmWave mode as given in the Table 4F and 4G. The below given formula is used to calculate Peak Spectral Efficiency (SEpeak ) for a specific component carrier








                                                                   (1)


 wherein	


· Rmax  is the maximum code rate of LDPC


· 


For the i-th CC,  is the maximum number of layers 


· 


 is the maximum modulation order


· 


is the Frame length 


· 





 is the duration of Downlink/Uplink in a frame (type)


· 











 is the number of subcarriers allocation in bandwidth  with Frame length, where  is the STA supported maximum bandwidth in the given band or band combination


·  is the overhead calculated as the average ratio of the number of OFDMs or subcarriers occupied by L1/L2 control, synchronization signal, sounding signal, demodulation reference signal and guard period, etc. 


· For guard period (GP), 50% of GP symbols are considered as downlink overhead, and 50% of GP symbols are considered as uplink overhead.


· rDL - ratio of DL to total symbols.  


Using the tables 35-39 from the specifications, the number of subcarriers for a given supported Bandwidth (Nsd) for the possible Subcarrier Spacing (SCS) have been provided in the Table 4-6 and Table 4-7.


Table 4‑6 Normal Mode (Sub-6GHz band)


			SCS (kHz)


			5


MHz


			10


MHz


			15


MHz


			20


MHz


			25


MHz


			30


MHz


			40


MHz


			50


MHz


			60


MHz


			80 MHz


			100 MHz





			


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD





			19.53125


			224


			448


			672


			896


			1120


			1344


			1792


			2240


			N/A


			N/A


			N/A





			39.0625


			112


			224


			336


			448


			560


			672


			896


			1120


			1344


			1792


			2240





			78.125


			56


			112


			168


			224


			280


			336


			448


			560


			672


			896


			1120








Table 4‑7 mmWave band


			SCS [kHz]


			50 MHz


			100 MHz





			


			NSD


			NSD





			390.625


			112


			224





			NOTE: As per Section 6.3.4.4 Table 7 of specification, maximum bandwidth supported by STA is 100MHz


























Downlink


The number of layers considered as per SER are eight and six for normal mode and mmWave mode but there is a maximum support of only four spatial streams which is equivalent to the number of layers (Refer to section 4.2 – Spatial streams). Depending on the parameters as defined in Table 4-8 the calculated DL SEpeak is given Table 4-10.


Table 4‑8 Technical Parameters used for DL (rDL = 0.5, DL: UL=1:1)


			Parameter


			Value


			Remark





			


			Normal mode


			mmWave mode


			





			VLayer  (see Note)


			4 per CW


Max 8 layers


			4 per CW


Max 6 layers


			











From SP


(Details have been requested from proponents on spectrum aggregation mode including layer 3 signalling and maximum aggregated bandwidth support)





			Qm  (256 QAM)


			8


			8


			





			Rmax


			0.875


			0.875


			





			


(ms),  (Frame Duration)


			2


			20


			





			





			224


			224


			





			


(MHz)


			20100


			100400


			





			SCS (kHz)


			78.125


			390.625


			





			Note: There is only 256-QAM STA capability from table 7, section 6.3.4.4 of the SPEC


The number of layers is considered as per the section 4.2 – Spatial streams.


DT= Description Template, SP = Specification, SER- Self. Eval. Report in 5D/1300











The SEpeak considers symbol duration time as per equation (1), in the SER of EUHT the symbol duration considered is with Short CP. Here we consider both Short and Normal CP in the symbol time given in Table 4I for SEpeak calculations as given in the EUHT Specification (Section 8.2)


Table 4‑9 Cyclic Prefix values


			


			Short Cyclic Prefix


			Normal Cyclic Prefix





			


(us)


			Normal mode


			14.4


			16





			


			mmWave mode


			2.88


			3.2














Table 4‑10 Peak Spectral Efficiency DL


			Parameter


			Formula


			Value





			


			


			Normal mode


			mmWave mode





			Peak Spectral Efficiency, SEpeak


(without OH)


			Normal CP


			


			19.6 for single CW


39.2 for 8 layers 2 CW transmission





			19.6 for single CW


29.4 for 6 layers 2 CW








			


			Short CP


			


			21.777 for single CW, 43.554 for 8 layers 2 CW21.777





			21.777 for single CW, 32.6655 for 6 layers 2 CW21.777














Uplink


The number of layers considered as per SER are eight and four for normal mode and mmWave mode but there is a maximum support of only four spatial streams which is equivalent to the number of layers (Refer to section 4.2 – Spatial streams). Depending on the parameters as defined in Table 4-11 the calculated UL SEpeak is given in Table 4-12.


Table 4‑11 Technical Parameters used for UL (ruL = 0.5, DL:UL=1:1)


			Parameter


			Value


			Remark





			


			Normal mode


			mmWave mode


			





			VLayer   (see Note)


			4 per CW


			4 per CW 


Max 6 layers


			











From SP


(Details have been requested from proponents on spectrum aggregation mode including layer 3 signalling and maximum aggregated bandwidth support)











			Qm  (256 QAM)


			8


			8


			





			Rmax


			0.875


			0.875


			





			


(ms), (Frame Duration)


			2


			20


			





			





			224


			224


			





			


(MHz)


			20


			100


			





			SCS (kHz)


			78.125


			390.625


			





			Note: Table 7 of section 6.3.4.4 in the EUHT specification shows the support of only 256 QAM for STA.


The number of layers are considered as per the section 4.2 – Spatial streams.


DT= Description Template, SP = Specification, SER- Self. Eval. Report in 5D/1300











Table 4‑12 Peak Spectral Efficiency UL


			Parameter


			Formula


			Value





			


			


			Normal mode


			mmWave mode





			Peak Spectral Efficiency, SEpeak


(without OH)


			Normal CP


			


			19.6 for single CW


39.2 for 8 layers 2 CW transmission





			19.6 for single CW


29.4 for 6 layers 2 CW transmission











			


			Short CP


			


			21.777 for single CW, 43.554 for 8 layers 2 CW





			21.777 for single CW, 32.6655 for 6 layers 2 CW








			Max % of OH to meet requirement


			Normal CP


			15=SEp × (1-UL_OHmax)





UL_OHmax = 1-15/( SEp)


			23.46%


			23.46%





			


			Short CP


			


			31.11%


			31.11%











DL OH margin – As depicted in the (Frame structure), each frame has uplink and downlink OFDM symbols. During the portion of downlink transmission, the data channel DL-SCH is time multiplexed. As per the M.2412, the peak spectral efficiency should account for the OH duration. To meet the target requirement of peak spectral efficiency, the OH symbols will be limited by the minimum Peak Spectral Efficiency requirements.


Table 4‑13 Maximum Downlink OH%


			Parameter


			CP type


			Normal mode


			mmWave mode





			Max % of DL_OH to meet requirement


			Normal CP


			Does not meet the requirement 





			


			Short CP


			











UL OH margin – As depicted in the Figure 4-3 (Frame structure), each frame has uplink and downlink OFDM symbols. During the portion of uplink transmission, the data channel UL-SCH is time multiplexed. As per the M.2412, the peak spectral efficiency should account for the OH duration. To meet the target requirement of peak spectral efficiency, the OH symbols will be limited by the minimum Peak Spectral Efficiency requirements.


Table 4‑14 Maximum Uplink OH%


			Parameter


			CP type


			Normal mode


			mmWave mode





			Max % of UL_OH to meet requirement


			Normal CP


			23.46%


			23.46%





			


			Short CP


			31.11%


			31.11%











Summary 


			Performance Measure


			ITU Requirements


			Comments





			Peak Spectral Efficiency


			DL: 30 bps/Hz
UL: 15 bps/Hz


			The evaluation was performed for idea zero OH Peak Spectral Efficiency due to gaps in the OH calculations.


The SEpeak values were calculated for both normal and short CP where the requirements was not met in case of DL (FR1, mmWave mode) and UL (FR1, mmW) with normal CP.


The maximum overhead percentages were calculated for both DL and UL.











			5GIF Observations (Under review and discussion with proponents)


1) To meet the SEpeak requirements the overhead requirements need to be within limits – 23.46% in case of UL normal mode, 31.1% in UL NFR2.


2) It does not meet the DL Spectral Efficiency value in NFR2 even without overhead.


3) The SEpeak is independent of any bandwidth configuration as listed in Table 4F and 4G. The DL and UL SEpeak is also limited by the supported modulation index of the STA which is 256-QAM as given in Specification.


4 ) The control channel is Time Duplexed and would span the entire symbol duration , even if length of control channel is less than number of data subcarrier,  before any downlink or uplink transmission in a frame


5) As per the IMT-2020/27, observation regarding inconsistency of  Downlink & Uplink Guard interval (GI) in specification with the Self-evaluation was noted. 


5GIF found that the referred bit pattern by proponent “b63b62...b57 in table 55” does not address the inconsistency. 


H. As per the specifications, the bit b63b62...b57 in table 55 only indicates the start of the OFDM symbol for DGI and UGI. 


I. 5GIF found that the number of symbols for DGI and UGI are still 2symbols for each GI and should be used this for OH calculation.











3.2.1.2 Peak data rate


Requirements


The minimum requirements for peak data rate are as follows:





			Performance Measure


			ITU Requirements





			Peak data rate


			DL: 20 Gb/s
UL: 10 Gb/s











NOTE: Peak Data Rate = Aggregated Bandwidth × SEpeak  





Peak Data Rate is the maximum achievable data rate under ideal conditions.


For Peak Data Rate the maximum possible bandwidth for each band is provided in table 4O:





Table 4O Maximum Bandwidth


			


			Normal mode 


			mmWave mode 





			Maximum Bandwidth supported (MHz)


			100


			100400








			Note: Refer to section 4.2 – Working Bandwidth Mode and Spectrum Aggregation Mode.











Maximum Bandwidth available to schedule to single user is limited by STA capability. (See Table 7 section 6.3.4.4 from EUHT specification)





Table 4-15 shows peak data rate values calculated for maximum bandwidth of 100 MHz (for both Normal mode and 400 MHz for mmWave mode (to be confirmed with proponents). (Details have been requested from proponents on spectrum aggregation mode including layer 3 signalling and maximum aggregated bandwidth support)





Table 4‑15 Peak Data Rate for low CP case


			Parameter


			Formula


			ITU Requirement


			Value





			


			


			


			Normal Mode


			mmWave Mode





			Peak Data Rate (Gbps)





			Downlink


			Maximum Bandwidth×SEpeak  


			20


			2.1777


43.554x100 = 4.3554





			2.177732.6655x400 = 13.066











			


			Uplink


			


			10


			2.177743.554x100 = 4.3554





			2.1777


32.6655x400 = 13.066





			Note: The SEpeak values are calculated with zero OH considerations.











From Table 4-15, the peak data rate values for normal mode and mmWave mode do not meet the minimum ITU-R requirements. (Details have been requested from proponents on layer 3 signalling details for spectrum aggregation mode and maximum aggregated bandwidth in FR1 and FR2) (will be reviewed as per future conclusions accordingly)





			5GIF Observation (subject to further review with proponents)


a) The maximum bandwidth possible is limited to 100 MHz in normal and mmWave mode as per specifications for working bandwidth modes


b) Carrier Aggregation can be done only with a SCS of 78.125 kHz to get a maximum aggregated bandwidth 80 MHz by using sub-channels. This mechanism is used in normal mode to get the supported working bandwidth. 


c) If the specifications enabled STA to support working bandwidth mode for 400 MHz, the peak data rate values would still be 8.708Gbps for both downlink and uplink, which still do NOT meet the minimum ITU-R requirements.
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Bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers. 


Requirements





			Performance Measure


			ITU Requirements





			


			Normal mode


			mmWave mode





			Bandwidth


			100 MHz


			1 GHz











Evaluation Methodology


Refer to Section 7.3.1 of ITU-R M.2412


 


Result 


It has been observed that EUHT does not support carrier aggregation and bandwidths greater than 100MHz (Refer to section 4.2- Spectrum Aggregation Mode)





Table 4‑19 Bandwidth


			SCS [kHz]


(Frequency range)


			Maximum bandwidth for one component carrier (MHz)


			Maximum number of component carriers for carrier aggregation


			Maximum aggregated bandwidth (MHz)


			Minimum Requirement as per ITU-R M.2410-0


			Requirement Met ? 





			78.125


(Normal mode, <6GHz)


			100


			1


			100


			100MHz


			YES





			390.625


(mmWave mode, > 24GHz)


			100


			1


			100


			> 1GHz


			NO


STA does not support more than 100 MHz bandwidth and carrier aggregation


(from section 4.2 -spectrum aggregation mode) – This is still under discussion.











			5GIF Observations (Details have been requested from proponents on layer-3 signalling for spectrum aggregation and maximum supported bandwidth in FR1 and FR2)


Due to lack of specification for carrier aggregation and STA bandwidth support in mmWave mode, EUHT does not meet the ITU-R bandwidth requirements of upto 1 GHz aggregated bandwidth.
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Table 69 Spectrum aggregation mode

System bandwidth 20MHz | 40MHz 80MHz
Subcarrier interval in frequency domain  78.125KHz |  78.125KHz 78.125 KHz
Baseband sampling clock 20MHz | 40MHz 80MHz
Nufront (Beiling) Technology Group Co., Ltd. 135
i %
NUFRONT
FFT sample points 256 512 1024
Cyclic Prefix sample points 32 64 128
Number of data subcarriers 224 448 896
Number of phase tracking pilot subcarriers 6 12 24
Number of virtual subcarriers 2 52 104
FFT time window 12.8us 12.8ps 12.8ps
Cyclic Prefix 1.6us 1.6us 1.6ps
OFDM symbol period 14.4ps 14.4ps 14.4ps
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Figure 77 Example of stream mapping
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Part I





Name of the Evaluation Group:  5G India Forum (5GIF)





About the IEG


5G India Forum (5GIF) has been established under the aegis of the Cellular Operators Association of India (COAI), aiming to become the leading force in the development of next generation communications and will enable synergizing national efforts and will play a significant role in shaping the strategic, commercial and regulatory development of the 5G ecosystem in India. 





5GIF is one of the registered as Independent Evaluation Group (IEG) for contributing to IMT-2020 development of ITU-R through independent evaluation of the IMT2020 candidate technologies. This group was formed by the COAI to evaluate the IMT-2020 candidates from the perspective of Indian network deployments. 





This is a group of operators, OEM’s, universities and individual experts participating in a collaborative manner, in the evaluation of the candidate IMT-2020 technologies of interest. This is a contribution driven activity, with decisions made through a consensus seeking approach.





While 5GIF had submitted its final report on DECT NR 2020 in the original track of IMT-2020 evaluation, this interim report contains some reassessment by 5GIF based on further interaction with DECT proponents under Option-2 process.  


Contact details:





Vikram Tiwathia


Deputy Director General, COAI


Email: vtiwathia@coai.in  


Telephone: +91-11-2334-9275





Technical contact


Email: imt2020@5gindiaforum.in 


https://5gif.github.io  


 









B. Confirmation of utilization of the ITU-R evaluation guidelines in Report ITU-R M.2412;


The 5GIF IEG confirms that it has evaluated the candidate technologies as well as evaluated the submissions from proponents based on the Reports ITU-R M.2410, ITU-R M.2411 and ITU-R M.2412.


			Characteristic for evaluation


			High-level assessment method


			Evaluation methodology (M.2412)


			Related section of Reports
ITU-R M.2410-0 and 


ITU-R M.2411-0





			Peak data rate


			Analytical


			§ 7.2.2


			Report ITU-R M.2410-0, § 4.1





			Peak spectral efficiency


			


			§ 7.2.1


			Report ITU-R M.2410-0, § 4.2





			User experienced data rate*


			


			§ 7.2.3


			Report ITU-R M.2410-0, § 4.3





			Area traffic capacity


			


			§ 7.2.4


			Report ITU-R M.2410-0, § 4.6





			User plane latency


			


			§ 7.2.6


			Report ITU-R M.2410-0, § 4.7.1





			Control plane latency


			


			§ 7.2.5


			Report ITU-R M.2410-0, § 4.7.2





			Mobility interruption time


			


			§ 7.2.7


			Report ITU-R M.2410-0, § 4.12





			Energy efficiency


			Inspection


			§ 7.3.2


			Report ITU-R M.2410-0, § 4.9





			Bandwidth


			


			§ 7.3.1


			Report ITU-R M.2410-0, § 4.13





			Support of wide range of services


			


			§ 7.3.3


			Report ITU-R M.2411-0, § 3.1





			Supported spectrum band(s)/range(s)


			


			§ 7.3.4


			Report ITU-R M.2411-0, § 3.2





			Average spectral efficiency


			Simulation


			§ 7.1.1


			Report ITU-R M.2410-0, § 4.5





			5th percentile user spectral efficiency


			


			§ 7.1.2


			Report ITU-R M.2410-0, § 4.4





			Connection density


			


			§ 7.1.3


			Report ITU-R M.2410-0, § 4.8





			Reliability


			


			§ 7.1.5


			Report ITU-R M.2410-0, § 4.10





			Mobility


			


			§ 7.1.4


			Report ITU-R M.2410-0, § 4.11











C. Documentation of any additional evaluation methodologies that are or might be developed by the Independent Evaluation Group to complement the evaluation guidelines



As the DECT technology works on MESH topology we could not find any appropriate channel model for device to device communication in M.2412 or the specifications submitted by the proponent. So, we have used the street canyon model from 3GPP TR 38 901 V15.0.0 as suggested by the proponent.



D. Verification as per Report ITU-R M.2411 of the compliance templates and the self-evaluation for each candidate technology as indicated in A). 





			Aspects


			DECT





			


			Sections in Chapter 1





			1. Identify gaps/deficiencies in submitted material and/or self-evaluation;


2. Identify areas requiring clarifications;


3. General Questions to Proponents


			Refer Sec. 1.2














E. Assessment as per Reports ITU-R M.2410, ITU-R M.2411 and ITU-R M.2412 for each candidate technology as indicated in A)





			Aspects





			Detailed analysis/assessment and evaluation by the IEGs of the compliance templates submitted by the proponents per the Report ITU-R M.2411 section 5.2.4; 





			Provide any additional comments in the templates along with supporting documentation for such comments;





			Analysis of the proponent’s self-evaluation by the IEG; 














F. Questions and feedback to WP 5D and/or the proponents or other IEGs





We would like to thank WP5D and 3GPP for hosting the workshops on IMT-2020. This understanding of the 3GPP technology has given us confidence in independently evaluating their submissions. 





