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Introduction

This is a revision of document S2-040342.
This contribution takes a closer look at the MGW and TRAU resource usage in TFO and TrFO.

It proposes to add some rough quantifications of these resource usages in the existing text and figures.
Without these quantifications the text is less useful.

Some errors are corrected. The alternatives, when OoBTC is not available, are described.

Discussion

It is a common misunderstanding that TFO requires substantially more processing power in the TRAU and MGW than TrFO. But only in the TFO-Establishment phase the full Transcoder capability is necessary. Immediately when TFO has entered the OPERATION state (that is typically 1..2 seconds after through-connect), then only the Decoding function is necessary and this is substantially less demanding.

It is fair to state that this effect is not easy to exploit in older TRAU equipment.

Proposed Changes

5


Call Scenarios to be studied

.....

The following call scenarios are those of interest for BARS functionality for the network scenarios detailed in clause 4.  For each scenario the resources used in the MGWs and TRAUs and the bandwidths in use are described. They are also quantified in relation to each other in the following sense: 

Definition: MIPS = Mega Instructions Per Second. This is a measure for the required DSP processing capacity. It is here in this context related to the "ETSI-DSP" as defined in 3GPP SA4 for the complexity characterisation of the 3GPP Speech Codec algorithms.
Resource utilisation in MGWs and TRAUs comprises the following aspects:

a) TFO Protocol Termination (PT). TFO requires the use of TFO-protocol handlers for the inband signalling. This is typically implemented in a DSP, collocated with the Transcoder function. TFO-Protocol Termination requires a small processing power, mainly during the initial search for the first TFO message (≤ 1MIPS, for simplicity and to be on the save side counted with 1 MIPS).
b) Re-framing (R). Depending on the scenario, it is necessary to reframe “the same bits of information”, for example at transition from TDM (TFO-Frames)  to packet (Iu- or Nb-Frames) or vice versa. Reframing is also necessary where transcoding takes place. Reframing requires a comparably tiny processing power (<< 1 MIPS).
c) Transcoding (TC) and Decoding (DC). Transcoding  (Encoding and Decoding) is needed to change from AMR (or EFR or AMR-WB...)  to G.711 and vice-versa. . Only Decoding is needed to restore the PCM signal towards TDM networks at the end of a TrFO link. Transcoding is by far the dominating function in terms of DSP power. The EFR and AMR are characterised with about 15 MIPS, the AMR-WB with about 30 MIPS. In all cases the Encoder is taking the "lions-share" of about 80%, the Decoder only about 20%. For the illustrations below the AMR is assumed (12 MIPS + 3 MIPS) as example.
d) User Plane Termination (UP). Termination of the Iu/Nb User Plane Protocol. Also this function requires a comparably tiny processing power (<< 1 MIPS).
The figures indicate the resources needed in the MGWs in various scenarios for the case where TFO is used (green) and the case where TrFO is used (blue). In addition to the resource utilisation also the bandwidth used is shown:

13 kbit/s:

64 kbit/s:

5.1
Mobile to Mobile Call Scenarios

5.1.1
BSC to RNC Call via BICN

UE A in the coverage area of a BSC connected via A interface to a MGW, calls UE B which is in the coverage area of a RNC connected via Iu interface to a different MGW. The call between the MGW’s is carried via the Nb interface connecting them.
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Figure 5.1.1-1 BSC to RNC Call via BICN

Harmonized OoBTC/TFO procedures allow for the interworking of TFO procedures on the A interface and OoBTC/TrFO procedures on the Nc/Nb interface to provide for improved voice quality by removing unnecessary transcoding from the voice path, and high bandwidth efficiency on all portions of the speech path except the A interface between Transcoder A and MGW A in the figure.

1. MSC-S A and MSC-S B use OoBTC to minimize transmission bandwidth and the allocation of codecs on the speech path between MGW A and RNC B, using preferred BSC A Codec Configuration.

