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1 Introduction
A new Work Item Voice services over Adaptive Multi-user on One Slot (VAMOS) was opened at GERAN#40 [1]. The purpose of the Work Item is directed towards improving speech network efficiency by support of more than one speech user simultaneously over the same physical resource.
This contribution presents performance data for the SACCH channel in GMSK and VAMOS modes, and compares relative performance to that of the most robust speech channel, TCH/AFS5.9.
Performance results for a shifted SACCH arrangement, as described in [3] are also presented. The performance impact of a relative power offset between the 2 VAMOS sub-channels, for the slot carrying the SACCH, is presented. Results are presented for the impacts both on the SACCH channel, and the speech channel on the other VAMOS sub-channel which is paired with it.
This is an update of the contribution presented at VAMOS Telco#5. Additional simulation results are now included.

2 SACCH Performance in VAMOS mode

This section presents the relative performance of the SACCH to TCH/AFS5.9 in the MTS-1 and MTS-2 channels for GMSK and VAMOS modes. The simulation parameters are shown in Table 1.
The performance of the SACCH and TCH/AFS channels in GMSK and VAMOS modes for the MTS-1 and MTS-2 channels is shown in Figure 1 and Figure 2. The relative performance at 1% FER is shown in Table 2 and Table 3.

It can be seen that the relative performance of the SACCH in VAMOS mode as compared to GMSK mode is 2dB worse for the MTS-1 channel, and 0.8dB worse for the MTS-2 channel.

Also shown is the SACCH FER at the point that the relevant TCH/AFS5.9 performance achieves 1% FER. This is shown for MTS-1 and MTS-2 in Table 4 and Table 5. It can be seen that, also in terms of a FER measure, the SACCH performance in VAMOS mode is relatively worse than in GMSK mode.

It is concluded that the SACCH channel in VAMOS mode is not sufficiently robust relative to the speech channels that it must support, and some method must be determined to improve this.

Table 1: Simulation Assumptions
	Parameter
	Value

	Logical Channels
	TCH/AFS5.9, TCH/AHS5.9, TCH/AHS7.95, SACCH

	Modes
	GMSK, VAMOS

	Channel profile
	Typical Urban

	Terminal Speed
	3km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-1, MTS-2

	Receiver
	SAIC

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error


	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]


	Frames
	40,000


Table 2: SACCH v TCH/AFS5.9 Performance, MTS-1

	
	TCH/AFS5.9 (dB)
	SACCH     (dB)
	Difference (dB)

	GMSK
	-7.7
	1.9
	7.6

	VAMOS
	3.5
	13.1
	9.6


Table 3: SACCH v TCH/AFS5.9 Performance, MTS-2

	
	TCH/AFS5.9 

1% FER (dB)
	SACCH     (dB)
	Difference (dB)

	GMSK
	2.8
	10.2
	7.4

	VAMOS
	8
	16.2
	8.2


Table 4: SACCH v TCH/AFS5.9 Performance, MTS-1

	
	TCH/AFS5.9 

1% FER (dB)
	SACCH     FER @ 1% speech FER

	GMSK
	-7.7
	29%

	VAMOS
	3.5
	33%


Table 5: SACCH v TCH/AFS5.9 Performance, MTS-2

	
	TCH/AFS5.9 

1% FER (dB)
	SACCH     FER @ 1% speech FER

	GMSK
	2.8
	33%

	VAMOS
	8
	38%
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Figure 1: SACCH & TCH/AFS5.9, GMSK & VAMOS modes, MTS-1
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Figure 2: SACCH & TCH/AFS5.9, GMSK & VAMOS modes, MTS-2
3 Performance under Relative Power Control

When two VAMOS sub-channels are present on the same physical channel, it is possible to change the relative power allocated to each of the sub-channels. However, the improvement in performance of the stronger channel comes at the expense of degraded performance for the weaker channel.

This is of concern especially if both of the two paired channels carry the SACCH. 
The proposal of shifted SACCH [3] has a number of desirable properties in relation to relative power control. The first is that the SACCH slots of the two VAMOS users don’t overlap, and so increasing power of one of the user’s SACCH channels, does not degrade the SACCH of the other user. The second property is that the SACCH slots are only transmitted every 26 frames, and so each SACCH slot aligns with only one slot of a given interleaved speech frame. In this way, the degradation to the traffic on the other sub-channel is spread across different speech frames, and the impact on any one given frame is substantially reduced. 

Figure 3 shows the impact of relative power control between the 2 SACCH channels, where no change is made to the framing – the legacy case – for channels MTS-1 and MTS-2. Three relative power cases are shown; 0dB, 3dB or 6dB power advantage (and thus the other SACCH at 3dB or 6dB disadvantage). It can be seen that as the power advantage of one of the SACCH sub-channels increases, the performance of the weaker channel degrades noticeably faster than the performance of the stronger channel improves. For a 6dB power advantage, the SACCH on the stronger channel improves by around 4dB, while the SACCH on the weaker channel degrades by around 5dB.
This large loss in relative performance of one SACCH at the cost of the other is a very undesirable property, especially in the light of the critical importance of the SACCH channel. In order to avoid this, the performance of different channel arrangements is considered. We present here the performance of the shifted SACCH [3].
Figure 4, Figure 5 and Figure 6 show the impact on speech FER performance of relative power control applied on the SACCH slots for TCH/AFS5.9, TCH/AHS5.9 and TCH/AHS7.95. Note, the 7.95 codec has the highest channel coding rate of all the speech codecs to be considered for VAMOS.

Curves are shown for a 3dB or 6dB advantage to the slots that carry the SACCH slots relative to the other VAMOS sub-channel, i.e. a 3dB or 6dB disadvantage to the speech channel when the SACCH slot is transmitted.
It can be seen that the degradation for all the cases is very small, being less than 0.5dB for the 6dB weighting case, for both MTS-1 and MTS-2 channels. (Note that the degradations for the TCH/AFS5.9 channel were updated since Telco#5, following a bug fix.)
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Figure 3: Relative Power Control on SACCH, MTS-1 & MTS-2
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Figure 4: Relative Power Control on AFS5.9, MTS-1 & MTS-2
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Figure 5: Relative Power Control on AHS5.9, MTS-1 & MTS-2
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Figure 6: Relative Power Control on AHS7.95, MTS-1 & MTS-2
4 Conclusions

This contribution has presented results for SACCH channel performance in VAMOS mode, and compared it with existing GMSK performance.
It was shown that the relative performance of the SACCH channel as compared to the TCH/AFS5.9 speech channel, degrades when using a VAMOS channel. It was concluded that some method of improvement to the SACCH channel performance is required for VAMOS mode.

Performance curves were presented for legacy framing, where the SACCH sub-channels are aligned. It was seen that performance of the weaker SACCH sub-channel is significantly degraded when relative power control is used.

Performance curves were also presented for the shifted SACCH proposal. It was seen that SACCH performance improvements of 4dB can be achieved, whilst only incurring a degradation of up to 0.5dB on the speech channel performance of the other sub-channel, even for the most weakly coded voice codec.
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