We also would like to bring to the notice of WP5D that though the reports M.2412 has sufficient guidelines for evaluating the candidate technology, we had few challenges in evaluating technologies which completely relied on MESH based networks to communicate. We request WP5D to consider inclusion of such aspects in the methodologies in future reports. 





We also request WP5D to update the rural path-loss models in M.2412 through appropriate studies. We are currently of the opinion that the current model cannot be widely applied to any rural environments.





We noticed that one of the questions in the Description template is about interoperability of a candidate with other IMT technology as well as other candidate technologies. It will be helpful if the proponents share the details or existing specifications that enable such interoperability. Some such communications are as below:






1. SP‑180683 - LS from ETSI TC DECT: Interworking of DECT technology with 3GPP networks


2. SP-180924 - Reply LS to ETSI TC DECT on Interworking of DECT technology with 3GPP networks
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1. Verification of Compliance Templates of candidate Technologies





For candidate technology from DECT (IMT-2020/17) we referred to their specifications submitted to WP5D#36 meeting in June 2020.


1.1 Candidate technology - DECT-Forum IMT-2020/17


Proponent: TC-DECT (ETSI)  





The DECT RIT contains two component technology – 3GPP NR (for eMBB usage scenarios) based on IMT-2020/14 and the DECT2020 NR component which is technically different from 3GPP NR and is the candidate component for meeting the performance requirements for URLLC and mMTC usage scenarios. These observations are related to the DECT2020 NR component.





1.2.1 Observations on gaps identified





Following questions were discussed with the proponent and submitted within the ITU discussion forum. Please refer to Annexure 2 for this information.
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This section provides templates for the responses that are needed to assess the compliance of a candidate RIT or SRIT with the minimum requirements of IMT-2020. We have independently assessed the candidate technology based on the DECT specifications referred in the submission- by the proponents(ETSI TR 103 636). 


The compliance templates are based on ITU-R M.2411:


· Compliance template for services;


· Compliance template for spectrum; and,


· Compliance template for technical performance





As per the ITU-R Report M.2411, Section 5.2.4, the summary based on our evaluation for


1. [bookmark: _Toc73376907]2.1.1   Services 


 


(M.2411 - Compliance template for services 5.2.4.1)


			 


			Service capability requirements


			5GIF comments





			5.2.4.1.1


			Support for wide range of services


Is the proposal able to support a range of services across different usage scenarios (eMBB, URLLC, and mMTC)?:   


YES / NO


Specify which usage scenarios (eMBB, URLLC, and mMTC) the candidate RIT or candidate SRIT can support.


			TBC after evaluation of connection density 


The proposal of DECT component RIT is expected to support URLLC and mMTC through the relevant performance requirements.
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(M.2411 - Compliance template for spectrum3 , 5.2.4.2)


			


			Spectrum capability requirements


			5GIF Comments





			5.2.4.2.1


			Frequency bands identified for IMT


Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?: 	





YES / N0





Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.





			For DECT-2020 NR component RIT:


In the earlier submission it was understood that the candidate RIT is designed to operate over:


· The frequency bands currently allocated to DECT service (1880 MHz – 1900 MHz) 


· The frequency bands currently allocated to IMT-2000 FT service (1900 MHz to 1980 MHz and 2010 MHz to 2025 MHz)


With the new specification we found that the DECT technology supports operation in 450 MHz-5875 MHz (refer Sec 2.2.2).





			5.2.4.2.2


			Higher Frequency range/bands


Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?:	YES / NO 





Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.





NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.





			DECT is a SRIT submission and the 3GPP-NR RIT component supports mm wave bands. This is met by the 3GPP-NR component
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Table 2.2 : DECT-2020-NR Component


			Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference(1)


			Category


			Required Value


			Value


			Requirement met?


			Comments







			


			Usage scenario


			Test environment


			Downlink or uplink


			


			


			


			





			5.2.4.3.7
User plane latency
(ms)
(4.7.1)


			URLLC





			Not applicable


			Uplink and Downlink


			1 ms


			0.6864


			 Yes





			DECT meets the requirement when operated with half slot configuration


 








			5.2.4.3.8
Control plane latency
(ms)
(4.7.2)


			URLLC


			Not applicable


			Not applicable


			20 ms


(10 ms preferred)


			


DECT-2020:


>15.6635


			Yes


			DECT-2020


Refer Sec. 2.2.1





			5.2.4.3.11
Reliability
(4.10)


			URLLC


			Urban Macro-URLLC


			Downlink







			99.999%


			


			


			The KPI was not met with the previous evaluation. With the new specification, we are yet to reassess this KPI





			


			


			


			Uplink


			99.999%


			


			


			The KPI was not met with the previous evaluation. With the new specification, we are yet to reassess this KPI





			5.2.4.3.14
Mobility interruption time (ms) 
(4.12)


			URLLC


			Not applicable


			Not applicable


			0


			UNABLE TO EVALUATE


			UNABLE TO EVALUATE


			For the DECT-NR RIT component


[Unable to determine the handover aspects yet]





			5.2.4.3.15
Bandwidth and Scalability
(4.13)


			Not applicable


			Not applicable


			Not applicable


			At least 100 MHz


			221.184 MHz


			YES


			For the DECT-NR RIT component


The maximum  subcarrier spacing used in the specification is 216 KHz and 1024 point FFT(from ETSI TS 103-636-3)





			


			


			


			


			Up to 1GHz


			221.184 MHz


			No


			





			


			


			


			


			Support of Multiple different bandwidth values


			


Yes


			YES


			For the DECT-NR RIT component –


1.728/…27.64 MHz bandwidths are specified








			Connection Density


			mMTC


			Not applicable


			Uplink and Downlink


			1 000 000 devices per km2.





			


			


			work under progress
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This section provides the details of the evaluation and 5GIF findings on the DECT RIT candidate IMT-2020/17 for mMTC and URLLC usage scenario. DECT Forum has provided “ETSI TR 103 636” “DECT-2020 New Radio (NR); Part 1:Overview; DECT-2020 New Radio (NR); Part 2: Radio reception and transmission requirements; DECT-2020 New Radio (NR); Part 3: Physical layer "DECT-2020 New Radio (NR); Part 4: MAC layer” as a reference in Document 5D/222.
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In this section, an analytical based approach is used to determine the technical performance of the technology. The analysis uses closed form expression based on the inputs and description of technical features in the description template as well as the relevant specifications needed to support those technical features.


Technical Performance calculated in this section are:


· User Plane Latency


· Control Plane Latency


· Reliability





2.2.1.1 USER PLANE LATENCY





Requirements


According to Report ITU-R M.2410, User Plane (UP) latency is “the one-way time taken to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface in either uplink or downlink.”


                                                                         Table 2.1


			Technical performance requirement


			Value





			User plane latency for URLLC (ms)


For UL & DL


			1ms











Evaluation Methodology


The proponent should provide the elements and their values in the calculation of the user plane latency, for both UL and DL. The table provides an example of the elements in the calculation of the user plane latency.


The proponent should provide the elements and their values in the calculation of the user plane latency, for both UL and DL. Example of user plane latency analysis template should be aggregation of delay due to these components:


0. UE Processing Delay


1. Frame Alignment


2. TTI for data packet transmission


3. HARQ Retransmission


4. BS Processing Delay





5GIF has done self evaluation of User Plane Latency in URLLC scenario for DECT RIT candidate taking reference of User Plane Latency calculation in eMBB scenario from component RIT “3GPP NR” as eMBB usage scenario is addressed by the 3GPP NR component. It is noted that DECT Forum does not provide sufficient information on Symbol Alignment Time and Frame Alignment Time. For the purpose of evaluation, reference is taken from the 3GPP NR component for these two parameters. 
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Figure 2.1 See 6.3.2.5 “ETSI TR 103 514 - DECT-2020-NR” URLLC timing


Results


					





TABLE 2.2





Downlink User Plane Latency for 27 KHz SCS NR TDD No HARQ (Frame Structure: DUDU) 


			Description


			Half Slot(ms)


			Full Slot(ms)





			Avg symbol alignment time


			0.0208


			0.0208





			BS pre-processing delay


			0.0416


			0.0416





			Frame Alignment (max)


			0.208


			0.416





			TTI for data packet transmission


			0.208


			0.416





			UE pre-processing delay


			0.0832


			0.0832





			Total one way UP latency


			0.5616


			0.9776








						TABLE 2.3


Downlink UP Latency for 27 KHz SCS NR TDD-HARQ (Frame Structure: DUDU) 


			Description


			Half Slot(ms)


			Full Slot(ms)





			Avg symbol alignment time


			0.0208


			0.0208





			BS pre-processing delay


			0.0416


			0.0416





			Frame Alignment(max)


			0.208


			0.416





			TTI for data packet transmission


			0.208


			0.416





			UE pre-processing delay


			0.0832


			0.0832





			Contribution by HARQ(10$ BLER)


			0.1248


			0.2496





			Total one way UP latency


			0.6864


			1.2272











Table 2.2 shows that DECT meets the requirement of 1ms when half slot format is used with or without HARQ, the user plane latency value exceeds 1ms duration with full slot format. 


5GIF observed that the value of 0.7904 msec reported by DECT in their self-evaluation report for user plane latency with full slot is not possible based on Table 2.3.


 



























































Fig 2.2 is used to calculate data and control bits for half slot and full slot which is used to calculate whether it can fulfil condition for low latency transmission with half slot configuration. 
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			Fig 2.2 Half slot and Full slot frame structure








Evaluation Report


Table 2.4 Result for Downlink U-Plane Latency for 27 KHz SCS (Frame Structure : DUDU)


			              Required Value


			                Value





			                    1 ms


			                 0.6864 ms











                


2.2.1.2  CONTROL PLANE LATENCY





Requirements


According to Report ITU-R M.2410, control plane latency refers to the transition time from a most “battery efficient” state (e.g. Idle state) to the start of continuous data transfer (e.g. Active state).This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios. The minimum requirement for control plane latency is 20ms. 


Table 2.5


			Technical performance requirement


			Value





			Control plane latency for URLLC (ms)


			20








     


Evaluation Methodology


The proponent should provide the elements and their values in the calculation of the control plane latency. Example of control plane latency analysis template should be aggregation of latency due to these following components/phases.


1. Random access procedure


2. UL synchronization


3. Connection establishment + HARQ retransmission


4. Data bearer establishment + HARQ retransmission





                                                       [image: ]




Figure 2.3   Control Plane Flow                                              


Results


                                





                                  Table 2.6 Control Plane Latency Calculation for URLLC scenario


			Step


			             	Description


			CP Latency [ms]


			Remarks





			1.


			Delay due to RACH scheduling period


			0 or 9.58


			TS 103 636-4 - V1.1.1





			2.


			Transmission of RACH preamble


			0.4167 (1 TTI)


			 


 





			3.


			Preamble detection and processing in gNB


			1


			 


 


 


Reference: Annex B of Compliance template submitted by DECT FORUM in 5D/1299





			4


			Transmission of RA response


			0.4167 (1 TTI)


			





			5


			Association response processing time


			1


			





			6


			Transmission of RRC resume request


			0.4167 (1 TTI)


			





			7


			processing in gNB


			1


			





			8


			Transmission of RRC resume response


			0.4167 (1 TTI)


			





			9


			Association response processing time


			1


			





			10


			Transmission of RRC Resume Complete


			0.4167 (1 TTI)


			





			 


			 


Total


			15.6635


			 


 








 






5GIF Observations


 


1. As per section 5.3 of ETSI TS 103 636-4 - V1.1, RACH resources slots indicates slot index of the first and last slot in a frame for RACH resources i.e. a RD can have min delay due to RACH scheduling period as 0 ms or 23 slot duration. Also the values of Maximum Random Access TX time and Response Window are not clear and assumed to be 1 TTI in above calculations.


The random access resource transmission is described as depicted in Figure 2.4.
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Figure 2.4 : Random Access Transmissions


Evaluation Report


Table 2.4 Result for C-Plane Latency for 27 KHz SCS


			Required Value


			Value





			20 ms


			15.6635 ms
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This report is the output of Inspection based evaluation of the candidate technology (3GPP NR) for the following Technical Performance Requirements from M.2410.Inspection is conducted by reviewing the functionality and parameterization of a proposal.





2.2.2.1 BANDWIDTH





Bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers. 





Requirements


The bandwidth capability of the RIT/SRIT is defined for the purpose of IMT-2020 evaluation.				


			FR1


			At least 100 MHz





			FR2


			Up to 1 GHz











 Results 


Table 2.7


			


Maximum Possible Bandwidth using 1024 points FFT(MHz)


			SubCarrier Spacing =27 KHz





			


			                     221.184












 Evaluation Report 


Table 2.8


			Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference


			Usage scenario


			Required value


			Value


			Requirement?





			5.2.4.3.15
Bandwidth and Scalability
(4.13)


			URLLC


			At least 100 MHz 


			221.184 MHz


			          YES





			


			


			Up to 1 GHz


			221.184 MHz


			          NO











2.2.2.2   SUPPORTED SPECTRUM BANDS(S)/RANGE(S)





Evaluation Methodology


The spectrum band(s) and/or range(s) that the candidate RITs/SRITs can utilize is verified by inspection.


Evaluation Report





For the DECT-2020 NR component RIT we have inspected the following:


The candidate RIT is designed to operate over:


1)	The frequency bands currently allocated to DECT service (1880 MHz – 1900 MHz)


2)	The frequency bands currently allocated to IMT-2000 FT service (1900 MHz to 1980 MHz and 2010 MHz to 2025 MHz)


The DECT supports operation in 450 MHz-5875 MHz(ETSI TS 103-636-2) .





				[image: ]


Fig 2.5 Frequency bands supported by DECT
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2.2.3.1   RELIABILITY





[This space is blank]





2.2.3.2 CONNECTION DENSITY


[This is work in progress]


Connection density is the total number of devices fulfilling a specific quality of service (QoS) per unit area (per km2). Connection density should be achieved for a limited bandwidth and number of TRxP’s. The target QoS is to support delivery of a message of a certain size within a certain time and with a certain success probability, as specified in Report ITU-R M.2412-0.


Requirements


This requirement is defined for the purpose of evaluation in the mMTC usage scenario. The minimum requirement for connection density is 1 000 000 devices per km2.





Evaluation Methodology


According to Report ITU-R M.2412, connection density is said to be C (# of devices per km2), if, under the number of devices, N=C×A (A is the simulation area in terms of km2), that the packet outage rate is less than or equal to 1%, where the packet outage rate is defined as the ratio of


The number of packets that failed to be delivered to the destination receiver within a transmission delay of less than or equal to 10s


- The total number of packets generated by the (N=C×A) devices within the time T.


The transmission delay of a packet is understood to be the delay from the time when uplink packet arrives at the device to the time when the packet is correctly received at the destination (BS) receiver.


In addition, it is encouraged that the self-evaluation reports the connection efficiency which is given by


CE=C.A/M.W(# of device/Hz/TRxP) (1)


where C is the connection density (# of devices per km2), A is the simulation area in terms of km2, M is the number of TRxP in the simulation area A, and W is the UL bandwidth (for FDD).


In Report ITU-R M.2412, There are two possible evaluation methods to evaluate connection density requirement defined in ITU-R M.2410-0:


-non-full buffer system-level simulation;


-full-buffer system-level simulation followed by link-level simulation.





System simulation procedure


There are two system simulation procedures for evaluating connection density. The first is a non-full buffer system-level simulation that requires a state-of-the-art system simulator to perform the evaluations. The second is a full buffer system simulation that allows input based on a more rudimentary system simulator combined with post processing supported by link-level simulations. The full buffer approach is described in detail in Table 2-16, and the non-full buffer is described in Table 2-17.





		Table 2.15 Full buffer system-level simulation procedure


			                                       Full buffer system-level simulation





			Step 1: Perform full-buffer system-level simulation using the evaluation parameters for Urban Macro-mMTC test environment, determine the uplink SINRi for each percentile i=1…99 of the distribution over users, and record the average allocated user bandwidth Wuser.In case UE multiplexing on the same time/frequency resource is modelled in this step, record the average number of multiplexed users Nmux. Nmux = 1 for no UE multiplexing.





			Step 2: Perform link-level simulation and determine the achievable user data rate Ri for the recoded SINRi and Wuser values. In case UE multiplexing on the same time/frequency resource is modelled in this step, record the average number of multiplexed users nmux,i under SINRi . The achievable data rate for this case is derived by Ri = Zi/nmux,i, where aggregated bit rate Zi is the summed bit rate of nmux,i users on Wuser. nmux,i = 1 for no UE multiplexing.





			Step 3: Calculate the packet transmission delay of a user as Di = S/Ri, where S is the packet size.





			Step 4: Calculate the traffic generated per user as T = S/Tinter-arrival, where Tinter-arrival is the inter-packet arrival time.





			Step 5: Calculate the long-term frequency resource requested under SINRi as Bi = T/(Ri/Wuser).





			Step 6: Calculate the number of supported connections per TRxP, N = W / mean(Bi). W is the simulation bandwidth. The mean of Bi may be taken over the best 99% of the SINRi conditions.In case UE multiplexing is modelled in Step 1, N = Nmux × W / mean(Bi). In case UE multiplexing is modelled in Step 2, N = W / mean(Bi/nmux,i)





			Step 7: Calculate the connection density as C = N / A, where the TRxP area A is calculated as A = ISD2 × sqrt(3)/6, and ISD is the inter-site distance





			Misc:The requirement is fulfilled if the 99th percentile of the delay per user Di is less than or equal to 10s, and the connection density is greater than or equal to the connection density requirement defined in ITU-R M.2410.The simulation bandwidth used to fulfill the requirement should be reported. Additionally, it is encouraged to report the connection efficiency (measured as N divided by simulation bandwidth) for the achieved connection density.













                        Table 2.16  Non-full buffer system-level simulation procedure





			                                       Non-full buffer system-level simulation





			Step 1: Set system user number per TRxP as N.





			Step 2: Generate the user packet according to the traffic model.





			Step 3: Run non-full buffer system-level simulation to obtain the packet outage rate. The outage rate is defined as the ratio of the number of packets that failed to be delivered to the destination receiver within a transmission delay of less than or equal to 10s to the total number of packets generated in the step 2.





			Step 4: Change the value of N and repeat step2-3 to obtain the system user number per TRxP N’ satisfying the packet outage rate of 1%.





			Step 5: Calculate connection density by equation C = N’ / A, where the TRxP area A is calculated as A = ISD2 × sqrt(3)/6, and ISD is the inter-site distance.





