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SACCH Repetition Concept
There has been a general agreement in GERAN#26 to use SACCH repetition on uplink and downlink for enhancement of SACCH for lower modes of AMR. However, there are several open issues that were left for further investigation. The open issues are addressed in this paper with an outline of our preferred way forward. 

1 Signalling of Serial Repeated SACCH Request on UL and Order on DL

In [1] it was proposed that the spare bit in the layer1 header shall be used for signalling the SACCH Repetition Request on the uplink and the SACCH Repetition Order on the downlink. There was a general consensus that the network shall control the mechanism of SACCH repetition. However, it should be noted that for the operation of repeated SACCH, the signalling of the SACCH repetition using these two commands is critical and hence it is desirable that the signalling is robust. 
It was shown in earlier contributions [3], [4] that unnecessary repetition of the SACCH (especially on the uplink) brings a loss in the measurement report refresh rate at the network and hence this should be avoided. Signalling via layer 1 header bits is not only less reliable under degrading radio conditions but it is also likely that the signalling is either delayed or unnecessary repetitions might be triggered when there is already SACCH repetition on the opposite link which is undesirable. The triggering of the repetition either on the uplink or on the downlink is highly dependent on the correct reception of the signalling messages. It is hence desirable that the network has a dependable knowledge of the missed SACCH frames at the mobile so that repetition could be triggered at the right time. 

If a lower rate AMR mode is selected directly after an intercell handover, when the mobile is yet to acquire the complete set of system information messages in the new cell (up to 20 SACCH frames – which are needed when there are one or more 3G neighbour cells - are used to transmit the System Information messages after handover which might take up to 10 seconds in ideal radio conditions), any mechanism which allows selective repetition of system information messages transported over SACCH is advantageous in order to minimise the delay for acquisition of those signalling messages in the new cell. With SACCH repetition based on signalling using stealing flags, the probability of minimising the acquisition delay for these system information parameters will be low. This is possible because of the higher robustness of the signalling thus enabling the network to have exact knowledge of the missed SACCH frames at the mobile thereby facilitating a possible selective retransmission of the missed messages. 

1.1 Performance Comparison

As an alternative, it was suggested in [3] to use the stealing flags of the SACCH frame for either requesting SACCH message repetition on downlink or commanding SACCH repetition on uplink. This scheme firstly exhibits a considerably higher robustness as shown in Figure 1 and secondly provides means for above described selective SACCH retransmission.
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Figure 1: Comparison of performance of various signalling options for ordering the usage of Serial SACCH Repetition on uplink

Further it was also suggested in [7]. [6] that when using layer 1 header bits for signalling, only the correctly decoded SACCH frames shall be used to interpret either the SACCH Repetition Order or the SACCH Repetition Request [6] and [7]. However, it should be noted that this only solves the problem of unnecessary repetitions being triggered. The FER on SACCH itself is not negligible in these conditions as seen from Figure 2. This means that at 3dB C/I (which roughly is the operating region for the lowest AMR mode – TCH/AFS 4.75), around 50% of the repetition commands are lost with normal SACCH (since FER on SACCH is 50%). About 30% of repetition commands are lost even if repeated SACCH is used temporarily in the opposite link solely for the purpose of getting this signalling through.  Moreover repetition of the SACCH delays the signalling commands on the opposite link, which is unacceptable as triggering of repetitions at the right instant is critical in these situations.
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Figure 2: Performance of normal and repeated SACCH (source [6])

1.2 Inter-working Issue to Enhanced Power Control

The main issue with the stealing flags based signalling proposal is that the stealing flags of SACCH are already used for EPC (Enhanced Power Control). Hence it is proposed that when in EPC mode, and if the AMR mode changes to any one of the lowest three AMR modes (TCH/AFS 4.75, 5.15 or 5.9), then even if EPC is active, the EPC channels (both on uplink and downlink) shall be deactivated. This means that the mobile has to stick to either the last received EPC command’s power level or simply follow the power command of the SACCH frame (which ever is latest). The MS should rely on normal power commands only for the rest of the connection. 
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Figure 3: Inter-working between Normal Power Control and Enhanced Power Control (TS 45.008)
As can be seen from Figure 3, normal power control is operational even during EPC, and since EPC is terminated at the BTS, the BSC is completely transparent to this switching between EPC and normal power control during AMR mode transition even though there is a command during the call setup to use EPC. Hence there is no need for any layer 3 messages during the call for this purpose. 

Hence, it is proposed that when the AMR link adaptation leads to activating a robust AMR mode (one of the lowest three in this case), EPC channels are deactivated immediately after completion of the pending SACCH block for that SACCH multi-frame period and thereafter, for the reminder of the connection, the bursts of the new SACCH block follow the new stealing flag definition and the FPC_EPC bit is set to zero in the SACCH Layer 1 header. 

