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1. Introduction

At the RAN4#62 meeting, the way forwards regarding the case of geometry (G) = -2.5 dB were agreed in [1] as follows.

· Agree to use averaged profiles in R4-120526 at G=0dB for averaged throughput gain study

· Agree to replace G=-2.5 dB geometry instead of G=-3dB

· Agree to re-run system simulations in order to obtain median DIPs & DIP profiles conditioned to G=-2.5dB

· Input to be provided by 02.03.2012, results to be averaged by RAN4#62bis

· Exact date to be settled by Fri 10.02

· Companies to submit link level results for median DIPs as well as average throughput gain results with the averaged profile for RAN4#62bis
Median DIP and DIP profiles conditioned to G = -2.5dB were summarized in [2], which were simulated by interested companies. In this contribution, the throughput performance for MMSE-IRC receiver using these DIP values is evaluated.
2. Discussion
2.1 Simulation Assumptions for Link Level Performance Evaluation

Median DIP values are determined in [2] as follows.

· DIP1 = -2.0 dB, DIP2 = -8.3 dB on -2.5 dB geometry.
DIP profiles used to define the typical DIP scenario for -2.5 dB geometry case is shown in Table A.1 in the Annex. This tables was averaged the DIP profiles provided by interested companies [2]. We assume the simulation assumptions for link level performance evaluation shown in Table B.1 in the Annex, which were agreed in [3]. Regarding the MMSE-IRC receiver, the following covariance matrix estimation schemes [4] are considered in the evaluation. 

· RS based estimation scheme
· Using CRS for TM6 on the serving cell (Scenario 1 in Table B.1)

· Using DM-RS for TM9 with 1-layer transmission on the serving cell (Scenario 2 in Table B.1)

Note that the covariance matrix of the MMSE-IRC receiver is averaged within 1 RB in this evaluation.

2.2 Throughput Performance Results 
· Scenario 1 (CRS based transmission): TM6 on Serving Cell
The throughput performance results based on median DIP values are summarized in Table 1. Note that “((x%)” in the tables means the relative gain.

Table 1. Gain of MMSE-IRC receiver based on median DIP (Scenario 1: TM6 on serving cell)

	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC receiver

	MCS index #7
	3.09 Mbps
	4.12 Mbps

	
	
	(+25.0%)

	MCS index #8
	3.00 Mbps
	3.95 Mbps

	
	
	(+31.8%)

	MCS index #9
	2.87 Mbps
	3.61 Mbps

	
	
	(+25.8%)

	Outer-loop link adaptation
	3.10 Mbps
	4.12 Mbps

	
	
	 (+33.1%)


Regarding the results based on DIP profiles are summarized in Table C.1 in the Annex. The average throughput over all 20 DIP sets for each geometry case is inserted on each table. Based on the results of the MMSE-IRC receiver, we choose the DIP set whose individual throughput is closest to the average throughput as the typical DIP scenario as follows:
· DIP set #12 (DIP1 = -1.73 dB, DIP2 = -8.66 dB) for MCS index #7
· DIP set #13 (DIP1 = -1.55 dB, DIP2 = -9.31 dB) for MCS index #8
· DIP set #13 (DIP1 = -1.55 dB, DIP2 = -9.31 dB) for MCS index #9

· DIP set #13 (DIP1 = -1.55 dB, DIP2 = -9.31 dB)  for Outer-loop link adaptation

Using the above typical DIP scenario, the gains of the MMSE-IRC receiver compared to the Rel.8 baseline receiver are summarized in Table 2. 

Table 2. Gain of MMSE-IRC receiver based on DIP profiles (Scenario 1: TM6 on serving cell)
	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC receiver

	MCS index #7
	DIP set #12
	3.08 Mbps
	4.30 Mbps

	
	
	
	(+39.9%)

	MCS index #8
	DIP set #13
	2.98 Mbps
	4.28 Mbps

	
	
	
	(+43.6%)

	MCS index #9
	DIP set #13
	2.85 Mbps
	3.88 Mbps

	
	
	
	(+36.2%)

	Outer-loop link adaptation
	DIP set #13
	3.01 Mbps
	4.34 Mbps

	
	
	
	(+44.3%)


· Scenario 2 (DM-RS based transmission): TM9 with 1-layer Transmission on Serving Cell
The throughput performance results based on median DIP values are summarized in Table 3. Note that “((x%)” in the tables means the relative gain.

