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Soft-Pairing – Supporting Intra cell-Inter channel measurements for initial pairing in MUROS/VAMOS
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 [2] [3] [4] it is indicative that high SNR users and/or users with similar power levels are candidates for pairing. It is expected that only around 25% of all users in a cell will be seeing a high SNR value. 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. 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
2. What would be the appropriate skew, i.e. power imbalance initially to ensure acceptable link quality after pairing? 
To handle the above issues it would be ideal if the mobiles report back on the BER on possible channels/User pairs with which the UE can possibly be paired. It should be possible for a network to order one or many users to report on the BER on timeslots on which they could possibly be paired. A mechanism is proposed where in a base station can order users proposed to be paired to report on a common shared timeslot after decoding the dummy data that is transmitted on the shared timeslot. The users are ordered to report on the BER quality and subsequent to the reporting the base station would take a decision if the candidates could be paired.

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 and the UEs tune to the new paired time slot.

So far from all the simulation results related to sensitivity performance analysis [2] [3] [4], 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 to be ensured for provide acceptable FERs. The results from [2] are 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 any two users to ensure link quality after pairing (especially under mobility scenarios) is still an issue (all results so far cover only static scenarios). Initially there will not be sufficient statistics on the mutual interference and the power imbalance required. 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 drops.
In order to handle the uncertainties during initial pairing, a soft approach to pairing is suggested where in the network can order one or many users to report on the BER on timeslots on which they could possibly be paired. A mechanism is proposed where in a base station can order users proposed to be paired to report on a common shared timeslot where in one of the user is provided with dummy data on the shared timeslot. The users are ordered to report on the BER quality and subsequent to the reporting the base station would take a decision if the candidates could be paired. This is explained in the figure 3 below.
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Figure 3: Soft pairing – facilitating Intra cell- inter channel measurements and reporting
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Figure 4: Intra cell, Inter channel measurements – multiple UEs reporting on one single timeslot
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Figure 5: Intra cell, Inter channel measurement – one UE reporting on multiple time slots
Assume that UE1 and UE2 have to be paired where as UE1 has an allocated timeslot and UE2 has an allocated timeslot. Now to check for the possibility of UE1 and UE2 to be paired in UE1’s timeslot, the base station will transmit dummy data in UE1’s timeslot (along with user specific data to UE1). It will further order UE2 to report the BER seen in the common slot (UE1’s timeslot).  The base station will subsequently order UE2 to move to the common slot if the BER reported by UE2 on the common slot is acceptable.
Multiple UEs can be ordered to report on multiple other timeslots as shown in Figures 4 & 5. This gives the base station the flexibility to decide on multiple pairings.
3. Supporting Intra cell, Inter channel measurements
To support Intra cell, inter channel measurements, the power level and FER (or BEP) will have to be reported back on those channels indicated by the network. Totally 9 bits are required per channel (6 for RXLEV and 3 for RXQUAL – Refer to Sec 10.5.2.20 in 44.018). The Intra cell, Inter channel measurement reporting can be supported over a new message on FACCH or on the EPC downlink quality reports or on the Fast downlink quality reports when a UE is already in TCH. 

For new calls, the network can initiate intra cell inter channel measurements by indicating the channels (ARFCNs) to measure on the SDCCH and the UE can report back on SDDCH as well.
The dummy blocks that shall be transmitted by the network on certain channels can be the existing dummy bursts with their training sequence part being replaced by the new training sequence (for MUROS).

4. Conclusions
To handle the issues of uncertainty during initial pairing a notion of soft pairing (Intra cell – Inter channel measurements) is introduced where network can order one or many users to report on the BER on timeslots on which they could possibly be paired. The feedback from more than one users for a single slot is more important because the BS can take a more risk-free decision (from call quality perspective) on possible users to pair.
The number of simultaneous time slots that can be measured and reported will again depend on the DSP power in the UE. As such the reporting quantity and granularity of reporting will need to be looked into in detail. If the principle of Intra cell-Inter channel measurements to facilitate pairing in MUROS/VAMOS is agreeable, Samsung proposes to bring in the relevant CRs in the following meetings as well as address the issue of reporting quantity and granularity.
To be able to handle the complexities associated at the Pairing decision and the Pairing preparation phase, it is also suggested that the notion of soft pairing or Intra cell, Inter channel measurements as a possible solution to assist pairing decisions at the base station be captured in the MUROS TR.
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