			Misc:The requirement is fulfilled if the connection density C is greater than or equal to the connection density requirement defined in ITU-R M.[IMT-2020.TECH PERF REQ].The simulation bandwidth used to fulfill the requirement should be reported. Additionally, it is encouraged to report the connection efficiency (measured as N’ divided by simulation bandwidth) for the achieved connection density.











5GIF is assessing the relevant information needed to evaluate the non-full-buffer SLS Method 1 of M.2412 ( Section 7.1.3). The evaluation configuration considered is Config A ( f=700MHz, ISD=500m, BW<10MHz. ) As per our understandings:


1. Description Template (5D/1299) : The supported channel BWs are 1.728,3.456,6.912 MHz 


2. Specifications from Step 4 (5D/, June 2020 v1.1.1, Section 4.1) : The supported channel BW are 1.728,3.456,6.912 MHz


We assume a reuse-1 system, where each sector in a 19-cell cluster can have a maximum of 5 channels each of 1.728MHz.
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			Fig 2.11  





Approach taken by 5GIF to evaluate DECT technology:


1. Deploy N devices per TRxP.


2. Calculate RSSI-2 (as given in ETSI TS 103 636-4) of all devices to check how any devices can act as a relay.


	RSSI-2 ≥ MIN_SENSTIVITY_LEVEL + MIN_QUALITY


 	MIN_QUALITY=6dB(as recommended by the proponent)





0. Relay to device association takes place and channels are selected by calculating RSSI-1(as given in ETSI TS 103 636-4) value. 


 "free" if max(RSSI-1) ≤ RSSI_THRESHOLD_MIN;  


 "possible" if :RSSI_THRESHOLD_MIN<max(RSSI-1)≤RSSI_THRESHOLD_MAX;  


 "busy" if max(RSSI-1) > RSSI_THRESHOLD_MAX.  


 RSSI_THRESHOLD_MIN=-85 dBm;


 RSSI_THRESHOLD_MAX. =-52dBm


0. Once N devices are dropped per TRxP (having five channels (f1,f2…. f5) of each with 1.728MHz BW), all the devices are expected to associate on the same 1.728 MHz channel (say f1) . And the rest of the four channels (f2,f3...f5) are used by relays to form clusters. 


1. Packets are generated according to the mMTC traffic mentioned in M.2412.






0. Then the outage ratio is calculated and the value of N is varied to meet the outage ratio of 1%.
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		Fig.2.12  Devices per sector V/S Connection Density per sq km


			(Config A=ISD=500m , Config B=ISD=1732m )
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		Fig2.13. Number of channels possible with Reuse 1


As per our calculations if we consider configuration A and take system bandwidth of 10MHz then also there could be only a maximum of 5 clusters possible i.e only 4 relays could be deployed per sector in case of reuse 1, while if we use higher reuse factor such as 3 or 7 to reduce interference number of clusters possible become more less in case of reuse 7 there would be no clustering possible in case of configuration A.
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			Fig.2.14 Number of channels possible with Reuse 3





[image: ]


				Fig.2.15 Number of channels possible with Reuse 7







According to our calculation most of the devices fulfill the criteria of min RSSI-2(as per ETSI TS 103 636-4 V1.1.1) value  to act as a relay. So RDs with best SNR are chosen to act as relay.
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		Fig.2.16 Uplink and Downlink SNR CDF for indoor and outdoor users 





The results will be further updated. 
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Table A : Evaluation configurations for Urban Macro-mMTC test environments


			Parameters


			Urban Macro–mMTC





			


			Connection Density Evaluation





			


			Configuration A


			Values Expected for DECT evaluation





			Baseline evaluation configuration parameters





			Carrier frequency for evaluation


			700 MHz


			





			BS antenna height


			25 m


			





			Total transmit power per TRxP


			49 dBm for 20 MHz bandwidth


46 dBm for 10 MHz bandwidth


			38.375 dBm for 8.64 MHz(5x1.728MHz)





			UE power class


			23 dBm


			





			Percentage of high loss and low loss building type 


			20% high loss, 80% low loss


			





			Additional parameters for system-level simulation





			Inter-site distance


			500 m


			





			Number of antenna elements per TRxP


			Up to 64 Tx/Rx


			15x4 antenna’s





			Number of UE antenna elements


			Up to 2 Tx/Rx


			





			Device deployment


			80% indoor, 20% outdoor


Randomly and uniformly distributed over the area


			





			UE mobility model


			Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.


			





			UE speeds of interest


			3 km/h for indoor and outdoor


			





			Inter-site interference modelling


			Explicitly modelled


			





			BS noise figure


			5 dB


			





			UE noise figure


			7 dB


			





			BS antenna element gain


			8 dBi


			





			UE antenna element gain


			0 dBi


			





			Thermal noise level


			‒174 dBm/Hz


			











			Parameters


			Urban Macro–mMTC





			


			Connection Density Evaluation





			


			Configuration A


			Values Expected for DECT evaluation





			Traffic model


			With layer 2 PDU (Protocol Data Unit) message size of 32 bytes:


1 message/day/device


or


1 message/2 hours/device


Packet arrival follows Poisson arrival process for non-full buffer system-level simulation


			





			Simulation bandwidth


			Up to 10 MHz


			8.64 MHz(5x1.728MHz)





			UE density


			Not applicable for non-full buffer system-level simulation as evaluation methodology of connection density


For full buffer system-level simulation followed by link-level simulation, 10 UEs per TRxP
NOTE – this is used for SINR CDF distribution derivation


			





			UE antenna height


			1.5m


			











 


[bookmark: _Toc73376917]B. Details from the Discussion with Proponents





			


			Q1: Discrepancy in Description Templates








			Q1a


			 Spectrum capabilities and duplex technologies 


For the DECT-2020 NR component RIT, the proponent has reported that the Minimum  practical spectrum for a contiguous network is assumed is 10 MHz” whereas 5.2.3.2.8.2 the  proponent reported that the DECT-2020 NR component RIT needs channel bandwidth is  scalable and is in multiples of 1.728 MHz” 


5GIF Observation: There is an inconsistency about the system bandwidth of the DECT2020 NR  component. 





			


			ETSI TC DECT Response: 


DECT-2020 NR nominal transmission bandwidth can be scaled from 1.728 MHz, by   Subcarrier scaling factor μ and Fourier transfer scaling factor β, see clause 4.3 TS 103 636-3. One can have e.g. transmissions with different bandwidths depending on physical layer operation.


A DECT-2020 NR system can for example employ a system bandwidth of 5 x 1.728 MHz in 10 MHz, resulting 5 non-overlapping channels of 1.728MHz. System bandwidth is obviously not equal to transmission bandwidth. The 10 MHz implies obviously guard bands for system operation.





			R:5GIF-13/May


			Should we assume for practical deployment ,minimum of  10 MHz i.e. 5*1.728MHz channels are necessary. 





			Q1b


			


Support of Advanced antenna capabilities


The proponent has reported that “For self-evaluation system simulations omni directional FP antenna constellations where used. Additionally, for mMTC system simulations antenna height has been reduced in self-evaluation simulations to 5 meters, to support low cost easy site deployments”.





5GIF Observation : It seems like this RIT component is limited to Omni-direction antenna only and may not be possible to deploy using multiple sectors and active antenna systems.








			


			ETSI TC DECT Response: 


That in self-evaluation a certain configuration is used does not imply, that other antenna configurations are unsupported. TS 103 636-3 introduces advanced multi-antenna technologies, however mMTC test scenarios defined in M.2412-0 limit the usage. In self-evaluation single RX devices with omni antennas was used.  Obviously using directive antennas with set of antenna elements at TxRP side and RX diversity device side (two RX allowed in evaluation case) would have positive effect on performance values. 





			


			Q2: Discrepancy in Compliance Templates








			Q2a


			Support of IMT bands





5GIF Observation


The submission by DECT describes that the DECT 2020 NR supports various IMT bands, but the specification/report lists the carrier frequency numbers only for the range 1880-1900MHz and 1900-1980MHz, 2010-2025MHz, 2400-2483.5MHz The specification lacks any information how other IMT bands can be used or identified.





			


			ETSI TC DECT Response: 


We do not understand the target of your question. The requirement is that at least ONE frequency band that is identified for IMT in the ITU Radio Regulations is supported. This is the case with the bands given in self-evaluation and characteristic template. 
TS 103 636-2 (see clause 5.4.2) and TS 103 636-4 supports absolute channel numbering between 450 MHz and 5 875 MHz, allowing any new band be supported without Physical layer or MAC specification changes when band becomes available.  








			Q2b


			Bandwidth and Scalability


DECT reported that the “bandwidth can be scaled up-to 108 MHz with 1024 FFT and 432 MHz per link with 1024 FFT”.





5GIF Observation


It is noted that the value provided seems to have calculation error, the calculation is based on assumption of SCS=108kHz and 432 KHz using 1024 FFT points would lead to the maximum bandwidth of 110.592 MHz and 4.42 GHz respectively. Although, 5GIF could not find any specifications related to SCS other than 27kHz.








			


			ETSI TC DECT Response: 


The characteristic template contains in item 5.2.4.3.15 for the occupied bandwidth the values of 108 MHz and 432 MHz (for SCS = 108 kHz and SCS = 432 kHz respectively). These values correspond to a nominal bandwidth of 110.592 MHz and 442.368 MHz respectively.





In TS 103 636-3 the values for the nominal bandwidth can be found in Table 4.3-1 of clause 4.3. 








			


			Q3: Discrepancy in LINK BUDGET TEMPLATES








			Q3a


			Macro mMTC 





5GIF Observation 


a. The link budget is ambiguous because it reports same coverage for control & data for both Uplink and downlink 


b. The link budget is missing important parameters ( recommended in M.2411)  - Tx & Rx antenna ports , UE speed=0


c. Transmission bit rate value is same for both data & control channel 


d. Required SNR values for both control channel and data channel are same


e. Link-budget for O2I is missing, which is needed to understand the technology as 80% UEs devices are assumed indoor and transmitter is outdoor.








			


			ETSI TC DECT Response: 


The access method is the same for uplink and downlink direction, which is quite handy for TDD access system. Therefore, there is no difference on coverage areas between UL and DL direction, when same antennas are used for UL and DL.


Required user plane data (32 bytes) can be delivered using MSC-1 (QPSK-1/2). Note in self-evaluation MCS-2 was used to make conservative approach. The Physical channel control bits are turbo encoded and transmitted on QPSK modulated symbols which results also in same performance than data symbols transmitted in PDC.


The evaluation guideline document allows to use fixed 20 dB additional loss for O2I penetration, which is assumed in the system simulations. 





			


			a)what if we do not use same antenna for uplink and downlink as BS cannot use omni antenna


b)is not answered


e) thank you for the response





			


			Q4: Discrepancy in Self Evaluation Report





			Q4a


			Connection Density


The Self-evaluation report in 5D/1299 assumes a MESH based topology and relies on multi-hop communication to get the device from a MTC device to the network.





5GIF Observation:


a. The linkbudget for mMTC though claims to have a coverage of data, control channel of 480m with 100% reliability, but in the self-evaluation it is stated that DECT with star topology does not meet coverage requirement due to which multihop mesh technology is implemented in mMTC scenario. There is inconsistency in understanding the technology’s coverage.


b. The details in the Self-evaluation for connection density is not very clear, and it appears to not follow the M.2412 evaluation methodology. 


a. The principle understanding of “Minimum requirement” of any technical performance metric implies that the technology will be able to support lower than the minimum requirement.


b. Since the connection density evaluation of DECT very much depends on “relaying”, if the number of MTC devices are very less like just few 10s in a network layout of ISD=500m, it is very likely to fail. 


c. So even if the technology meets minimum devices of 1,000,000/sq km, it is very likely it won’t meet the requirements if there are less than the minimum devices.


c. The evaluation of relay-based simulation requires – Channel model between device to device, which are at the same height (1.5m), which is not supported in the current channel model in M.2412. The report has no details about it.


d. Interference characteristics and modelling is also needed to understand the quality of multi-hop relaying to ensure the small packets are delivered to the final network within the given time with 1% PER probability.


e. The uplink power class being 23dBm, seems the simulation is not evaluated with 23dBm UE power class and hence is not according to ITU-R evaluation methodology. If the self-evaluation had used 23dB, the UL coverage as reported in link-budget implies no relaying would be needed.


f. The self-evaluation report also does not explain how the “relay propagation” from one MTC device is restricted to flow to adjacent cells.





There is inconsistency in the information to evaluate the ability of this candidate technology to meet the MTC requirements.





5GIF - March 2021


Based on the new specifications submitted by DECT-2020, there are additional questions for clarifications regarding the evaluation of Connection Density for the mMTC scenario. Please also see further Section. 





			


			ETSI TC DECT Response: 


a. There is no inconsistency between star and mesh topology coverage area. With mesh topology, which is a superset of star topology, one can build full coverage support with device to device transmissions.  


b. The technology requirement for MASSIVE machine type communication is to support at least 1 Million devices in sqkm, which technology can easily meet. The question of supporting arbitrary very low number devices was posed already during ITU-R when self-evaluation was reviewed and approved. During that review the question was considered irrelevant.  


c. In self-evaluation the D2D link has been street canyon model with 1,5 m antenna height. The link assumption has been clarified numerous times in the discussion area.


d. As explained in the self-evaluation, link modelling has been explicit between devices including the interference from other transmissions. Therefore the impact of potential interference is included in these results.


e. In self evaluations devices have been using 23 dBm output power. In the mMTC scenarios 80% of devices are assumed to be indoors with ADDITIONAL 20 dB loss in each Outdoor to Indoor connections. In single star topology it is not possible to reach 1% coverage outage level with single hop due to indoor outdoor loss.


f. The cost function operation is explained in the self-evaluation material and is the basis for route creation to FT nodes having back-end connection (BS in ITU terminology). Based on association process each node has knowledge of their own next hop towards FT.  
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Table 5.2-1: Operating band numbering

Band number | _Receiving band (MHz) | Transmitting band (MHz) |
1 18800 1900 1880 t0 1900
2 1900 10 1 920 190010 1920
3 24001024835 24001024835
4 902 0 928 902 t0 928
5 45010 470 450 t0 470
6 698 o 806 698 to 806
7 7160 728 716 t0 728
8 1432101517 1432101517
9 1910t01930 1910101930
10 2010102025 2010102025
11 2300 0 2 400 2300 t0 2 400
12 2500102620 2500 t0 2620
13 330010 3 400 3300 t0 3400
14 340010 3600 3400 to 3600
15 3600 t0 3700 3600 to 3700
16 4800 0 4990 4800 to 4 990
7 5725105875 5725105875
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Part I





Name of the Evaluation Group:  5G India Forum (5GIF)





About the IEG





5G India Forum (5GIF) has been established under the aegis of the Cellular Operators Association of India (COAI), aiming to become the leading force in the development of next generation communications and will enable synergizing national efforts and will play a significant role in shaping the strategic, commercial, and regulatory development of the 5G ecosystem in India.  


5GIF-IEG is one of the registered Independent Evaluation Group (IEG) for contributing to IMT-2020 development of ITU-R through the independent evaluation of the candidate IMT-2020 technologies. This group was formed by the COAI to evaluate the IMT-2020 candidates from the perspective of Indian network deployments.  


This is a group of operators, OEM’s, universities, and individual experts participating in a collaborative manner, in the evaluation of the candidate IMT-2020 technologies of interest. This is a contribution driven activity, with decisions made through a consensus seeking approach.


5GIF had submitted its report (5D/136), which provided our assessment to the technologies we evaluated during the main track of IMT-2020 candidate technology evaluation. Subsequently an interim report on DECT-2020 NR under “Way forward Option-2” track of IMT-2020 evaluation was submitted to the WP5D#38e meeting (5D/667). This document is the final evaluation report from 5GIF on DECT-2020 NR which contains the review of the evaluation conducted by 5GIF based on further interaction with ETSI TC-DECT and the new information made available under “Way forward Option-2” process, and the conclusions that have been arrived thereof. 





Contact details:





Vikram Tiwathia


Deputy Director General, COAI


Email: vtiwathia@coai.in  


Telephone: +91-11-2334-9275





Technical contact


Email: imt2020@5gindiaforum.in 


https://5gindiaforum.in  


 









A. [bookmark: _Toc80025795] Candidate technology – DECT-2020 NR (IMT 2020/17)


For candidate technology from DECT (IMT-2020/17) we referred to their specifications submitted to WP5D#35 meeting in June 2020  (ATTACHMENT 5.3 of 5D/222) 


· Candidate technology - DECT-2020 NR IMT-2020/17


· Proponent: TC-DECT (ETSI)  


The DECT RIT contains two component technology – 3GPP NR (for eMBB usage scenarios) based on IMT-2020/14 and the DECT-2020 NR component which is technically different from 3GPP NR and is the candidate component for meeting the performance requirements for URLLC and mMTC usage scenarios.


[bookmark: _Toc80025796]B. Confirmation of utilization of the ITU-R evaluation guidelines in Report ITU-R M.2412.


The 5GIF IEG confirms that it has evaluated the candidate technologies, the submissions from proponents based on the Reports ITU-R M.2410, ITU-R M.2411 and ITU-R M.2412.


			Characteristic for evaluation


			High-level assessment method


			Evaluation methodology (M.2412)


			Related section of Reports
ITU-R M.2410-0 and 


ITU-R M.2411-0





			Peak data rate


			Analytical


			§ 7.2.2


			Report ITU-R M.2410-0, § 4.1





			Peak spectral efficiency


			


			§ 7.2.1


			Report ITU-R M.2410-0, § 4.2





			User experienced data rate*


			


			§ 7.2.3


			Report ITU-R M.2410-0, § 4.3





			Area traffic capacity


			


			§ 7.2.4


			Report ITU-R M.2410-0, § 4.6





			User plane latency


			


			§ 7.2.6


			Report ITU-R M.2410-0, § 4.7.1





			Control plane latency


			


			§ 7.2.5


			Report ITU-R M.2410-0, § 4.7.2





			Mobility interruption time


			


			§ 7.2.7


			Report ITU-R M.2410-0, § 4.12





			Energy efficiency


			Inspection


			§ 7.3.2


			Report ITU-R M.2410-0, § 4.9





			Bandwidth


			


			§ 7.3.1


			Report ITU-R M.2410-0, § 4.13





			Support of wide range of services


			


			§ 7.3.3


			Report ITU-R M.2411-0, § 3.1





			Supported spectrum band(s)/range(s)


			


			§ 7.3.4


			Report ITU-R M.2411-0, § 3.2





			Average spectral efficiency


			Simulation


			§ 7.1.1


			Report ITU-R M.2410-0, § 4.5





			5th percentile user spectral efficiency


			


			§ 7.1.2


			Report ITU-R M.2410-0, § 4.4





			Connection density


			


			§ 7.1.3


			Report ITU-R M.2410-0, § 4.8





			Reliability


			


			§ 7.1.5


			Report ITU-R M.2410-0, § 4.10





			Mobility


			


			§ 7.1.4


			Report ITU-R M.2410-0, § 4.11











[bookmark: _Toc80025797]C. Documentation of any additional evaluation methodologies that are or might be developed by the Independent Evaluation Group to complement the evaluation guidelines



In the “way forward Option 2”, the proponents had submitted their final specifications in into Attachment 5.3 to Document 5D/222 (DECT)  that were expected to be referred by IEGs. Many of the essential information were not available in the previous evaluation phase in the self-evaluation reports or the submissions of description template. In the Option 2, there was not sufficient time available for the evaluation group to completely re-evaluate based on new information. 