Table 3. Gain of MMSE-IRC receiver based on median DIP

(Scenario 2: TM9 with 1-layer transmission on serving cell)

	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC receiver

	MCS index #7
	3.19 Mbps
	3.96 Mbps

	
	
	(+24.1%)

	MCS index #8
	3.03 Mbps
	3.69 Mbps

	
	
	(+21.7%)

	MCS index #9
	2.91 Mbps
	3.40 Mbps

	
	
	(+16.9%)

	Outer-loop link adaptation
	3.26 Mbps
	4.02 Mbps

	
	
	(+23.4%)


Regarding the results based on DIP profiles are summarized in Table C.2 in the Annex. The average throughput over all 20 DIP sets for each geometry case is inserted on each table. Based on the results of the MMSE-IRC receiver, we choose the DIP set whose individual throughput is closest to the average throughput as the typical DIP scenario as follows:

· DIP set #12 (DIP1 = -1.73 dB, DIP2 = -8.66 dB) for MCS index #7

· DIP set #13 (DIP1 = -1.55 dB, DIP2 = -9.31 dB) for MCS index #8

· DIP set #13 (DIP1 = -1.55 dB, DIP2 = -9.31 dB)  for MCS index #9

· DIP set #12 (DIP1 = -1.73 dB, DIP2 = -8.66 dB) for Outer-loop link adaptation

Using the above typical DIP scenario, the gains of the MMSE-IRC receiver compared to the Rel.8 baseline receiver are summarized in Table 4. 

Table 4. Gain of MMSE-IRC receiver based on DIP profiles

(Scenario 2: TM9 with 1-layer transmission on serving cell)
	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC receiver

	MCS index #7
	DIP set #12
	3.18 Mbps
	4.13 Mbps

	
	
	
	(+29.6%)

	MCS index #8
	DIP set #13
	3.01 Mbps
	3.95 Mbps

	
	
	
	(+31.1%)

	MCS index #9
	DIP set #13
	2.89 Mbps
	3.60 Mbps

	
	
	
	(+24.5%)

	Outer-loop link adaptation
	DIP set #12
	3.22 Mbps
	4.13 Mbps

	
	
	
	(+28.3%)


3. Conclusion
In this contribution, the throughput performance for MMSE-IRC receiver using the median DIP and DIP profiles values which were summarized in [2] was evaluated.
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Annex A   DIP profiles for weighted average throughput gain study
Table A1. DIP profiles for weighted average throughput gain study (G = -2.5 dB)
	DIP 
set #
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	DIP6
	DIP7
	DIP8
	DIP9

	
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)

