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On VAMOS Mode Signaling in Downlink
1 Introduction
The necessity of VAMOS mode signaling has been discussed for several GERAN meetings and a couple of solutions have been proposed so far (see [1], [2], [4], and [6]). The latest solution using the channel description IE can be found in [6] and was considered by the proponents to be the most appropriate way for the signaling.
This paper highlights some thoughts on the solution proposed in [6], and provides a simple analysis on the possible gains of that solution comparing with blind modulation detection.
2 Feasibility of the proposed signaling messages
For the sake of convenience, Figure 2 in [6] is copied as Figure 1 below.
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Figure 1: VAMOS mode signaling example proposed in [6]
It can be seen that when user 2 joins the slot originally assigned to user 1, a HANDOVER COMMAND is sent to user 1 to move the mobile station into VAMOS mode. During the discussions at GERAN#45 it was commented that it could be better to instead send an ASSIGNMENT COMMAND to user 1.

Whichever message is chosen for user 1, this will make the mobile station switch between two channel configurations which share the same radio resource for the main signaling link (i.e. switch between “dependent configurations”). But in TS 44.018 ([7]) this is prohibited (c.f. sub-clause 3.4.3 or 3.4.4 of [7]). One of the reasons is that when the network sends out the ASSIGNMENT COMMAND or HANDOVER COMMAND message, it waits for different reactions in uplink on the old and new channels. Another reason is that if a lower layer error occurs on the mobile station side before the ASSIGNMENT COMPLETE or HANDOVER COMPLETE message has been sent, the mobile station has to fall back to the old channel (i.e. deactivate the new channel, reactivate the old channel and trigger the establishment of the main signaling link on the old channel), which is not possible if the “old” channel and the “new” channel share the same main signaling link, unless a new behavior is introduced for both the network and the mobile station in [7] to handle this special case.
Taking the above analysis into consideration, it is simply not feasible to signal the change of VAMOS mode during a call by reusing the assignment/handover procedure as per the current specification of radio resource control protocol. One possible way to fix the solution proposed in [6] is to in addition design a new layer 3 message to specifically indicate the change of VAMOS mode during a call, but this is considered a too big change especially when taking into account the impacts already introduced by the solution itself (see section 3 and 4 below).
3 Robustness against abnormal cases
Both the VAMOS mode signaling procedure for user 1 and the assignment procedure for user 2 may fail due to lower layer failures on the mobile station side (see e.g. sub-clause 3.4.3.3 or 3.4.4.4 of [7]).
In the former case, it is obviously unfair to drop the call of user 1. The most possible way for user 1 to handle this abnormal case would be to simply ignore it. But since user 1 has previously been indicated to be in non-VAMOS mode during call setup, thus is being in DARP I mode of operation (rather than employing blind modulation detection), failure to indicate the change of VAMOS mode will make user 1 stay in DARP I mode of operation. But since the downlink modulation will soon turn into AQPSK, the receiver performance of user 1 will accordingly see a loss of several dB (i.e. drop from VAMOS-II performance to VAMOS-I performance when receiving an AQPSK burst) comparing with the case when user 1 changes to JD mode of operation, or even with the case when blind modulation detection is employed.
On the other hand, if the TCH assignment procedure for user 2 fails, the whole call setup procedure for user 2 is terminated. In non-VAMOS case this will only affect user 2. But in VAMOS case as shown in Figure 1, if the VAMOS mode indication procedure for user 1 succeeds, user 1 will turn to (and stay in) JD mode of operation and this, again, will lead to a performance loss comparing with the case when user 1 stay in DARP I mode of operation, or even with the case when blind modulation detection is employed. It should be noted that the loss of performance in this case (1.8 dB for AFS4.75, MTS-2, see Figure 2 of [3]) is much bigger than the performance gap between a receiver which is always in its optimized mode of operation (JD or DARP I) and a receiver which employs blind modulation detection (0.3 dB).
4 Gains analysis
4.1 Handling of downlink DTX and release of pairing
As discussed at e.g. GERAN#45, the solution proposed in [6] does not handle the case of downlink DTX. Specifically, when user 2 in Figure 1 goes into DTX, user 1 is not aware of this change and stays in JD mode of operation. Since the downlink modulation has now turned into GMSK, user 1 will not be in the optimized mode of operation any longer, and therefore gets a degraded link level performance (a loss of 1.8 dB, see section 3). With a speech activity factor of 0.5~0.6, the loss in terms of link level performance could completely cancel out all possible gains of the solution.
Similarly, if user 2 is also a VAMOS-II mobile and if user 1 goes into DTX, the same level of loss can be observed by user 2.

Further, if one of the users leaves the VAMOS pair (e.g. call drop or handover), the same level of loss can be observed by the other user.

4.2 Gains comparing with blind modulation detection
Assume that both user 1 and user 2 in Figure 1 are VAMOS-II mobiles, an example of the gains of user 2 when in normal operation of the solution proposed in [6] is depicted in Figure 2 below. For simplicity, DTX of user 2 is not taken into account. The numerical values in the figure are directly taken from [3] and are only shown as an example here. Note that according to Figure 3 of [3], the gain is at most 0.3 dB, whether the carrier is GMSK modulated or AQPSK modulated.
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Figure 2: Gains analysis for the solution proposed in [6]
In the best case T1 is equal to 0, thus the overall gain depends on how long the VAMOS pair exists. If T0+T2>>T3, there still could be some gains, but may be negligible at system level.

In the worst case T1+T3 is greater than T0+T2. In other words, in more than one half of the time there’s a loss by 1.8 dB, and in the remaining time there’s a gain by 0.3 dB. As a whole the gain is negative.
With an interference scenario other than MTS-2, the gain during T0 and T2 may be bigger (see [5]), but it can be expected that the loss during T1 and T3 also scales similarly, so the same conclusion basically holds.
It should also be noted that the degradation of robustness (as described in section 3), if taken into account, will introduce even more loss in terms of system level performance.
5 Conclusions
A simple analysis shows that the dynamic VAMOS mode signaling proposal as presented in [6] is simply not feasible in terms of RRC signaling. Further, even if it is replaced with other layer 3 messages the overall gains are questionable. As indicated in [3], considering the fact that no visible degradation is introduced to VAMOS II mobiles, a solution like the one in [6] might not be worth the loss that comes with it.
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