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1 Introduction

In RAN4 #61, link level simulation assumptions for enhanced performance requirement for LTE UE SI were agreed [2]. Also interested companies are to provide the system level simulation results based on covariance matrix approximation with the complex Wishart distribution. In this contribution we provide our results for the link and system level throughput simulations.


2 Simulation results

2.1 Link level simulation 
In RAN4 #61, it was agreed that the link level simulations should focus on synchronized network and the main baseline assumptions are:
· 2 interfering cells
· Conditional median DIP values:

· DIP1 =-2.8dB, DIP2 =-7.3dB for 0dB geometry

· DIP1 =-3.1dB, DIP2 =-5.4dB for -3dB geometry

· Serving/interfering cells transmission:
· TM6/TM4 with 80% rank-1 for 2x2 low correlation

· TM9 rank-1/TM9 with 70% rank-1 for 4x2 low correlation 
· MCS values:
· #10,11,12 for 0dB geometry

· #7,8,9 for -3dB geometry

· Precoding matrix:
· Serving cell: follow wideband PMI

· Interfering cells: Random with subframe and subband granularities

In the simulation, the target transmission power is fixed to 1. For 0dB geometry, DIP1=-2.8dB and DIP2=-7.3dB are equivalent to transmission powers of 0.5248 and 0.1862 for the interfering cells. The rest interference and noise are represented by one AWGN with 0.289 power level. The corresponding SNR is 5.4 dB. Similarly, for -3dB geometry case, the interfering powers are 0.9796 and 0.5768. The AWGN SNR is set to 3.53 dB. For calibration purpose, Figure 1 shows the MMSE throughput results with TM6 baseline assumptions but varying the AWGN power levels. Also the throughput curve without the two interfering cells is plotted for comparison. Figure 2 shows the same set of curves for TM9 cases.
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Figure 1 MMSE throughput of TM6 and MCS=10
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Figure 2 MMSE throughput of TM9 and MCS=10

Tables 1 and 2 show the throughput, spectrum efficiency and first transmission BLER with MMSE and MMSE-IRC receivers respectively. The results show that good percentage of gain of IRC over MMSE can be achieved across the different MCS values and following CQI cases. Similar percentage gain can be observed for both 2TX CRS based and 4TX DMRS based spatial correlation matrix estimation. For each simulation case, CQI feedback based MCS selection results are also presented and the same range of gain is obtained by employing the IRC receiver.
Table 1 CRS based (2TX, TM6) receiver performance comparison between MMSE and MMSE-IRC
	Geometry
	MCS
	MMSE
	MMSE-IRC
	IRC/MMSE gain

	
	
	Throughput
(Mbps)
	Spectrum efficiency (b/s/Hz)
	1st TX BLER
	Throughput
(Mbps)
	Spectrum efficiency (b/s/Hz)
	1st TX BLER
	

	SINR=0dB
SNR=5.4dB
	10
	5.5089
	0.6121
	0.4314
	6.4719
	0.7191
	0.2302
	17.5%

	
	11
	5.5968
	0.6219
	0.5377
	6.6278
	0.7364
	0.3143
	18.4%

	
	12
	5.4159
	0.6018
	0.7661
	6.3675
	0.7075
	0.5425
	17.6%

	
	CQI
	6.1704
	0.6856
	0.1005
	7.0368
	0.7819
	0.1007
	14.0%

	SINR=-3dB
SNR=3.54dB
	7
	3.6698
	0.4078
	0.6341
	4.4535
	0.4948
	0.3799
	21.4%

	
	8
	3.5822
	0.398
	0.8339
	4.3236
	0.4804
	0.5884
	20.7%

	
	9
	3.6452
	0.405
	0.9537
	4.1255
	0.4584
	0.8699
	13.2%

	
	CQI
	3.6866
	0.4096
	0.1005
	4.5898
	0.51
	0.1006
	24.5%


Table 2 DMRS based (4TX, TM9) receiver performance comparison between MMSE and MMSE-IRC

	Geometry
	MCS
	MMSE
	MMSE-IRC
	IRC/MMSE gain

	
	
	Throughput
(Mbps)
	Spectrum efficiency (b/s/Hz)
	1st TX BLER
	Throughput
(Mbps)
	Spectrum efficiency (b/s/Hz)
	1st TX BLER
	