2. BSC A and MSC-S A enable TFO in transcoder A and transcoder A'.

3. If TFO is supported but codec mismatch occurs then MSC-S A discovers the Codec Configuration at BSC A via MGW A using the TFO package on the Mc interface, it initiates TrFO/TFO codec negotiation harmonization if necessary, using OoBTC and/or TFO codec modification procedures.

4. 
5. When codec negotiation completes successfully, the Ater, Nb and Iu interfaces all carry compressed speech with high bandwidth efficiency.  Transcoders A and A’ remain in the speech path to perform necessary TFO protocol tasks and decoding but do not perform transcoding.  Transcoder B’ is not in the speech path.

Alternatively, when OoBTC is not available, the MSC-Ss route a 64kbit/s PCM path between the BSC/TRAU and the MGWs. MGW B inserts a transcoder B'. MGW A is configured with PCM on both terminations and does not perform TFO-Protocol handling. TFO is enabled in transcoders A and B'.
1. When TFO-Negotiation between transcoder A and transcoder B' completes successfully, compressed speech is carried in all portions of the speech path. Transcoders A and B' remain in the speech path to perform necessary TFO protocol tasks and decoding, but do not perform transcoding.

The bandwidth and resource usage is analogous to sub-clause 5.1.3 below.

5.1.2
BSC to BSC Call via BICN

UE A in the coverage area of a BSC connected via A interface to a MGW, calls UE B which is in the coverage area of a BSC connected via A interface to a different MGW. The call between the MGW’s is carried via the Nb interface connecting them.
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Figure 5.1.2-1 BSC to BSC Call via BICN
Harmonized OoBTC/TFO procedures allow for the interworking of TFO procedures on the A interfaces and OoBTC/TrFO procedures on the Nc/Nb interface to provide for improved voice quality by removing unnecessary transcoding from the voice path, and high bandwidth efficiency on all portions of the speech path except the A interface between Transcoder A and MGW A and the A interface between MGW B and Transcoder B in the figure.

1. MSC-S A and MSC-S B use OoBTC to establish compressed speech over Nb between MGW A and MGW B.

2. If TFO is supported but codec mismatch occurs then the MSC-Ss discover the Codec Configurations at the BSCs via the MGWs using the TFO package on the Mc interface, they initiate TrFO/TFO codec negotiation harmonization, using OoBTC and/or TFO codec modification procedures.

3. When codec negotiation completes successfully, the Nb interface carries compressed speech with high bandwidth efficiency.  Transcoders A, A’, B’ and B remain in the speech path to perform necessary TFO protocol tasks and decoding but do not perform transcoding.

Alternatively, when OoBTC is not available, the MSC-Ss route a 64kbit/s PCM path between the BSC/TRAUs, transparently through the MGWs. Both MGWs are configured with PCM on both terminations and do not perform TFO-Protocol handling. TFO is enabled in transcoders A and B'.
1. When TFO-Negotiation between transcoder A and transcoder B completes successfully, compressed speech is carried in all portions of the speech path. Transcoders A and B' remain in the speech path to perform necessary TFO protocol tasks and decoding, but do not perform transcoding.

Figure 5.1.2-2 shows the bandwidth and resources used in case TFO or TFO-TrFO-TFO are applied. The MIPS values characterize the DSP usage in the steady state, i.e. when TFO is in OPERATION, for AMR. The values in brackets show the DSP usage before TFO is established. Please note that in the upper branch the MGWs are not necessarily aware that TFO is embedded in the G.711 bit stream:
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Figure 5.1.2-2 Bandwidth and resource usage for BSC to BSC Call via BICN
Note: the MIPS values in brackets() indicate the DSP-resource usage in the short TFO-setup phase, when TC is used
5.1.3
RNC to BSC Call via BICN

UE A in the coverage area of an RNC connected via Iu interface to a MGW, calls UE B, which is in the coverage area of a BSC connected via A interface to a different MGW. The call between the MGWs is carried via the Nb interface connecting them.
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Figure 5.1.3-1 RNC to BSC Call via BICN
Harmonized OoBTC/TFO procedures allow for the interworking of OoBTC/TrFO procedures on the Nc/Nb interface and TFO procedures on the A interfaces to provide for improved voice quality by removing unnecessary transcoding from the voice path, and high bandwidth efficiency on all portions of the speech path except the A interface between MGW B and Transcoder B in the figure.

