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Repeated SACCH

1. Introduction

It has been generally accepted within TSG-GERAN that the link performance of the associated control channels is a limitation to achieving full capacity with AMR.

During TSG-GERAN #23, repetition was agreed for the FACCH. For the SACCH, a couple of proposals based on repetition have been discussed, and a number of drawbacks were identified.

In this contribution, a proposal to enhance the downlink SACCH is given which overcomes these drawbacks, by exploiting repetition which is already inherent on the SACCH. An enhancement to the uplink SACCH is FFS.

2. Need for enhancement

In a trial network which was optimised for AMR, DCR statistics indicate that the sensitivity of the SACCH channel as well as the FACCH increases exponentially with network load. While there are a number of techniques which could be used that do not require standardisation, we believe these will not be sufficient enough. In addition, the statistics imply that the SACCH is more sensitive to coverage than the FACCH (DCR at zero load) implying the need for an enhancement to the UL as well.

3. Existing Proposals

Two proposals to provide an enhancement to the SACCH have been discussed in TSG-GERAN.

The first, denoted ‘Parallel SACCH’ [1][2], proposes to send a SACCH repetition within in IDLE slots of a traffic channel. This would then allow the mobile to combine the SACCH and parallel SACCH prior to decode, thus improving the likelihood of a successful decode.

The drawback of this approach is that the IDLE slots are already used by the mobile to perform neighbour cell monitoring. Reducing this time will impact handover performance. To provide the possibility of an early decode, it was proposed to reverse the order that the parallel SACCH blocks are sent. However, it is unclear if this would provide a benefit in poor conditions when the need to receive all parallel SACCH blocks will be the greatest.

The second, denoted ‘Spread SACCH’ [3], proposes to send a SACCH repetition through speech bit stealing.

This would impact speech quality and is incompatible with DTX. In addition, a different speech puncturing pattern would need to be optimised for a number of modes for each TCH where an enhancement is required. It is believed that currently this includes the AMR FR, E-AMR HR, AMR-WB FR, E-AMR-WB FR & E-AMR-WB HR (on these channels the code rate of the most robust modes are significantly less than the SACCH)

4. Proposed Solution To SACCH repetition

To solve the drawbacks of the Parallel SACCH and Spread SACCH, this contribution proposes to exploit repetition that is already inherent on the SACCH. 

In 44.018 it states:

“The SACCH has the particularity that continuous transmission must occur … for that purpose, SYSTEM INFORMATION TYPE 5, 6 and optionally 5bis and 5ter messages are sent in the network to mobile station direction in UI frames when nothing else has to be sent.

The network may in addition send MEASUREMENT INFORMATION messages on the SACCH”
Based on the assumption that these messages and TA and PC commands do not change frequently, then inherent repetition shall occur on the SACCH channel – enabling the mobile to apply soft decision combining on successive SACCH frames that carry these messages.

In order to facilitate repetition, it is proposed that under network control, the network L1 shall re-schedule these UI frames in pairs and indicate to the MS when to attempt combining. This could be done using the stealing bits, as they are currently not used on the SACCH (set to 0). 

As the proposal does not enforce repetition, the response times for the TA and PC should remain unaffected. However, as a consequence, changes between UI frame pairs could occur. To account for this, the MS shall be required to perform double decoding
 in order to avoid combining frames that contain differences.

The concept is illustrated in Figure 1.
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4.1 Changes to frames on the SACCH

The proposal is based on the assumption that differences between pairs of UI frames do not occur often. This assumption is valid because:

· SI5, SI5bis, SI5ter, SI6 and PHYSICAL INFORMATION
 messages contain identities, options and information specific to the serving and neighbour cells and thus change very seldom in a given cell.

· a change in TA by one symbol corresponds to 0.55km (at the speed of light) which for a mobile travelling at 50km/s takes 39.6s (82.4 SACCH periods).

· changes in PC is dependent on the PC algorithm employed. Nevertheless, when coverage limited (e.g. when the MS is indoors) or interference limited (high interference), maximum power can be assumed. To increase the likelihood of repetition, the BSS could also delay a change in PC command by one SACCH period.

4.2 Legacy issues

The proposal does not affect TA or PC response times and will only affect slightly the scheduling of UI frames when conditions deteriate. Consequently, the proposal would not have an impact on the performance of a legacy mobile.

In a legacy network, the stealing bits of the SACCH will already be set to indicate that repetition is not in use.

4.3 Implementation

Implementation is potentially very simple.

· under network control (e.g. based on measurement reports), the network L1 shall re-schedule UI frames in pairs

· network L1 shall also indicate to the MS when to attempt combining (e.g. by setting stealing bits to 1)

· MS shall, when indicated by the stealing bits, attempt double decoding

4.4 Uplink enhancement

Like with the downlink, messages must also be continuously transmitted in the UL. When nothing else needs to be sent, these shall be measurement result messages and so would be expected to change from one message to the next.

To overcome this, repetition could be forced (under network control such as e.g. whenever repetition is being indicated on the DL). However, this has the disadvantage of reducing the update rate of measurement results.

5. Conclusion

In this contribution, a proposal to enhance the downlink SACCH is given which overcomes the drawbacks of existing proposals. For example, the proposal

· does not impact neighbour cell monitoring

· does not impact impact speech quality

· compatible with DTX

· simple to implement
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� where the MS shall attempt a decode, first without combining, and then if the decode failed, shall re-attempt the decode with combining


� as there can be more than one instant of the PHYSICAL INFORMATION message, the network might prefer to limit repetition to SI messages only
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