[bookmark: _Toc80025798]D. Verification as per Report ITU-R M.2411 of the compliance templates and the self-evaluation for each candidate technology as indicated in A). 





			Aspects


			DECT





			


			





			1. Identify gaps/deficiencies in submitted material and/or self-evaluation;


2. Identify areas requiring clarifications;


3. General Questions to Proponents


			see ANNEX B.











[bookmark: _Toc80025799]E. Assessment as per Reports ITU-R M.2410, ITU-R M.2411 and ITU-R M.2412 for each candidate technology as indicated in A)





			Aspects





			Detailed analysis/assessment and evaluation by the IEGs of the compliance templates submitted by the proponents per the Report ITU-R M.2411 section 5.2.4; 





			Provide any additional comments in the templates along with supporting documentation for such comments;





			Analysis of the proponent’s self-evaluation by the IEG; 














[bookmark: _Toc80025800]F. Questions and feedback to WP 5D and/or the proponents or other IEGs








As the self-evaluation report of DECT-2020 NR , insists on using MESH topology we could not find any appropriate channel model for device-to-device communication in M.2412 or the specifications submitted by the proponent. So, we have used the UMI street canyon model from 3GPP TR 38 901 V15.0.0 as suggested by the proponent. 


We request WP5D to appropriately consider such MESH topology in future Evolution methodologies.  
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[bookmark: _Toc80025801]2. DECT-2020 NR Assessment (IMT 2020/17)


[bookmark: _Toc80025802]2.1 COMPLIANCE TEMPLATES


This section provides templates for the responses that are needed to assess the compliance of a candidate RIT or SRIT with the minimum requirements of IMT-2020. We have independently assessed the candidate technology based on the DECT-2000 specifications from 5D/222 


The compliance templates are based on ITU-R M.2411:


· Compliance template for services;


· Compliance template for spectrum; and,


· Compliance template for technical performance





As per the ITU-R Report M.2411, Section 5.2.4, the summary based on our evaluation for





[bookmark: _Toc80025803]2.1.1   Services 


 


(M.2411 - Compliance template for services 5.2.4.1)


			 


			Service capability requirements


			5GIF comments





			5.2.4.1.1


			Support for wide range of services


Is the proposal able to support a range of services across different usage scenarios (eMBB, URLLC, and mMTC)?:   


YES / NO


Specify which usage scenarios (eMBB, URLLC, and mMTC) the candidate RIT or candidate SRIT can support.


			


DECT-2020 NR componentThe proposal of DECT component RIT is expected to support URLLC and mMTC through the relevant performance requirements. 


We could confirm that the DECT-2020 NR can meet the connection density requirements. 


We are not able to re-evaluate if the reliability requirements could be met by DECT based on the new information.














[bookmark: _Toc80025804]2.1.2  Spectrum 





(M.2411 - Compliance template for spectrum3 , 5.2.4.2)


			


			Spectrum capability requirements


			5GIF Comments





			5.2.4.2.1


			Frequency bands identified for IMT


Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?: 	





YES / N0





Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.





			For DECT-2020 NR component RIT:


In the earlier submission it was understood that the candidate RIT is designed to operate over:


· The frequency bands currently allocated to DECT service (1880 MHz – 1900 MHz) 


· The frequency bands currently allocated to IMT-2000 FT service (1900 MHz to 1980 MHz and 2010 MHz to 2025 MHz)


With the new specification we found that the DECT-2020 NRsupports operation in 450 MHz-5875 MHz (refer Sec 2.2.2).





			5.2.4.2.2


			Higher Frequency range/bands


Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?:	YES / NO 





Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.





NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.





			DECT is a SRIT submission and the 3GPP-NR RIT component supports mm wave bands. This is met by the 3GPP-NR component
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Table 2.2 : DECT-2020-NR Component


			Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference(1)


			Category


			Required Value


			Value


			Requirement met?


			Comments







			


			Usage scenario


			Test environment


			Downlink or uplink


			


			


			


			





			5.2.4.3.7
User plane latency
(ms)
(4.7.1)


			URLLC





			Not applicable


			Uplink and Downlink


			1 ms


			0.6864


			 Yes





			DECT meets the requirement when operated with half slot configuration


 








			5.2.4.3.8
Control plane latency
(ms)
(4.7.2)


			URLLC


			Not applicable


			Not applicable


			20 ms


(10 ms preferred)


			


DECT-2020:


>15.6635


			Yes


			DECT-2020 NR


Refer Sec. 2.2.1





			5.2.4.3.11
Reliability
(4.10)


			URLLC


			Urban Macro-URLLC


			Downlink







			99.999%


			


			


			The KPI was not met with the previous evaluation. With the new specification, We could not re-evaluate this performance requirement with the new information.





			


			


			


			Uplink


			99.999%


			


			


			The KPI was not met with the previous evaluation. With the new specification, we are yet to reassess this KPI


We could not re-evaluate this performance requirement with the new information.





			5.2.4.3.14
Mobility interruption time (ms) 
(4.12)


			URLLC


			Not applicable


			Not applicable


			0


			UNABLE TO EVALUATE


			UNABLE TO EVALUATE


			For the DECT-NR RIT component


[Unable to determine the handover aspects yet]





			5.2.4.3.15
Bandwidth and Scalability
(4.13)


			Not applicable


			Not applicable


			Not applicable


			At least 100 MHz


			221.184 MHz


			YES


			For the DECT-NR RIT component








			


			


			


			


			Up to 1GHz


			221.184 MHz


			No


			





			


			


			


			


			Support of Multiple different bandwidth values


			


Yes


			YES


			For the DECT-NR RIT component –


1.728/…27.64 MHz bandwidths are specified








			Connection Density


			mMTC


			Not applicable


			Uplink and Downlink


			1 000 000 devices per km2.





			1 000 000


			YES


			Meets under the evaluation by using additional assumptions of channel models






















































































[bookmark: _Toc80025806]2.2 DETAILED TECHNICAL EVALUATION





This section provides the details of the evaluation and 5GIF findings on the DECT RIT candidate IMT-2020/17 for mMTC and URLLC usage scenario. DECT Forum has provided “ETSI TR 103 636” “DECT-2020 New Radio (NR); Part 1:Overview; DECT-2020 New Radio (NR); Part 2: Radio reception and transmission requirements; DECT-2020 New Radio (NR); Part 3: Physical layer "DECT-2020 New Radio (NR); Part 4: MAC layer” as a reference in Document 5D/222.





[bookmark: _Toc80025807]2.2.1  ANALYSIS ASPECTS





In this section, an analytical based approach is used to determine the technical performance of the technology. The analysis uses closed form expression based on the inputs and description of technical features in the description template as well as the relevant specifications needed to support those technical features.


Technical Performance calculated in this section are:


· User Plane Latency


· Control Plane Latency





[bookmark: _Toc80025808]2.2.1.1 USER PLANE LATENCY





Requirements


According to Report ITU-R M.2410, User Plane (UP) latency is “the one-way time taken to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface in either uplink or downlink.”


                                                                         Table 2.1


			Technical performance requirement


			Value





			User plane latency for URLLC (ms)


For UL & DL


			1ms











Evaluation Methodology


The proponent should provide the elements and their values in the calculation of the user plane latency, for both UL and DL. The table provides an example of the elements in the calculation of the user plane latency.


The proponent should provide the elements and their values in the calculation of the user plane latency, for both UL and DL. Example of user plane latency analysis template should be aggregation of delay due to these components:


1. UE Processing Delay


1. Frame Alignment


1. TTI for data packet transmission


1. HARQ Retransmission


1. BS Processing Delay





5GIF has done self evaluation of User Plane Latency in URLLC scenario for DECT RIT candidate taking reference of User Plane Latency calculation in eMBB scenario from component RIT “3GPP NR” as eMBB usage scenario is addressed by the 3GPP NR component. It is noted that DECT Forum does not provide sufficient information on Symbol Alignment Time and Frame Alignment Time. For the purpose of evaluation, reference is taken from the 3GPP NR component for these two parameters. 
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Figure 2.1 See 6.3.2.5 “ETSI TR 103 514 - DECT-2020-NR” timing


Results


					





TABLE 2.2





Downlink User Plane Latency for 27 KHz SCS NR TDD No HARQ (Frame Structure: DUDU) 


			Description


			Half Slot(ms)


			Full Slot(ms)





			Avg symbol alignment time


			0.0208


			0.0208





			BS pre-processing delay


			0.0416


			0.0416





			Frame Alignment (max)


			0.208


			0.416





			TTI for data packet transmission


			0.208


			0.416





			UE pre-processing delay


			0.0832


			0.0832





			Total one way UP latency


			0.5616


			0.9776








						TABLE 2.3


Downlink UP Latency for 27 KHz SCS NR TDD-HARQ (Frame Structure: DUDU) 


			Description


			Half Slot(ms)


			Full Slot(ms)





			Avg symbol alignment time


			0.0208


			0.0208





			BS pre-processing delay


			0.0416


			0.0416





			Frame Alignment(max)


			0.208


			0.416





			TTI for data packet transmission


			0.208


			0.416





			UE pre-processing delay


			0.0832


			0.0832





			Contribution by HARQ(10$ BLER)


			0.1248


			0.2496





			Total one-way UP latency


			0.6864


			1.2272











Table 2.2 shows that DECT meets the requirement of 1ms when half slot format is used with or without HARQ, the user plane latency value exceeds 1ms duration with full slot format. 


5GIF observed that the value of 0.7904 msec reported by DECT in their self-evaluation report for user plane latency with full slot is not possible based on Table 2.3.


 


Fig 2.2 is referred to calculate data and control bits for half slot and full slot which is used to calculate whether it can fulfil condition for low latency transmission with half slot configuration. 





[image: ]


Fig 2.2 Half slot and Full slot frame structure





Evaluation Report


Table 2.4 Result for Downlink U-Plane Latency for 27 KHz SCS (Frame Structure : DUDU)


			              Required Value


			                Value





			                    1 ms


			                 0.6864 ms











                


[bookmark: _Toc80025809]2.2.1.2  CONTROL PLANE LATENCY





Requirements


According to Report ITU-R M.2410, control plane latency refers to the transition time from a most “battery efficient” state (e.g. Idle state) to the start of continuous data transfer (e.g. Active state).This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios. The minimum requirement for control plane latency is 20ms. 


Table 2.5


			Technical performance requirement


			Value





			Control plane latency for URLLC (ms)


			20








     


Evaluation Methodology


The proponent should provide the elements and their values in the calculation of the control plane latency. Example of control plane latency analysis template should be aggregation of latency due to these following components/phases.


1. Random access procedure


2. UL synchronization


3. Connection establishment + HARQ retransmission


4. Data bearer establishment + HARQ retransmission





                                                       [image: ]




Figure 2.3   Control Plane Flow                                              


Results


                                





                                  Table 2.6 Control Plane Latency Calculation for URLLC scenario


			Step


			             	Description


			CP Latency [ms]


			Remarks





			1.


			Delay due to RACH scheduling period


			0 or 9.58


			TS 103 636-4 - V1.1.1





			2.


			Transmission of RACH preamble


			0.4167 (1 TTI)


			 


 





			3.


			Preamble detection and processing in gNB


			1


			 


 


 


Reference: Annex B of Compliance template submitted by ETSI (TC FORUM) in 5D/1299





			4


			Transmission of RA response


			0.4167 (1 TTI)


			





			5


			Association response processing time


			1


			





			6


			Transmission of RRC resume request


			0.4167 (1 TTI)


			





			7


			processing in gNB


			1


			





			8


			Transmission of RRC resume response


			0.4167 (1 TTI)


			





			9


			Association response processing time


			1


			





			10


			Transmission of RRC Resume Complete


			0.4167 (1 TTI)


			





			 


			 


Total


			15.6635


			 


 








 






5GIF Observations


 As per section 5.3 of ETSI TS 103 636-4 - V1.1, RACH resources slots indicate slot index of the first and last slot in a frame for RACH resources i.e., a RD can have min delay due to RACH scheduling period as 0 ms or 23 slot duration. Also, the values of Maximum Random-Access TX time and Response Window are not clear and assumed to be 1 TTI in above calculations.


The random-access resource transmission is described as depicted in Figure 2.4.




[image: ]

Figure 2.4 : Random Access Transmissions


Evaluation Report


Table 2.4 Result for C-Plane Latency for 27 KHz SCS





			Required Value


			Value





			20 ms


			15.6635 ms











                                                                         





[bookmark: _Toc80025810]2.2.2  INSPECTION ASPECTSThis report is the output of Inspection based evaluation of the candidate technology (3GPP NR) for the following Technical Performance Requirements from M.2410.Inspection is conducted by reviewing the functionality and parameterization of a proposal.
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Bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers. 





Requirements


The bandwidth capability of the RIT/SRIT is defined for the purpose of IMT-2020 evaluation.				


			FR1


			At least 100 MHz





			FR2


			Up to 1 GHz











 Results 


Table 2.7


			


Maximum Possible Bandwidth using 1024 points FFT(MHz)


			SubCarrier Spacing =27 KHz





			


			                     221.184












 Evaluation Report 


Table 2.8


			Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference


			Usage scenario


			Required value


			Value


			Requirement?





			5.2.4.3.15
Bandwidth and Scalability
(4.13)


			


			At least 100 MHz 


			221.184 MHz


			          YES





			


			


			Up to 1 GHz


			221.184 MHz


			          NO











[bookmark: _Toc80025812]2.2.2.2 SUPPORTED SPECTRUM BANDS(S)/RANGE(S)





Evaluation Methodology


The spectrum band(s) and/or range(s) that the candidate RITs/SRITs can utilize is verified by inspection.


Evaluation Report





For the DECT-2020 NR component RIT we have inspected the following:


The candidate RIT is designed to operate over:


1)	The frequency bands currently allocated to DECT service (1880 MHz – 1900 MHz)


2)	The frequency bands currently allocated to IMT-2000 FT service (1900 MHz to 1980 MHz and 2010 MHz to 2025 MHz)


The DECT supports operation in 450 MHz-5875 MHz(ETSI TS 103-636-2) .
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Fig 2.5 Frequency bands supported by DECT
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[bookmark: _Toc80025814]2.2.3.1 RELIABILITY





We were not able to re-evaluate this performance requirement with the new information shared in 5D/222 in “Way forward Option 2” due to insufficient time.





[bookmark: _Toc80025815]2.2.3.2 CONNECTION DENSITY


Connection density is the total number of devices fulfilling a specific quality of service (QoS) per unit area (per km2). Connection density should be achieved for a limited bandwidth and number of TRxP’s. The target QoS is to support delivery of a message of a certain size within a certain time and with a certain success probability, as specified in Report ITU-R M.2412-0.


Requirements


This requirement is defined for the purpose of evaluation in the mMTC usage scenario. The minimum requirement for connection density is 1 000 000 devices per km2.





Evaluation Methodology


According to Report ITU-R M.2412, connection density is said to be C (# of devices per km2), if, under the number of devices, N=C×A (A is the simulation area in terms of km2), that the packet outage rate is less than or equal to 1%, where the packet outage rate is defined as the ratio of


The number of packets that failed to be delivered to the destination receiver within a transmission delay of less than or equal to 10s


- The total number of packets generated by the (N=C×A) devices within the time T.


The transmission delay of a packet is understood to be the delay from the time when uplink packet arrives at the device to the time when the packet is correctly received at the destination (BS) receiver.


In addition, it is encouraged that the self-evaluation reports the connection efficiency which is given by


CE=C.A/M.W(# of device/Hz/TRxP) (1)


where C is the connection density (# of devices per km2), A is the simulation area in terms of km2, M is the number of TRxP in the simulation area A, and W is the UL bandwidth (for FDD).


In Report ITU-R M.2412, There are two possible evaluation methods to evaluate connection density requirement defined in ITU-R M.2410-0:


-non-full buffer system-level simulation


-full-buffer system-level simulation followed by link-level simulation.









System simulation procedure


We performed the non-full buffer system-level simulation that requires a state-of-the-art system simulator to perform the evaluations. The non-full buffer is described in Table 2-16.





                        Table 2.16  Non-full buffer system-level simulation procedure





			                                       Non-full buffer system-level simulation





			Step 1: Set system user number per TRxP as N.





			Step 2: Generate the user packet according to the traffic model.





			Step 3: Run non-full buffer system-level simulation to obtain the packet outage rate. The outage rate is defined as the ratio of the number of packets that failed to be delivered to the destination receiver within a transmission delay of less than or equal to 10s to the total number of packets generated in the step 2.





			Step 4: Change the value of N and repeat step 2-3 to obtain the system user number per TRxP N’ satisfying the packet outage rate of 1%.





			Step 5: Calculate connection density by equation C = N’ / A, where the TRxP area A is calculated as A = ISD2 × sqrt(3)/6, and ISD is the inter-site distance.





			Misc:The requirement is fulfilled if the connection density C is greater than or equal to the connection density requirement defined in ITU-R M.[IMT-2020.TECH PERF REQ].The simulation bandwidth used to fulfill the requirement should be reported. Additionally, it is encouraged to report the connection efficiency (measured as N’ divided by simulation bandwidth) for the achieved connection density.











The evaluation configuration considered is Config A ( f=700MHz, ISD=500m, BW<10MHz. ) As per our understandings:


1. Description Template (5D/1299) : The supported channel BWs are 1.728,3.456,6.912 MHz 


2. Specifications from Step 4 (5D/, June 2020 v1.1.1, Section 4.1) : The supported channel BW are 1.728,3.456,6.912 MHz


We assume a reuse-1 system, where each sector in a 19-cell cluster can have a maximum of 5 channels each of 1.728MHz.
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Fig 2.11 : Steps for non-Full Buffer method





Steps





1) Deploy N devices per TRxP.