1. MSC-S A and MSC-S B use OoBTC to minimize transmission bandwidth and the allocation of codecs on the speech path between RNC A and MGW B, using assumed information about the BSC B Codec Configuration.

2. If TFO is supported but codec mismatch occurs then MSC-S B discovers the Codec Configuration at BSC B via MGW B using the TFO package on the Mc interface, it initiates TrFO/TFO codec negotiation harmonization if necessary, using OoBTC and/or TFO codec modification procedures.

3. MSC-S B establishes TFO operation between MGW B and Transcoder B.

4. When codec negotiation completes successfully, the Ater, Nb and Iu interfaces all carry compressed speech with high bandwidth efficiency.  Transcoder A’ is not in the speech path.  Transcoders B’ and B remain in the speech path to perform necessary TFO protocol tasks and decoding but do not perform transcoding.

Alternatively, when OoBTC is not available, the MSC-Ss route a 64kbit/s PCM path between the BSC/TRAU B and the MGWs. MGW A inserts a transcoder A'. MGW B is configured with PCM on both terminations and does not perform TFO-Protocol handling. TFO is enabled in transcoders A' and B.

2. When TFO-Negotiation between transcoder A' and transcoder B completes successfully, compressed speech is carried in all portions of the speech path. Transcoders A' and B remain in the speech path to perform necessary TFO protocol tasks and decoding, but do not perform transcoding.

Figure 5.1.3-2 shows the bandwidth and resources used in case TFO or TFO-TrFO are applied:
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Figure 5.1.3-2 Bandwidth and resource usage for RNC to BSC Call via BICN
Note: the MIPS values in brackets() indicate the DSP-resource usage in the short TFO-setup phase, when TC is used
5.1.4
RNC to RNC Call via BICN

UE A in the coverage area of an RNC connected via Iu interface to a MGW, calls UE B, which is in the coverage area of an RNC connected via Iu interface to a different MGW. The call between the MGWs is carried via the Nb interface connecting them.
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Figure 5.1.4-1 RNC to RNC Call via BICN
OoBTC procedures associated with the Nb interface provide for improved voice quality by removing unnecessary transcoding from the voice path, and high bandwidth efficiency on all portions of the speech path in the figure.

1. MSC-S A and MSC-S B use OoBTC to minimize transmission bandwidth and the allocation of codecs on the speech path between RNC A and RNC B.

2. When codec negotiation completes successfully, the Nb and Iu interfaces all carry compressed speech with high bandwidth efficiency.  Neither Transcoder A’ nor Transcoder B’ remains in the speech path.

Alternatively, when OoBTC is not available, both MGWs insert transcoders (A' and B'), the MSC-Ss route a 64kbit/s PCM path between the MGWs and enable TFO.
3. When TFO-Negotiation completes successfully, compressed speech is carried in all portions of the speech path. Transcoders A’ and B' remain in the speech path to perform necessary TFO protocol tasks and decoding, but do not perform transcoding.

Figure 5.1.4-2 shows the bandwidth and resources used in case TFO or TrFO are applied:
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Figure 5.1.4-2 Bandwidth and resource usage for RNC to RNC Call via BICN
Note: the MIPS values in brackets() indicate the DSP-resource usage in the short TFO-setup phase, when TC is used
5.2
Mobile to PSTN Call Scenarios

5.2.1
BSC to PSTN Call via BICN

UE A in the coverage area of a BSC connected via A interface to a MGW, calls PSTN phone B, which is in a switch connected via a TDM interface to a different MGW. The call between the MGW’s is carried via the Nb interface connecting them.
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Figure 5.2.1-1 BSC to PSTN Call via BICN
Harmonized OoBTC/TFO procedures allow for the interworking of TFO procedures on the A interface and OoBTC/TrFO procedures on the Nc/Nb interface to provide for high bandwidth efficiency on all portions of the speech path except the A interface between Transcoder A and MGW A and the TDM path to the PSTN in the figure.

