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System Simulation Results for VAMOS/MUROS Soft-Pairing
Introduction
The issue of pairing criteria in VAMOS/MUROS has been discussed in [1] [2] [3] [4]. Further [2] provided some system simulation results in support of Soft Pairing. In the last meeting it was emphasised that the benefits of soft pairing should be discussed as per the MUROS TR. In this paper we provide results in that direction.
For pairing, it has to be clear if typically users in call will be paired or even new users can also be paired. Considering the spread of SNRs in a typical cell, not all users can be paired based on SNR values alone, else the number of candidate users that can be paired will be limited as well as call drops might increase. So there has to be a mechanism of mutual interference evaluation before users can be paired. 

SoftPairing is a mechanism of evaluating mutual interference before pairing. Once users are paired there is little control mechanism available and only SCPIR variation between the two users can only partially help. It can be argued that pairing ongoing calls can be based on available SNR reports, but the subsequent mobility models of users is hard to predict. Also as the DL and the UL interference profiles differ as the base station is assumed to have two antennas in the UL so that even with high SNR values if the rank of the receiver matrix is zero, the call may drop.
Two main performance parameters as per the TR are the following:
1. Network capacity Gain
2. Definition of Minimum Call Quality Performance defined by the following:
· As 
blocked calls < 2 %, average call FER < 2 % for at least 95% users in case of  FR channel type
· average call FER < 3 % for at least 95% users in case of  HR channel type
Simulation Model
The simulation model was based on discussions from [7] [8]

· Traffic load was expressed in EFL (Effective Frequency Load) as defined in the MUROS TR.

· Dropped call rate was calculated as the number of dropped calls over the number of originated calls. In this paper only “RLT expiry” on the mobile station side was considered. Furthermore, an ideal uplink was assumed. So the collected number of dropped calls was expected to be less than that in a real network.
· RLT_min was defined as the minimum RLT value on the mobile station side during a call.

The traffic loads were determined as follows.

· Case 1: The system was loaded to a point where the minimum call quality performance as defined in the MUROS TR was just not satisfied (i.e. 5% of the users suffered an average call FER >= 2% in this case for a full rate TCH) and the blocking probability was 2 %.

· Case 2: was set at about 30% higher than Case 1 to simulate a critical scenario where more call drops could be observed.
Simulation Mode - 
	Parameter
	Value

	Frequency Band
	900MHz

	Cell Radius
	1000m

	Number of users per cell
	120

	TCH Reuse Ratio
	1/1

	Log-Normal Fading: Standard Deviation
	8

	Log-Normal Fading: Correlation Distance
	110m

	Log-Normal Fading: Inter Site Correlation
	50

	Number of carriers per cell
	9

	Channel model
	TU 50


Fig 1 shows the probability of call drop with and without soft pairing. It is evident that the call drop probability reduces when soft pairing is employed.
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Fig 1: EFL Vs call drop – with and with out soft pairing
From the diagram it can be seen that 20% for an EFL of .3 and 30% for an EFL of .4. For voice quality, in Case1 we can see that for 95% of the users FER is less than 2% for TCH-FR.

The Way Forward:
The gains from introducing Soft Pairing are evident. Also soft pairing could be applied selectively in conjunction with other algorithms. 
What is clear from the simulations so far is that SNR based pairing can only serve limited purpose. 
1. It cannot be applied when a new user has to be paired (we will need some provision for measurement reporting in SDCCH then??).
2. It cannot account for UL rank of the matrix issue where the performance of such a system depends on the capability of separating and decoding the individual user’s streams, i.e. the performance at the base station will depend on the paired user’s condition number which should be close to 1 or does not deviate too much from 1. So some sort of dummy data trial and reporting will definitely help [6]
3. Some companies had suggested that we could use dummy data in the DL and the UEs will any way report back the quality – here at the least some sort of fast reporting back should be supported if this has to be meaningful. Here again the question of pairing new users is not convincingly answered.
4. Though when the cell load is small SNR based pairing could be OK, when the cell load is increased the SNR based pairing can lead to increase in call drops.
As a way forward we suggest that the possible pairing approaches including Soft Pairing, stress testing through the use of dummy data in DL, Introducing possible measurement reporting in SDCCH etc be captured in the TR (45.914) and the exact impact on the specifications and the mechanisms that will be adopted in the specifications can then be discussed further.
References:
[1] GP-090152 - Supporting Soft-Pairing in MUROS/VAMOS, discussion paper, Samsung Electronics Co, GERAN#42
[2] GP-090079, Soft-Pairing for VAMOS/MUROS – System simulation results, Samsung Electronics Co, GERAN#43
[3] GP-092028, Pairing for VAMOS, Marvell Switzerland, GERAN#44
[4] GP-100180, Soft-Pairing for VAMOS/MUROS – additional discussions, Samsung Electronics Co, GERAN#45
[5] 3GPP TR 45.914 Circuit Switched Voice Capacity Evolution for GSM/EDGE Radio Access Network (GERAN).

[6] GP-100764, Pairing of UL and DL channels separately in MUROS, Samsung Electronics Co, GERAN#46
[7] GP-100104, System Performance Evaluation for Repeated SACCH and Shifted SACCH, Huawei Technologies Co., Ltd, GERAN#45
[8] GP-081024, “L2S mapping method for power imbalanced MUROS update”, GERAN#39, source Huawei Technologies Co., Ltd.
Appendix:

Simulation parameters
Simulation parameters used to arrive at the FER to SNR mappings
Table 2: Simulation Assumptions

	Parameter
	Value

	Traffic Channels
	AFS5.9k

	Modes
	VAMOS

	Channel profile
	Typical Urban 

	Frequency band
	900 MHz

	Frequency hopping
	Ideal FH

	Scenarios
	MTS-1

	Receiver
	VAMOS-II: VAR receiver and joint detection
DARP1: VAR receiver without joint detection
Non-SAIC: single channel estimation and I/Q decomposition

	Interference
	GMSK modulated

	Frames
	50,000


MTS-1
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Figure 1 link level performance of VAMOS AFS5.9k with three types of receivers
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