When EPC is not operational, the stealing flags of SACCH can be used for signaling for higher modes of AMR also. 
2 Extended Measurement Period

Other open issue is regarding the length of measurement period used at the mobile when using serial SACCH repetition on the uplink. We believe that since the mobile will have to repeat the SACCH messages on the uplink, it is better for it to average the neighbour cell measurement results over the 960ms period instead of 480ms period. This will improve the granularity of the measurement results and also ensure that none of the measurements made by the mobile are discarded. It is expected that especially in case of a higher number of neighbours in the neighbour cell list averaging for a longer period will give more samples per neighbour cell and hence the measurements become more reliable. This would not make the handover performance any worse because there is averaging in the network anyway.
One possibility to achieve this is to let the network on an implementation dependent basis (possibly depending on the number of neighbours in the neighbour cell list),  indicate whether normal or extended measurement period should be used by the mobile in case of activation of Serial Repeated SACCH on uplink. This could be done by adding an appropriate bit to the system information message (SI 6 Rest Octets) as shown in [8]. The mobile in any case needs to support both normal and extended measurement period. Such flexibility would allow the network to base the length of the measurement period on the number of neighbours in the neighbour cell report. 
3 SMS Inter-working

There were some concerns regarding SAPI = 3 frames being delayed because of SACCH repetition. However, it is believed that sending of a SAPI=3 frame during an ongoing speech call on the uplink is quite unlikely and on the downlink, the network can either postpone the SAPI = 3 frame or postpone repetition dependent on implementation dependent criteria to solve this. We believe that it is better to leave this decision to be implementation dependent rather than specifying any priorities. It should be noted that even though SAPI = 3 frame is sent, when the radio conditions are poor, there is a good chance that it might be lost. However, this issue is not critical in our eyes. 

4 Indication in the Classmark

It is believed that an early realisation of this feature is desirable. Hence, we propose to use a solution without any indication in the Classmark of the mobile station. However, this would need that the network reliably differentiates a legacy mobile and mobile capable of receiving repeated SACCH. The problem with using layer 1 bits for signalling is that these bits are defined as spare currently and this means that the behaviour of a legacy mobile can’t be predicted here. A legacy mobile might set the spare bits to either ‘0’ or ‘1’ and this will be interpreted (wrongly) by the network as the mobile requesting a repetition on the downlink (if the bit is set to ‘1’). Hence it is quite risky to realise this feature using the spare bits in the layer 1 header.  

We suggest using the following alternative using stealing flags for signalling. 
During the call when the mobile first switches to a lower mode of AMR, the mobile shall (switch off EPC channels if in EPC mode) send a SACCH Repetition Request on the in the next SACCH frame on the uplink using the stealing flags to indicate to the network that it supports the Serial Repeated SACCH. The base station - if it has recognized a new mobile (supporting Serial Repeated SACCH) – shall then send a SACCH Repetition Order using the stealing flags on the downlink in the following SACCH frame to indicate to the mobile that it supports the Serial Repeated SACCH mode. This shall happen only once when the there is a switch to one of the lowest three modes of AMR speech. The Serial Repeated SACCH mode is then active on both links (if supported by both the network and the MS), until the BTS decides to switch back to normal mode on either link. 

Note that for a legacy network that supports normal power control only, there is the risk that due to the different setting of the stealing flags indicating the SACCH repetition request, the UL SACCH message could potentially lead to a decoding failure. In general it is assumed that these base stations can be SW upgraded to ignore the different stealing flag setting on the SACCH. Thus a new mobile will not get any response from a legacy network and will derive that Serial Repeated SACCH is not supported by the network. The MS will then omit any further transmission of a SACCH Repetition Request.

This avoids any indication in the Classmark, hence the feature can be realised more quickly as an indication in Classmark will need testing in the core-network, which would delay the deployment of the Serial Repeated SACCH feature.
5 Conclusion

It has been shown that the stealing flags based signaling for Repeated SACCH operation is feasible by switching EPC off for lower AMR modes in the network. Since the stealing flags based signaling is more robust and guarantees triggering of repetitions when necessary (and only when necessary), it is recommended that this method is adopted for Repeated SACCH operation. Modifying EPC by changing the SACCH/TP coding (to free the stealing flag bits) is a further option that can be used as a compromise for this purpose. 

The extended measurement period is recommended to be used for Repeated SACCH in uplink. This is especially seen as beneficial for the cases where there are more number of neighbors in the neighbor cell list. Hence it is recommended that the network signals the usage of normal or extended measurement period to be used for Repeated SACCH thus allowing the possibility to adapt the procedure to the number of neighbors in the neighbor cell list.

A possible way to realize the feature without an indication in the Classmark 3 of the mobile station is also highlighted. 

Corresponding CRs to include the concept in the 3GPP specifications are provided. 
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