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Enhancements of Shifted SACCH Proposal
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 more than one speech user simultaneously over the same physical resource.
Speech data is not typically present all the time for transmission on a link, and so the link can enter discontinuous transmission (DTX). Typically the speech activity period is expected to be in the region of 50%. When a speech link is in DTX, the transmitting side (either base or mobile) need only transmit slots containing SACCH data and silence descriptor (SID) data. In this case, the other user link on a given VAMOS channel becomes a GMSK transmission on other TDMA frames, which leads to significant performance gains for the speech channel from DTX.

The transmission of the SACCH channel, however, is always transmitted for both VAMOS channels, irrespective of their DTX state. Thus, as currently defined, the SACCH channel performance will on average be relatively worse than for its accompanying speech channel data.

A suggestion that involves shifting of the SACCH transmissions has been proposed, for example in [2]. This contribution provides some discussion on the proposal, and describes some improvements that can be made to the concept.
2 Shifted SACCH in VAMOS
The proposal made in [2] is shown in Figure 1. In order to provide benefit to the SACCH link performance during DTX, the positions of the SACCH frames for the secondary VAMOS users are proposed to be shifted from frame 12 to 6, and from frame 25 to frame 18, for the half rate sub channel 0 and 1 respectively. There are a number of ways in which this is less desirable than other possible mappings.
Several speech slot transmissions are shifted in time. For user u3, the interleaved data for TDMA frames 6, 8 and 10 are all shifted; for user u4, data in frames 18, 20, 22 & 24 are shifted. Other mappings could reduce the number of shifted data frames.

It is preferable to place the secondary SACCH frame so that it is consistent in terms of its position relative to the speech interleaving, probably either the first or last interleave slot for a given speech frame. For the proposal in [2], a SACCH slot on frame 6 displaces the last frame of an interleaved speech block; and for a SACCH slot on frame 18, it displaces the first frame of an interleaved speech block.
The frame locations of the proposed shifted SACCH slots in [2] conflict with the positions of the TDMA frames of which SID data is sent for TCH/FS, TCH/EFS and TCH/HS speech – see Table 1. For example, frame 6 interferes with SID frame of TCH/FS and EFS (because frame 58 has shifted SACCH on it). The same is true for half rate channels – a SACCH on frame 6 interferes with SID frame of TCH/HS on sub-channel 0 at frame 58; a SACCH on frame 18 interferes with SID frame of TCH/HS on sub-channel 1 at frame 70.
There are 2 impacts. The first is that the framing of that user’s SID information would require shifting/splitting. The second impact is that, even when both users are in DTX, the SACCH channel cannot enjoy all the gains possible, because transmissions of SID information for the other VAMOS user on the channel is transmitted in the same TDMA frame.
3 Shifted SACCH – modified proposal

A modified mapping of the shifted SACCH proposal is shown in Figure 2, for the example of timeslot 0 or 1 resources. For the secondary VAMOS channel, the SACCH frame would be placed on frame 10 instead of 12 (for full rate or half rate sub-channel 0), and frame 24 instead of 25 (for half rate sub-channel 1). This brings a number of advantages.

Only one interleaved slot of speech data is shifted in time, either frame 10 to 12 (for full rate and half rate sub-channel 0), or frame 24 to 25 (for half rate sub-channel 1). 
The shifted interleaved speech data slot is kept constant as the last slot of an interleaved speech block.

The position of the modified SACCH frame now does not interfere with position of the SID frames of legacy codecs for TCH/FS, TCH/EFS & TCH/HS.

[image: image1]
Figure 1: Shift SACCH Mapping - Original Proposal (from [2])

       
[image: image2]
Figure 2: Shift SACCH Mapping - Modified Proposal
Table 1: Frame numbers used for SID transmission - legacy

	Type of channel
	TDMA frame subset always to be transmitted

	
	TDMA frame number (FN) modulo 104

	TCH/FS & TCH/EFS
	52, 53, 54, 55, 56, 57, 58, 59

	TCH/HS,subchannel 0
	0, 2, 4, 6, 52, 54, 56, 58

	TCH/HS,subchannel 1
	14, 16, 18, 20, 66, 68, 70, 72


4 Conclusions

This contribution has considered a number of aspects of the modified SACCH proposal, and has highlighted a number of ways that it may be improved. An improved proposal has been discussed.
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