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1. Introduction

SA2 has been requested by SA plenary to provide a report to SA#19 (17-20 March) on the system aspects and impacts of the proposed Release 6 work item from SA4 on enhanced Tandem Free Operation (eTFO).

The objective of this paper is to introduce eTFO, outlining its architectural aspects and assessing any system impacts of its introduction in release 6.

Section 2 provides a technical description of eTFO from an architectural perspective showing the relationship with the already standardised TFO and TrFO functions.

Section 3 collates all the potential system and architectural impacts of eTFO introduction. This list of potential impacts is based on the concerns raised at the last SA plenary (SA#18).

Section 4 attempts to assess each of the potential system impacts as documented in section 3.

Section 5 proposes a schedule to allow SA2 to complete the report in time for March SA plenary.

Section 6 draws initial conclusions and recommendations.
2. Technical description of eTFO

This section provides a technical description of eTFO from an architectural perspective showing the relationship with the already standardised TFO and TrFO functions. The technical description of eTFO is introduced by first providing a short description of the already standardised TFO and TrFO functions.

2.1. Tandem Free Operation (TFO)

Tandem Free Operation (TFO), originally designed for TDM networks, was introduced in GSM R’98 and is specified in TS 28.062 for UMTS and GSM in Release 4 and Release 5.

TFO allows mobile-to-mobile calls, operating with the same codec, to bypass unnecessary transcoding in the network and therefore utilise a single stage of speech compression end to end. The removal of transcoding improves speech quality and reduces delay. Furthermore TFO enables wideband speech telephony in TDM networks.

TFO operates in-band following call set-up. The call is set up as normal with G.711 PCM on the TDM network between the transcoding functions. TFO-enabled transcoding functions steal bits from the speech samples in the PCM frame to negotiate codecs and initialise TFO. Once in tandem-free operation the compressed speech together with the TFO control information is placed in the least significant bits of the TDM connection for transmission. TFO is illustrated in Figure 1.

TFO requires TFO compliant In Path Equipment (IPEs)
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Figure 1. Tandem Free Operation

2.2. Transcoder Free Operation (TrFO)

Transcoder Free Operation (TrFO) employs Out of Band Transcoder Control (OoBTC) as part of a BICC-based BICN to negotiate the removal of transcoders from the call path as part of call set-up.

OoBTC is defined in TS 23.153 (REL-4 & REL-5) for UMTS and GSM. 

The removal of transcoders from the call path improves speech quality, reduces delay and frees up processing resources (transcoders).

TrFO makes use of the existing IuFP to convey compressed speech in packet networks (Nb interface). The use of compressed speech in the packet core provides bandwidth savings over G.711.

TrFO needs to interwork with TFO (as defined in TS 23.153) to provide an end-to-end solution for calls that have a TDM component (i.e. GSM, calls transiting a fixed network).

The basic architecture for a UMTS to UMTS TrFO connection is illustrated in figure 2.
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Figure 2. Transcoder Free Operation
2.3. enhanced Tandem Free Operation (eTFO)

eTFO enhances TFO by making the protocol bearer independent in order that tandem-free operation may be applied to packet networks in a manner that provides bandwidth savings and reduces delay.

eTFO is fully backward compatible to TFO, using the existing protocol set but extending the transport mechanisms to include packet networks in addition to TDM. As with TFO, eTFO would be initiated in-band following call set-up.

The evolution of TFO to eTFO reflects the general evolution of networks from TDM-based to packet-based; eTFO takes full advantage of the packet network capabilities in order to realise the complete potential for bandwidth and delay reduction. In TDM networks eTFO simply becomes TFO.

eTFO control information is sent together with the compressed speech over TDM connections according to the existing TFO frame formats. Over packet connections, eTFO control information can be sent more efficiently in a separate control channel in the user plane. 
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Figure 3. enhanced Tandem Free Operation
3. List of potential system impacts of eTFO

This section collates all the potential system and architectural impacts of eTFO introduction. This list of potential impacts is based on the concerns raised at the last SA plenary (SA#18).

1. What are the system benefits of having eTFO?

2. What is the cost of eTFO?

3. What are the impacts in CN3 and CN4?

4. What is the interaction of eTFO with TrFO?

5. Is eTFO an overlapping solution with TrFO?

6. What happens to TrFO if eTFO is created?

4. Assessment of potential system impacts of eTFO

This section attempts to assess each of the potential system impacts as documented in section 3.

4.1. What are the system benefits of having eTFO?
Benefits inherited from TFO

1. Enhanced speech quality due to removal of tandem transcoding
2. Frees up processing resources
3. The presence of the TRAU/TC allows voice quality enhancement features to be applied to compressed speech (e.g. acoustic echo control)
4. No impact on other system components
5. No impact on call set-up
Benefits of eTFO wrt TFO

1. Transmission bandwidth savings in packet networks

2. Achieves full delay reduction potential.

3. Significantly reduced processing load in transcoder

4. Applicability of tandem-free operation to calls involving packet networks

4.2. What is the cost of eTFO?
From a system perspective eTFO can be considered as simply TFO with a packet transport facility. eTFO will therefore inherit the same system costs as TFO. 