	1
	-5.71
	-6.77
	-9.27
	-11.87
	-13.42
	-14.75
	-15.85
	-16.94
	-18.01

	2
	-4.34
	-5.91
	-10.48
	-12.91
	-14.34
	-15.86
	-16.99
	-17.95
	-18.66

	3
	-3.86
	-5.63
	-11.11
	-13.36
	-15.04
	-16.68
	-17.83
	-18.88
	-20.09

	4
	-3.49
	-5.54
	-11.51
	-13.90
	-15.57
	-17.32
	-18.40
	-19.46
	-20.81

	5
	-3.22
	-5.42
	-12.48
	-14.84
	-16.34
	-18.09
	-19.27
	-20.13
	-20.83

	6
	-2.99
	-5.95
	-12.30
	-14.63
	-16.31
	-17.78
	-19.03
	-19.91
	-21.10

	7
	-2.72
	-6.80
	-11.76
	-14.14
	-16.00
	-17.70
	-18.95
	-19.91
	-21.09

	8
	-2.50
	-7.21
	-12.20
	-14.52
	-16.13
	-17.82
	-19.16
	-20.06
	-21.25

	9
	-2.30
	-7.28
	-12.76
	-14.95
	-16.50
	-18.15
	-19.30
	-20.46
	-22.05

	10
	-2.12
	-7.78
	-12.63
	-14.96
	-16.71
	-18.29
	-19.90
	-20.98
	-22.37

	11
	-1.90
	-8.33
	-12.68
	-14.89
	-16.68
	-18.24
	-19.61
	-21.12
	-22.34

	12
	-1.73
	-8.66
	-12.92
	-15.23
	-16.81
	-18.46
	-19.94
	-21.45
	-22.64

	13
	-1.55
	-9.31
	-13.11
	-15.36
	-16.79
	-18.41
	-20.28
	-21.95
	-23.48

	14
	-1.39
	-9.55
	-13.17
	-15.71
	-17.13
	-18.77
	-21.05
	-22.78
	-24.35

	15
	-1.21
	-9.92
	-13.37
	-16.23
	-17.52
	-19.40
	-22.05
	-23.60
	-25.03

	16
	-1.03
	-10.99
	-13.59
	-16.39
	-17.67
	-20.10
	-22.96
	-24.73
	-26.06

	17
	-0.83
	-11.44
	-14.37
	-17.66
	-19.06
	-22.80
	-25.38
	-26.92
	-28.19

	18
	-0.58
	-12.12
	-15.65
	-19.92
	-21.64
	-27.09
	-28.38
	-29.65
	-30.81

	19
	-0.41
	-13.21
	-17.70
	-21.65
	-22.91
	-30.41
	-31.63
	-32.68
	-33.66

	20
	-0.31
	-13.73
	-19.72
	-22.65
	-24.09
	-35.27
	-36.76
	-37.84
	-38.74


Annex B   Simulation assumption
Table B.1. Simulation assumptions for link level performance evaluation

	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 correlation
	4x2 and low correlation

	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: #7, #8 ,#9 for SINR= -2.5 dB,

and outer-loop link adaptation 

	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 granularity and Number of transmission ranks for interference 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 C   Throughput performance results for weighted average throughput gain study 
Table C.1. Throughput performance for each DIP set and average throughput performance over all 20 DIP sets for G = -2.5 dB (Scenario 1: TM6 on serving cell)
	DIP 
set #
	MCS #7
	MCS #8
	MCS #9

	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC Receiver
	Gain
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC
Receiver
	Gain
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC Receiver
	Gain

	
	(Mbps)
	(Mbps)
	(%)
	(Mbps)
	(Mbps)
	(%)
	(Mbps)
	(Mbps)
	(%)

