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On modified SACCH mapping for VAMOS
1. Introduction

The control channel performance for VAMOS has been discussed for a long time in GERAN. Several companies have supported the modification of SACCH mapping for VAMOS as a mandatory feature for mobile and network implementation at GERAN#44 [9]. The sourcing companies have expressed concern on the complexity of shifted SACCH and recommended to use the standardised repeated SACCH as a way forward [10]. In this contribution the implementation aspects of the shifted SACCH are further elaborated. In particular the speech delay that would ensue because of shifted SACCH is highlighted and a way forward is proposed to solve the issue. 
2. Shifted SACCH implementation
2.1 Shifted SACCH configuration

Many different versions of shifted SACCH were discussed in the past [5], [8]. However at the last meeting the proposal for shifted SACCH is summarised in the CR contributed by the sourcing companies in [9]. The new channel arrangement according to [9] for full rate and half rate channels is shown in Figure 1 and Figure 2 below. 
In these figures, the individual speech frames are numbered (speech frame 0 till half of the speech frame number 11 are shown below) and the diagonal interleaving of speech is depicted showing the even and the odd bits in the burst alternatively being used by speech frames. “S0” and “S1” are the first and second bursts of the SACCH frame. “I” represents the idle frame position in the TDMA frame mapping. 
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Figure 1: Full rate speech with normal and shifted SACCH
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Figure 2: Half rate speech with normal and shifted SACCH (only one HR subchannel shown)
2.2 Layer1 timing aspects

It can be seen that both in full rate and half rate modes, the speech frame mapping changes with shifted SACCH operation. This has consequences for the layer 1 speech sampling timing for the mobile implementation. 
At the mobile side, the speech sampling window would need to be placed such that the end to end speech delay is minimised. The optimal arrangement to minimise the end to end speech delay neglecting any processing delays in the mobile is shown for the full rate speech mode in Figure 3 and for half rate speech mode in Figure 4. The sampled speech frame is numbered and shown under the row “TX side (sampling window)”. The speech frames are also colour coded. It should be noted that once the call starts, the speech sampling would always produce 1 speech frame every 20 ms continuously. 
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Figure 3: optimal speech sampling for fullrate speech mode
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Figure 4: optimal speech sampling for halfrate speech mode
With shifted SACCH however, the above optimal timing of speech sampling would not be feasible anymore. This is depicted in Figure 5 for fullrate mode and Figure 6 for halfrate mode. 
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Figure 5: Speech timing misalignment with shifted SACCH for fullrate speech mode
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Figure 6: Speech timing misalignment with shifted SACCH for halfrate speech mode
It can be seen from the figures that that the speech sampling would be optimally placed as shown in Figure 3 and Figure 4 minimising the end-to-end delay whilst taking all the processing constraints at the mobile into account. Thus, assuming that this sampling window can’t be changed, it can be seen that the only option for the mobile is to postpone the speech transmission to a suitable time in the future so as to respect the layer 1 timing requirements. This implementation is shown in Figure 7 below for the fullrate and Figure 8 for the halfrate case. 

It can be seen that this results in an additional delay to the speech. This would result in an additional speech latency of ~20ms on the radio interface.
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Figure 7: New speech timing with shifted SACCH – fullrate mode
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Figure 8: New speech timing with shifted SACCH – halfrate mode

Also of concern is the scenario after handover. It is not only possible but may be even very typical that the mobile is switched between the normal SACCH and shifted SACCH modes during the call (due to handover). This could occur for instance if VAMOS pairing occurs during a normal speech call and the mobile is assigned a TSC from different TSC set to enable the VAMOS pairing. This might result either in additional delay or more lost speech frames during handover.   

2.3 Speech latency and specification work

It needs to be first checked whether the above mentioned additional latency for speech is feasible and what impact it has on the perceived speech quality. If this additional latency for speech needs to be added, we need to double check the specification impact on a number of other specs specifying the requirements for transcoders for AMR etc. The sourcing companies believe that this is to be avoided. 

3. Alternative proposal

It has been already shown that SACCH performance is an issue for the lowest modes of fullrate AMR speech codecs. It has also been shown that for halfrate case the RLT timeout or dropped calls due to SACCH failures are not a bottleneck [10]. If an enhancement for SACCH is deemed necessary, then the fullrate VAMOS configuration would be the most likely scenario where this enhancement would be necessary. Hence we propose that a shifted SACCH configuration which would swap the idle frame with the SACCH frame of the speech be standardised for the fullrate speech for VAMOS (when the TSC from the set2 is assigned). This solution is shown in Figure 9 below and has indeed been discussed in various previous contributions addressing SACCH enhancements for VAMOS [4]. 
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Figure 9: Alternative proposal for shifted SACCH – dual Full rate VAMOS case

The main advantage with this proposal is that for fullrate mode – where the SACCH enhancements make most sense – maximum gains are obtained – basically SACCH is always in GMSK mode! Also since there is no change in speech frame timing, there is no impact on the layer 1 implementation at the mobile for the speech timing and the disadvantages highlighted in section 2 are not applicable. Of course this doesn’t cover the halfrate case. However, for halfrate case speech and SACCH performance is not a bottleneck and repeated SACCH could be used in the rare occasions when it is needed. 

4. Conclusion
In this contribution, some implementation impacts of the shifted SACCH as proposed in [9] are highlighted. It has been shown that the speech latency may increase with shifted SACCH. Considerable changes to specifications would also result as a consequence. A number of other disadvantages with shifted SACCH have already been highlighted in other contributions as well in addition [10]. The alternative to shifted SACCH for fullrate mode that would simply swap the SACCH and Idle frame positions in the TDMA frame structure is proposed to improve SACCH performance in VAMOS mode. This proposal – which has already been discussed earlier in GERAN – has the advantage that it provides maximum gains for SACCH in FR mode as well as it has no implementation impacts for the mobile stations. 
In view of these, it is proposed that GERAN consider using shifted SACCH only for fullrate mode – where any SACCH enhancement would be most useful – and the proposed solution in this contribution to be taken as a way forward for VAMOS. 
References
[1] GP-050943, Repeated SACCH, Nokia, GERAN#24. 
[2] GP-052148, RLT analysis for serial SACCH repetition, Philips, GERAN#26
[3] GP-081666, MUROS control channel performance, Nokia Siemens Networks, Nokia Corporation, GERAN#40
[4] GP-091305, Control channel performance for VAMOS, Telefon AB LM Ericsson
[5] GP-091197, Updated SACCH performance for VAMOS lev2 and nonSAIC receiver, Huawei Technologies Co., Ltd.
[6] GP-081304, Summary of MUROS Offline Session, WI Rapporteur, GERAN#39.
[7] GP-091765, Chairman's report of GERAN WG1#43, TSG GERAN WG1 Chairman, GERAN#43. 
[8] GP-091219, Enhanced channel organization schemes for half-rate SACCH, Samsung Electronics Co, GERAN#43. 

[9] GP-050943, CR 45.002-0137 rev 2 Introduction of Shifted SACCH mapping for VAMOS (Rel-9), Huawei et.al, GERAN#44
[10] GP-091979, Further evaluation of SACCH performance for VAMOS, Nokia et.al, GERAN#44
	3GPP TSG GERAN #45
	TDoc GP-100277
	3 / 4



