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Soft-Pairing for VAMOS/MUROS – additional discussions
Introduction
The issue of pairing criteria in VAMOS/MUROS has been discussed in [1] [2] [3]. Further [2] provided some system simulation results in support of Soft Pairing. The initial pairing criterion is critical to ensure that the pairing does not lead to link degradation and subsequent call drops. In the last couple of meetings questions were raised on the need for such a mechanism to evaluate users before pairing. This paper provides further justification for Soft-Pairing.
The need for Soft Pairing:
The initial pairing criterion is critical to ensure that pairing does not lead to link degradation and subsequent call drops. In the last couple of meetings questions were raised on the need for such a mechanism to evaluate users before pairing. This section provides the arguments for Soft pairing. 
In the legacy case handovers are triggered by poor channel quality before a handover is initiated. The fallback mechanism is triggered only when the handover process does not achieve completion. The reason for handover for VAMOS is different. The VAMOS pairing is done for reasons of increasing caller capacity in the cell. It is highly likely that the performance on the channel prior to the handover/VAMOS pairing will be quite satisfactory. In VAMOS it is highly likely that the performance after VAMOS pairing may turn out to be unsatisfactory. It is thus highly desirable to have a mechanism that can better predict the situation that will occur after Handover, and/or provide sufficient robustness to avoid a call drop. Returning to the original channel is a possibility in the VAMOS case as anyway the channel quality was not a trigger for pairing, but such frequent fallbacks due to insufficient evaluation of possible channel conditions after pairing can lead to unwanted signalling overheads and unsatisfactory user experience.
Comparing Soft-Pairing with channel estimation techniques (DFCA):

In the last meeting there was a question on whether Soft Pairing is needed at all, the argument was that some channel estimation technique can be used before pairing. We analyze the Dynamic Frequency and Channel Allocation (DFCA) [7]. DFCA is a centralised IA-DCA scheme based on the estimation of carrier to interference ratio (CIR) on possible channels. The aim is to optimise the distribution of interference taking into account the unique channel quality requirements of different users and services. 

DFCA is based on the timeslot alignment and TDMA frame number control provided by network level synchronisation. The timeslot alignment ensures that the GSM air interface timeslots are coincident throughout the network. This makes it possible to take all the interference considerations to the timeslot level. When a channel assignment needs to be performed as a result of a newly initiated connection or handover, DFCA will evaluate all the possible channels and then choose the most suitable one in terms of CIR for the assignment. For this reason, an estimate of the CIR is determined for each available radio channel.

The estimation of CIR is based on the downlink signal level measurements of the serving cell and the neighbouring cells for which the BCCH frequencies are measured. These measurements are continuously performed and reported to the network by the mobile stations in active mode. The CIR estimate towards such unreported cells can be obtained by collecting long-term neighbouring cell RXLEV measurement statistics from all the mobile stations in a cell. From these statistics, a CIR with a given outage probability can be determined for all the surrounding cells. This way the network is able to have a CIR estimate for all the potentially interfering cells even if some of them were not included in the latest measurement report. The directly measured CIR is available for the neighbouring cells that are included in the latest measurement report and for the rest of the surrounding cells the statistical CIR estimation can be used. Since the downlink path loss is generally equal to the uplink path loss, the CIR statistics can also be used to determine an estimate of the uplink CIR.
The method described above provides the means to determine a potential co-channel CIR towards each of the reported neighbouring cells, but the CIR is only realised when the same or adjacent frequency is being used in a neighbouring cell in the same timeslot. In case of adjacent channel interference, the resulting CIR is scaled up by a fixed 18-dB offset as this is typical adjacent channel attenuation in GSM. In order to determine the real CIR, the network must examine the timeslots and frequencies used by the active connections in the potentially interfering cells. Power control typically leads to reduced transmission powers. The current transmission power reduction of the interfering connection is taken into account by scaling up the estimated CIR accordingly. By processing this information, a matrix showing the estimated CIR for all the possible frequency and timeslot combinations can be generated.