2) Calculate RSSI-2 (as given in ETSI TS 103 636-4) of all devices to check how any devices can act as a relay.


			RSSI-2 ≥ MIN_SENSTIVITY_LEVEL + MIN_QUALITY


MIN_QUALITY=6dB(as recommended by the proponent)











3) Relay to device association takes place and channels are selected by calculating RSSI-1 (as given in ETSI TS 103 636-4)





			"free" if max(RSSI-1) ≤ RSSI_THRESHOLD_MIN;  


 "possible" if :RSSI_THRESHOLD_MIN<max(RSSI-1)≤RSSI_THRESHOLD_MAX;  


 "busy" if max(RSSI-1) > RSSI_THRESHOLD_MAX.  


 RSSI_THRESHOLD_MIN=-85 dBm;


 RSSI_THRESHOLD_MAX. =-52dBm








4) Once N devices are dropped per TRxP (having five channels  f1,f2…. f5) of each with 1.728MHz BW), all the devices are expected to associate on a single 1.728 MHz channel (say f1). And the rest of the four channels (f1,f2...f4) are used by relays to form clusters. 


5) Packets are generated according to the mMTC traffic model mentioned in M.2412



6) The outage ratio is calculated based on the channel condition, interferences etc.,  and the value of N is varied to meet the outage ratio of 1%.
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		Fig.2.12  Devices per sector V/S Connection Density per sq km


			(Config A=ISD=500m , Config B=ISD=1732m )
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		Fig2.13. Number of channels possible with Reuse 1


As per our calculations if we consider configuration A with system bandwidth of 10MHz then also there could be only a maximum of 5 clusters frequencies possible i.e., only 4 relays with different frequency/channel could be deployed per sector in case of reuse 1 across the cells, while if we use higher reuse factor such as 3 or 7 to reduce interference number of clusters possibly become more less in case of reuse 7 there would be no clustering possible in case of configuration A. Since, the specification includes the procedure for channel sensing and beacon announcement based on activity, it is possible that multiple devices can act as relays even using the same frequency based on when they sensed the channel activity. In our simulation, we have assumed 1% of devices as relays. 
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			Fig.2.14 Number of channels possible with Reuse 3
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				Fig.2.15 Number of channels possible with Reuse 7



According to our calculation most of the devices fulfil the criteria of min RSSI-2(as per ETSI TS 103 636-4 V1.1.1) value to act as a relay. So RDs with best SNR are chosen to act as relay.
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Fig.2.16 


The traffic model as per ITU-R M.2412 is based on Poisson point process,  with the rate of 1 message/2hours/device. (lambda = 0.000138889)


To understand the sparsity of the packet arrival at PDU, a snapshot of first 20 transmissions of a device following this process is depicted below: 


The first packet is generated after 1.19hr from the start of the observation, while the next one is after 3hrs.
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Fig.2.17 





In the figure below, a snapshot of packet arrival is shown for 1,000,000 devices in an observation of 30mins. We group the packets together if they arrive within a frame duration of 10ms. DECT-2000 NR has 24slots, for DL:UL ration of 12:12, it is possible for devices to transmit in one of the 12 uplink slots.  For the packet size of 32bytes, the entire payload can be transmitted in one slot of the DECT-2020 NR frame.
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Fig.2.18 





It can be noted that at most only Ntx=5 devices have packets arriving within a frame duration. The frequency of devices generating packets at the same instant is not very high, most of the time instances have at most 3 packets in a frame. Even if all the devices are connected on the same channel towards the sink/base-station. It is less likely to collide and result into a failed packet reception. It is also possible that the devices may back-off if a collision is detection and attempt for retransmission. 


In a 10s window, there is an opportunity of 1000 frames (x12 slots) available for the device to be able to successfully transmit. 


Observation 
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Fig.2.19





In the figure above, the total number of packets generated and the total number of devices that had any active packet traffic for various observation duration is depicted It can be noticed that with large observation window, the true statistics of packet/device ratio of 1 can be observed, which matches with 1 packet/2hr/device. Hence, for non-full buffer simulation, an event-based simulation for large observation window of at least 2hr is essential. The total number devices out of 1million that ever generates packet is still 63.14% with this traffic model.  


The simulation for the non-full buffer method, requires sufficiently large observation window else even with large devices in the network, if the observation window is small then only few devices generate traffic data and hence the capability of a technology to support 1million device density may not be completely evaluated. 


In our simulation, we run an event-based simulation for 3hrs with 72.2k devices / cell (that corresponds to 1million devices/sq.km for Config A).


In the below figure, the number of packets that were generated during the frame (having multiple transmissions) over all the events for various observation window are plotted. These are potential number of packets that could have collided during the physical layer transmission if there not enough uplink slots available in the frame. It can be observed that at large observation duration of 2hrs, 37.93% of packets where generated which could have potentially collided. 
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Fig.2.20


Around 38% packets of the total packets generated have the possibility of collision in a 2hr observation duration.


Due to high computational complexity, the following approach was used for the event-based simulation with 19 cells.  


Timestamps of events were generated for all the 19 cells, assuming 72.2k devices in each cell. The assessment of collision and successful packet delivery was evaluated based on all these events within 3hr duration. To minimize the computation complexity, the relays were identified only in the cell 0 (in all the 3 sectors) at the centre. Identified relays (720) reuse the 4 channels to form clusters. Based on the event, and the number of transmissions in the frame instant, the interference from all devices operating on the same channel (including interference from adjacent sectors) are calculated to find the uplink SINR. For devices sending packets through a relay, the effective SINR is calculated from both the links (device-to-relay, relay-to-base station) to determine the successful reception of packet.  With addition of relays over multiple channels, the probability of multiple devices transmitting on the same channel reduces. The figure below shows the number of devices over the five channels:
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Fig.2.21


In Below figure the uplink SINR of devices during all the instances of the traffic event is shown. The number of devices have UL SINR below 5 dB is much less than 5%. Based on this we conclude that the outage ratio of <1% is achievable.  
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Fig.2.22
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Fig.2.23


The figure below shows the statistics of the number of traffic packets generated in same frame.[image: ]


Fig.2.24
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Fig.2.25


It can be noticed that over the entire 3hrs of observation, about total of 4 to 15 devices from the adjacent (18 cells) have simultaneous traffic generation. Whereas mostly there are only 2 to 3 devices from the centre-cell (cell-0) generate traffic during a same frame.  


In the below, figure, We identify the potential simultaneous traffic arrival over various channels in the cell. It can be noticed that in the channels (1 to 4) on which relay clusters are formed, the probability of potential collision compared to channel 0 ( direct to base-station) is less.  
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Fig.2.26


From the below figure, the mean number of devices having simultaneous packet arrival is around 5 to 6. Whereas the probability  of having packet arrival in more than 10 devices is below 2% in the over all network. 
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Fig.2.27


Further analysis of the statistics of events indicates that when analysed for the specific centre cell 0, 98% of the time, there are only transmission in a frame duration over individual channels 0. Only 2% of the time, there are more than 1 device transmitting in any channel. With the capability of transmitting an encoded 32byte packet in a single slot ( one out 12 uplink slots), it is possible to successfully relay to the base-station even in single hop.


[image: ] Fig.2.28





[bookmark: _Toc80025816]2.2.4   CONCLUSION





Based on the analysis performed under the channel model of Umi-Street Canyon and specifications of the DECT-2020 NR, 5GIF can conclude that the DECT-2020 NR could meet the performance requirements of connection density of 1 million devices/sq.km with the specific traffic model given in M.2412.
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[bookmark: _Toc80025818]A. Scenarios and Configurations as per ITU-R M.2412





Table A : Evaluation configurations for Urban Macro-mMTC test environments


			Parameters


			Urban Macro–mMTC





			


			Connection Density Evaluation





			


			Configuration A


			Values Expected for DECT evaluation





			Baseline evaluation configuration parameters





			Carrier frequency for evaluation


			700 MHz


			





			BS antenna height


			25 m


			





			Total transmit power per TRxP


			49 dBm for 20 MHz bandwidth


46 dBm for 10 MHz bandwidth


			38.375 dBm for 8.64 MHz(5x1.728MHz)





			UE power class


			23 dBm


			





			Percentage of high loss and low loss building type 


			20% high loss, 80% low loss


			





			Additional parameters for system-level simulation





			Inter-site distance


			500 m


			





			Number of antenna elements per TRxP


			Up to 64 Tx/Rx


			15x4 antenna’s





			Number of UE antenna elements


			Up to 2 Tx/Rx


			





			Device deployment


			80% indoor, 20% outdoor


Randomly and uniformly distributed over the area


			





			UE mobility model


			Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.


			





			UE speeds of interest


			3 km/h for indoor and outdoor


			





			Inter-site interference modelling


			Explicitly modelled


			





			BS noise figure


			5 dB


			





			UE noise figure


			7 dB


			





			BS antenna element gain


			8 dBi


			





			UE antenna element gain


			0 dBi


			





			Thermal noise level


			‒174 dBm/Hz


			











			Parameters


			Urban Macro–mMTC





			


			Connection Density Evaluation





			


			Configuration A


			Values Expected for DECT evaluation





			Traffic model


			With layer 2 PDU (Protocol Data Unit) message size of 32 bytes:


1 message/day/device


or


1 message/2 hours/device


Packet arrival follows Poisson arrival process for non-full buffer system-level simulation


			





			Simulation bandwidth


			Up to 10 MHz


			8.64 MHz(5x1.728MHz)





			UE density


			Not applicable for non-full buffer system-level simulation as evaluation methodology of connection density


For full buffer system-level simulation followed by link-level simulation, 10 UEs per TRxP
NOTE – this is used for SINR CDF distribution derivation


			





			UE antenna height


			1.5m


			











 


[bookmark: _Toc80025819]B. Discussion with Proponents





			


			Q1: Discrepancy in Description Templates








			Q1a


			 Spectrum capabilities and duplex technologies 


For the DECT-2020 NR component RIT, the proponent has reported that the Minimum  practical spectrum for a contiguous network is assumed is 10 MHz” whereas 5.2.3.2.8.2 the  proponent reported that the DECT-2020 NR component RIT needs channel bandwidth is  scalable and is in multiples of 1.728 MHz” 


5GIF Observation: There is an inconsistency about the system bandwidth of the DECT2020 NR  component. 





			


			ETSI TC DECT Response: 


DECT-2020 NR nominal transmission bandwidth can be scaled from 1.728 MHz, by   Subcarrier scaling factor μ and Fourier transfer scaling factor β, see clause 4.3 TS 103 636-3. One can have e.g. transmissions with different bandwidths depending on physical layer operation.


A DECT-2020 NR system can for example employ a system bandwidth of 5 x 1.728 MHz in 10 MHz, resulting 5 non-overlapping channels of 1.728MHz. System bandwidth is obviously not equal to transmission bandwidth. The 10 MHz implies obviously guard bands for system operation.





			R:5GIF-13/May


			Should we assume for practical deployment ,minimum of  10 MHz i.e. 5*1.728MHz channels are necessary. 





			Q1b


			


Support of Advanced antenna capabilities


The proponent has reported that “For self-evaluation system simulations omni directional FP antenna constellations where used. Additionally, for mMTC system simulations antenna height has been reduced in self-evaluation simulations to 5 meters, to support low cost easy site deployments”.





5GIF Observation : It seems like this RIT component is limited to Omni-direction antenna only and may not be possible to deploy using multiple sectors and active antenna systems.








			


			ETSI TC DECT Response: 


That in self-evaluation a certain configuration is used does not imply, that other antenna configurations are unsupported. TS 103 636-3 introduces advanced multi-antenna technologies, however mMTC test scenarios defined in M.2412-0 limit the usage. In self-evaluation single RX devices with omni antennas was used.  Obviously using directive antennas with set of antenna elements at TxRP side and RX diversity device side (two RX allowed in evaluation case) would have positive effect on performance values. 





			


			Q2: Discrepancy in Compliance Templates








			Q2a


			Support of IMT bands





5GIF Observation


The submission by DECT describes that the DECT 2020 NR supports various IMT bands, but the specification/report lists the carrier frequency numbers only for the range 1880-1900MHz and 1900-1980MHz, 2010-2025MHz, 2400-2483.5MHz The specification lacks any information how other IMT bands can be used or identified.





			


			ETSI TC DECT Response: 


We do not understand the target of your question. The requirement is that at least ONE frequency band that is identified for IMT in the ITU Radio Regulations is supported. This is the case with the bands given in self-evaluation and characteristic template. 
TS 103 636-2 (see clause 5.4.2) and TS 103 636-4 supports absolute channel numbering between 450 MHz and 5 875 MHz, allowing any new band be supported without Physical layer or MAC specification changes when band becomes available.  








			Q2b


			Bandwidth and Scalability


DECT reported that the “bandwidth can be scaled up-to 108 MHz with 1024 FFT and 432 MHz per link with 1024 FFT”.





5GIF Observation


It is noted that the value provided seems to have calculation error, the calculation is based on assumption of SCS=108kHz and 432 KHz using 1024 FFT points would lead to the maximum bandwidth of 110.592 MHz and 4.42 GHz respectively. Although, 5GIF could not find any specifications related to SCS other than 27kHz.








			


			ETSI TC DECT Response: 


The characteristic template contains in item 5.2.4.3.15 for the occupied bandwidth the values of 108 MHz and 432 MHz (for SCS = 108 kHz and SCS = 432 kHz respectively). These values correspond to a nominal bandwidth of 110.592 MHz and 442.368 MHz respectively.





In TS 103 636-3 the values for the nominal bandwidth can be found in Table 4.3-1 of clause 4.3. 








			


			Q3: Discrepancy in LINK BUDGET TEMPLATES








			Q3a


			Macro mMTC 





5GIF Observation 


a. The link budget is ambiguous because it reports same coverage for control & data for both Uplink and downlink 


b. The link budget is missing important parameters ( recommended in M.2411)  - Tx & Rx antenna ports , UE speed=0


c. Transmission bit rate value is same for both data & control channel 


d. Required SNR values for both control channel and data channel are same


e. Link-budget for O2I is missing, which is needed to understand the technology as 80% UEs devices are assumed indoor and transmitter is outdoor.








			


			ETSI TC DECT Response: 


The access method is the same for uplink and downlink direction, which is quite handy for TDD access system. Therefore, there is no difference on coverage areas between UL and DL direction, when same antennas are used for UL and DL.


Required user plane data (32 bytes) can be delivered using MSC-1 (QPSK-1/2). Note in self-evaluation MCS-2 was used to make conservative approach. The Physical channel control bits are turbo encoded and transmitted on QPSK modulated symbols which results also in same performance than data symbols transmitted in PDC.


The evaluation guideline document allows to use fixed 20 dB additional loss for O2I penetration, which is assumed in the system simulations. 





			


			a)what if we do not use same antenna for uplink and downlink as BS cannot use omni antenna


b)is not answered


e) thank you for the response





			


			Q4: Discrepancy in Self Evaluation Report





			Q4a


			Connection Density


The Self-evaluation report in 5D/1299 assumes a MESH based topology and relies on multi-hop communication to get the device from a MTC device to the network.





5GIF Observation:


a. The linkbudget for mMTC though claims to have a coverage of data, control channel of 480m with 100% reliability, but in the self-evaluation it is stated that DECT with star topology does not meet coverage requirement due to which multihop mesh technology is implemented in mMTC scenario. There is inconsistency in understanding the technology’s coverage.


b. The details in the Self-evaluation for connection density is not very clear, and it appears to not follow the M.2412 evaluation methodology. 


a. The principle understanding of “Minimum requirement” of any technical performance metric implies that the technology will be able to support lower than the minimum requirement.


b. Since the connection density evaluation of DECT very much depends on “relaying”, if the number of MTC devices are very less like just few 10s in a network layout of ISD=500m, it is very likely to fail. 


c. So even if the technology meets minimum devices of 1,000,000/sq km, it is very likely it won’t meet the requirements if there are less than the minimum devices.


b. The evaluation of relay-based simulation requires – Channel model between device to device, which are at the same height (1.5m), which is not supported in the current channel model in M.2412. The report has no details about it.


c. Interference characteristics and modelling is also needed to understand the quality of multi-hop relaying to ensure the small packets are delivered to the final network within the given time with 1% PER probability.


d. The uplink power class being 23dBm, seems the simulation is not evaluated with 23dBm UE power class and hence is not according to ITU-R evaluation methodology. If the self-evaluation had used 23dB, the UL coverage as reported in link-budget implies no relaying would be needed.


e. The self-evaluation report also does not explain how the “relay propagation” from one MTC device is restricted to flow to adjacent cells.





There is inconsistency in the information to evaluate the ability of this candidate technology to meet the MTC requirements.





5GIF - March 2021


Based on the new specifications submitted by DECT-2020, there are additional questions for clarifications regarding the evaluation of Connection Density for the mMTC scenario. Please also see further Section. 





			


			ETSI TC DECT Response: 


a. There is no inconsistency between star and mesh topology coverage area. With mesh topology, which is a superset of star topology, one can build full coverage support with device to device transmissions.  


b. The technology requirement for MASSIVE machine type communication is to support at least 1 Million devices in sqkm, which technology can easily meet. The question of supporting arbitrary very low number devices was posed already during ITU-R when self-evaluation was reviewed and approved. During that review the question was considered irrelevant.  


c. In self-evaluation the D2D link has been street canyon model with 1,5 m antenna height. The link assumption has been clarified numerous times in the discussion area.


d. As explained in the self-evaluation, link modelling has been explicit between devices including the interference from other transmissions. Therefore the impact of potential interference is included in these results.


e. In self evaluations devices have been using 23 dBm output power. In the mMTC scenarios 80% of devices are assumed to be indoors with ADDITIONAL 20 dB loss in each Outdoor to Indoor connections. In single star topology it is not possible to reach 1% coverage outage level with single hop due to indoor outdoor loss.


f. The cost function operation is explained in the self-evaluation material and is the basis for route creation to FT nodes having back-end connection (BS in ITU terminology). Based on association process each node has knowledge of their own next hop towards FT.  














