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12
Pairing decision support mechanisms for MUROS
This section summarizes mechanisms to facilitate pairing and un-pairing of users on channels that are configured for MUROS. The pairing criterion is critical to ensure that 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 
1. A Pairing decision phase
2. A pairing preparation phase (ramp up the power for one or more users to an appropriate SNR value) and
3. A pairing execution phase where the paired channel information is indicated. 
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/MUROS pairing will be quite satisfactory. In MUROS 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/Pairing, and/or provide sufficient robustness to avoid a call drop. Returning to the original channel is a possibility in the MUROS 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.

12.1 Soft Pairing

In order to facilitate better pairing decisions the notion of Soft Pairing or Intra cell, inter channel measurements and reporting by MUROS UEs is suggested. The network can order one or more users to report on the channel quality on timeslots on which they could possibly be paired. The users are ordered to report on the quality and subsequently the base station would take a decision if the candidates could be paired. 

12.1.1 Approach 1:

A candidate MS (or MSs) can measure reception quality directly on the target resource for allocation of a MUROS channel. An example is shown in Figure 1. MS1 is on a traffic channel that is a candidate to be configured as a MUROS channel. MS2 is a candidate for pairing with MS1, and it is currently configured on a different physical resource, either on the same or a different cell. If the target resource channel (used by MS1 in Figure 1) is currently configured as a regular speech channel with GMSK, the candidate MS(s) (MS2) can measure the C/I of the target resource, and/or estimate the measured BEP, or use some other quality metric. (In this context we refer to C/I as the interference caused by the external interferers, not the internal interference caused by αQPSK.). The method has the advantage that it does not impact the user that is already allocated on the target resource, until a pairing is done on the target channel.
Given information on the timing and hop sequence of the target resource, MS2 can make receive quality measurements. These measurements can be reported, and used by the network to make a decision about suitable pairings of MSs on a VAMOS channel. Based on measurements by MS2 of C/I for GMSK modulation on the link for MS1, an estimation of the receive performance of MS2 with αQPSK on the target resource can be made.

It is noted that the measuring MS2 needs to know hopping sequence of the channel resource under measurement. This would likely have to be signaled to it.
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Figure 1: Measurement of reception quality utilising GMSK Transmission
12.1.2 Approach 2:

Another possible method is that αQPSK is transmitted on the target resource, instead of GMSK, by the addition of dummy data on the second subchannel of the VAMOS candidate. An example is shown in Figure 2 and Figure 3. For this example, MS1 is configured on the target resource whose transmission is shown in Figure 2. The turquoise boxes show the GMSK transmissions for the speech channel that is already allocated there. At some point the second VAMOS subchannel is added, containing known data. Transmission is then done using αQPSK. The relative power of the 2 channels is selectable. Measurement by a secondary MS is shown in Figure 3. The default state is that BTS1 transmits speech data over GMSK to MS1, and BTS2 transmits to MS2. (It may be that BTS1 and BTS2 are actually the same base, if considering intracell handovers/pairings.) When BTS1 starts transmitting αQPSK, as shown in the example in Figure 2, MS2 can receive the transmission, and make reception quality measurements. Additionally, MS1 can make measurements during this period. 

Both MS1 and MS2 can measure reception conditions on the sub-channels of the αQPSK transmission, prior to actual allocation of two resources on the same physical channel resource. In this way, the performance of both MS2 and MS1 on a VAMOS channel can be predicted well, prior to its actual configuration.

The data could be completely random, and a statistical measure be made to estimate, for example, the bit error rate (BER). However, this measure is not accurate, and could give an incorrect assessment of the VAMOS performance.

A better method could be to use a known pseudo random sequence for the data that is placed on the secondary channel. This is shown diagrammatically in Figure 2. In this way a more accurate bit count error can be made rather than relying on a statistical estimate. In order to have the phasing of the bit sequence known at any particular point in time, synchronization of the sequence could, for example, be aligned to start with a certain multi-frame number or super-frame number. Using this data, the network can make an assessment on the viability of the pairing for VAMOS.
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Figure 2: Transmission of Known Data
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Figure 3: Measurement Example

It is noted that the measuring MS2 needs to know the hopping sequence of the channel resource under measurement. This would in all likelihood, have to be signaled to it.

12.1.3 Approach 3: Transmitting real data prior to releasing the old channel

Another possibility is for the MS to use a make-before-break mechanism. The network would transmit speech traffic to MS2 on both the old resource and on the new VAMOS resource for a longer period than usually used for legacy HO. This is shown diagrammatically in Figure 4. This would allow time for the MS to assess reception quality on the allocated VAMOS channel, and consider whether the quality is sufficient to continue on the channel. 

The turquoise blocks denote the transmission of the MS already allocated on the resource; the green blocks the transmission of the 2nd MS that will be paired with it. At a given point, the network starts transmission of the speech data on the VAMOS channel, whilst retaining the transmission on the original source channel. The MS can then start communicating on the new secondary channel of the VAMOS channel, and make a measurement of reception quality. If performance is seen to be sufficiently good, a HO confirmation message can be transmitted by the MS. In the case that reception is observed to be too poor, the MS can return to the source cell, and send an indication that the allocation to the VAMOS channel was not completed.
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Figure 4: Transmitting Real Data on VAMOS Before Old Channel Release
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Figure 5: Intracell Handover to VAMOS

12.2 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 (CCI) that is introduced by the additional load of dummy data carrying sub carriers in a cell. The CCI and the Adjacent Channel Interference (ACI) 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.
Figgure 6 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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Figure 6: Indication of paired dwell time

12.2.1 CCI Performance analysis

Figure 7 shows the average SINR seen across all the time slots (TSs) against the distance from the centre of the BS when dummy data is sent in one/two/three TSs. 
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Figure 7: SINR vs distance from the basestation

As seen in Figure 7, 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. 

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.


[image: image12.wmf]P

P

P

SINR

N

i

i

av

1

1

1

1

+

÷

ø

ö

ç

è

æ

=

å

 --------------------- (3)


[image: image13.wmf](

)

P

P

P

P

SINR

N

i

i

av

2

2

2

2

2

2

2

2

2

2

+

-

+

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

=

å

a

a

    ---(4)

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)


[image: image14.wmf]P

P

r

p

2

1

=

  ----------------------(5)      

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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