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SACCH performance analysis for VAMOS half rate channels
1. Introduction

Control channel performance is important to achieve full voice capacity in the networks. For VAMOS, the performance of speech and control channels have been compared for the full rate case in [1] and it has been shown that there is no issue with the control channel performance for the full rate speech channels in VAMOS mode. In this contribution further considerations are given for the halfrate case and the SACCH performance is studied in particular. 
2.  SACCH performance
SACCH performance is important as it conveys critical information like power control commands and timing advance etc in downlink and measurement results from the UE in the uplink. It has been agreed that in VAMOS mode, the relative difference in performance shall be kept between the speech and control channels [3]. Since the candidate technique chosen for VAMOS modifies the modulation and not the channel coding for either the speech or the control channels, it is logical to expect that the relative performance between the speech and control channels stays the same irrespective of the overall difference in their absolute performance. In [1], this effect has been verified for the full rate channels. In this contribution, the half rate channels are also included in this analysis and only the SACCH performance is considered. Figure 1 shows the result. The common simulation assumptions are summarised in Table 1. 
Table 1: Common simulation settings

	Parameter
	Setting

	Channel
	TU 3 id FH (900 MHz carrier frequency)

	SCPIR
	0 db (QPSK), downlink

	Impairments
	Tx: Typical BTS transmit impairement model used

Rx: None

	Interference model
	MTS-1 

	Number of frames
	10000 per C/I point

	Receiver
	SAIC UE assumed
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Figure 1: Performance comparision between SACCH and speech channels
It can be seen from Figure 1 that the relative performance between speech and SACCH is maintained not only for the full rate case, as already demonstrated in [1], but also for the half rate case as it should be given the unchanged channel coding for either the speech or SACCH. Moreover, it can be clearly seen that the performance gap between speech and SACCH is much lower in case of half rate channels when compared to the full rate channels. Hence, the control channel performance, if at all seen as lagging, should first be bottleneck for the full rate channels and not the half rate channels as concluded in [2]. 
3.  SACCH Enhancements

If DTX is enabled for the speech channels, it can be expected that there is no difference in performance of speech in legacy case whilst for VAMOS case, the speech performance is slightly better when DTX is enabled. This is because when the subchannel user goes into DTX, GMSK bursts are sent and it is expected that this typically leads to better performance for the user receiving speech bursts. The gain in performance with DTX enabled has been demonstrated to be around 0.5 dB for the half rate speech channels in question [2]. This however, should be seen as a potential additional gain for the speech channel but not as a loss in performance for the control channel since the control channel performance stays the same. However, if it is believed that this ~0.5 dB performance gain for speech channel would be problematic and would necissiate an enhancement for SACCH, one should first consider the existing mechanisms standardised; i.e. repeated SACCH, to enhance the control channel performance. It should be noted that repeated SACCH was standardised exactly to overcome any discrepancies between SACCH and the most robust speech codec modes. In the following section repeated SACCH is further analysed in VAMOS mode. 
3.1 Repeated SACCH

Repeated SACCH is a simple way of improving the SACCH performance and has been standardized as part of Rel-7 in GERAN. The performance of repeated SACCH is studied here for VAMOS mode. Figure 2 shows the performance of speech channels along with the the repeated SACCH performance in VAMOS mode. 
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Figure 2: Speech and control channel performance with repeated SACCH in VAMOS

As can be seen from Figure 2, the gains from repeated SACCH are substantial and any performance gap between the SACCH and speech performance would be more than compensated using the repeated SACCH mechanism. One concern raised with repeated SACCH has been that repeated SACCH would slowdown the update rate of power control commands and/or the timing advance commands. However, it is not mandatory for the network to repeat the layer 1 header in case of repeated SACCH. The repeated SACCH mechanism benefits from the fact that there is inherent repetition in the parameters in layer 1 header of SACCH [4]. One might argue that in that case if the parameters in layer 1 header changes, then the benefits from repeated SACCH are reduced. 
However, as highlighted already, the layer 1 header information in downlink SACCH has an inherent repetition. For instance, a change in 1 timing advance symbol corresponds to a round trip distance change of ~1.1 km (speed of light assumed 3e8 m/s) which at a UE traveling at 100 km/h corresponds to ~19.8 s (i.e. 41.2 SACCH periods!).  Also when using the lowest AMR modes (for which the SACCH performance is studied here), the UE is expected to be in coverage limited/interference limited scenarios and hence the highest power step would most likely be commanded. Thus, a degree of inherent repetition is guaranteed if the higher layer messages are repeated in SACCH without loosing the layer 1 signalling granularity. 
From the performance perspective, it can be seen that even if every other failed SACCH can’t be combined (due to change in layer 1 header) the gains would still be substantial (see Figure 3). It can also be seen from Figure 3 that even if only every 4th failed SACCH frame can only benefit from combining (i.e. repeated), that would still be sufficient to guarantee a better SACCH performance with repeated SACCH than the TCH/AHS 4.75. What this means is that even if the layer 1 header of SACCH is not at all repeated, simply by combining the failed SACCH frame with previous SACCH frame might be enough to substantially improve the SACCH performance in VAMOS mode. 
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Figure 3: speech and SACCH performance with repeated SACCH where only a fraction of the failed SACCH frames could be combined
4. Conclusion

In this contribution, the performance of SACCH has been studied in VAMOS mode and is compared with the lowest AMR codec modes in full rate and half rate cases. It has been shown that the performance of SACCH and speech channels is according to the requirements agreed in [3]. If DTX is considered in addition, as shown in [2], a slightly better speech performance ensues (~0.5 dB) in VAMOS mode. However, we believe that this doesn’t necissiate a new enhancement for SACCH like shifted SACCH proposed in [2]. Instead, existing mechanisms like repeated SACCH could be used in an efficient way to close any gap between SACCH and speech performance. It should be noted that repeated SACCH doesn’t slowdown the refresh rates of the parameters in layer 1 header of SACCH. It has been shown that even if only 1 in 2 or 1 in 4 failed SACCH frames can be combined due to the changed layer 1 header in the others, it would be sufficient to have significant gains in case of repeated SACCH. 
Given the above, it is recommended that repeated SACCH is considered for any SACCH enhancements in VAMOS mode before specifying yet another procedure to close the gap between speech and SACCH for VAMOS. 
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