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Control Channels for VAMOS
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 timeslot.
In addition to the definition of the speech traffic channel, another important aspect is the definition of the control channels, SACCH and FACCH. The control channels are particularly important because they are pivotal in ensuring that the call is not dropped, and achieving a good level of speech performance. Dropped calls and speech performance are key parameters by which to assess the quality of a network.
This contribution proposes some concepts to achieve maximally robust control channels, both for legacy and new VAMOS capable MSs. This is to be followed later by simulation analysis.
2 SACCH Channel signaling

Speech traffic channels are accompanied by the SACCH channel that conveys slow control information. Unlike the timeslots on which the speech encoded frames are transmitted, there is no discontinuous transmission on the timeslots of the SACCH information. So, in the default configuration, when 2 users (one of which may be legacy MS) are allocated on a single resource, then each user’s SACCH transmissions always occur simulataneously with the other user’s SACCH transmission. This is shown in Figure 1, where each user is shown on a VAMOS sub-channel. (`T` denotes a speech traffic slot, `S` a SACCH slot, and `-` the Idle frame.) 
A more robust form of SACCH channel multiplexing can be achieved for 2 users. It is possible to utilize the spare frame in frame 25 in order to separate the SACCH transmissions of the 2 users on the VAMOS channels. The 1st sub-channel (which may also be a legacy MS) SACCH can remain to be transmitted on frame 12. The 2nd sub-channel SACCH can be transmitted on frame 25. This is shown in Figure 2. In this way, SACCH channel performance similar to that currently achieved for GMSK can be maintained.   
Another case of interest is SACCH channel support when half rate channels are active over VAMOS channels. For example, the case when 3 speech channels are being used, 2 of which are half rate, and the other may be full or half rate. The current default SACCH mapping is as shown in Figure 3. The traffic and SACCH slots of the 2 half rate users are shown in black and blue to distinguish between them. The first half rate user uses frame 12 for SACCH, and It can be seen that the SACCH performance of the 2 channels using frame 12 will be poorer than that of the channel using frame 25, since it exists without another sub-channel applied.
A more robust form can be achieved for 3 users. Since at least the MS on Sub Ch 1 is VAMOS aware, it can be configured such that its SACCH is transmitted on different frame numbers in alternate SACCH blocks, to achieve interference mitigation similar to that from DTX. This is shown in Figure 4. So, for example for even SACCH block numbers, the SACCH slots can be transmitted on frame 12, and for odd SACCH block numbers, the SACCH slots can be transmitted on frame 25. In this way a more balanced SACCH channel performance can be achieved.

In the case that a 4th user is multiplexed, i.e. 2 half rate users on VAMOS sub-channel 1, the SACCH transmissions can be allocated to fill the available timeslot, for example frame 25 for even SACCH blocks, and frame 12 for odd SACCH blocks.
The discussion above is equally applicable to the uplink transmissions from the MSs as well.
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Figure 1: Default SACCH multiplexing – 2 users
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Figure 2: Improved SACCH Multiplexing  - 2 users
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Figure 3: Default SACCH Multiplexing - 3 users
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Even SACCH block no.
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Figure 4: Improved SACCH multiplexing - 3 users
3 FACCH Channel signaling

A possibly more critical control channel for circuit speech traffic is the FACCH channel. The FACCH channel is used to convey urgent messages in order to perform a handover, inter-cell or intra-cell, either as a result of poor channel conditions or for resource balancing. In conditions that the FACCH message is sent because of poor channel conditions, the channel can degrade very quickly. In order to ensure a clean handover, the FACCH should be as robust as possible.

A number of options have been discussed as possibilities for FACCH multiplexing definition. 

One option is to overlay the FACCH message on the allocated sub-channel by just replacing the speech frame(s) by the FACCH message. However, this leaves the FACCH performance at a similar level to that of TCH/FS on the VAMOS channel. Also considered is the usage of repeated FACCH as an addition. However, this also will bring the performance to around that of TCH/AFS4.75 on the VAMOS channel. 
Often when channel conditions have degraded very rapidly, the performance of the FACCH over the VAMOS channel will be insufficient to be received and avoid a dropped call. A better method of conveying FACCH messages can be considered to obtain as robust a method as possible.

An improved option is to always transmit the FACCH message using GMSK modulation. This entails stealing also the speech frame of the other sub-channel. However, these are relatively rare events, and so it is likely worth the trade-off, from the network point of view, as compared with the chance of a dropped call.
4 Conclusions

This contribution has presented some possible options for the multiplexing of control channels for speech traffic over VAMOS channels. It is anticipated that these options will outperform other options presented to date. This is to be verified by simulation analysis.
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