 

















image1.png


Siot,; slot, slot, slot,
/ /) K
processing
wny
request to transmit transmission starts  received bits start received data
from layer 213 ‘coming out ready for layer 2/3

random access delay
Toac = (2+2/10) X Togor

‘synchronized access delay
Tonc = (1+210) x Tasor

Figure 12: URLLC timing








image2.jpg


S e B mi

a o









image3.png










image4.png


Start positions

RACH resource
0 1 3__4 6

LBT: “free” start of TX

RD-y TX

RD-xTX

LBT"DUSY™ B free” start of TX








image5.jpg


Table 5.2-1: Operating band numbering

Band number | _Receiving band (MHz) | Transmitting band (MHz)
1 18800 1900 1880 t0 1900
2 190010 1 920 190010 1920
3 24001024835 24001024835
4 902 0 928 902 to 928
5 45010 470 450 t0 470
6 698 to 806 698 to 806
7 716 0 728 716 t0 728
8 1432101517 1432101517
9 191010 1930 1910101930
10 2010102025 2010102025
11 2300 0 2 400 2300 t0 2400
12 2500102620 2500 t0 2620
13 3300 t0 3400 3300 t0 3 400
14 340010 3600 3400 t0 3600
15 3600 t0 3 700 35600 to 3700
16 4800 t0 4990 4800 to 4 990
7 5725105875 5725105875
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5GIF 


Final Evaluation Report for EUHT under way-forward


Option-2 of IMT-2020 process 





From 5G India Forum Independent Evaluation Group 


Revision 7.0 EUHT


 






Part I 


 


Name of the Evaluation Group:  5G India Forum (5GIF)


 


5G India Forum (5GIF) has been established under the aegis of the Cellular Operators Association of India (COAI), aiming to become the leading force in the development of next generation communications and will enable synergizing national efforts and will play a significant role in shaping the strategic, commercial and regulatory development of the 5G ecosystem in India.  


5GIF-IEG is one of the registered Independent Evaluation Group (IEG) for contributing to IMT-2020 development of ITU-R through the independent evaluation of the candidate IMT-2020 technologies. This group was formed by the COAI to evaluate the IMT-2020 candidates from the perspective of Indian network deployments.  


This is a group of operators, OEM’s, universities, and individual experts participating in a collaborative manner, in the evaluation of the candidate IMT-2020 technologies of interest. This is a contribution driven activity, with decisions made through a consensus seeking approach. 


5GIF had submitted its report (5D/136), which provided our assessment to the technologies we evaluated during the first phase of IMT-2020 candidate technology evaluation. Subsequently an interim report on EUHT under Option-2 track of IMT-2020 evaluation was submitted to the WP5D#38e meeting (5D/666). This document is the final evaluation report from 5GIF on EUHT which contains the review of the evaluation conducted by 5GIF based on further interaction with EUHT proponents under way-forward Option-2 of IMT-2020 process and the conclusions that have been arrived thereof. 


 


 


[bookmark: _Toc73371640][bookmark: _Toc80027905]Contact details: 


 


[bookmark: _Toc73371641]Vikram Tiwathia 


Deputy Director General, COAI 


Email: vtiwathia@coai.in   


Telephone: +91-11-2334-9275 


 


[bookmark: _Toc73371642][bookmark: _Toc80027906]Technical contact 


Email: 	imt2020@5gindiaforum.in  


Web: 	https://5gindiaforum.in   



Part II


Technical Report 


 


While 5GIF had submitted its interim report on EUHT under Option-2 track of IMT-2020 evaluation in WP5D#38e meeting (5D/666), this is the final evaluation report from 5GIF on EUHT which contains the review of the evaluation conducted by 5GIF based on additional information and clarifications received through further interaction with EUHT proponents under way-forward Option-2 of IMT-2020 process and the conclusions that have been arrived at. 


For the ease of reference, this final report, as aforementioned, provides –


a) Reviewed results of relevant KPIs based on clarifications received and new information from revised specifications from the proponents as permitted by WP5D and available in Chapter 5 of 5D/222.


b) Existing results of other KPIs from the original evaluation report of 5GIF which are not impacted by the new information.


[bookmark: _Toc80027907]A. Candidate technologies or portions Evaluated by IEG 


5GIF had carried out partial evaluation of select scenarios/test environments for EUHT [IMT-2020/18]. The original evaluation has been reviewed in the light of new information available in revised specifications submitted by the proponents vide 5D/222 Chapter 5, and clarifications received in further interaction from the proponents. Based on the final examination of the received information, the evaluation of relevant KPIs has been reviewed accordingly in this final report on EUHT in way forward Option-2 process.


The 5GIF IEG utilized the ITU-R Guidelines for evaluation of radio interface technologies for IMT-2020 provided in ITU-R Report M.2412. 


Summary table of the EUHT IMT-2020 candidate technology submission


			RIT/SRIT Proponent 


			Submission of Documents &  


Acknowledgement of Submission  


(IMT-2020/YYY) 


			Observations of SWG Evaluation 





			NuFront


			Submissions IMT-2020/12 (Rev.1) 


received for proposals of candidate radio interface technologies from proponent ‘NuFront’ under step 3 of the IMT-2020 process 


			IMT-2020/27 (Rev.1) 


 


Observations of SWG Evaluation - IMT-2020 submission in Document 5D/1300 (Proponent NuFront) 





			


			Acknowledgement IMT-2020/18 (Rev.1) 


Acknowledgement of candidate RIT submission from NuFront under Step 3 of the IMT-2020 process 


			








  	


[bookmark: _Toc80027908]B. Confirmation of utilization of the ITU-R evaluation guidelines in Report ITU-R M.2412 


The 5GIF IEG confirms that it has evaluated the candidate technologies as well as evaluated the submissions from proponents based on the Reports ITU-R M.2410, ITU-R M.2411 and ITU-R M.2412. 


			Characteristic for evaluation 


			High-level assessment method 


			Evaluation Methodology (M.2412) 


			Related section 	of Reports ITU-R M.2410-0 and  ITU-R M.2411-0 





			Peak data rate 


			Analytical 


			§ 7.2.2 


			Report ITU-R M.2410-0, § 4.1 





			Peak spectral efficiency 


			


			§ 7.2.1 


			Report ITU-R M.2410-0, § 4.2 





			User experienced data rate* 


			


			§ 7.2.3 


			Report ITU-R M.2410-0, § 4.3 





			Area traffic capacity 


			


			§ 7.2.4 


			Report ITU-R M.2410-0, § 4.6 





			User plane latency 


			


			§ 7.2.6 


			Report ITU-R M.2410-0, § 4.7.1 





			Control plane latency 


			


			§ 7.2.5 


			Report ITU-R M.2410-0, § 4.7.2 





			Mobility interruption time 


			


			§ 7.2.7 


			Report ITU-R M.2410-0, § 4.12 





			Energy efficiency 


			Inspection 


			§ 7.3.2 


			Report ITU-R M.2410-0, § 4.9 





			Bandwidth 


			


			§ 7.3.1 


			Report ITU-R M.2410-0, § 4.13 





			Support of wide range of 


services 


			


			§ 7.3.3 


			Report ITU-R M.2411-0, § 3.1 





			Supported spectrum 


band(s)/range(s) 


			


			§ 7.3.4 


			Report ITU-R M.2411-0, § 3.2 





			Average spectral efficiency 


			Simulation 


			§ 7.1.1 


			Report ITU-R M.2410-0, § 4.5 





			5th percentile user spectral efficiency 


			


			§ 7.1.2 


			Report ITU-R M.2410-0, § 4.4 





			Connection density 


			


			§ 7.1.3 


			Report ITU-R M.2410-0, § 4.8 





			Reliability 


			


			§ 7.1.5 


			Report ITU-R M.2410-0, § 4.10 





			Mobility 


			


			§ 7.1.4 


			Report ITU-R M.2410-0, § 4.11 








 


C. Documentation of any additional evaluation methodologies that are or might be developed by the Independent Evaluation Group to complement the evaluation guidelines 


Not applicable. 


 


D. Verification as per Report ITU-R M.2411 of the compliance templates and the self-evaluation for each candidate technology as indicated in A).  


			Aspects 


			NuFront 





			1)





2)


			Identify gaps/deficiencies in submitted material and/or self-evaluation; 


Identify areas requiring clarifications; 


			Refer Sec. 2.1





			3)


			General Questions to Proponents 


			Refer Sec. 2.1











 


E. Assessment as per Reports ITU-R M.2410, ITU-R M.2411 and ITUR M.2412 for each candidate technology as indicated in A) 


			 Aspects 





			Detailed analysis/assessment and evaluation by the IEGs of the compliance templates submitted by the proponents per the Report ITU-R M.2411 section 5.2.4;  





			Provide any additional comments in the templates along with supporting documentation for such comments; 





			Analysis of the proponent’s self-evaluation by the IEG;  








 


F. Questions and feedback to WP 5D and/or the proponents or other IEGs 


The reviewed document containing the points of clarifications from 5GIF and responses from the proponents thereto has been uploaded to the IMT-2020 evaluation collaboration area.
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[bookmark: _Toc32012482][bookmark: _Toc32013607][bookmark: _Toc30787167][bookmark: _Toc32009427][bookmark: _Toc80027909]C. Verification of Compliance Templates of candidate Technologies


[bookmark: _Toc32012483][bookmark: _Toc32013608]In this chapter, we have reported our observations on the submission of the EUHT candidate technology at the end of step 3) of the IMT-2020 process. 


For the candidate technologies from NuFront (IMT-2020/18) we referred their revised submission approved in WP5D#34 meeting as also the revised specifications available in 5D/222 chapter 5, as per the decision of WP5D. 


This chapter verifies the following aspects like – gaps and deficiencies in the templates – link budget, characteristic and compliance templates as well as ambiguous parts of the submissions which needs sufficient clarifications from the proponents so as to independently evaluate the technology as per M.2412 recommendations. 


[bookmark: _Toc32013614][bookmark: _Toc80027910]D. Candidate technology - IMT-2020/18


Proponents: NuFront 


Background: 
There were reasonable amount of inconsistency and incomplete information as part of the original specification submitted to WP5D by EUHT, which was communicated by many of the IEGs. Because of such gaps, it became difficult to conclude on many of the KPIs. The proponent NuFront then submitted a revised specification document under the Option-2 way forward, and 5D chair suggested IEGs to consider this content/specification also during the evaluation. The 5GIF IEG had made notice of this advice in our re-evaluation. Consequently, many of the KPIs got impacted resulting from this updated specification. These results are now summarized in this report.


For ease of reference, this final report, as aforementioned, provides –


a) Reviewed KPI results based on clarifications and new information from revised specifications from the proponents as permitted by WP5D Chair and available in 5D/222 Chapter 5.


b) Existing results of other KPIs from the original evaluation report of 5GIF which are not impacted by the new information.


[bookmark: _Toc80027911]2.1 	5GIF observations and points of clarifications


[bookmark: _Toc32009424][bookmark: _Toc32013617]The aspects listed below have been the points for which 5GIF required clarifications from the proponents. Part of the queries raised have been addressed in the revised specifications and some of it has been received through interactions with the proponents.  


 


The following provides details on the clarity required and the final conclusions of 5GIF on the same.





A) Spectrum details


The information (e.g., ARFCN number or channel raster) on the supported band for EUHT were not contained the original specification submitted by the proponents. For example, we have TS 38.104 which lists all the operational bands of the 3GPP candidate. However, the details have been added in the modified specifications by the proponents in the revised specifications as contained in the chapter 5 of 5D/222. 


Conclusion: The corresponding KPIs have now been updated accordingly.





B) Spatial Streams


· EUHT specification defines a spatial stream as a data stream that is spatially transmitted in parallel. A spatial-time stream is an encoded stream after space-time coding of the spatial stream. (EUHT Specification)


· EUHT provides support for up to four spatial streams (per codeword) with up to maximum support for 2 codewords. A total of eight layers are supported for two codewords in normal mode and six-layers are supported for two codewords in mm Wave.


Conclusion: The respective KPI’s have been revised based on the maximum supported layers in this final report. 


C) Highest modulation order support


EUHT specification mentions support for BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM, 1024-QAM in STA however in original specifications, it was observed that the STA can support only upto 256-QAM in the STA Basic Capability Request Frame (Table 7 in Section 6.3.4.4).





(Ref. part of Table-7 of EUHT Specification Document: Section 6.3.4.4 page 19-20)
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A modification was reflected in revised specifications available in 5D/222 chapter 5 as follows for support of 1024-QAM in STA.


Ref Table-7, Section 5.1.5.3.4.4; page 22 of 5D/222
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			Support for 1024-QAM for both codewords


5GIF Question: As per EUHT documentation in respect of submissions in Step 3), 5GIF could only observe that the maximum STA MCS capability is 256-QAM, as the highest modulation order supported. There is no clarity for support of 1024-QAM in STA.


NuFront submitted modified specifications in way forward Option-2 of IMT-2020 evaluation, which had provided new information on the topic. As per the revised specifications submitted in 5D/222 chapter 5, it has been observed that only one of the CW can have 1024-QAM as the highest modulation order, the second  CW is limited to 256-QAM only. This is provided in Annex B of the revised specifications. 





Interaction on Aug 12, 2021


5GIF Question: Both the CW’s cannot support 1024-QAM. Only the CW-1 can support 1024-QAM while the other CW-2 is limited to 256-QAM only, as per even the revised specifications in 5D/222 chapter 5. NuFront is requested to clarify and share the snapshot of the relevant reference from specifications, if so.





NF response: There is a typo even in the revised specifications. NuFront agreed to provide the necessary reference/s to the specifications document where it could be established that both CW’s can have 1024-QAM as highest modulation order. 





5GIF response: However, till the time of finalization of this report, 5GIF could not receive the same.


Following is the analysis from the revised specifications on EUHT.


 


Table 56


			b23 b22… b17


			MCS of codeword I indication (see Annex B)





			b39 b38… b33


			MCS of codeword II and number of parallel spatial streams indication: 1111111, this transmission uses only one codeword


1111110, this transmission is a 2-stream MU-MIMO;


1111101, this transmission is a 3-stream MU-MIMO;


1111100, this transmission is 4-stream MU-MIMO;


1111011, this transmission is 5-stream MU-MIMO;


1111010, this transmission is 6-stream MU-MIMO;


1111001, this transmission is 7-stream MU-MIMO;


1111000, this transmission is 8-stream MU-MIMO;


0000000~1100011, MCS of SU-MIMO codeword II and number of streams (see Annex B)


			When, 


b36… b33, Bitmap indicates CQI or CSI, feedback sub-channel


When, indicates the MCS of codeword II 


1111111, this transmission uses only one codeword


, MCS and number of streams for SU-MIMO codeword II (see Annex B).














Observations


From Table 56, and Tables in Annex B





			Codeword I


			Codeword II





			Value b23-b7


			


			Value b33-39


			





			0-55


			EQM mode BPSK, QPSK, 16-QAM, 64-QAM and 256-QAM for Nss = 1 – 4


			0-55


			EQM mode BPSK, QPSK, 16-QAM, 64-QAM and 256-QAM for Nss = 1 – 4





			101-110


			EQM mode 1024-QAM for Nss = 1 – 4


			56-61


			NEQM mode 16 and 64-QAM for Nss = 1 – 2





			111-119


			EQM mode max 1024-QAM/256-QAM/64-QAM/16-QAM for Nss = 1 – 4


			62-75


			NEQM mode 3 streams up to 64-QAM for Nss = 1 – 3





			56-61


			NEQM mode 16 and 64-QAM for Nss = 1 – 2


			76-99


			NEQM mode 64-64-64-QAM max for Nss = 1 – 4





			62-75


			NEQM mode 3 streams up to 64-QAM for Nss = 1 – 3


			


			





			76-99


			NEQM mode 64-64-64-QAM max for Nss = 1 – 4


			


			




















Conclusion – Only CW-1 can support 1024-QAM. The CW-2 is limited to 256-QAM only. Therefore, both the CW’s cannot support 1024-QAM. The corresponding KPI’s have been updated accordingly.





D) Working Bandwidth Mode


Sub-channel aggregation


· EUHT Submission in 5D/1300 provides a STA basic capability request frame which specifies the working bandwidth mode of the STA. A working bandwidth mode specifies a combination of “working bandwidth” called as (working bandwith-1, working bandwith-2 and working bandwith-3) from which the STA can choose one mode. Based on this specification, the maximum available bandwidth for a transmission is in the mode number 4 “100: 25/50/100”, i.e. 100 MHz in Normal Mode.


· As per the specification:


“In spectrum aggregation mode, the STA resides on working bandwidth 1. The CAP can independently schedule 20MHz sub-channels to transmit in parallel. A 20MHz STA can only be scheduled on one sub-channel in one frame for transmission; a working bandwidth 2 STA can schedule one or two sub-channels in one frame for transmission; a working bandwidth 3 STA can schedule one or 2 or 3 or 4 sub-channels in one frame for transmission.”





4 sub-channels are aggregated to obtain an effective usage bandwidth equal to “working bandwidth mode”. This is explained in the block diagram below.
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Ref: Figure 4.2 Multi-carrier and multichannel working mode of EUHT


Ref. Section 5.1.6.15.1 of EUHT specification, this diagram was modified to include the notion of Component Carrier in addition to Sub-Channels as reproduced below.
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Working bandwidth sets as per revised specifications in 5D/222 are:


For sub-6GHz band:


· 000: 5/10/20M working bandwidth mode


· 001: 10/20/40M working bandwidth mode


· 010: 15/30/60M working bandwidth mode


· 011: 20/40/80M working bandwidth mode


· 100: 25/50/100M working bandwidth mode





For mmWave mode,


· 000: 50M working bandwidth mode


· 001: 100M working bandwidth mode


· 010: 200M working bandwidth mode


· 011: 400M working bandwidth mode





An example of the working bandwidth mode, sub-channel and spectrum aggregation usage is given below:


If the supported working bandwidth mode is reported to be four (bit-pattern: 100) by the STA, the STA can choose one of the three working bandwidth from 25/50/100 MHz. If the STA chooses to use the working bandwidth-3 (100MHz), the CAP will make use of all the four sub-channel each of bandwidth equal to that of working bandwidth-1 (i.e. 25 MHz). 


			Observation:


a) Multiple bandwidth support is obtained by using four sub-channels where the possible sub-channel bandwidths are 5, 10, 15, 20, 25 MHz. Examination of revised specifications from EUHT in 5D/222 and the information received in direct interaction with proponents does not suffice to convince 5GIF to conclude on the effective and efficient support of CA by EUHT. Further details are provided in the text box below.











Conclusion: The sub-channel aggregation has been now differentiated from spectrum/carrier aggregation by the proponents in revised specifications available in 5D/222. This is concluded that in sub-channel aggregation mode, maximum working mode bandwidth is 100 MHz in normal mode and 400 MHz in mmWave mode.