For DFCA the maintained table is approximately 120 channels by the number of neighbour cells – per cell. We believe that this itself is complex enough and if we want to extend DFCA type techniques for VAMOS/MUROS pairing purposes the amount of processing that will be required at the base station will increase exponentially as we will be attempting to estimate the interference of every possible user on every user in the “vicinity” before a decision can be made. Again this will keep changing and as such any estimation technique for pairing decision purposes will be extremely unwieldy. Different types of mobiles (VAMOS-2, DARP-1 enabled etc) add another dimension to any such estimation mechanism. Soft-Pairing is a much simpler mechanism to implement and is the best way forward.
Gains from Soft-Pairing - Probability of dropped calls

In this section we analyze the gains from soft-pairing by comparing the probability of dropped calls when user are paired using the criteria of nearness as well as “similar” power levels (High SNR users). It has to be understood that approximately only around 25% of all users in a cell will be seeing a high SNR value.
When analyzing soft pairing, one of the key factors that need to be addressed is the Co-Channel interference that is introduced by the additional load of dummy data carrying sub carriers in a cell. The co-channel and adjacent channel interference also increases with number of users, which leads to the 
decrease of C/I and frequency reuse. Any additional load of dummy data sub carriers (or multi slot data sub carriers) for soft pairing should not decrease voice quality as perceived by the user. The analysis will discuss the trade off between the introduced CCI in a cell due to the additional data carrying sub carriers and the aim of reduction in post-pairing call drops due to increased BER or decreased SINR.
For analyzing gains due to soft pairing we introduce a notion called the “Paired dwell time”. This is the average time that paired users will continue to be paired. After pairing of two or more users, there is a probability of them moving in different directions, thus degrading the performance which may result in a call drop.
Fig 1 shows the probability of the ratio of users’ power exceeding a margin with and without soft pairing. A suitable value for the margin is chosen such that call drop occurs when the ratio exceeds it for a section of users who are not close to the BS (not having higher SINR). It is evident that the call drop probability reduces when soft pairing is employed.
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Fig 1: Indication of Paired dwell time
CCI Performance analysis

Fig 2 shows the average SINR seen across all the time slots (TS) against the distance from the centre of the BS when dummy data is sent in one/two/three TS. 
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Fig 2: SINR Vs distance from the basestation

As seen in Fig 2, the effect of increase in CCI due to dummy data transmission is less for smaller SINR where the advantage of applying soft pairing is more. 

The Way Forward:
The gains from introducing Soft Pairing are evident. In implementing Soft pairing the following issues will need to be considered. 
1. Mechanism to order the UEs to measure one or more slots and report back
2. Handling frequency hopping
3. Measurement reporting mechanism (whether to report back on FACCH/EPCCH etc, the need for fast feedback channel), C/I or BEP as a Quality Measure.
4. Dummy data structure
As a way forward we suggest that the concept of Soft Pairing be captured in the TR (45.914) and the exact mechanisms listed above can be discussed in further details going forward.
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Appendix:

Table 1 : Simulation Parameters 

	Path Loss Model
	Hata Model for Urban scenerio

	Base Station height       
	50mts

	Mobile Station height                  
	2mts

	Carrier Frequency 
	900MHz

	Soft Pairing Duration 
	1 Sec

	Shadow Loss Margin
	8dB

	De-correlation distance
	30mts

	Number of Pairings
	10,000


 

Assumptions: 
1. Users are assumed to be co-located when they are paired 

2. From the co-located point they are assumed to move in a random direction with a defined average speed 

3. Omni-directional antennas are present at both BS and MS 

4. Users experience the same shadow loss within the de-correlation distance 

For analyzing the soft pairing criteria we consider the below equations. We can assume UE1 receiving data on TSi and UE2 on TSj. For pairing UE1 with UE2 on TSj, UE1 is ordered to receive data (real or dummy) on TSj along with TSi and report the channel quality.
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where total CCI, 
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Where:
   U1, U2 = received symbol for UE1, UE2  

   H1, H2 = shadowing and fading channel for UE1, UE2 

   X, Y = Transmitted symbol for UE2, UE1
   Y’ = Transmitted dummy data for UE1
   Ni = AWG noise for MSi ; i = 1,2

   Ii = CCI from other cells seen by UEi ;  i = 1,2

Sending extra component on TSj increases the interference for UE2. Thus the effective SINR for UE2 decreases. This is shown by eq. (4). Eq.(3) shows the SINR for UE1.
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Where  P1 = received power at UE1 = Pt∙PL11

               P2 = received power at UE2 = Pt∙PL21

            P1i = received power at UE1 from BSi=Pt∙PL1i
                   P2i = received power at UE1 from BSi=Pt∙PL2i    

                                                                 for i = 1: M 

           Pt  = Transmitting Power

           PLij =  Path loss from jth BS to ith UE     

           α = Power imbalance ratio

           PNi = Noise power of the ith user 

After the pairing of two users, there is a probability of them in moving different directions, thus degrading the performance and resulting in a call drop in the worst case. This scenario can be captured by the variation in the users’ power ratio as given by eq (5)
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We evaluate the pairing criteria as:
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    > X dB => Not suitable for pairing 

                < X dB  => Suitable for pairing
where X = Margin allowed in the power differences of 2 users
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