	SINR=0dB
SNR=5.4dB
	10
	5.6112
	0.6235
	0.422
	6.5726
	0.7303
	0.216
	17.1%

	
	11
	5.4189
	0.6021
	0.6062
	6.4141
	0.7127
	0.3651
	18.4%

	
	12
	5.2583
	0.5843
	0.8451
	6.0166
	0.6685
	0.6429
	14.4%

	
	CQI
	5.896
	0.6551
	0.1002
	6.6723
	0.7414
	0.1003
	13.2%

	SINR=-3dB
SNR=3.54dB
	7
	3.3914
	0.3768
	0.7745
	4.0722
	0.4525
	0.5165
	20.1%

	
	8
	3.406
	0.3784
	0.931
	3.8784
	0.4309
	0.7713
	13.9%

	
	9
	3.5564
	0.3952
	0.9861
	3.9337
	0.4371
	0.9539
	10.6%

	
	CQI
	3.5385
	0.3932
	0.1005
	4.2249
	0.4694
	0.1008
	19.4%


Part of the information from Tables 1 and 2 is presented graphically in Figures 3 and 4.
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Figure 3 Throughput of MMSE vs. MMSE-IRC (2TX, TM6)
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Figure 4 Throughput of MMSE vs. MMSE-IRC (4TX, TM9)
Note that in the simulation the scheduling granularity of one subframe is the worst scenario for evaluating the MMSE-IRC performance. The reason is that as there is no correlation of the interfering signal spatial direction between the subframes, UE cannot take the IRC advantage into the feedback considerations. In practical, UE potentially could obtain more gain over MMSE if the scheduling has longer granularity. 
2.2 System level simulation
As described in [2], the spatial correlation matrix
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	is estimated by 
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which can be approximated by using the complex Wishart distribution with [image: image8.png]


 degree of freedom,
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In the system level simulation, the correlation matrix is generated by
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where [image: image12.png]


 is the Cholesky decomposition of the ideal spatial correlation matrix [image: image14.png]


. The low-triangular matrix [image: image16.png]


 is generated according to
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where [image: image19.png]


 follows a chi-square distribution[image: image21.png]~X2(2M —i+1)),



and [image: image23.png]n,;~CN(0,1)



.

Table 3 shows the cell average and edge user throughput of 0dB and -3dB geometry UEs for 3GPP case 1 and case 3 scenarios. The antenna configuration is 2x2 low-correlation. Three performance results are presented in each case: MMSE, ideal-IRC and Wishart-IRC. It is observed that edge cell user can achieve most of the gains promised by the ideal MMSE-IRC. Due to the cross correlation term errors in the sample correlation matrix estimation, the achievable gain gap from the ideal-IRC is larger for the cell average throughput. One possible improvement is to use the RS cancelation based spatial correlation matrix estimation which eliminates the cross correlation between the target signal and the interfering signal.
Table 3 System throughput for 2x2 antenna configuration (Mbps)

	
	3GPP case 1
	3GPP case 3

	
	Cell average
	Gain
	Edge user
	Gain
	Cell average
	Gain
	Edge user
	Gain

	MMSE
	21.97
	ref
	0.605
	ref
	16.61
	ref
	0.402
	ref

	ideal-IRC
	24.26
	10.4%
	0.754
	25%
	18.21
	9.6%
	0.454
	12.9%

	Wishart-IRC
	22.69
	3.3%
	0.734
	21.7%
	17.23
	3.7%
	0.447
	11.2%


Figure 5 shows the CDF of the throughput for 0dB and -3dB geometry UEs.
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Figure 5 CDF of 0dB and -3dB geometry UE throughput 


3 Conclusion

In this contribution, we provide the link and system level simulation results for the advanced receiver performance evaluation. We think that the gain which can be achieved in realistic scenarios and with UE implementation complexity restriction is very promising and are sufficient to move this study item towards a work item. 
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Annex A: Link level simulation assumptions
	Parameter
	Scenario 1
(CRS based)
	Scenario 2

(DM-RS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	TM6
	TM9 with 1-layer transmission

	Transmission mode on interference cell
	TM4
	TM9

	MIMO configuration
	2x2 and low correation
	4x2 and low correation

	Channel model and Doppler frequency for target and interference cells
	EVA, 3km/h, 
Use different channel seed for between cells

	CRS configuration
	2 CRS ports with planning (non-colliding)

	CSI-RS configuration
	None
	4 CSI-RS ports,

 and 5 msec periodicity

	MCS for target signal
	Fixed MCS as follow:

#10, #11, #12 for SINR = 0 dB, and #7, #8 ,#9 for SINR= -3 dB as baseline,

and outer-loop link adaptation by interested companies

	PMI for target signal
	Follow wideband PMI as baseline

Fixed wideband PMI by interested companies

	H-ARQ
	8 HARQ processes and max 4 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 msec

Feedback delay: 8 msec
	Feedback periodicity: 5 msec

Feedback delay: 8 msec

	MCS/ PMI transmission guranuality and Number of transmission ranks for interfernce signals (% of rank-1 and % of rank-2)
	Randomly changing per sub-band from subframe to subframe as baseline.

Randomly changing per sub-band per 10 msec periodicity by interested companies

Frequency granularity is 6 RBs

	
	80% for rank-1 and 20% for rank-2
	70% for rank-1 and 30% for rank-2

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	50 RBs 

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum


Annex B: System level simulation assumption for interference modelling
Table A‑1 Simulation assumptions for interference modeling

	Parameter
	3GPP Case 1
	3GPP Case 3

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site
	500 m
	1732 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern
	Horizontal
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Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
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	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	Hard handover hysteresis
	3 dB

	Traffic model
	Full buffer traffic

and non-full buffer/ non-full traffic model (optional)
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