1. MSC-S A and MSC-S B use OoBTC to establish compressed speech over Nb between MGW A and MGW B.

2. If TFO is supported on the A interface but codec mismatch occurs then MSC-S A discovers the  Codec Configuration at BSC A via MGW A using the  TFO package on the Mc interface, it initiates TrFO/TFO codec negotiation harmonization, using OoBTC and/or TFO codec modification procedures.

3. When codec negotiation completes successfully, the Nb interface carries compressed speech with high bandwidth efficiency.  Transcoders A and A’ remain in the speech path to perform necessary TFO protocol tasks and decoding but do not perform transcoding.  Transcoder B’ performs the necessary transcoding to PCM.

4. Often it is not obvious, whether the call terminates in the PSTN or via TDM in another BICN with TFO capability. Transcoder B' is therefore enabled to perform TFO-Negotiation, but this is not successful (in this example) and will terminate after about 5 seconds.

Alternatively, when OoBTC is not available, the MSC-Ss route a 64kbit/s PCM path between the BSC/TRAU A and the PSTN, through the MGWs and enable TFO. Both MGWs are configured with PCM on both terminations and will therefore not perform TFO-protocol handling.
1. TFO-Negotiation in transcoder A will start, but will not be successful (the PSTN does not answer) and so will terminate after about 5 seconds. TRAU A will continue to transcode. The MGWs are both transparent and are not aware that TFO was attempted.
Figure 5.2.1-2 shows the bandwidth and resources used in case TFO-PCM or TFO-TrFO are applied:
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Figure 5.2.1-2 Bandwidth and resource usage for BSC to PSTN Call via BICN
Note: the MIPS values in brackets() indicate the DSP-resource usage in the short TFO-setup phase, when TC is used
5.2.2
RNC to PSTN Call via BICN

UE A in the coverage area of an RNC connected via Iu interface to a MGW, calls PSTN phone B, which is in a switch connected via a TDM interface to a different MGW. The call between the MGW’s is carried via the Nb interface connecting them.
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Figure 5.2.2-1 RNC to PSTN Call via BICN
1. OoBTC/TrFO procedures associated with the Nc/Nb interface provide for high bandwidth efficiency on all portions of the speech path except the TDM path to the PSTN in the figure. MSC-S A and MSC-S B use OoBTC to minimize transmission bandwidth and the allocation of codecs on the speech path between RNC A and PSTN B.

2. When codec negotiation completes successfully, the Nb and Iu interfaces carry compressed speech with high bandwidth efficiency.  Transcoder A’ is not in the speech path.  Transcoder B’ performs the necessary transcoding to PCM.

3. Often it is not obvious, whether the call terminates in the PSTN or via TDM in another BICN with TFO capability. Transcoder B' is therefore enabled to perform TFO-Negotiation, but this is not successful (in this example) and will terminate after about 5 seconds.

Alternatively, when OoBTC is not available, the MSC-Ss route a 64kbit/s PCM path between the MGWs and the PSTN, MGW A inserts a transcoder A' and TFO is enabled. MGW B is configured with PCM on both terminations and will therefore not perform TFO-protocol handling.

1. TFO-Negotiation in transcoder A' will start, but will not be successful (the PSTN does not answer) and so will terminate after about 5 seconds. Transcoder A' will continue to transcode. MGW B is transparent and is not aware that TFO was attempted.
Figure 5.2.2-2 shows the bandwidth and resources used in case  G.711 or TrFO are applied:
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Figure 5.2-2 Bandwidth and resource usage for RNC to PSTN Call via BICN
Note: the MIPS values in brackets() indicate the DSP-resource usage in the short TFO-setup phase, when TC is used
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