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1
Introduction

UE receiver modelling for the COMP study item has been discussed during the RAN1#63bis meeting and the following email discussion on the reflector. The MMSE receiver option 1 in [1] has been agreed for the first phase of COMP evaluations, whereas a possible enhancement to the MMSE and advanced receiver modelling has been kept open for discussion for the Phase 2 evaluations. 

In this contribution, we present the effect of the UE MMSE receiver modeling on the DL system performance for SU-MIMO and MU-MIMO operation based on the receiver modeling discussions presented in [2]. 
2 Considered MMSE receiver modelling 
In this contribution, we consider three different accuracies of MMSE receiver modeling in the system simulator (see also Appendix A):

1. The agreed baseline for the COMP Phase 1 evaluations: MMSE Option 1 of [1]

2. MMSE receiver modeling based on Sample Matrix Inversion (using receive samples) introduced in [2]

3. Ideal MMSE receiver (denoted with “MMSE-IRC” in [1])
 More details on the different receiver modeling accuracies and the shown effect on the resulting post-MMSE SINR in different scenarios can be found in the accompanying contribution [2]. 
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Effect on DL system performance 
In this section we compare the DL system performance for 4x2 SU-MIMO as well as 4x2 MU-MIMO operation for different receiver modeling accuracies. The detailed simulation parameters can be found in the Appendix B. A detailed discussion on the MMSE receiver modeling and the properties of the three investigated MMSE receiver models are to be found in the accompanying contribution [2].
3.1
SU-MIMO

For the SU-MIMO, we evaluated on top of MMSE Option [1], the ideal MMSE receiver and sample matrix inversion, a combined usage of MMSE Option [1] and the sample matrix inversion. As we suggested in [2], a very simple adaptation is to apply the MMSE Option 1 of [1] type of receiver for multi-layer (for rank>1) SU-MIMO reception whereas the sample matrix inversion is used for rank=1/single-layer operation.

Table 1: System level performance comparison for different LMMSE modeling, 4x2 SU-MIMO 
	
	Average cell spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz]
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	MMSE Option 1 [1]
	2.196
	0.086
	-
	-

	Sample Matrix Inv. [2]
	2.046
	0.096
	-6.8
	+11.6

	Adaptive: Sample Matrix Inv. [2] for rank=1, MMSE Option 1 for rank=2
	2.185
	0.094
	-0.5
	+9.3

	Ideal MMSE [1,2]
	2.292
	0.099
	+4.4
	+15.1


The system performance results clearly indicate the agreed baseline MMSE receiver (MMSE Option 1 in [1]) to provide too coarse modelling considering the cell-edge data rates compared to the realistically modelled, very simple and sub-optimal Sample Matrix Inversion implementation of an MMSE receiver. The sample matrix inversion looses slightly in overall cell-throughput due to the estimation error in the sample correlation matrix (with M=64 samples) for rank=2 reception. This can be avoided by simply combining the usage of MMSE Option 1 receiver for rank>1 and the sample matrix inversion for single-rank reception as suggested in [2]. As indicated by the results in Table 1, the corresponding adaptive receiver results in same cell-throughput but a 9% higher cell-edge throughput.

Based on the presented results, we can conclude that the DL baseline performance in the COMP SI using the agreed MMSE Option 1 receiver model will be too pessimistic with respect to cell-edge performance considering realistic MMSE type of receiver modelling. As a consequence, the evaluated relative DL cell-edge improvements by COMP operation, targeting especially on improving cell-edge data rates, will be too high/optimistic.
3.2
MU-MIMO

The system performance results for the different UE MMSE receiver models for 4x2 MU-MIMO are presented in Table 2. The simulated MU-MIMO operation contains for illustration purpose only transmission mode adaptation between rank=1 SU transmission and 1+1 layer MU-MIMO transmission.
Table 2: System level performance comparison for different LMMSE modeling, 4x2 MU-MIMO 
	
	Average cell spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz]
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	MMSE Option 1 [1]
	2.15
	0.093
	-
	-