E) Carrier Aggregation Mode


In revised EUHT specifications available in 5D/222, there is a very brief mention about Spectrum Aggregation mode but not about Carrier Aggregation specifically. This is true for original specifications in initial submission and revised specifications submission under way-forward Option-2, available in 5D/222. With several rounds of interactions and query on this procedure, 5GIF is understanding that EUHT has the concept of working bandwidth and carrier components (CC). It is also confirmed by proponent that each component carrier is independently processed in PHY layer and controlled by MAC entity. Detailed examination by 5GIF on CA taking in to account the specifications and clarifications from the proponents is provided below.





			Discussions & interaction on carrier aggregation


5GIF observation - Each CC have its own independent operation which is not the characteristic of effective and efficient realization of carrier aggregation as it is supposed to be


NF response – It is confirmed that All the CC have independent UL/DL control channels. As long as STA/device is having multiple RF links with CAP, each individual CC link is independently received and managed. If MAC layer is common, it’s not seen doing any aggregation if all links are independently scheduled and managed/controlled. MAC block includes PDCP/RLC functions. BTS controls scheduling of packets on CCs. 


5GIF query - Please explain if Cross Carrier scheduling is supported to avoid control channel interference?


NF response – It’s a 3GPP concept, EUHT does not follow it. NF supports flexible scheduling to manage control channel interference. 


5GIF query - How the large CW is split to be sent on different CCs? It is inevitable for certain applications.


NF response - LDPC codeword cannot be split. One entire CW will be transmitted in one CC only 


5GIF comment - What is flexible scheduling used across these CCs to manage control channel interference? 


NF response – BS can schedule a packet to any CC


5GIF comment - Different CCs may have different fade conditions, how interference and MCS adaptation is done for multiple CCs. 


NF response – Since all CC’s are independent, hence they have independent MCS


5GIF observation - STA evaluates and decides the connected CC itself. 5GIF does not find any signalling from STA to CAP for CAP to know about which CC’s and #CCs finally used. Upon receipt of aggregation mode response frame by STA, the STA would detect and decide which carriers are in the frequency range to be used for CA. Then, the STA could independently connect multiple CCs, from one or multiple cells. 


NF response – EUHT has a simpler implementation. CAP broadcasts #CCs and respective band support. STA only has liability to share STA capability with CAP. CAP decides which CC to be used in DL scheduling and scheduling is flexible which means it can schedule the packets across the CCs flexibly. STA has no flexibility to select which CC or how many CCs to be connected to.


5GIF response - 


· CAP does not come to know as to which and how many CCs are detected and selected/decided by STA. CAP does not know which carriers are connected by STA, since the STA does process each CC respectively. Therefore, there is fair possibility for a misunderstanding for factual connected carrier information between STA and CAP. In 5GIF observation, EUHT specification does not describe carrier confirmation mechanism in complete details.


5GIF query - Furthermore, the data transmission on multiple CCs would suffer reception issues. To illustrate, if a data packet is split among CCs belonging to multiple cells, the cells do not know about: a) how the data packet is processed and b) partial data packets in other cells. The receiver would take them as independent / separate packets since the data can no longer be identified as part of the packet. How will the receiver combine the data on these multiple CCs together? 


NF response – Packet splitting is not supported by EUHT 











Conclusion: 


Based on our understanding of the carrier aggregation framework, in which the payload gets split across multiple component carriers, we are unable to identify the support in the EUHT specification to centrally manage that feature. This lack of CA support also impacts the ability of the standard to achieve the 0 msec mobility interruption time requirement. We request WP5D to deliberate on the same, agree on a definition for carrier aggregation and conclude.





F) Handover in carrier aggregation mode


			Handover in carrier/spectrum aggregation mode


5GIF observations


· In EUHT, the handover is based on the RSSI of the current cell. 


· In CA situation, there are multiple RSSIs of working channel for multiple CCs. Therefore, in both Source and Destination CAPs, there are multiple RSSIs for CA-based handover process. 


· 5GIF could not find a clear handover decision criterion in CA mode for the multiple CC’s, therefore, it is not possible to concede handover for a user STA using spectrum aggregation mode. 


NuFront response: HO is independent and separate for all CCs. Channel measurement for all CC. RSSIs is to be performed along with Path Loss assessment. Accordingly a decision is taken.
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5GIF comment:


1. Snapshot of the details on decision making threshold of multiple RSSIs in source and destination cells kindly be shared by NuFront. Measurement being done on destination / neighbour cells has been shown by NuFront (Section no. 5.1.6.19.2.1)


2. Since the handover as confirmed by NuFront is independent and standalone for all CCs with separate control channels, therefore a decision for each and every CC based on the measured RSSI is to be undertaken independently. Moreover it is not necessary that all the CC’s in the current cell would be supported in the destination cell. The signalling exchange for CC’s for performing final handover is not available in the specifications. Even if all the current cell CC’s are available in the destination cell, it has to perform the measurements and perform HO sequentially for all CCs one by one. Moreover we don’t see the necessary signalling for handshake on CCs from STA and CAP since the information even for destination cell is broadcast by CAP and STA is only required to connect to all CCs broadcast. There is no discretion of STA. Therefore, in 5GIF’s assessment this kind of CA and HO methodology for CA cannot meet 0ms mobility interruption time.











Conclusion: Therefore, 5GIF is not able to conclude that handover in CA mode could be supported with 0ms mobility interruption time. 


G) Handover implementation


			· In the table below, 5GIF tried to navigate through EUHT specification to identify availability of specifications of essential elements to achieve 0ms mobility interruption. Definitions and specifications of these signalling (messages), interfaces and entity as given in the following table are essential for 0ms mobility interruption time. The “No” means that the definition hasn’t been described in the EUHT specification.


			


			Signaling, interface, or entity


			Usage


			EUHT GCS includes or not





			1


			Core Network entity


			Essential entity for mobility


			No





			2


			Interface between CAP and CN


			Exchange data via specific data format and handover usage message


			No





			3


			CAP Handover request message between CAP-S and CAP-D


			CAP initiates the handover procedure between CAPs


			No, only includes STA handover request frame





			4


			CAP Handover response message between CAP-S and CAP-D


			CAP responses message between CAPs


			No





			5


			Interface between CAP-S and CAP-D


			Exchange data via specific data format and handover usage message


			No





			6


			Path update message


			CAP notifies the path of the change to CN


			No





			7


			Path release message


			CN notifies the path of the release to CAP


			No




















Conclusion: Therefore, EUHT cannot be concluded by 5GIF to support seamless HO ensuring “0ms mobility interruption time”






[bookmark: _Toc31467118][bookmark: _Toc80027912]E. Assessment of candidate technology – EUHT (IMT-2020/18)





[bookmark: _Toc80027913]3.1 Compliance Templates


This section provides templates for the responses that are needed to assess the compliance of a candidate RIT or SRIT with the minimum requirements of IMT-2020. This assessment is independently done based on the characteristic template and EUHT specifications referred in the submission by the proponents in IMT2020/18. 


The compliance templates are based on ITU-R M.2411:


· Compliance template for services.


· Compliance template for spectrum; and,


· Compliance template for technical performance


As per the ITU-R Report M.2411, Section 5.2.4, the summary based on our evaluation is as below: 


[bookmark: _Toc80027914]3.1.1 Services 


(M.2411 - Compliance template for services 5.2.4.1)


			M.2411 Section


			Service capability requirements


			5GIF comments





			5.2.4.1.1


			Support for wide range of services


Is the proposal able to support a range of services across different usage scenarios (eMBB, URLLC, and mMTC)?	


 YES / 🗹 NO


Specify which usage scenarios (eMBB, URLLC, and mMTC) the candidate RIT or candidate SRIT can support.


			Taking into account the additional information provided in 5D/222 and clarifications provided by proponets, the necessary modifications are applied and the conclusion is that:


a) Data rates do not meet the minimum requirements hence the proposal of EUHT component RIT does not support eMBB services. 


b) Fails to meet essential 0ms mobility interruption for URLL








[bookmark: _Toc80027915]3.1.2	Spectrum 


(M.2411 - Compliance template for spectrum - 5.2.4.2)


			


			Spectrum capability requirements





			5.2.4.2.1


			Frequency bands identified for IMT


Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?


 🗹 YES /  NO


Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.





			5.2.4.2.2


			Higher Frequency range/band(s)


Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?:


🗹 YES /  NO


Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.


NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.
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[bookmark: _Toc80027916]3.1.3 Technical Performance


(M.2411 - Compliance template for technical performance from 5.2.4.3) Only the reviewed KPIs are captured in this table. Others under review.


			Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference (1)


			Category


			Required value


			Value (2)


			Requirement met?


			5GIF Comments






			


			Usage scenario


			Test environment


			Downlink or uplink


			


			


			


			





			5.2.4.3.1
Peak data rate (Gbit/s)
(4.1)


			eMBB


			Not applicable


			Downlink


			20











			< 4.3554 Gbps in Normal mode


< 15.244 Gbps in mmW mode


			NO


			As concluded after interactions with the proponents and referring to revised specification, it is known that –


· Max 8 layers in Normal mode and 6 layers in mmW mode


· Out of the two CW’s, only CW-1 can support 1024-QAM modulation order, while the CW-2 is limited to 256-QAM. 


Therefore the reviewed the values





			


			


			


			Uplink


			10


			< 4.3554 in Normal mode


< 15.244 Gbps in mmW mode


			YES


In mmW mode only


			





			5.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)


			eMBB


			Not applicable


			Downlink


			30


			< 43.554 in Normal mode  < 38.11 in mmW mode


(for short CP)


			YES





			As concluded after interactions with the proponents and referring to revised specification, it is known that –


· Max 8 layers in Normal mode and 6 layers in mmW mode


· Out of the two CW’s, only CW-1 can support 1024-QAM modulation order, while the CW-2 is limited to 256-QAM. 


Therefore the reviewed the values





			


			


			


			Uplink


			15


			< 43.554 in Normal mode  < 38.11 in mmW mode


(for short CP)


			YES





			











The results below are direct reproduction from our earlier report (5D/136) as these results weren’t impacted in the re-assessment.


			Minimum technical performance requirements item (5.2.4.3.x) (1)


			Category


			Required value


			Value (2)


			Requirement met?


			5GIF Comments






			


			Usage scenario


			Test environment


			Downlink or uplink


			


			


			


			





			


			


			


			


			


			


			


			





			5.2.4.3.3
User experienced data rate (Mbit/s)
(4.3)


			eMBB


			Dense Urban – eMBB


			Downlink


			100


			25


			No


			Refer Section 4.2.1 (Analysis Aspects)


5th percentile user spectral efficiency does not meet the requirement even with maximum supported system bandwidth of 100 MHz.


Config A, (4GHz,8T8R)





			


			


			


			Uplink


			50


			10


			No


			











			5.2.4.3.4
5th percentile user spectral efficiency (bit/s/Hz)
(4.4)


			eMBB


			Indoor Hotspot – eMBB


			Downlink


			0.30


			0.03 ~ 0.24 (Config. A)


0.01 ~ 0.06


(Config. B)


			No


			Refer Section 4.2.3 (Simulation Aspects)


Config A (4G) with 12 TRxP and 36TRxP


Config B (30GHz) with 12 TRxP and 36TRxP


Does not meet for either of the configuration A and B





			


			


			


			Uplink


			0.21


			0.08 ~ 0.18


(Config. A)


0.05 ~ 0.10


(Config. B)


			No





			





			


			eMBB


			Dense Urban – eMBB


			Downlink


			0.225


			0.22 ~ 0.25


(Config. A)


0.001


(Config. B)


			Yes


			Refer Section 4.2.3 (Simulation Aspects)


Config A (4G) with 12 TRxP and 36TRxP


Config B (30GHz) with 12 TRxP and 36TRxP


Does not meet for either of the configuration A and B





			


			


			


			Uplink


			0.15


			0.08 ~ 0.01


(Config. A)


0


(Config. B)


			No





			





			5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)


			eMBB


			Indoor Hotspot – eMBB


			Downlink


			9 


			4.99


			No


			Refer Section 4.2.3 (Simulation Aspects)


Indoor Hotspot: Config A (normal mode: 4GHz) with 36TRxP


Dense Urban:  Config A: 4GHz, TDD                                                








			


			


			


			Uplink


			6.75 


			2.71


			No


			





			


			eMBB


			Dense Urban – eMBB


			Downlink


			7.8 


			7.68 


			No


			





			


			


			


			Uplink


			5.4 


			3.58 


			No


			





			5.2.4.3.6
Area traffic capacity (Mbit/s/m2)
(4.6)


			eMBB


			Indoor-Hotspot – eMBB


			Downlink


			10


			2.994


			No


			Refer Section 4.2.3 (Analysis Aspects)


Config A (4GHz, TDD):  36TRxP. 








			5.2.4.3.11
Reliability


(%)
(4.10)


			URLLC


			Urban Macro –URLLC


			Downlink


			99.999%


			99.531%


			       No


			Refer Section 4.2.3 (Simulation Aspects)


Config A (4GHz, TDD):  





			


			


			


			Uplink 


			99.999%


			92.37%


			No


			





			5.2.4.3.14
Mobility interruption time (ms) 
(4.12)


			eMBB and URLLC


			Not applicable


			Not applicable


			0


			


			 


			See Section 4.2.1 (Analysis Aspects)


It is not clear how the CA based mobility works in case of mobility between source CAP and target CAP.


No CA explained or support in the specification 





			5.2.4.3.15
Bandwidth and Scalability
(4.13)


			Not applicable


			Not applicable


			Not applicable


			At least 100 MHz


			100 MHz and more


			Yes


			See Section 4.2.2 (Inspection Aspects)                                                                                   





			


			


			


			


			Up to 1 GHz


			1 GHz and more


			 No


			Maximum bandwidth supported is 100MHz for a STA in mmWave mode and normal mode





			


			


			


			


			Support of multiple different bandwidth values(4)


			Supported


			Yes


			See Section 4.2





			(1) 	As defined in Report ITU-R M.2410-0.


(2) 	According to the evaluation methodology specified in Report ITU-R M.2412-0.


(3)	Proponents should report their selected evaluation methodology of the Connection density, the channel model variant used, and evaluation configuration(s) with their exact values (e.g. antenna element number, bandwidth, etc.) per test environment, and could provide other relevant information as well. For details, refer to Report ITU-R M.2412-0, in particular, § 7.1.3 for the evaluation methodologies, § 8.4 for the evaluation configurations per each test environment, and Annex 1 on the channel model variants.


(4)	Refer to § 7.3.1 of Report ITU-R M.2412-0.
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[bookmark: _Toc80027917]3.2 	Detailed Technical Evaluation


[bookmark: _Toc80027918]3.2.1 Analysis Aspects


[bookmark: _Toc80027919]3.2.1.1 Peak Spectral Efficiency


Requirements





			Performance Measure


			ITU Requirements





			Peak Spectral Efficiency


			DL: 30 bps/Hz


UL: 15 bps/Hz











Section 4.2 of ITU-R M.2410 states that these values were defined assuming an antenna configuration to enable eight spatial layers (streams) in the downlink and four spatial layers (streams) in the uplink. Proponents must demonstrate that the peak spectral efficiency requirement can be met for, at least, one of the carrier frequencies assumed in the test environments under the eMBB usage scenario.





Evaluation Methodology


Refer to section 7.2.1 of M.2412


Results


The EUHT candidate supports different channel bandwidth for normal mode and mmWave mode as given in the specs. The below given formula is used to calculate Peak Spectral Efficiency (SEpeak) for a specific component carrier








                                                                   (1)


 wherein	


· Rmax  is the maximum code rate of LDPC


· 


For the i-th CC,  is the maximum number of layers 


· 


 is the maximum modulation order


· 


is the Frame length 


· 





 is the duration of Downlink/Uplink in a frame (type)


· 











 is the number of subcarriers allocation in bandwidth  with Frame length, where  is the STA supported maximum bandwidth in the given band or band combination


·  is the overhead calculated as the average ratio of the number of OFDMs or subcarriers occupied by L1/L2 control, synchronization signal, sounding signal, demodulation reference signal and guard period, etc. 


· For guard period (GP), 50% of GP symbols are considered as downlink overhead, and 50% of GP symbols are considered as uplink overhead.


· rDL - ratio of DL to total symbols.  


Using the tables from the specifications, the number of subcarriers for a given supported Bandwidth (Nsd) for the possible Subcarrier Spacing (SCS) have been provided in the Table 4-6 and Table 4-7.


Table 1 Normal Mode (Sub-6GHz band)


			SCS (kHz)


			5


MHz


			10


MHz


			15


MHz


			20


MHz


			25


MHz


			30


MHz


			40


MHz


			50


MHz


			60


MHz


			80 MHz


			100 MHz





			


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD





			19.53125


			224


			448


			672


			896


			1120


			1344


			1792


			2240


			N/A


			N/A


			N/A





			39.0625


			112


			224


			336


			448


			560


			672


			896


			1120


			1344


			1792


			2240





			78.125


			56


			112


			168


			224


			280


			336


			448


			560


			672


			896


			1120








Table 2 mmWave band


			SCS [kHz]


			50 MHz


			100 MHz





			


			NSD


			NSD





			390.625


			112


			224





			NOTE: As per specification, maximum working bandwidth supported by STA is 100MHz


























Downlink


The number of layers considered as per SER are eight and six for normal mode and mmWave mode but there is a maximum support of only four spatial streams which is equivalent to the number of layers. Depending on the parameters as defined in Table 3 the calculated DL SEpeak is given Table 5.


