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Aspects of SACCH Performance for VAMOS
1 Introduction

When increasing GSM voice capacity by VAMOS, link performance of traffic and control channels is affected in different ways, while speech quality and signaling robustness should be maintained [1]. The control channel performance being slightly more impacted than the traffic channel performance, the balance is a matter of concern. In the current specification of VAMOS [2], especially the SACCH performance cannot benefit from the time intervals when the paired user is in DTX. To cope with this situation, use of Repeated SACCH and introduction of Shifted SACCH has been proposed which can even be combined [3]. There has been considerable work on the performance evaluation of these aspects by various companies, but so far not leading to consistent conclusions.
In this contribution, quantitative criteria for SACCH performance are discussed with regard to the variety of tasks supported by SACCH transmission. Especially risks for call stability in case of block errors and reduced throughput are considered.
2 Discussion 
While TCH link performance is typically quantified by C/I at 1 % FER reference performance, various measures have been applied to assess SACCH link performance: 
· C/I at 1 % SACCH FER reference performance

· C/I at 5 % SACCH FER reference performance (as for SDCCH DARP [4]) 

· C/I at 5 % RSACCH FER reference performance (as for Repeated SACCH [4]) 

· SACCH FER at 1 % TCH FER [5]
· SACCH message throughput [6] 

· RLT failure probability [6] 

It is worth noting that RSACCH FER statistics are rather different from SACCH FER statistics, because for Repeated SACCH a bad frame is counted if neither of 2 consecutive SACCH frames can be decoded ([4] Section 6.2.4: “When calculating FER, … a SACCH frame and its repetition … shall be counted as one frame and a frame erasure shall be counted when … neither the SACCH frame nor its repetition … could be successfully decoded.”). This difference in statistics is efficiently normalized when considering SACCH message throughput [6]. Therefore throughput curves are very helpful to assess the performance of SACCH, Repeated SACCH, Shifted SACCH and Shifted Repeated SACCH on a comparable basis. 

Figures 1 – 3 show SACCH message throughput curves based on Nokia simulation results (from Figures in [6]). Both Repeated SACCH and Shifted SACCH have clear advantages in the range where throughput degrades by SACCH errors. Shifted SACCH improves the throughput over nearly all interested range. Under bad channel conditions and negative SCPIR, the improvement by Shifted SACCH seems to be higher than that of Repeated SACCH (but in this area the values read from Figure 5 in [6] might be affected e.g. by curve smoothing artefacts). In order to approximate the RSACCH DTX curve (based on results from [7]), the DTX status was assumed to be equal on both sequential SACCH in the repeated SACCH. It is believed that this is a lower bound to the RSACCH DTX performances, as the DTX diversity is not fully exploited. In any case there is no doubt that this curve would clearly outperform the throughput for the individual features, because the basis of the improvement is rather independent (repetition coding vs. DTX gain).
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For the interpretation of these results the purpose of SACCH transmission in DL and UL should be considered in some detail to analyze specific risks arising from lower throughput, especially with regard to call stability. SACCH provides:

· Radio Link Timeout in DL and UL

· L1 signaling in DL and UL

· measurement reports in UL 

· system information in DL

· SMS in DL and UL

The risk of RLT failure occurs if SACCH throughput is near to 0.333/480ms = 0.69/s or below (at SACCH FER = 2/3 the RLT counter performs a random walk [8] with high risk of reaching 0, for SACCH FER > 2/3 it will surely expire after some time for any initial counter value). In this range of operation while the Repeated SACCH improves the performance by about 2 dB, the Shifted SACCH improves the performance by 2 dB or even more. The combination can be expected to improve by maybe 4 dB or more. 

There is certainly no risk of RLT failure at the desired point of operation at 1% FER for any TCH/H mode. This is more questionable for operation of TCH/F modes, especially TCH/F4.75, but TCH/F may be considered as less relevant case for VAMOS operation. However, in TCH/H and in TCH/F modes RLT failures may happen in real network operation, because calls are sometimes not sufficiently supported any more by the serving cell. Improved control channels can help to keep the call connected, and handing over even at points of operation when the voice quality is already disastrous is certainly better service to the user than just dropping the call.

Therefore improving SACCH throughput is in fact interesting to reduce RLT failure risk in such critical situations far apart from 1% FER for TCH.

L1 signaling for uplink power control and timing advance takes advantage from the slow variation of these parameters when SACCH throughput is lowered. Nevertheless there may be a critical phase after a handover, if the new cell is really bad from the beginning (but just good enough to go for Handover Complete message instead of exercising Handover Failure procedure) and the first SACCH messages already fail in DL or UL.
An even longer critical phase after handover into a bad cell may occur for the measurement reports in UL and for the system information in DL. The MS needs to generate the BA list from multiple sysinfo messages (which takes long especially in case of multi-band and multi-mode operation) for generating meaningful measurement reports. High SACCH DL throughput clearly helps to minimize the time until the point when the relevant measurement reports can be generated to enable the network to hand the call over again to another, better cell. Also in this phase the point of operation where improvement of SACCH throughput is beneficial can be far worse than 1% FER for TCH.
The Shifted SACCH proposal has clearly some unavoidable small degradation of TCH. However, this should be acceptable based on the additional benefit for call stability (for cases which, though realistic, are very difficult to capture in system simulations) in order to provide overall balanced system performance.

3 Conclusions

In general terms, the Shifted SACCH proposal and its minor degradation of TCH should become an acceptable part of the trade-off between quality and capacity based on the significant benefit for call robustness.
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