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1 Introduction
This contribution discusses the topic of inclusion of voice processing functions (Voice Enhancement Devices) as network signal processing elements in 3GPP networks.

The functionality and requirements of Voice Enhancement Devices (VEDs) as part of Signal Processing Network Equipment (SPNE) in the digital network transmission path is addressed in Recommendation ITU-T G.160, [1].
VEDs within the scope of ITU-T G.160 are described in first paragraph Section 5.1:

“Voice enhancement functions include the control of acoustic echo (AEC) generated by wireless handsets, noise reduction (NR), and the recognition and accommodation of tandem free operation (TFO) and interworking function (IWF) signals.”
ITU-T G.160 specifically excludes the processing in 3GPP user equipment from being considered as VEDs (last paragraph of section 1 Scope):

“Note that some terminal devices (e.g., mobile stations) incorporate voice enhancement functions

(acoustic echo control, noise reduction, etc.) that are similar to those performed by the VED. This Recommendation does not apply to functions contained in these terminal devices.”
2 Discussion
The acoustic properties of user equipment in 3GPP networks are governed by 3GPP TS 26.131 and a terminal device designed according to TS 26.131 is expected to provide a good speech quality. Thus, there is no need for VEDs for calls within a 3GPP network.  

For calls to the PSTN, a network echo canceller is included in the interface to the PSTN, removing electrical echo originating in the PSTN. The network echo canceller is not considered as a VED but the performance of Network Echo cancellers are covered by Recommendation ITU-T G.168. 
For interconnection to any other network, it is considered that the terminal devices in that particular network should fulfill the general transmission planning aspects related to speech quality (i.e echo and speech and noise levels) covered by the relevant ITU-T Recommendations, e.g. [2]. 
Voice Enhancement Devices have historically been implemented in some networks in order to correct for the sub-standard performance of individual terminals that do not fulfill the appropriate recommendations with respect to the speech quality. However, due to several factors (including the partly unknown transmission path and low-bit-rate coding) these VEDs should from a system perspective not be seen as being a possibility to replace a proper handling of the speech quality in the terminal.
Due to that there is no need for VEDs for terminal devices performing according to the specifications, a well designed VED should correct the signal characteristics with respect to acoustic echo and speech and noise levels for weak performing terminal devices, but not degrade the performance for terminal devices with good speech quality. This is acknowledges in ITU-T G.160, fifth paragraph, Section 1 Scope: 
“A VED that satisfies all the constraints and passes all of the tests in this Recommendation should ensure (but will not guarantee) that the pre-existing standard of the overall network performance (e.g., the transmission of speech, voiceband data and other voiceband signals, ISDN, etc.) is not degraded when the VED is installed in the network.”
The importance of the transparency of a VED for good performing terminals is further stressed in Sections 5.2 and 5.3 of ITU-T G.160 for the acoustic echo control
“An acoustic echo control function has the following general characteristics:
• The ability to reduce acoustic echo generated in the mobile handsets.
• The ability to maintain quality of the signals originating from mobile handsets.
• The ability not to corrupt voice-band data or facsimile signals.
• The ability not to interfere with in-band network signalling tones.
• Exhibit low throughput delay.
• Provide 64 kbit/s bit-sequence integrity when disabled.”

and for the noise reduction
“Noise reduction functions have the following general characteristics:
• The ability to modify a noise-corrupted voice signal, so as to improve the subjective quality.
• The ability to maintain the quality of the voice signal when it is not corrupted by noise.
• The ability not to corrupt voice-band data or facsimile signals.
• The ability not to interfere with in-band network signalling and information tones.
• Exhibit low through-put delay.
• Provide 64 kbit/s bit-sequence integrity when disabled.”
Thus, since a VEDs designed according to ITU-T G.160 should at least maintain the speech quality, there should be no risk for decremental effects introduced by VEDs neither when operating in “tandem” with a well functioning terminal device.
3 Conclusion and proposal

Since user equipment devices in 3GPP network should fulfill the acoustic requirements of TS 26.131, there is, from a system perspective, no need for VEDs in the calls within a 3GPP network or calls between a 3GPP network and the PSTN. If VEDs anyhow is installed, any well performing VED should not degrade the speech quality for well performing user equipment devices. Specifying a control protocol for VEDs within 3GPP networks is therefore considered unnecessary.
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