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1 Background 
The 3GPP SA4#59 meeting in Prague discussed the LS from ITU-T FGCarCom (S4-100498) on signaling of signal processing capabilities between terminals and networks, in order to avoid tandem of VQE (Voice Quality Enhancement) devices that would lead to lower performance. SA4 has recognized its role of bringing this information further inside 3GPP and asked CT3 and CT4 in a LS to accomplish this work (S4-100531).
SA4 acknowledged in the LS to CT4 group the importance of avoiding VQE tandem, as mentioned in the LS by FGCarCom. 

A LS reply from CT4 (S4-100737) confirms CT4’s responsibility on this area and shows the need for more information from SA4: “CT4 asks SA4 to provide more details on the exact voice processing functions, interfaces and scenarios for which such signalling should be considered, and to note that since the details are not yet clear to CT4, the effectiveness of such evolutions has not been considered yet in CT4”.
This contribution aims at pointing out the importance to resolve this issue, provides further data and proposes to provide a positive LS reply.
2  Discussion
Signal processing should be as close to the acoustic front-end as possible, i.e. in terminals. We stress this point to secure high-quality communication from user point of view. Note that TS 26.131 also requires proper handling of VQE functions in the terminal. On the other hand, implementation of signal processing function in networks is common to handle the case when no such capability can exist in the terminal (for example, PSTN phone). According to FGCarCom, good end-to-end performance can be achieved in car hands-free systems if deactivation of all additional signal processing can be secured over the entire connection.
The issue to be solved is that the network does not know currently when the terminal exploits signal processing capability hence the mechanism to avoid VQE tandem is missing. 
Our view on the underlying VQE signal processing capabilities is that they include echo cancellation, acoustic echo cancellation, noise suppression, automatic listener enhancement, artificial bandwidth extension, and automatic level control.
The resolution is the introduction of a signalling which makes the network aware of presence/absence of the signal processing capability (VQE device) in the terminal. As the LS reply points out, this signaling may not necessarily be between the terminal and network but different solutions (signaling inside the network) could be envisaged as well, at least in case of 3GPP networks. In addition to signaling between terminal and network, we suggest to consider terminal-to-terminal signaling as well.
The following example shows the importance to positively resolve the issue. Figure 1 shows the level over time of a return path signal for a terminal in lab experiment (green curve) and in real network (red curve). The test signal was speech: the two talkers count from 1 to 20. The figure shows a higher noise in the lab and more importantly less of the speech transmitted on the network than in the experimental setup; especially soft parts are attenuated. Although the terminal exhibits a good echo cancelling performance, a tandem with the second echo canceller in the network causes clipping of the speech. Hence it is hardly possible to run a duplex conversation in this VQE tandem situation.

Figure 1: Level over time of a double talk speech signal
We draw the attention of the SA4 group to the newly developed ITU-T Rec. G.799.2. It specifies the components to be exchanged in a dynamic coordination mechanism of signal processing functions through capability exchange mechanism. The network handled can be PSTN, IP network, mobile network, or their combination. We suggest to consider G.799.2 as an example mechanism when introducing the required signaling capability in 3GPP networks as a similar type of mechanism will be needed. On the other hand, definition of such a mechanism is clearly beyond the scope and expertise of the SA4 group.
3 Conclusion
VQE-related signal processing functions should be located as close as possible to the acoustic front-end, i.e. in the terminal. As currently no signaling is available, VQE devices in the network may connect in tandem to VQE in terminals. 

We find avoiding tandem of VQE devices is urgent and essential to secure high-quality communication. Hence we propose to conduct a discussion in Speech Quality Experts Group (SQ) within SA4 group and provide suitable information to CT4 in a LS reply in order to achieve this goal.
