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Introduction

At SA4 #24 there was a proposed work item for enhanced Tandem Free Operation (eTFO) in S4-020728, with background information provided in S4-020676 and S4-020730. The eTFO WID was approved by SA4 and forwarded to the SA plenary. SA plenary has requested SA2 to look at the architectural implications of the eTFO WID and report back.

This discussion paper examines architectural implications of the eTFO proposal.

Discussion

The eTFO proposal is described as a means to address transmission savings in packet networks when GSM and/or PSTN networks are involved in a UMTS call.

However, 3GPP TS 23.153 already describes, in clauses 6.7 and 6.8, how to achieve transmission savings using TrFO for call setup to external networks.  The external network may be the PSTN or a PLMN (e.g. a GSM circuit-switched network). Also, a GSM network may directly support TrFO using GERAN Iu-mode.

Therefore, in this regard the eTFO proposal is simply defining an alternative to TrFO.  The addition of this alternative would result in a more complex architecture.  In 3GPP standards there has been an emphasis on reducing multiple options. In Rel-4 there has been a large standards effort to develop TrFO in conjunction with BICC architecture. By introducing eTFO, an alternative option is introduced for which the cost/benefit is not proven when taken in conjunction with the existing TrFO standard. A new type of interworking would be required to meet the additional goal of tandem free operation (if needed) when one network implemented eTFO and another implemented TrFO.

The eTFO proposal is also described as a means to achieve tandem free operation with mobile-to-mobile calls, where one mobile is GSM based and one is UMTS based (and there is a common codec supported on both mobiles). A question to consider is whether or not it is worthwhile to add a complication to the network to meet this need for the interim situation of a mixed GSM and UMTS network. During the early stages of UMTS deployment there will be smaller percentages of UMTS mobiles.  During the later stages of UMTS deployment there will be smaller percentages of GSM mobiles.  At some point there will be the worst-case interworking scenario of 50% UMTS and 50% GSM mobiles, which results in 50% of the mobile-to-mobile calls being between mixed types of mobiles (with random distribution). When the mobile population is more heavily skewed towards one type, then percentage of mobile-to-mobile calls that are between mixed types is reduced.  For example, 90% GSM mobiles and 10% UMTS mobiles yields 18% of the mobile-to-mobile calls being between mixed types of mobiles (with random distribution). Finally, to determine the overall number of calls that are mobile-to-mobile between mixed types of mobiles, the percentage needs to be taken from the overall percentage of mobile-to-mobile calls in a network.  For example, when 20% of all calls are mobile-to-mobile and there is a 90/10 distribution of the mobile types, then 3.6% of all calls are mobile-to-mobile between mixed types.

In the eTFO proposal, transcoders are required to be in the network path and in-band signalling is used to determine when to bypass or use the transcoder.  This has the following implications on the architecture:

· For eTFO to work, the transcoders must be updated to support the new in-band signalling for eTFO in the home and visited networks of both the originating and terminating users.

· Inherently, as with TFO, any tone injection, DTMF, conference calls or other supplementary services will cause eTFO drop-out.

· The eTFO proposal forces the MGWs to change the bearer path independently of the MSC Server (or MGCF) control.  This does not leave the MSC Server with the opportunity to completely manage the bearer path, where the MSC Server may be better able to maintain transport efficiencies based on a more global knowledge of the call. TrFO in conjunction with BICC enables proper management of resources /control of the call e.g. a conference bridge, legal intercept can be inserted retaining speech quality / transport efficiencies. Whereas eTFO endpoints must sense something has been introduced in the path but does not have the global oversight to take advantage of any change and so just drops out. It is detrimental to have these two logical control points in the call. In this regard, the possible eTFO introduction upsets the architectural layering of the current control protocols.

· The eTFO proposal does not reduce the need for the number of transcoders 
in the network compared to TrFO. With eTFO the transcoder is always allocated, even when not used and just present for eTFO signalling reasons. With successful TrFO negotiation, no transcoder is allocated in the network. 

· The eTFO in-band signalling requires the definition of a new format at the transport layer so that different transport medium can be used between networks.  This also introduces a dependency on IETF (and possibly ITU) to get this new definition.

· The eTFO proposal is based on circuit-switched technology.  eTFO is not aligned with the IMS architecture and thus counters any evolutionary step towards IMS.

· If the eTFO proposal is implemented, then there is a question of how eTFO and TrFO would interact in the same system.  TrFO should be preferred during call establishment, but there could be a question after handover.  The diagram below is figure 6.5/1 from 3GPP TS 23.153, which illustrates that TrFO is maintained in most of the network after a handover.  If it was desired to give priority to eTFO for tandem free operation, then transcoders would need to be inserted at the remaining MGW in PLMN 1 and the MGW in PLMN 2.  Then eTFO could negotiate tandem free operation, but it would remove the transcoder savings and reduce transport efficiency.
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Figure 6.5/1 from 3GPP TS 23.153

Upon further examination, the following alleged disadvantages of TrFO asserted in S4-02730 are found to not be a problem:

· Impacts call set-up time. TrFO does not adversely affect call set-up.  TrFO supports existing over-the-air codec negotiation.  Assignment of bearer path elements is done with knowledge of the bearer protocol for TrFO the selected codec type is negotiated prior to answer 
.

· Requires coordination & support of all system components in the path. This is actually an advantage for the TrFO architecture. In general, the TrFO solution is based on packet-switched technology with separation of bearer and signalling.  This architecture allows for the network to exercise control over resources in a coordinated way.  The implementation of this architecture can also be part of an evolutionary step towards the IMS architecture, which is based on some of the same concepts. As an example of the network intelligence possible, a conference bridge may be added to a TrFO call using the same efficient transport due to knowledge of the bearer path. With the eTFO proposal, the call would revert to PCM for the conference bridge. 
· Does not apply to TDM networks (TrFO not possible between GSM & UMTS). As described in TS 23.153, TrFO may be used for a portion of the call from UMTS to the PLMN (e.g. GSM). Also, TrFO is possible with GSM networks that support the Iu-cs interface.

· No VQ enhancements.  TrFO reduces the round trip delay for voice packets since there is no network element involved with a transcoder. On the other hand, eTFO bearer streams must transverse the network elements containing the transcoders, even when in the compressed mode and the transcoders are not used.

Proposal

TrFO is already defined and better meets the needs of reducing transport costs than the proposed eTFO.  TrFO is also based on packet-switched technology with the separation of signalling and bearer, which makes it better aligned with the evolution path to the IMS architecture
. For the small percentage of cases where eTFO would be used, the cost-benefit of having this feature is not proven.

�PAGE \# "'Page: '#'�'"  �� Do we need to get our terminology right? Vocoders (Voice Codecs) appear in the Mobile Terminals. Transcoders appear in the network (Transcoder pools). I am not sure in 3GPP2 whether these terms are used interchangeably. In 3GPP this is different.


�PAGE \# "'Page: '#'�'"  ��I think they could counter this one by saying that eTFO set up could take place quickly enough before any voice is transmitted (delays in people starting to speak at start of the call). I think the limitation is in the number of different types of codecs that can be supported. I think the WID presently just assumes AMR and AMR wideband.


�PAGE \# "'Page: '#'�'"  ��Probably need to beef up this summary with the reason why but I expect you are already doing this.
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