	Sample Matrix Inv. [2]
	2.58
	0.111
	+20
	+19.4

	Ideal MMSE [1,2]
	2.83
	0.114
	+31.6
	+22.6


The system performance results clearly indicate the too coarse modelling of the agreed baseline MMSE receiver (MMSE Option 1 in [1]) considering the cell-edge/coverage as well as average cell data rates, due to the incapability of the agreed MMSE Option 1 to deal with the intra-cell interference arising from the co-scheduled MU-MIMO transmission. The possible realistically modelled, very simple and sub-optimal Sample Matrix Inversion implementation of an MMSE receiver shows a more realistic MU-MIMO performance (able to deal with MU-MIMO and coloured inter-cell interference). Of course the Ideal MMSE achieves the best performance which has to be considered unrealistic/over-optimistic.

Consequently, also for MU-MIMO transmission the evaluated DL baseline performance in the COMP SI will be by far too pessimistic with respect to cell-edge as well as capacity performance.
4
Summary and Conclusions
In this contribution, we present system level performance evaluation for 4x2 SU-MIMO and MU-MIMO with different accuracies of MMSE receiver modelling. The system performance evaluations presented clearly indicate, that the agreed baseline MMSE receiver (MMSE Option 1 in [1]) will lead to too pessimistic baseline (non-COMP) results with respect to cell edge performance in general as well as overall cell capacity for MU-MIMO operation. Consequently, the achievable COMP gains shown during the COMP SI using MMSE Option 1 [1] would be overoptimistic. 

We therefore suggest the utilization of a better modelling of the MMSE receiver capabilities in the COMP SI during Phase 2 in order to evaluate the baseline as well as the possible gains provided by COMP techniques more realistically.
One possible example of such enhanced modelling is presented in [2] and used in this contribution. 
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Appendix A: UE MMSE receiver modelling

1. Ideal MMSE receiver:
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2. MMSE Option [1]:
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3. Sample Matrix Inversion using Wishart Distribution according to [2]:
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with ci ~ χ2 (2*(M – i +1)), and nij ~ CN(0,1).
Appendix B: System Simulation Assumptions

Table 3: System simulation parameters

	Parameter
	Value

	Cellular layout
	Hexagonal, 19 sites, 3 sectors per site

	Traffic model
	Full Buffer

	Simulation scenario
	3GPP SCM NLos UMa 3D
Azimuth spread: 8˚, UE speed: 3 km/h

	Base station antenna configuration
	4 antenna elements
ULA 0.5 λ

	UE antenna configuration
	2 antenna elements
XPOL

	MIMO scheme
	SU-MIMO with dynamic rank adaptation

MU-MIMO: Max 2 UEs, 1 layer / UE

	Number of UEs / sector
	10

	Codebook
	Rel’8 4TX codebook

	MU-MIMO Precoding
	Zero Forcing using DM-RS

	TD-FD scheduler
	Proportional Fair – Proportional Fair

	MU-MIMO scheduler
	sum Proportional Fair

	Receiver algorithm
	LMMSE with different modelling

	Inter-cell interference model
	4Tx transmission with random rank & PMI in interfering cells

	Channel estimation for demodulation
	Realistic (via AVI tables)

	Channel estimation for CSI
	CSI-RS Based 

	Reference symbol overhead
	Legacy overhead: 2Tx Rel’8 CRS
DRS overhead: 12 RE / PRB
CSI-RS overhead: 4 RE / PRB, 10 ms interval

	PMI
	Sub-band size 6 PRB
10 ms reporting interval
6 ms delay

	CQI
	Sub-band size 6 PRB
10 ms reporting interval
6 ms delay

	OLLA
	Enabled, BLER target 10%

	HARQ
	6 ms Ack/Nack delay
6 processes
Maximum 4 transmissions

	PDCCH
	Only the overhead modelled

	UE noise figure

	9 dB

	UE distribution within cell
	Uniformly dropped to entire cell
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