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Supporting Soft-Pairing in MUROS/VAMOS - Discussion
1. Introduction
The issue of pairing criteria in VAMOS/MUROS has not been discussed in detail. So far from all the simulation results related to SNR sensitivity analysis [1] [2] [3] it is indicative that high SNR users and/or users with similar power levels are candidates for pairing. The options are to pair high SNR users, or boost the power of individual users before pairing (along with a power imbalance favouring the legacy user in the case when a MUROS user is paired with a legacy user) to have acceptable FERs. 
The issues here are the following:

1. What would be the level of power at which users will be paired for acceptable FERs for both the users with out over shooting power budgets and causing co-channel interference?
2. How to ensure that the initial estimate of the power levels for pairing are good enough in mobility scenarios with margins to avoid call drop under different fading scenarios
3. What would be the appropriate skew, i.e. power imbalance initially to ensure acceptable link quality after pairing? 
To handle the above issues a notion of soft pairing is introduced where two users are paired with at least one of the users allocated one more Time Slot along with the shared time slot. This will ensure that the initial pairing uncertainties can be handled appropriately.
2. Discussion
The initial pairing criterion is critical to ensure that the pairing does not lead to link degradation and subsequent call drops. Pairing of users in MUROS can be seen as a three stage process covering a Pairing decision phase, a pairing preparation phase (ramp up the power for one or more users to an appropriate SNR value) and a pairing execution phase where the paired channel information is indicated.

So far from all the simulation results related to sensitivity performance analysis [1] [2] [3], the option is to pair high SNR users, or boost the power of individual users before pairing. Even this is found insufficient in the case when a MUROS user is paired with a legacy user and as such a skew in power (or power imbalance) favouring the legacy user has been found to provide acceptable FERs. This is clear from the results from [1] which is also reproduced below for convenience. 
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Figure 1: OSC with a legacy GMSK receiver in one sub-channel and OSC-aware receiver in the other sub-channel. Wide Tx Pulse (Source: GP-080114)
Figure 2 
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-QPSK modulation with a legacy GMSK receiver in one sub-channel and 
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-QPSK –aware receiver in the other sub-channel. Wide Tx Pulse (Source: GP-080114)
From the above results the issue of the optimal initial power (SNR levels) at which the FER for the two users would be acceptable is still not clear considering that this would vary from one pair to another and also across time. The goodness of such a power level and power imbalance between the two users to ensure link quality under mobility scenarios is still an issue (all results so far are in a static scenario). An inappropriate choice of initial power levels for the two users to be paired or a subsequent degradation in link quality due to mobility and fading conditions can lead to fast link degradation and a call drop. 
In order to handle the uncertainties during initial pairing, a soft approach to pairing is suggested where in one or more of the paired user will retain the old time slot assignment and continue to transmit/receive on the new slot as well as the old slot till the FER perceived in the new MUROS slot is of acceptable condition. This is explained in the figure 3 below.
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Figure 3: Soft pairing to handle uncertainties during pairing and provide a fallback mechanism in case of link failures in paired links.
Assuming that the two users to be paired are already in TCH, one of the users would be indicated to move to the new MUROS TCH still retaining the old TCH. In the above diagram MS2 would have a normal power level in TS4 and a low power in TS1 (Overlapped timeslot), MS1 would have the power advantage in TS1. The base station would stabilize the TS1 link for MS2 and MS1 and subsequently order MS2 to release the timeslot TS4.
In the case of a new user to be paired with an existing user, the new assignment message can indicate the use of two slots or the old user can be indicated to use two slots with the new user being allocated the MUROS channel (with power imbalance favouring the new user for the later case).
In the case when user MS2 does not see an improvement in the FER on the TS1 timeslot, the base station would order MS2 to continue on TS4 releasing TS1. This provides for a fall back mechanism in case the link quality degrades.
In order to support soft pairing and un-paring of users BSS can use enhanced existing signalling procedures (i.e. intra-cell handover command or assignment command) or new messages could be defined on SDCCH and FACCH.
With the introduction of Soft Pairing, the BSS and the MS should have the capability to support the TCH+TCH combination. At the MS as multi slot capability (for PS) is already supported, it is expected that the introduction of soft pairing will not add additional complexity.
3. Conclusions
To handle the issues of uncertainty during initial pairing a notion of soft pairing is introduced where two users are paired with at least one of the users allocated one more Time Slot along with the shared time slot till such time that the paired link stabilizes.
The system level results are FFS.

To be able to handle the complexities associated at the Pairing decision and the Pairing preparation phase, it is suggested that the notion of soft pairing as a possible solution be captured in the MUROS TR.
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