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Signalling VAMOS mode in downlink

1. Introduction

The WID for VAMOS [1] envisages 2 levels of VAMOS support. Whilst the VAMOS level I mobiles are expected to be based on legacy DARP-I architecture, the VAMOS level II mobiles are based on architectures which can better make use of the presence of the synchronous other subchannel signal in downlink. In particular, VAMOS-II mobiles are expected to have good performance in VAMOS especially when receiving VAMOS signal at extremely negative SCPIR (SubChannel Power Imbalance Ratio).

Simulation results have been presented to show the impact on the performance of the VAMOS-II mobiles when operating in non-VAMOS mode [2], [4],[6] and [9]. A decision on the signalling issue was postponed at GERAN#45 due to open questions on the need and the benefits with the proposed VAMOS mode DL signalling. In this contribution an attempt is made to answer these open questions. 

It has been noted that VAMOS mode signalling proposed at GERAN#45 is not adequate. Hence, an alternative method of signalling VAMOS mode is proposed in this contribution. 
This document is a revision of GP-100855. The only change is in the list of co-sourcing companies. 

2. Need for signalling of vamos mode

The benefits of the DL signalling in VAMOS mode to a VAMOS-II mobile were evaluated in [2], [4] and [6]. The results in these contributions showed that for the VAMOS-II architectures based on joint detection receivers, there would be a non-negligible loss in performance when these VAMOS level II terminals operate in non-VAMOS mode if VAMOS mode is not signalled in advance. It should be noted that the loss in non-VAMOS mode performance shown in these contributions from various vendors is the loss with respect to their respective reference DARP-I performance. It should be noted that the 3GPP DARP-I requirements are applicable for the VAMOS-II mobiles when these operates in non-VAMOS mode. However, a loss in performance in non-VAMOS mode would be highly undesirable for the operators, as this would result in suboptimal performance for these mobiles in both non-VAMOS networks and also in VAMOS networks when VAMOS is not enabled. 

A number of questions were asked with regards to the need for signalling and these are clarified in the following sections. 

3. Signalling of VAMOS mode

VAMOS mode should ideally be signalled at the call setup (in the Assignment command). For most of the scenarios it would be enough to signal the VAMOS mode at call setup. However, VAMOS calls are typically paired by using the Channel Mode Modify procedure. This is because; typically the network will select a couple of ongoing calls in the network and pair them by sending the Channel Mode Modify command (if they satisfy certain quality criteria). Hence, having the mechanism to signal VAMOS mode at the Channel Mode Modify procedure would be desirable as well. Thus it would be desirable to signal VAMOS mode in the following commands:

· Assignment Command

· Channel Mode Modify
· Handover command
At GERAN#45, Channel Description IE was shown as a suitable container for carrying this signalling. However, only Channel Description 2 IE is included mandatorily in Assignment and Channel Mode Modify commands and this IE has only one code point left for use. So, it is proposed to use the Channel Mode IE instead for signalling VAMOS mode. Although Channel Mode IE is optional to be included in the above commands, it is needed for the speech call when it is first assigned as well as when the mode is changed. Hence, this is seen as a suitable container. A CR to 44.018 can be found in [7].  Since Channel Mode IE can also be included in Handover command, it enables indication of VAMOS mode during handover. 

4. Open questions on need for signalling

4.1 Is the signalling targeted to signal the DTX transitions in VAMOS mode?

It should be noted that even though the call is in VAMOS mode, the DTX transitions would result in the downlink modulation being in GMSK mode in downlink from time to time for a given user. However, the sourcing companies believe that these DTX transitions shall not be signalled using the proposed VAMOS mode signalling. Even with the DTX transitions, the call is supposed to be in VAMOS mode throughout anyway (see 3GPP TS 45.001) and DTX transitions are expected to be reliably detected by VAMOS-II architectures and in any case, there will be a test case to test the performance of the VAMOS-II mobiles with DTX transitions in VAMOS mode. It should be noted that VAMOS-II mobiles in all scenarios would be expected to meet DARP-1 requirements in addition anyway. 
4.2 Will the signalling procedures be mandated for the networks?

The signalling proposed in this contribution is only expected as a way to enable the VAMOS mode signalling in downlink and the actual implementation of the signalling will be left to network optimisations.

4.3  How will the signalling actually work?

In Non-VAMOS networks: Here the network implementation would be quite straightforward. i.e. all calls are allocated in non-VAMOS mode at call setup and no signalling is needed at any time. This ensures best possible performance for VAMOS-II mobiles in these networks. 

