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Signalling and handover delay issues for Serial SACCH Repetition

1 Introduction

Two schemes have been proposed for enhancing the SACCH performance – the Serial SACCH [1] and the Spread SACCH [2]. Previous recommendation from Ericsson has been to use Serial SACCH Repetition on the downlink and Spread SACCH on the uplink, see [3]. The reason for the mixture of the two schemes has been due to the concern with the extra delay of the handover that could occur if Serial SACCH is used on the uplink. 

In this contribution, the handover delay has been studied for Serial SACCH Repetition and Spread SACCH in proportion to the normal SACCH. In addition some issues regarding the signalling of the Serial SACCH Repetition are outlined. 

2 Evaluation of the handover delay 

The impact on measurement reporting and handover timing is evaluated for the Serial SACCH and the Spread SACCH.

2.1 Assumptions

· A new neighbour cell suddenly turns up. It is assumed that the signal strength measured in the MS goes from 0 to maximum immediately.

· The MS measures and reports to the NW according to the respective procedures of normal SACCH, Serial SACCH and Spread SACCH, respectively. For Serial SACCH, an averaging period of two SACCH periods (960 ms) is assumed, while the other schemes use the regular 480 ms period.

· The measurement reports are prone to errors on the radio link according to the respective schemes. BLER values are taken from [1]

 REF _Ref111875133 \r \h 
[2]. Block errors are assumed independent. Different C/I:s are considered but C/I is assumed constant in each trial.

· In the NW, the measurements are filtered according to proprietary procedures.

· For simplicity, only one neighbour cell is considered. It is assumed that this is the correct candidate for handover. When the NW becomes aware of this new neighbour, a handover is initiated. This is assumed to occur when the output of the filter reaches the true level of the new neighbour’s signal strength (i.e., maximum).

· The times at which a handover is initiated with the respective schemes are compared and presented in section 2.2.

· 5000 attempts are run for each C/I value and each scheme.

2.2 Results

The results are shown in Figure 1. It is shown that both enhanced schemes reduce the delay until a handover is initiated for low C/I levels (below 4 dB). For higher C/I levels (above 4 dB), the Serial SACCH causes an extra delay while the Spread SACCH always provides a reduction (which approaches 0 seconds for high C/I levels).

[image: image1.wmf]
Figure 1. Average delay reduction of Serial SACCH and Spread SACCH relative to normal SACCH.

Based on the results in Figure 1 there is no longer a worry that Serial SACCH Repetition will delay the handover, as long as it can be restricted to low C/I levels. The recommended scheme for the uplink is therefore changed from Spread SACCH to Serial SACCH Repetition. 

3 Signalling

In [4] it is suggested that the MS shall request the activation of Serial SACCH on the downlink. This requires that a threshold for the RLT counter is sent to the MS in order to have the same behavior for all Serial SACCH MSs in the network. A simpler solution would be to let the network control the use of Serial SACCH for both the uplink and the downlink. For the downlink the network can decide to start using Serial SACCH based on the information in the measurement reports. The request for Serial SACCH Repetition on the uplink shall be done by using a spare bit of the Layer 1 header on the downlink, as suggested in [4]. The benefits of letting the network control the use of Serial SACCH Repetition in both uplink and downlink are:

· The Serial SACCH Repetition on the downlink will be triggered at the same level for all MSs in a network. The risk of having different behavior between the MS vendors is elimininated.

· Less signalling is needed if the network controls the Serial SACCH Repetition on the downlink since no indication is needed in the L1 header on the uplink and no threshold for the RLT counter needs to be sent to the MS. 

· The network has the possibility to turn on/off the use of Serial SACCH Repetition in both the uplink and downlink during an ongoing call, if needed. 

The error rate of the spare bits was investigated in [1] and there were some concerns that this error rate was too high, and it was proposed to use the stealing flags instead. However, instead of using the stealing flags a more simple solution would be to use a spare bit in the L1 header and temporarily use Serial SACCH Repetition in the downlink, if not already switched on, for the first downlink SACCH multiframe that indicates that Serial SACCH Repetition shall be used on the uplink. The same procedure is then repeated for the first SACCH multiframe that indicates that Serial SACCH Repetition shall not be used on the uplink. The indication of Serial SACCH Repetition in the L1 header shall only be considered for correctly decoded SACCH blocks. The additional use of the Serial SACCH Repetition on the downlink that this will cause it not seen as a problem. It is only immediately after a handover that this could be a problem, but this could be solved by applying restrictions in the network to not allow the use of Serial SACCH on the downlink immediately after a handover, if not necessary.  

3.1 MS capability

The Serial SACCH may have impact on how the network evaluates the measurement reports and it is therefore suggested that the MS shall report its capability at call-setup. If the MS indicates Serial SACCH 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.  

4 New measurement period

As proposed in [1], a new measurement period of 960 ms is needed in combination with Serial SACCH on the uplink. It is better to do some kind of averaging over the whole period instead of throwing the oldest samples away.  

5 Short Message Service using SACCH

During an on-going call the short message transfer will use the SACCH. If an SMS message shall be sent in the uplink when Serial SACCH Repetition is used on the uplink, it shall not be sent in-between an UI frame and its repetition. In section 4.2.2 in 44.006 is the current priority between the signalling links described and it is suggested to add additional text to this section that states how the priority between the signalling links shall be when Serial SACCH is used. 

Note: it is recommended for the network to apply the same priority when Serial SACCH is used on the downlink.

6 Conclusion

Both the Serial SACCH and Spread SACCH improve handover performance at low C/I levels (below 4 dB). For higher C/I levels (above 4 dB), the Serial SACCH delays handover. On the other hand, since the normal SACCH is good enough above 4 dB (no risk of radio link timeout), SACCH enhancements are not necessary in this case. Therefore, it is concluded that the Serial SACCH, adaptively turned on and off depending on the radio conditions, will not delay handover compared to today. Considering the simplicity of the Serial SACCH scheme, it is recommended to adopt this scheme for release 7.

The decision when to use the Serial SACCH should be decided by the network for both the uplink and the downlink. The network has already all the necessary information today and extra signalling can therefore be avoided.

The robustness of the spare bits in the L1 header is not seen as a problem since it is possible to use Serial SACCH to achieve the necessary robustness. Serial SACCH on the downlink can be used, if not already in use, at activation and de-activation of Serial SACCH on the uplink.
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