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Q6 in WP2/SG15 is currently developing a standard G.VED.  A VED (voice enhancement device) is considered as an in-path equipment in a mobile network whose purpose is to improve the quality of a voice signal coming from a mobile.  A sample location of a VED is shown in Figure 1.  The voice enhancement functions in a VED include the control of acoustic echo generated by wireless handsets, noise reduction, and the recognition and accommodation of tandem free operation (TFO) and interworking function signals.  The VED functions operate on the decoded speech samples to produce the enhanced voice signal.

In a mobile-to-mobile call, to avoid the undesirable degradation in speech quality due to the extra decoding and encoding processes in the base stations, the current draft of G.VED states that a VED should support the TFO according to the standards GSM 08.62 and TIA/EIA 895.  When supporting TFO, a VED provides a transparent channel to allow the transmission of speech data through the TFO frames between the two base stations.

The mobile environment is dynamic and a mobile speech may have a large amount of background noise and acoustic echo.  When such situation occurs in a mobile-to-mobile call, the enhancement in voice quality by a VED may outweigh the avoidance of quality degradation due to speech codecs in tandem.  To fulfil the objective of providing overall better speech quality to the customers, it is proposed in G.VED to permit the invocation of voice enhancement functions in a mobile-to-mobile call, even after the TFO has been established between the two base stations.  The invocation of the voice enhancement functions will distort the synchronization information in the TFO frame, causing the two base stations to automatically exit the TFO and use the enhanced speech samples.  The contribution (GEN 6-16) submitted by Notel Networks, Canada, to the March 2002 Q.6/15 Rapporteur Group meeting regarding this proposal is attached to this Communication Statement for information.  The purpose of invoking the VED functions is not to avoid TFO, but rather to achieve the spirit of improving voice quality.

We would like to seek your advice in the following question:

Will the TFO standards established by ETSI prohibit a VED to cause the termination of TFO for the purpose of improving voice quality, after the TFO has been established between the two base stations?

Your comments and suggestions regarding a VED to operate in this manner to improve the overall speech quality are very much appreciated.
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Figure 1 – Block diagram of a typical Mobile Network Configuration
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Attachment

Document GEN 6-16 to the March 2002 Rapporteur Group meeting of Q.6/15

Initiation of Dynamic Switching Between TFO and non-TFO by a VED in Mobile-to-Mobile Calls

________

Abstract:
This contribution clarifies that the TFO standards allow an in-path equipment, such as VED, in the transmission link to cause the termination of and initiate the process to establish TFO (Tandem Free Operation) during a mobile-to-mobile call.  An example is given to demonstrate the dynamic switching mechanism by a VED.

I.
Introduction

The function of a VED is to improve the quality of a voice signal coming from or going to a Mobile Station.  A VED operates on the decoded speech samples and applies signal processing to perform tasks such as noise reduction and echo control.  In the case of mobile-to-mobile call, the VED is sitting between two Base Stations as shown in Figure 1.  To avoid the undesirable degradation in speech quality due to the extra decoding and encoding processes in the Base Stations, the current draft of G.VED states that a VED should support the TFO (Tandem Free Operation).  When supporting TFO, a VED provides a transparent channel to allow the transmission of speech data through TFO between the two Base Stations.

Under some circumstances, the VED may provide better speech quality than TFO in mobile-to-mobile call, despite extra decoding and encoding of a mobile speech signal.  This, for example, may occur when a mobile speech has a very high level of background noise and/or acoustic echo.  The noise reduction and echo control processes provided by a VED could give a better tradeoff in speech quality than avoiding the tandem of speech codecs through TFO.  When a VED is active, additional decoding and encoding is necessary because it needs to operate on the speech samples from the sending mobile and its output needs to be encoded by the receiving Base Station before it can be sent to the other mobile.  

Since the mobile environment is non-stationary, the VED may only give better speech quality than TFO for certain calls.  To fulfil the objective of providing overall high quality speech to the customers, it would be beneficial to have dynamic switching between TFO and non-TFO mode in a mobile-to-mobile call, when a VED is present in the communication link.  

