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Issue and solution proposed to manage the RLT counter for serial SACCH 
1 Introduction

It has been acknowledged in the previous GERAN meetings that there is a need for improvement of the Associated Control Channels (FACCH and SACCH) for the lower modes of the AMR. While for FACCH a solution has been agreed and start standardized since May 2005, for SACCH two main mechanisms have been elected as possible solution and discussed at conference call held the 12th of August: spread SACCH [1] and serial SACCH [2]. The serial SACCH solution has been chosen at GERAN #26 end of August as the preferred solution. The goal of this feature is to reduce call drops due to Radio Link Timeout (RLT) by enhancing the decoding performance of the SACCH for AMR.

The serial SACCH solution is similar to the repeated FACCH solution: SACCH frames are repeated (see [2]). But for SACCH, this repetition could be applied in both downlink and uplink. The serial SACCH can be enabled or disabled during the voice call depending on the radio conditions.
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Figure 1 –Serial SACCH solution.

The gain obtained by combining the soft decisions of the 2 repeated SACCH frames, compared to single SACCH, is about 4dB. The main drawback of this method is the delay introduced by repeating the SACCH frames.
This document first describes the issue with the management of the RLT counter when serial SACCH is used and the proposed solution. This solution has been elected among different possible ones based on simulations. 

2 Issue with Radio Link Counter


The following graph describes the use of the Radio Link Counter as it is defined for legacy phones when receiving SACCH frames.
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Figure 2 – Modification of the RLC for legacy MS/networks

 In the scenario described in Figure 3, the MS badly decodes several SACCH frames sent by the network which is supposed to have serial SACCH feature deployed.
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Figure 3 – Possible scenario for serial SACCH frames

When the MS requests SACCH repetition on the downlink, the network can take this request into account or not. So, when badly decoding received SACCH frames, the MS is not aware of whether or not 2 consecutives SACCH frames have been sent twice or if it is different ones. In that case, the proposal made in [2], that the mobile consider 2 SACCH frames as one and decrement the RLC by 1 when both have been badly decoded cannot be applied. The idea to consider 2 SACCH frames as one should be more optimal than considering SACCH frames independently for managing the RLT counter. Moreover, with this solution, there is no need to reset the RLT counter to double its initial value, as it would be the case if SACCH frames were treated independently, each time serial SACCH is activated.
The idea is to use signalling to know that 2 SACCH frames have to be considered as one or not, especially when they are badly decoded. To do this, robust signalling is needed without combination. In fact we need to know, when receiving a SACCH frame, if we have to consider it as a repeated one or not without waiting for the next SACCH frame to try to do a recombination.

To do this signalling, spare bits of the SACCH pay load could have been used. But simulations show poor results compared to the use of stealing flags when no combining is done.
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Figure 4 – Mapping of DL SACCH content on 184-bit L1 payload.

The other choice is to use the stealing flags. Siemens also will to use the stealing flags for requesting repetition on the opposite link. For that, spare bits could be used as proposed by Nokia. In fact, for this request, spare bits could be combined by sending the order in serial SACCH frames so the performance of decoding the spare bits is improved. For the management of the RLT, this must be done on a frame by frame basis so combining can not be used to improve the performance.

The main remaining issue is that Enhance Power Control (EPC) feature is using the stealing flags of the SACCH (named SACCH TP in that case). This feature has been discussed at previous GERAN #26, and found at now poor interest. It could be postponed for another Release or not used when serial SACCH is activated. Since at now it is included in Release 5 GERAN specifications, the performance obtained by removing 2 bits from the 12 bits of the codeword of the EPC, to free the stealing flags, is evaluated in this document.

When using the stealing flags, the proposed solution is to set the stealing flags at 0 when the SACCH frame will be repeated as shown in Figure 5 (by default it is specified in the specification 45.003 that the stealing flags of the SACCH are set to 1). So on the receiver side, when receiving a SACCH frame with stealing flags at 0, the RLT is not updated. When receiving the following SACCH frame (which is a repetition of the previous one), the RLT is updated taking into account the 2 SACCH frames (for example, if 1 of the 2 SACCH frames has been correctly decoded, the RLT is incremented by 2, if not decremented by 1).
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Figure 5 – Possible scenario for serial SACCH frames using stealing flags

Other possibilities for the stealing flags values can be imagined like setting the stealing flags at 0 for all SACCH frames when serial SACCH is activated. The advantage of the one presented here is, if we do an error when decoding the stealing flags, with next good decodes of the stealing flags, the MS knows what frames have to be consider as a pair to handle the RLT. If all the stealing flags are set to 0 when serial SACCH is activated, if the MS makes an error once when decoding the stealing flags, it does not know, when badly decoding the SACCH frames (i.e. no comparison of SACCH frames data possible), which ones have to be considered as a pair.
3 Simulations results

Since the RLT counter is incremented by 2 in case of success when decoding, and decremented by 1 in case of failure, when FER of SACCH is around 66 %, there is a risk for the RLT counter to reach 0 and then lead to a drop call. So, the signalling used must be robust enough to be reliable in that range of values.
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Figure 6 – Decoding performance.

From the simulation results, we can see that 66% FER corresponds to C/I values of -4 to -2 dB in the case serial SACCH is used. In that range of C/I, the spare bits have a high error probability (more than 10%) which is too important to be used for signalling the repetition of SACCH frames and manage the RLT counter.

In the same range of C/I, the stealing flags are much more robust (less than 4% of error rate).

The robustness of the signalling of repeated SACCH frames is critical since a bad management of the RLT counter could imply an increase of drop calls. If spare bits are not enough robust, stealing flags show acceptable decoding performance to be used for signalling.

[image: image7.jpg]Codeword Error Rate

TUO03 850MHz C/l WithFH

0
10 T T T T T T T

—*— EPC codeword on 12 bits
—©— EPC codeword on 10 bits

107 i i i i I I i i

i




Figure 7 – EPC decoding performance.

We have seen in the previous chapter that the stealing flags should be used by the EPC feature. The figure above shows the degradation of performance by removing 2 bits of the 12 bits codeword of the EPC to free the stealing flags. 

4 Impacts on 3GPP Specifications
· 3GPP 45.008 : Modifications are needed to manage the Radio Link counter, taking into account the fact that stealing flags signals repetition or not of a SACCH frame
· 3GPP 45.003: Modifications are needed to use the stealing flags of the SACCH for signalling the repetition or not of frames. If EPC feature is not postponed to further Releases or used at the same time as serial SACCH, modifications are needed to modify the number of bits of the codeword from 12 to 10.
5 Conclusion

At GERAN #26, serial SACCH solution has been chosen to enhance SACCH decoding at low C/I. This solution has been preferred because of its low complexity and the good results obtain. The main issues remaining concern the signalling. 

The proposed solution described here solves the issue for managing the RLT counter by using the stealing flags of the SACCH. The use of the stealing flags instead of spare bits is justified by simulation results showing the robustness of the stealing flags compared to the spare bits. Concerning the EPC feature, at now this feature shows poor interest for all companies involved in GSM business. Moreover simulation results show that the impact on EPC performance can be acceptable. The signalling with the stealing flags of the repetition of the SACCH frames simplifies the design of the receiver to handle serial SACCH. It can help also, in uplink, the BS to detect when serial SACCH is used and then, if longer measurement period is accepted, when the MS applies it. It is also not needed with this solution to change the initial value of the RLT counter each time serial SACCH is activated.
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