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1. Introduction

This paper intends to present this proposed Work Item to the CN3 group, as requested at the last CN3#26 meeting by some companies. 

TrFO requires that the packet core network supports BICC and Out of Band Transcoder Control (OoBTC). TrFO is not applicable to TDM networks and requires all the equipment in the path to be BICC capable. For mobile-to-mobile calls involving TDM (i.e. GSM A interface or TDM based fixed network interconnection) interworking with TFO is required in order for the packet core network to benefit from TrFO. In TrFO, the whole transport network control layer must be aware that coded speech is transported.

It is expected that, for several years at least, GSM terminals will represent the majority of mobile voice terminals.

The introduction of eTFO (enhanced Tandem Free Operation) is proposed as an evolution to TFO in order to make possible transmission savings in packet networks without the need to support BICC based OoBTC..

In the following sections more details of eTFO principles are presented in order to support the proposed eTFO work item.

2.
TFO, TrFO

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.

While TFO was originally designed for TDM network, it should be noted that TFO can also be used in packet networks.
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 Bearer Independent Core Network 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

3. 
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 advantage of the packet network capabilities in order to achieve 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 could be sent more efficiently in a separate control channel in the user plane after establishment of eTFO operation.  The precise mechanism to be used for transport of this eTFO control information is FFS as there are numerous different options. 

In ATM networks, calls will have 64 kbps bearers (VBR with max 64 kbps). The call will set up as G.711 using this maximum of 64 kbps and if a common codec can be negotiated, the codec will change in-band, which will lead to using less bandwidth from the VBR bearer.

With eTFO, the bearer is not modified to the actual bandwidth used, but the multiplexing gain is achieved by engineering, which takes into account the eTFO calls and therefore admits more calls. Such statistical engineering is anyway required without eTFO to realise transmission gains from Silence Suppression and AMR mode changes.

With eTFO the codec is negotiated in band with no requirement to inform the Call Server.
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Figure 3. enhanced Tandem Free Operation

4 
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 or cannot guarantee 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 3 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 packet core network.

Figure 3.  GSM Packet Core Migration

4.
Conclusion

The targeted release is REL-6, SA2 have been asked to provide a report to the next SA plenary (March) assessing the system impacts of eTFO in order that SA can decide whether to approve the Work Item.

CN3 owns 2 specifications: 29.414 and 29.415 that could be affected. For eTFO to work, the transcoders must be updated to support the enhanced in-band signalling for eTFO. It is FFS whether the separate control channel in the user plane needs any update of the IuFP or a new framing protocol,or neither. Note that there is no need for a specific control channel at the beginning of the call. At the beginning of the call it is exactly as the existing TFO, the TFO messages are exchanged through bit-stealing on G.711 PCM samples.
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