In VAMOS networks: Here, all calls which are likely to be paired for a VAMOS-II mobile shall be allocated in VAMOS mode at call setup. The decision at call setup could be based on very simple criteria like:

· Time of the day (allocate all calls in VAMOS mode during busy hours)

· Current network load (allocate all calls in VAMOS mode if the number of free network resources for speech calls is beyond a threshold)

Figure 1 shows the example scenario in VAMOS aware network where the call is assigned in VAMOS mode. A transition point in time is shown in the figure beyond which all calls are allocated in VAMOS mode as stated above. It can be seen from this figure that VAMOS mode is signalled only at the call setup in this example and no additional signalling will be needed. For the duration of the call when the call is actually not yet paired or when the other user in DTX, the downlink modulation is in GMSK mode. DARP-1 performance requirements will be applicable for VAMOS-II mobiles (this is shown in yellow colour in the figure below) for this duration. It can also be seen that no additional signalling during DTX transitions are envisaged. It should be noted that for VAMOS-II mobiles, in addition to the DARP-I requirements, DTX test case requirements will also be applicable when the other subchannel user is in DTX (see 3GPP TS 45.005).
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Figure 1: VAMOS mode signalling example

4.4 What happens if the network assigns VAMOS mode but the call is not paired?

This can usually happen in the VAMOS aware network during the initial period in the call when the network is searching for a pairing candidate (TDMA frames#0 till 28 in Figure 1 shows this case). In this case, the DARP-I performance requirements will be applicable to the VAMOS-II mobile because the VAMOS-II mobile is actually operating in non-VAMOS mode, hence the non-VAMOS performance requirements are applicable. 

It is worth clarifying that the performance of VAMOS-II mobile in this scenario would be slightly worse than what can be achieved if non-VAMOS mode were actually signalled (this is the loss shown in [2], [4] and [6]). However, VAMOS-II architectures shall still meet the 3GPP non-VAMOS mode requirements (DARP-I).

4.5 What happens if the network assigns non-VAMOS mode but the call is to be paired?

Firstly it should be noted that if the network assigns non-VAMOS mode and the call is to be paired, then the network would need to send a Channel Mode Modify command to one of the 2 mobiles that are being paired. In case of VAMOS-II mobile, a change in the VAMOS mode (i.e. call being put into VAMOS mode) can simply be indicated whilst signalling the changes in other physical parameters during the Channel Mode Modify procedure. This has the advantage that there is no additional impact to the speech for the mobile in this case. 

In any case, this scenario is only a rare case and is likely to occur if the network conditions change significantly during call. i.e. when a very long voice call extends beyond the transition boundary shown in Figure 1 (For example, referring to the period from TDMA frame #-N until #-10 or beyond in Figure 1 and the value of the N could be very large).

4.6 Wouldn’t network level signalling be better?

Network level signalling would solve the issues for non-VAMOS networks. However, this also prevents networks from further optimisations in VAMOS aware networks. The sourcing companies believe that this is an unnecessary restriction. Also network level signalling would not allow signalling of VAMOS mode during handover. This would be needed for instance if calls are to be put in VAMOS mode at inter-cell/inter-RAT handovers.

Network level signalling would also need costly resources on the BCCH. This is undesirable because the VAMOS mode signalling is only useful for VAMOS-II mobiles in speech mode. Hence, a peer to peer signalling would be more appropriate. 

The signalling proposed in this contribution implies that no additional legacy signalling message is sent to indicate VAMOS mode in DL that otherwise would not have been sent to the MS. This ensures that there is no additional signalling and hence no impact to the speech. That does not prevent the call based signalling from providing a way for further optimisations in the future whereas network level signalling does not allow for that and consequently is not future-proof.

4.7 Will the proposed signalling benefit VAMOS-II performance in VAMOS mode?

Although this has not been shown to GERAN thus far, it can be expected that the VAMOS-II performance at extremely low SCPIRs could benefit significantly from having the knowledge of VAMOS mode. i.e. the DL signalling would enable VAMOS-II architectures to be optimized for operating in both VAMOS mode and in non-VAMOS modes. 

4.8 Will the proposed signalling lead to additional test cases in 45.005?

The sourcing companies believe that there would be no additional test cases needed in 45.005. VAMOS-II mobiles should by default meet all the requirements for DARP-I when operating in non-VAMOS mode or VAMOS mode. So no new performance figures will be needed in 45.005 because of signalling. 

4.9 Will the proposed signalling solve all the issues highlighted in [2] and [4]?

In a non-VAMOS network VAMOS-II mobile will have best possible performance with the proposed signalling i.e. all issues are solved in this case and there will be no impact to speech. In a VAMOS aware network, the proposed signalling provides a means to minimise the impacts that are highlighted in [2] and [4] depending on the network implementation. It is expected that with very simple optimisations in the networks as described in section 4.3, the impacts highlighted in [2] and [4] could almost completely be overcome without any impact to speech. 

5. Conclusion

VAMOS mode signalling is necessary to prevent impacts to VAMOS-II mobiles in non-VAMOS mode and in non-VAMOS capable networks. It is proposed that VAMOS mode signalling in downlink is agreed and a recommendation is made to WG2 to discuss and agree the proposed signalling in [7]. 
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