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Abstract

This contribution contains proposed DRAFT text for the “Signal Enhancement subsystem” clause of FG.VSSR. Further development of the measurement parameters and their associated test methods and QoS levels is needed. 

8.3 Signal Enhancement subsystem
The Signal Enhancement subsystem attempts to improve signals captured and played at the acoustic interface. Network-side problems can also be reduced or eliminated. Figure 7.1 shows how this subsystem fits into the overall telecommunications system. This subsystem could be physically located in either the terminal device or a network device. However, the terminal device is usually a better location for technical reasons. Common signal processing functions provided by this subsystem include:
· Send direction

· Acoustic echo cancellation

· Noise reduction

· Equalization

· Automatic Level Control

· Fixed gain

· Limiter

· Receive direction

· Bandwidth Extension

· Equalization
· Automatic Level Control

· Automatic Level Enhancement

· Fixed gain

· Limiter

The next sub-clause describes the test set-up for measuring performance of the Signal Enhancement subsystem. Subsequent sub-clauses provide information related to each of the measurement parameters. This information includes a parameter description, test method, requirements, design guidance, and root-cause analysis.

8.3.1 Test set-up

The test system shall be connected to the Speech Enhancement subsystem using the test points shown in Figure 8.2. If the test points S3 and R3 are not accessible, then the test points S5 and R5 shall be used instead (see Figure 7.2).  
NOTE 1: It may be useful to repeat the measurements using test points S5 and R5 even if test points S3 and R3 are accessible. The difference in performance may help root-cause performance problems. 

NOTE 2: Some Speech Enhancement subsystems might not use test point R2b. 
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Fig. 8.2: Signal Enhancement subsystem and test points

The test system shall interface to the Speech Enhancement subsystem according to Clause 8.1. Each of the test interface points shall be calibrated so that the test system plays and records test signals within the Speech Enhancement subsystem at known levels. 

Test signal levels at the inputs to the Signal Enhancement subsystem are defined within the test method of each measurement parameter.

A standardized set of input test signals shall be used to determine compliance with this recommendation; which can be found in ITU-T P.501
. These input test signals have been pre-processed to capture the effects of other subsystems involved in the end-to-end connection (e.g., Acoustic subsystem). There are 3 subsets of test signals. Each subset of test signals is representative of a particular vehicle platform. All Signal Enhancement subsystem requirements shall be tested with each subset. Algorithm parameters of the Signal Enhancement subsystem may be adjusted between each subset, but shall not be adjusted during testing within a subset. Test results shall be reported separately for each subset. 

The test system shall play these test signals into the Speech Enhancement subsystem using “Static simulation”. The different types of simulation are described below:

1) Static simulation—Deterministic test files are simultaneously played in real-time at test points S2, R3 (or S5), and R2b (if applicable). They are “static” because the input test signals are pre-determined and do not change during the test. However, these test files have been pre-processed to include effects of the other subsystems in the connection such as microphone frequency response, acoustic coupling between microphone and loudspeakers (acoustic echo), and encoding/decoding from speech codecs. 

2) Dynamic simulation—Non-deterministic test files are simultaneously played in real-time at test points S2, R3 (or S5), and R2b (if applicable). They are “dynamic” because the input test signals may vary depending on the real-time processing done by the Speech Enhancement subsystem and dynamic modelling of other parts of the connection (e.g., acoustic subsystem).

3) Real connection—Test files are simultaneously played in real-time at test points MRP, BGN or S2, and R5 (see Figure 7.2) of a real connection. Vehicle-side speech is delivered via test point MRP. Vehicle-side noise is delivered via test point BGN or S2. Echo occurs naturally on the acoustic interface of the vehicle used in the test.  

Static simulation is the only type of testing that is mandatory. However, it may be beneficial to also perform testing using Dynamic simulation or a Real connection. Dynamic simulation can more accurately assess interactions of signal processing within the Speech Enhancement subsystem and with other subsystems (e.g., Acoustic interface). For example, dynamic gain adjustments in the Receive direction would be reflected on the input (S2) in the Send direction. Real connection testing allows assessment of a particular vehicle platform and complex real-time manipulations of the connection or acoustic environment.

8.3.2 Enhanced Speech-to-Noise Ratio (SpNRE) 
8.3.2.1 Parameter description

…
8.3.2.2 Test method

…
8.3.2.3 Classification of QoS 

…
8.3.2.4 Design guidance and root-cause analysis

…
8.3.3 Enhanced Speech-to-Echo Ratio (SpERE)
…
8.3.4 Enhanced Send Intelligibility (SIE)

…
8.3.5 Enhanced Receive Intelligibility (RIE)

…
8.3.x <Adapt all ITU-T P.1100/P.1110 requirements here>
…
_____________
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