It is assumed that this report is intended to assess only the additional system costs of eTFO. 

The only additional cost of eTFO, apart from cost of eTFO standardisation is;

1. Software enhancement to the MGW required to support eTFO.

Note, this can be achieved with a standard software upgrade.

For completeness a list of existing TFO costs are included below:

1. In-path equipment has to monitor the bearer for in-band messaging continuously.
2. The Transcoder circuit remains in the bearer path at least until the eTFO establishment. Note, however, that after eTFO is established the transcoder is no longer exercised (-unlike TFO which requires the continued operation of the speech decoder).

3. The eTFO protocol adds to the DSP resource utilization. However, the additional load is temporary and limited to the negotiation phase. The added load is a small fraction of the complexity of Wireless transcoders. 
4.3. What are the impacts on CN3 and CN4?
1. eTFO control channel is required to be introduced in the user plane of the Nb interface (CN3)
2. Changes to Mc interface are not foreseen. However if minor enhancements are needed to Mc interface they would likely be to the TFO package (CN4). 

3. Functional changes to TrFO (23.153) are not foreseen. Editorial changes are possible in order to update from TFO to eTFO from Release 6 (CN4).

4.4. What is the interaction of eTFO with TrFO?
1. eTFO will interwork with TrFO by inheriting the existing TFO/TrFO interworking functionality.
2. eTFO will be invoked as alternative should TrFO fail to complete. This behaviour is already specified in TrFO/TFO harmonisation.

4.5. Is eTFO an overlapping solution with TrFO?
1. There are call scenarios where application of eTFO can be considered as purely complementary to TrFO. That is to say TrFO is not applicable in these scenarios.
2. There are scenarios when eTFO can be used as an alternative and/or backup to TrFO.

Release 4 both included UMTS TFO as an evolution from GSM TFO, and introduced TrFO, which means that both coexist in the standards. This was seen as both giving choices to the operator, and covering different scenarios. eTFO builds on the TFO standard to support packet networks; some examples scenarios are shown below.

GSM Packet Core Migration - GSM Operator with TFO implemented wishing to migrate to a packet core
. 

For GSM operators migrating to a packet core, eTFO may be simpler to implement than TrFO. eTFO may be particularly attractive to an operator that has already implemented TFO or does not intend to have OoBTC implemented end to end (at least at day one) or is concerned about TrFO impacts to, for example, call set-up, codec negotiation complexity or speed of G.711 fallback.
The GSM packet core migration scenario is illustrated in Figure 4 with a GSM to GSM call between 2 mobile networks. One section of the call path has been migrated to a packet core. In the migrated section TFO has been evolved to eTFO, which interworks with TFO in the TDM sections to achieve end-to-end tandem-free operation. 
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There will be just one eTFO negotiation between the terminating transcoders (in the BSSs). eTFO will provide bandwidth savings in the fixed packet network.

Figure 4.  GSM Packet Core Migration

In this example it would also be possible to migrate the fixed transit network to a packet core and provided the fixed network supports eTFO, continue to achieve end-to-end tandem-free operation. This is not currently possible with TrFO.

In contrast to eTFO, implementation of TrFO in the packet core section of Figure 4 would require a more complex messaging sequence to realise codec negotiation.

An example of the messaging requirements for TFO/TrFO Interworking is provided in Figure 5, which is taken from the TrFO/TFO codec negotiation harmonisation section of TS 23.153.
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Figure 5.  TrFO/TFO codec negotiation harmonisation
Packet Trunks - Calls involving non-switched packet trunks
. 

The example in Figure 6 shows an example of a GSM operator with a non-switched packet backbone. TDM trunks in this network have been migrated to packet trunks. That is to say the packet backbone is now used for transmission between the TDM based MSCs and BSSs by connecting to a local packet gateway. 

In this scenario eTFO will interwork with TFO to achieve tandem-free operation. There will be just one eTFO negotiation between the terminating transcoders (in the BSSs). eTFO will provide bandwidth savings in the fixed packet network.
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Figure 6. Packet Trunks scenario

4.6. What happens to TrFO if eTFO is created?
1. TrFO will continue as an option in standards based BICN networks for UMTS
2. End to end solution for UMTS calls involving GSM and fixed networks provided by a combination of eTFO and TrFO

5. Proposed schedule of work

This section proposes a schedule to allow SA2 to complete the report in time for March SA plenary.

There are 2 meetings (San Francisco and Milan) available to produce a report in time for the next SA plenary. It is proposed that the San Francisco meeting be used to introduce the topic, agree on the scope of SA2 work and document initial findings in the form of an outline report. Contributions for the Milan meeting will be invited to add the detail to the report sections. If the content of these sections can be agreed in Milan it should be straightforward to produce the report.

6. Initial conclusions and recommendations

The objective of the report is to provide an assessment of the system aspects and impacts of the introduction of eTFO in release 6.

It is recommended that the proposed schedule of work detailed in section 5 be adopted.

It is proposed that the outline report be based on sections 2, 3 and 4 of this document.
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