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1. Introduction

After RAN#71 meeting, the new set of evaluation assumptions for DL MIMO enhancement were agreed by email discussion, and the MMSE-IRC receiver and channel estimate error were introduced. In this contribution, we provide the evaluation results for DL-MIMO enhancement using assumptions agreed in email discussion. In our companion contribution [1], the proposals for CSI feedback enhancement are discussed.

2. Evaluation results
In this section, we evaluate the system performance with different UE distribution, i.e. 100% outdoor and 20% outdoor/80% indoor, Table 1 and 2 present the performance with 100% outdoor and 20% outdoor/80% indoor respectively. The enhanced codebook is detailed in our companion contribution [1]. 
Channel estimate error is modeled as follows:
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Where, 
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SNR is the Geometry of an UE within a serving cell, 
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 is a correction value which is used to approximate the SNR-MSE curve provided by link simulator. The SNR and [image: image8.wmf]MSE
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 in (1) are expressed in linear values.

The complex random variable [image: image9.wmf]i
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 is generated as follows:
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The simulation assumptions and details of MMSE-IRC receiver referred to [2] are given in Annex.
Table 1 the evaluation results for 100% outdoor
	Codebook and 
reporting mode
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

	
	bps/Hz/user
	gain
	bps/Hz/user
	gain
	bps/Hz
	gain

	Rel-10 codebook /Mode3-1
	0.0566 
	0%
	0.175
	0%
	1.988
	0%

	Enhance codebook /Mode3-1
	0.0591
	4.42%
	0.192
	9.71%
	2.101
	5.68%

	Enhance codebook /Mode3-2
	0.0601
	6.18%
	0.200
	14.3%
	2.158
	8.55%


In above table the performance gains of the enhanced codebook with different feedback modes are compared with R-10 codebook with mode3-1. It can be observed that with PUSCH 3-2, the enhanced codebook can achieve about 8% cell average and 6% cell edge gain over Rel-10 4Tx codebook with mode3-1. 
Table 2 the evaluation results for 20% outdoor/80% indoor
	Codebook and 
reporting mode
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

	
	bps/Hz/user
	gain
	bps/Hz/user
	gain
	bps/Hz
	gain

	Rel-10 codebook /Mode3-1 
	0.0494
	0%
	0.174
	0%
	1.947
	0%

	Enhance codebook /Mode3-1 
	0.0529 
	7.09%
	0.181
	4.02%
	2.054
	5.50%

	Enhance codebook /Mode3-2 
	0.0554
	12.1%
	0.192
	10.3%
	2.114
	8.58%


In Table 2, the performance gains of the enhanced codebook with different feedback modes are compared with R10 codebook with mode3-1. It can be observed with PUSCH 3-2, the enhanced codebook can achieve about 8% cell average and 12% cell edge gain over Rel-10 4Tx codebook with mode3-1. 
3. Conclusion
In this contribution, 4Tx enhanced codebooks are evaluated in scenario A through system level simulation. From the simulation results, we can observe that significant performance gain can be achieved with cross-polarized antenna configurations by combining enhanced codebook with PUSCH reporting mode 3-2. 
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5. Annex

5.1. Simulation assumptions
	Parameter
	Assumption

	Scenario
	Scenario A

	Deployment model
	Macro cell: Cross-polarized Macro-sites, Reuse the macro part of the baseline simulation case for scenario 4 in TR36.819 

	
	Hexagonal grid, 19 macro sites, 3 sectors/site

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Max number of HARQ retransmissions
	4

	Channel model
	· ITU UMA channel with 100% outdoor UEs

· ITU UMA channel with 80% indoor/20% outdoor UEs

	Transmit power
	46dBm 

	Number of eNB antennas
	4

	Number of UE antennas
	2

	Number of UE per macro area
	10 UEs with uniform distribution

	Antenna configuration
	TX: 0.5 λ-spaced cross-polarized ±45°
RX: cross-polarized ±45°

	Receiver 
	MMSE-IRC

	Feedback type
	PUSCH reporting mode 3-1 /mode 3-2
Rel-10 codebook/enhanced codebook[1]

	Feedback delay
	5 ms

	Feedback interval
	5ms

	Scheduler
	Proportional fair in time and frequency

	Maximum number of co-scheduled UEs
	2 UEs,with1 layer per UE

	Channel estimation
	Non-Ideal

	Overhead
	3 OSs DL control/ 2 CRS ports/ 12 REs DM-RS per PRB


5.2. Details of MMSE-IRC receiver
MMSE-IRC receiver is referred to the chapter 8.2 of 36.829, the details as follows：
To evaluate the performance gain for MMSE-IRC receiver, the related appropriate modeling could be used as guideline in order to account for the covariance matrix estimation in system level simulation.

A spatial covariance matrix can be written as follows:
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where M is the number of data samples used in order to estimate the covariance matrix.
The sample correlation matrix can be approximated using the complex Wishart distribution with M degrees of freedom
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Where ‘R’ is the ideal covariance matrix. Correspondingly, it can be modelled in the system simulator as
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 is created by the Cholesky decomposition of the ideal spatial correlation matrix. 

The lower-triangular matrix A is generated according to the complex Wishart distribution as 
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where the coefficients ci follow a Chi-square distribution, i.e. ci ~ χ2 (2*(M – i +1)), and nij ~ CN(0,1). 
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