Table 3 Technical Parameters used for DL (rDL = 0.5, DL: UL=1:1)


			Parameter


			Value


			Remark





			


			Normal mode


			mmWave mode


			





			VLayer  (see Note)


			4 per CW


Max 8 layers


			4 per CW


Max 6 layers


			











 





			Qm  (1024QAM)


			10 for CW1


8 for CW2


			10 for CW1


8 for CW2


			





			Rmax


			0.875


			0.875


			





			


(ms),  (Frame Duration)


			2


			20


			





			





			1120 per 100MHz


			224 per 100MHz


			





			


(MHz)


			100


			400


			





			SCS (kHz)


			78.125


			390.625


			





			Note: Only one CW can have 1024-QAM and the other CW is limited to 64-QAM only


DT= Description Template, SP = Specification, SER- Self. Eval. Report in 5D/1300. Based on interaction and new information and revised specifications from EUHT, 1024-QAM is agreed for CW1 and 64-QAM for CW2











The SEpeak considers symbol duration time as per equation (1), in the SER of EUHT the symbol duration considered is with Short CP. Here we consider both Short and Normal CP in the symbol time given in Table 4I for SEpeak calculations as given in the EUHT Specification (Section 8.2)


Table 4Cyclic Prefix values


			


			Short Cyclic Prefix


			Normal Cyclic Prefix





			


(us)


			Normal mode


			14.4


			16





			


			mmWave mode


			2.88


			3.2




















Table 5 Peak Spectral Efficiency DL


			Parameter


			Formula


			Value (b/s/Hz)





			


			


			Normal mode


			mmWave mode





			Peak Spectral Efficiency, SEpeak


(without OH)


			Normal CP


			


			24.5 Single CW


41.1 two CW’s


			27.5 Single CW


34.3 Two CW’s





			


			Short CP


			


			27.2 Single CW


43.544.1 Two CW’s


			27.2 Single CW


38.11 Two CW’s








Uplink


The number of layers considered as per SER are eight for 2 CW’s and 4 for single CW in normal mode and four for single CW and 6 for two CWs mmWave mode. Depending on the parameters as defined in Table 4-11 the calculated UL SEpeak is given in Table 4-12.


Table 6 Technical Parameters used for UL (ruL = 0.5, DL:UL=1:1)


			Parameter


			Value


			Remark





			


			Normal mode


			mmWave mode


			





			VLayer   (see Note)


			4 per CW


Max 8 layers


			4 per CW 


Max 6 layers


			




















			Qm  (1024QAM)


			10


			10


			





			Rmax


			0.875


			0.875


			





			


(ms), (Frame Duration)


			2


			20


			





			





			1120 per 100MHz


			224 per 100MHz


			





			


(MHz)


			100


			400


			





			SCS (kHz)


			78.125


			390.625


			





			Note: Only one CW can have 1024-QAM and the other CW is limited to 64-QAM only


DT= Description Template, SP = Specification, SER- Self. Eval. Report in 5D/1300. Based on interaction and new information and revised specifications from EUHT, 1024-QAM is agreed for CW1 and 64-QAM for CW2











Table7 Peak Spectral Efficiency UL


			Parameter


			Formula


			Value





			


			


			Normal mode


			mmWave mode





			Peak Spectral Efficiency, SEpeak


(without OH)


			Normal CP


			


			24.5 Single CW


41.1 two CW’s


			27.5 Single CW


34.3 Two CW’s





			


			Short CP


			


			27.2 Single CW


43.544.1 Two CW’s


			27.2 Single CW


38.11 Two CW’s











Summary 


			Performance Measure


			ITU Requirements


			Comments





			Peak Spectral Efficiency


			DL: 30 bps/Hz
UL: 15 bps/Hz


			The evaluation was performed for idea zero OH Peak Spectral Efficiency due to gaps in the OH calculations.


The SEpeak values were calculated for both normal and short CP where the requirements was met in case of DL (normal mode, mmWave mode) and UL (normal mode, mmW) with normal CP.


The maximum overhead percentages were calculated for both DL and UL.











			DL and UL peak SE is able to meet the minimum requirements for normal mode and mmWave mode in 2 CW’s case











[bookmark: _Toc80027920]3.2.1.2 Peak data rate


Requirements


The minimum requirements for peak data rate are as follows:





			Performance Measure


			ITU Requirements





			Peak data rate


			DL: 20 Gb/s
UL: 10 Gb/s











NOTE: Peak Data Rate = Aggregated Bandwidth × SEpeak  





Peak Data Rate is the maximum achievable data rate under ideal conditions.


For Peak Data Rate the maximum possible bandwidth for each band is provided in table 4O:





Table 8 Maximum Bandwidth


			


			Normal mode 


			mmWave mode 





			Maximum Bandwidth supported (MHz)


			100


			400








			Note: Refer to section 4.2 – Working Bandwidth Mode and Spectrum Aggregation Mode.











Maximum Bandwidth available to schedule to single user is limited by STA capability. (See Table 7 section 6.3.4.4 from EUHT specification)





Table 9 shows peak data rate values calculated for maximum bandwidth of 100 MHz for Normal mode and 400 MHz for mmWave mode. 





Table 9 Peak Data Rate for low CP case


			Parameter


			Formula


			ITU Requirement


			Value





			


			


			


			Normal Mode


			mmWave Mode





			Peak Data Rate (Gbps)





			Downlink


			Maximum Bandwidth×SEpeak  


			20


			43.544x100 = 4.355 for 2 CWs


			38.11x400 = 15.244 for 2 CWs





			


			Uplink


			


			10


			43.544x100 = 4.355 for 2 CWs


			38.11x400 = 15.244 for 2 CWs





			Note: The SEpeak values are calculated with zero OH considerations.











From Table 4-15, the peak data rate values in DL for normal mode and mmWave mode do not meet the minimum ITU-R requirements. Peak data rates for UL in mmWave mode with 2 CW’s meet the minimum requirements.
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Requirements


For seamless transition, 0 ms mobility interruption time is an essential requirement.





			Performance Measure


			ITU Requirements





			Mobility Interruption time


			0ms











Evaluation Methodology


Refer Section 7.2.7 of ITU-R M.2412












Results





As defined in Report ITU-R M.2410, mobility interruption time is the shortest time duration supported by the system during which a UE/STA cannot exchange user plane packets with any BS/CAP during mobility transitions.


The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the UE/STA and BS/CAP, as applicable to the candidate RIT/SRIT.





There are some properties support 0ms interrupt time in EUHT, such as:


1. The mode of multiple access is OFDMA in EUHT, thus can realize the carrier aggregation (CA) function, and STA could connect with source CAP and target CAP.


2. RACH – less is used in EUHT, interaction between source CAP and target CAP could save the time when RACH process occurs.








			Conclusion


· As explained in Section 2.1 of the report, 0ms mobility interruption under carrier aggregation mode cannot be concluded to have been met by EUHT
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[bookmark: _Toc80027923]3.2.2.1 Bandwidth


Bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers. 


Requirements





			Performance Measure


			ITU Requirements





			


			Normal mode


			mmWave mode





			Bandwidth


			100 MHz


			1 GHz











Evaluation Methodology


Refer to Section 7.3.1 of ITU-R M.2412


 


Result 


It has been observed that EUHT does not support carrier aggregation and bandwidths greater than 100MHz (Refer to section 4.2- Spectrum Aggregation Mode)





Table 13 Bandwidth


			SCS [kHz]


(Frequency range)


			Maximum bandwidth for one component carrier (MHz)


			Maximum number of component carriers for carrier aggregation


			Maximum aggregated bandwidth (MHz)


			Minimum Requirement as per ITU-R M.2410-0


			Requirement Met ? 





			78.125


(Normal mode, <6GHz)


			100


			1


			100


			100MHz


			YES





			390.625


(mmWave mode, > 24GHz)


			400


			1


			400


			> 1GHz


			NO


STA does not support more than 100 MHz bandwidth in normal and 400MHz in mmW range through channel aggregation








			Observations 


Due to lack of specification for proper carrier aggregation and STA bandwidth support in mmWave mode, EUHT does not meet the ITU-R bandwidth requirements of up to 1 GHz aggregated bandwidth. Kindly reference Section 2.1 of the report for more details.
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Note: For all the remaining KPI’s, the 5GIF results submitted in 5D/136 are still applicable.
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5GIF evaluated the candidate technology EUHT available in IMT-2020/18 based on the available information provided by the proponent and the observations by WP5D in IMT-2020/27. The revised specification made available to WP5D in 5D/222 was also used in our evaluation, which helped fix some of the shortcomings in our earlier report 5D/136 (e.g., highest modulation order, maximum number of spatial layers, etc.). However, detailed description on aspects like Carrier Aggregation are still insufficient for us to revise certain KPI’s.





As per our re-evaluation, this candidate technology


· Does not meet the minimum requirements for spectral efficiency in eMBB scenario at least in the two test environments – eMBB Dense Urban and eMBB-InH


· Does not meet the minimum requirements for peak data rate, user experience data rate and Area Traffic capacity in eMBB


· Does not meet the requirements to satisfy the eMBB as well as URLLC scenarios.





The summary of the assessment are made available in the relevant compliance templates in Sec 3.1.








____________
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When the STA i in the service connection state, its mobility management can be performed through
the handover process. The handover procedure covers the channel measurement handover triggering,
the handover decision and preparation, and the handover execution. The basic handover procedure is
shown in Figure 63.

- Channel measurement:

To assist the handover decision, the CAP may allocate a corresponding time interval for the STA to
perform channel scan measurement, and report channel measurement results of the serving cell and
the neighboring cells, in preparation for subsequent channel switching and cell handover.

The measurement steps are as follows:

Step 1: the STA measures the average Received Signal Strength Indication (RSSI) of the working
channel of the current cell.

Step 2: the average RSSI measurement value of the working channel of the current cell is compared
with the set threshold value RSSI_DL_DROP. When the measured value is less than the threshold
value RSSI DL _DROP, the timer starts counting.
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[bookmark: dbreak]In line with the “actions for closure” stipulated by SWG-Eval to the 5GIF-IEG (Annex 9 in Doc. 5D/746), we report the following:

a)	5GIF-IEG submitted the list of questions entailing final clarifications by the proponents with a direct and clear references to EUHT specifications made available until the WP5D#38bis meeting 

b)	A direct interaction was held between 5GIF-IEG and the EUHT proponents

c)	After holding due deliberations, a communication was further made by 5GIF-IEG to the EUHT proponents on our final conclusions of CA & handover in the EUHT technology 

d)	In discharge of the final action under SWG-Evaluation’s task list, the final results of the affected KPIs – Peak data rate for DL, 5% Spectral efficiency, User experience data rate, Area Traffic Capacity, Bandwidth, and scalability – up to 1 GHz, has also been shared with the proponents.

5GIF-IEG would like to now inform WP5D that all the information, clarifications and references to specifications provided by the EUHT proponent have been examined thoroughly. However, the details provided by the EUHT proponents could not adequately establish the proper support for CA & HO in the EUHT technology. 

5GIF-IEG therefore concludes that there is no impact on the results of the associated KPI’s already reported in 5D/742. The results as submitted by 5GIF-IEG to the WP 5D #38bis meeting available in 5D/742 remain valid for reference to further steps of the IMT-2020 process.

The 5GIF-IEG further thanks and acknowledges WP 5D and the leadership for giving us this opportunity to participate in the evaluation process of IMT-2020 technologies. We also thank the proponents for all the technical deliberations and consistent positive engagement in this endeavor.

Attachment 1:	A document containing the basis for the conclusions drawn by 5GIF has been uploaded to the SharePoint and is attached in here for ready reference. 
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Overall Conclusion of 5GIF for CA & Handover / 0ms Mobility Interruption support in
EUHT under Option-2 Evaluation of IMT-2020

Sep 11, 2021

5GIF would like to convey our sincere thanks to NuFront for their persistent efforts in providing
necessary information and clarifications on the CA and Handover related aspects. While a detailed
assessment would be submitted to WP5D#39 meeting, this document provides a summary view to the
information and clarifications received from NuFront during Option-2 of IMT-2020 evaluation of
EUHT, and the conclusions we could arrive at. This is in line with the prescribed action plan to IEGs by
SWG-Evaluation at the WP5D#38bis meeting to be completed before WP5D#39 meeting.

References:
1. 5GIF questions on CA and HO to EUHT proponents on Aug 28.
2. Initial response to 5GIF questions by EUHT proponents on Aug 31.
3. Interaction between 5GIF and EUHT proponents on Sep 03.
4. Subsequent response from EUHT proponents to 5GIF on Sep 05.

Conclusive remarks of 5GIF

There are aspects which either lack adequate references to the specifications and therefore clarity, or
missing altogether from the specifications. In its absence, 5GIF is unable to revise our conclusions on
the support for CA and of Oms mobility interruption support in EUHT.

a) Carrier Aggregation

1. The EUHT specifications do not provide a clear and uniform definition of channel, sub-
channel and component carrier. It is seen using these acronyms interchangeably at numerous
places, which renders ambiguity in arriving at clear conclusions.

2. The specifications provide cursory details on CA capability. The complete flow of CA
activation/deactivation and associated signalling and procedure at CAP and STA is not
available in the specifications. The proponents tried to build and explain a flow by connecting
various different mechanisms located at various different places in the specifications. Despite
all efforts in scanning through the specifications, we observe the specification needs major
technical revision for one to assess and implement the CA ability, operation and capabilities
with expected performances.

3. The concept of all CCs as separate and independent radio links is not seen to deliver IMT-
2020 latency-bound services with CA functionality. There are 16 CCs supported in EUHT.
Running the CA as setting up, maintaining and tearing up 16 independent radio links and
maintaining seamless mobility with these 16 CCs as a set of independent radio links cannot be
concluded as CA from any practical perspective. This is also an understanding developed by
5GIF, whereas the specification is completely silent even on how CA is to be understood in
terms of 16 CCs as independent radio links.

4.  There is no detail in the EUHT specifications on the band combinations that are supported by
CA and what are the various bandwidth classes supported. Without this aspect in the
specification, we have difficulty ascertaining the CA capability unambiguously.

5. Channel is specified to mean “working channel numbers”, although it is also not defined
properly. Channel number is specified 8-bit in BCF frame in Table 3 - Fixed part of BCF
frame /5.1.5.3.4.1, whereas the CC EARFCN / start frequency number in BCF-TLV custom
frame is a 19-bit field. This leads to believe that channel is not equivalent to CC. We could
not even find how the ARFCN numbers are mapped to the 19-bit representation of BCF-TLV.
Hence, CA realization by the CAP and STA based on this incomplete specification is not
possible.







10.

11.

12.

13.
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15.

16.

17.
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The specification introduces an operation “channel switching”, which mentions about
switching between one of the three “working channel bandwidth” for normal mode (<6GHz).
It is not clear what happens to the other CCs?

CAP detects idle channel/s in scan mode where it can transmit to an STA. In the case of
exclusive licensed mode, where the relevance of idle channel is scanning. It further creates a
list of available channels. Specs does not talk about CCs. Monitoring and decision-making by
CAP is at Channel level and not CC level. Nor it talks about spectrum bands for monitoring as
per specs.

Second — it appears working as contention based technology. CAP is looking for idle channel
in a band. BCF talking about starting channel number (8-bit) in fixed steps of channel sizes, it
scans for available channels in the band. It is expected in any scheduler based technology that
the BTS is aware of both UL and DL radio resources. So, the need to perform the scanning
remains unclear.

Starting channel frequency value decided from 8-bit field. Example — Step size is 78.125 KHz.
256 levels x 78.125 KHz = 20MHz. Starting will be either f.,;, of the band or fmin+20MHz. in
3300-3400 MHz band starting will be 3300 or 3320 MHz, what about if start of an MNO is

Seems like the decision for which CC’s to connect is with the STA. If the STA has decided
not to connect a particular CC, naturally STA would not expect a DL assignment in the CCH
part, where is the point of it sending ACK for this CC in connected mode? Such aspects still
remain unclear. The expected behaviour of CAP and STA is very much essential for any
specification to understand clear performances and benefits of any feature.

In Sync phase, Random access phase and STA Capability exchange phase, we fail to see any
confirmatory report or message from STA informing which of the CCs in the cell are properly
received by it. Specification explains CAP proceeding to transmission phase without prior
confirmation of CCs decided by STA in the cell. This leaves ambiguity at the point of entering
connection / transmission mode before all radio links for 16 CCs are established with complete
confirmation to both ends.

As per Specifications, the SICH of all CCs will be the same, which means all system
parameters of the CCs i.e. numerology (especially SCS), channel bandwidth, channel
frequency starting point have to be the same for all CCsFor example, a network
havingdifferent quantum of spectrum say bands like 700, 1800, 2100 MHz and mmwave.
mmWave bands do not have support for all bandwidths as in other bands. This makes it clear
that CA for <6 GHz and mmWave CC’s cannot be supported by EUHT. Though the
specification has no information.

In case, the STA receives two BCFs in CCs from two cells, the number of CCs for different
CAP (cell) can be different. However, if one CAP supports 10 CCs and the other supports 10
CCs, the 20 CCs cannot be supported by STA. There is lack of clarity in specifications on
many such issues on CA.

Similar is the issue of higher-layer payload split. Larger payload by MAC layer into multiple
PDU’s which are transmitted on multiple CCs. There is lack of clarity on how can CAP ensure
that all MPDU’s transmitted on various CC’s would be successfully received and integrated
back at STA when some of the CC’s are not actually connected or in receivable condition??

The STA has no support to access the small cells if small cells under a macro cell use the same
set of frequencies, since there is no any information in the specifications to handle the
deployment. Besides, since all CC’s operations and control is independent, control channel of
EUHT would fail to transmission.

Since all CC’s operations and control is independent, control channel of EUHT would suffer
from interference in case of small cells under macro cell, while using the same set of
frequencies

There is insufficient detail on bands combinations and various bandwidth combinations for

CA, details on inter- and inter-band CA, and also lack of clarity on the interpretation of
starting frequencies for various CCs/bands.







b)
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There are many areas where higher layer signalling is left to implementation, there are impacts
on this if STA and CAP are from different agencies.

There are aspects related to RF including sensitivity, harmonics, OOBE/Spurious specifically
in CA mode, which are inadequately specified.

Handover

1. Conversion from codes for RSSI level to absolute dB value is not given in the specs.

2. There is lack of specification for CAP-CAP interface for handover.

3. The handover in the case of CA is incompletely and inconsistently specified to achieve Oms
mobility interruption.

4. The threshold values and HO decision making criteria are implementation related. CAP/STA
can start handover based on their own decision.

5. How does EUHT deal with a situation when some of the CC’s are well above threshold value
while others are getting worse towards minimum threshold? It is implementation related. Since
ALL CCs are considered as a whole in the handover process, as stated before, weighted average
RSSI value may be used to reflect the achievable sum rate.

6. There is lack of clarity on how does EUHT handle a HO situation when the current set of CC’s
are not available in the destination cell

7. The messages between the CAP-S and CAP-D (CN) is Upper layer signalling which is stated as
being out of the scope of the EUHT specification.

8. EUHT RIT specification doesn’t give the detailed upper layer signalling and NuFront confirmed

that EUHT has private signalling implementation. Those formats can be defined in upper layer
specification or based on vendor’s implementation. In any commercial mobile technology,
handset and base station can be made by different OEM/ODM. How can an STA be expected to
work operate in plug and play manner with CAP form other vendor if the specifications is not
elaborate and clear enough??
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