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On Serial SACCH Repetition

1 Introduction

In previous GERAN meeting it was decided to use the Serial SACCH Repetition (SSR) scheme for both the uplink and the downlink. However, there still remain some issues that need to be clarified before the solution is finalized.

This contribution contains a discussion and proposed solutions for the outstanding issues.

2 Activation/deactivation of SSR

2.1 Activation/deactivation of SSR/UL

It is proposed to use a spare bit in the SACCH layer 1 header to activate/deactivate SSR/UL (“SACCH Repetition Order”, SRO, as described in [1]). 

The signalling performance needs to be in balance with the performance of speech. The performance of the most robust AMR mode, TCH/AFS 4.75, is unacceptable at C/I levels below 2-3 dB, as shown in Figure 1. When the C/I is 2-3 dB, the frame erasure ratio (FER) of normal SACCH is close to 40-50%, which is too much to convey the signalling. On the other hand, a FER of 40-50% is too much to convey the other information normally sent on SACCH in downlink (neighbour cell information). Therefore, SSR/DL is typically activated at these low C/I levels. The FER of SSR is only 6-10%, which is sufficient to convey the signalling. If, fore some reason, SSR/DL is not active when SSR/UL needs to be activated, SSR/DL can be (temporarily) activated to make sure that the SRO is received by the MS.

With this solution, there is still a small probability that the SRO is missed by the MS, but the consequence of this is just that the activation/deactivation of SSR/UL is delayed by one second. Once the MS has received the SRO, it will obey the command until a new SRO is received, as described in [1].
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Figure 1. Performance of SACCH, Serial SACCH Repetition, TCH/AFS 7.4 and TCH/AFS 4.75 (copied from [2]).

2.2 Activation/deactivation of SSR/DL

The activation/deactivation of SSR/DL is done autonomously by the BSS, based on implementation dependent criteria. To aid the BSS decisions, the MS will send SACCH Repetition Requests (SRR) in the uplink. It is proposed that the SRR is sent in a spare bit in the SACCH L1 header, as described in [1]. 

Similar to what is described in section 2.1, SSR/UL may be necessary to give a robust signalling channel for the SRR at very low C/I levels. However, other information sent in SACCH on the uplink (measurement reports) is even more important to the network. Therefore, SSR/UL will be active when this is necessary to convey the SRR. Note that the BSS has full knowledge about the FER of SACCH on the uplink and can activate SSR/UL based on this knowledge.

2.3 On alternative solutions

An alternative solution has been proposed that uses the stealing flags of the SACCH to convey the SRR and SRO. This solution has the drawback that it is not compatible with enhanced power control (EPC), since there are no stealing flags on a channel where EPC is used (SACCH/TP). For this reason, it has been suggested to deactivate EPC when one of the lower AMR modes (MR 5.9, MR 5.15 and MR4.75) is first used on a channel. For instance, if the MS receives a MR 5.9 speech frame, it will deactivate EPC and interpret the stealing flags as SRO instead, starting from the next SACCH multi-frame. However this solution relies on that the MS correctly decodes the speech frames. If for instance the last speech frame in a SACCH multi-frame is the first speech frame using MR 5.9, the BSS will start transmitting SRO in the following SACCH multi-frame. If the MS fails to decode the MR 5.9 speech frame, it will assume EPC commands are still sent in the next SACCH multi-frame and follow these commands. The consequence is arbitrary changes in transmitted power from the MS and likely a dropped call. The channel coding of MR 5.9 is not more robust than the SRR. Therefore, this solution does not give more robust signalling than the proposal in section 2.1. 

3 MS capability indication

SSR may have impact on how the BSS evaluates the measurement reports and it is therefore suggested that the MS shall report its capability at call-setup. If the MS indicates SSR capability the network knows that the measurement report will be repeated, if ordered by the network, and that there will be a new measurement report only every other SACCH multiframe. Thus there is no need for a trial-and-error approach, which would have to be used for all MS, of which a majority will not support SSR, except on a long timeframe.

The capability can also be used to distinguish between SSR MSs and non-Serial SACCH Repetition MSs at channel allocation and performance evaluation.

This is not considered to have a large impact to the MS implementation.

4 Extended measurement period for downlink measurements

It has been suggested to extend the measurement period on the downlink from 480 ms to 960 ms when SSR/UL is used. With this solution throwing away measurement results would be avoided. However, if the extended measurement period is considered to be significantly more complex from a MS implementation point of view, a solution with the current 480 ms measurement period would be acceptable since the measurements do not change rapidly from one 480 ms period to the next.

5 DTX used

The measurement reports from the MS also contains some information used to interpret the uplink measurements made by the BTS. Especially, the DTX-USED flag, indicating if DTX has been used or not by the MS during the measurement period, is important for the BTS. The reason is that e.g. the RXQUAL_FULL measurements by the BTS will be invalid if DTX has been used, and the BSS will have to rely on the RXQUAL_SUB instead.

For SRR, this has some implications:

· If SRR/UL is used, the BSS will receive a measurement report (including the DTX-USED flag) only every 960 ms. Two possible solutions are envisaged:

· The DTX-USED flag indicates the use of DTX during 960 ms periods. The BTS has full knowledge of the validity of RXQUAL_FULL etc.

· The DTX-USED flag indicates the use of DTX during 480 ms period. The BTS assumes that DTX has been used during the not reported period and relies on RXQUAL_SUB etc for these periods.

· Since the MS sends the measurement report twice, the BSS can decode it either at the first or second transmission. Unless the BSS knows if the first or second transmission was received, it will not know to which period of time the DTX-USED flag refers. To solve this problem, a restriction in the repetition could be introduced, where a first transmission must be sent on odd SACCH multi-frames and retransmissions on even SACCH multi-frames. 

6 SMS

Prioritisation of SMS could be left implementation dependent. Either SAPI 0 frames could be stolen for SMS or the SMS could be delayed until SRR is not used.

This could be a possible solution also for the uplink since uplink SMS transfer during a speech call is a rare event.
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