This contribution demonstrates that a VED can cause the dynamic switching between TFO and non-TFO, and that the TFO standards allow such dynamic switching by an in path equipment in the communication link.  Finally, this contribution provides an example to illustrate how a VED can initiate the dynamic switching.










II. Basics of TFO Defined in the Standards

When the mobile speech data arrives at a Base Station, the Base Station embeds a special token in the decoded PCM speech samples to indicate that this end of the connection is from a TFO-capable Base Station.  The Base Station achieves this purpose by inserting, periodically, a predefined TFO message bit pattern into the LSB of the PCM sample stream. When the Base Station on other end of the connection recognizes this predefined TFO message bit pattern in the incoming PCM sample stream, the two Base Stations start a handshaking process according to the signaling protocols defined in the TFO standards [1]-[4] to establish TFO.  TFO mode will not engage if either Base Station fails to recognize the TFO bit pattern.

Once in TFO mode, the two Base Stations exchange TFO frames over the PCM link.  The TFO frame structure is shown in Figure 2.  Each TFO frame is composed of the encoded speech parameters, TFO control information and also TFO frame synchronization information for proper retrieval of the speech parameters.  Each TFO frame is typically embedded into the two LSBs of the PCM sample sequence over a 20 ms (160 samples) period. Details about the speech data bit allocation and special formats of the control and synchronization bits are described in the TFO standards [1]-[4].  The TFO transmission mode will automatically be terminated if one end of the connection fails to correctly receive TFO synchronization information for a few consecutive frames.

It should be noted that the TFO standards only define the protocol and do not require that the entire mobile-to-mobile call should remain in TFO once the TFO connection has been established.  In addition, only one party at the two ends can cause TFO connection to terminate.  







III. An Example

We shall provide an example to illustrate how a VED can initiate the termination and the establishment of a TFO connection.  Without loss of generality, let’s assume the two Base Stations in the mobile-to-mobile call is in TFO mode.

(i)
Termination of TFO

If a VED decides that the increase in speech quality from its signal processing outweighs the quality degradation from the extra stage of speech decompression in the sending Base Station and speech compression in the receiving Base Station, it can cause the termination of TFO simply by sending out the enhanced PCM speech samples without preserving the content in the two LSBs’ of the incoming PCM samples.  Since the TFO synchronization information that is embedded in the two LSB’s is now lost, the receiving Base Station will understand that it should terminate TFO and encode the VED enhanced PCM samples to be sent to the mobile.  

(ii)
Establishment of TFO

The two Base Stations in both ends continue to send out the predefined TFO bit pattern periodically to indicate the calls are originated from mobiles, when the connection exits TFO.  If a VED decides that TFO provides better speech quality, it can simply provide a transparent channel in the LSBs of the PCM samples exchanged between the two Base Stations.  Once the special TFO token is recognized by either party, the two Base Stations will start the negotiation process to re-establish the TFO connection. 

IV. Proposal

The proposal is to remove the sentence « This mode of operation is for further study «   at the end of the first paragraph in Section 5.4 of G.VED as shown below :

A VED should support tandem free operation according to the standards 3GPP TS 28.062 and 3GPP2 A.S0004-1.0. Once in TFO mode, a VED may optionally choose to invoke speech enhancement functions, causing the termination of TFO. The decision may be made based on whether TFO or speech enhancement techniques will provide better overall speech quality. This mode of operation is for further study.


V.
 Standard References

[1] 
3GPP TS 28.062, Inband Tandem Free Operation (TFO) of Speech Codecs; Stage 3 – Service Description.

[2] 
3GPP2 A.S0004-1.0, 3GPP2 Tandem Free Operation Specification, Version 1.0.0.

[3] 
TIA/EIA-895, CDMA Tandem Free Operation.

[4] 
GSM 08.62, Inband Tandem Free Operation (TFO) of Speech Codecs; Service Description; Stage 3.
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Figure 1.   A mobile-to-mobile call connection
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Figure 2.  TFO frame structure.
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