	1
	3.170 
	3.224
	1.7 
	3.066 
	3.108 
	1.4 
	2.945 
	2.986 
	1.4 

	2
	3.151 
	3.463
	9.9 
	3.047 
	3.313 
	8.7 
	2.920 
	3.133 
	7.3 

	3
	3.140 
	3.59
	14.3 
	3.033 
	3.434 
	13.2 
	2.910 
	3.217 
	10.6 

	4
	3.132 
	3.696
	18.0 
	3.026 
	3.536 
	16.9 
	2.901 
	3.290 
	13.4 

	5
	3.122 
	3.801
	21.8 
	3.020 
	3.632 
	20.3 
	2.892 
	3.360 
	16.2 

	6
	3.120 
	3.815
	22.3 
	3.018 
	3.646 
	20.8 
	2.891 
	3.372 
	16.6 

	7
	3.117 
	3.845
	23.4 
	3.016 
	3.675 
	21.9 
	2.888 
	3.393 
	17.5 

	8
	3.108 
	3.915
	26.0 
	3.011 
	3.742 
	24.3 
	2.881 
	3.444 
	19.5 

	9
	3.102 
	4.013
	29.4 
	3.007 
	3.839 
	27.7 
	2.875 
	3.518 
	22.4 

	10
	3.096 
	4.083
	31.9 
	3.001 
	3.913 
	30.4 
	2.869 
	3.575 
	24.6 

	11
	3.085 
	4.198
	36.1 
	2.995 
	4.030 
	34.6 
	2.862 
	3.671 
	28.3 

	12
	3.077 
	4.304
	39.9 
	2.984 
	4.144 
	38.9 
	2.854 
	3.763 
	31.9 

	13
	3.067 
	4.423
	44.2 
	2.977 
	4.275 
	43.6 
	2.846 
	3.877 
	36.2 

	14
	3.057 
	4.551
	48.9 
	2.969 
	4.420 
	48.9 
	2.838 
	4.008 
	41.2 

	15
	3.045 
	4.713
	54.8 
	2.958 
	4.608 
	55.8 
	2.830 
	4.182 
	47.8 

	16
	3.034 
	4.876
	60.7 
	2.948 
	4.814 
	63.3 
	2.818 
	4.384 
	55.6 

	17
	3.019 
	5.084
	68.4 
	2.934 
	5.082 
	73.2 
	2.806 
	4.679 
	66.8 

	18
	2.995 
	5.343
	78.4 
	2.917 
	5.455 
	87.0 
	2.787 
	5.131 
	84.1 

	19
	2.979 
	5.507
	84.9 
	2.901 
	5.709 
	96.8 
	2.774 
	5.485 
	97.7 

	20
	2.965 
	5.591
	88.6 
	2.893 
	5.852 
	102.3 
	2.763 
	5.704 
	106.4 

	Avg.
	3.0791 
	4.3018 
	39.7 
	2.9861 
	4.2114 
	41.0 
	2.8575 
	3.9086 
	36.8 


#Note that the throughput filled in pink is closest to the average throughput
Table C.2. Throughput performance for each DIP set and average throughput performance over all 20 DIP sets for G = -2.5 dB (Scenario 2: TM9 with 1-layer transmission on serving cell)
	DIP 
set #
	MCS #7
	MCS #8
	MCS #9

	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC Receiver
	Gain
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC
Receiver
	Gain
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC Receiver
	Gain

	
	(Mbps)
	(Mbps)
	(%)
	(Mbps)
	(Mbps)
	(%)
	(Mbps)
	(Mbps)
	(%)

	1
	3.261 
	3.183 
	-2.4 
	3.105 
	3.047 
	-1.9 
	2.964 
	2.924 
	-1.4 

	2
	3.252 
	3.384 
	4.1 
	3.092 
	3.211 
	3.9 
	2.951 
	3.039 
	3.0 

	3
	3.246 
	3.496 
	7.7 
	3.084 
	3.298 
	6.9 
	2.946 
	3.106 
	5.4 

	4
	3.240 
	3.589 
	10.8 
	3.078 
	3.375 
	9.7 
	2.941 
	3.164 
	7.6 

	5
	3.235 
	3.676 
	13.6 
	3.073 
	3.449 
	12.2 
	2.936 
	3.217 
	9.6 

	6
	3.231 
	3.691 
	14.2 
	3.068 
	3.461 
	12.8 
	2.932 
	3.229 
	10.1 

	7
	3.222 
	3.716 
	15.3 
	3.059 
	3.481 
	13.8 
	2.927 
	3.244 
	10.8 

	8
	3.214 
	3.778 
	17.6 
	3.054 
	3.535 
	15.8 
	2.922 
	3.283 
	12.4 

	9
	3.207 
	3.863 
	20.5 
	3.046 
	3.609 
	18.5 
	2.918 
	3.339 
	14.4 

	10
	3.199 
	3.930 
	22.9 
	3.040 
	3.664 
	20.5 
	2.913 
	3.382 
	16.1 

	11
	3.189 
	4.030 
	26.4 
	3.031 
	3.754 
	23.9 
	2.903 
	3.451 
	18.9 

	12
	3.182 
	4.125 
	29.6 
	3.023 
	3.846 
	27.2 
	2.899 
	3.519 
	21.4 

	13
	3.171 
	4.238 
	33.7 
	3.014 
	3.951 
	31.1 
	2.890 
	3.598 
	24.5 

	14
	3.159 
	4.362 
	38.1 
	3.007 
	4.071 
	35.4 
	2.885 
	3.692 
	28.0 

	15
	3.148 
	4.515 
	43.4 
	2.995 
	4.227 
	41.1 
	2.876 
	3.815 
	32.7 

	16
	3.135 
	4.672 
	49.0 
	2.984 
	4.396 
	47.3 
	2.867 
	3.952 
	37.8 

	17
	3.119 
	4.877 
	56.4 
	2.970 
	4.632 
	56.0 
	2.856 
	4.163 
	45.8 

	18
	3.098 
	5.135 
	65.8 
	2.952 
	4.969 
	68.3 
	2.841 
	4.493 
	58.2 

	19
	3.082 
	5.297 
	71.9 
	2.938 
	5.213 
	77.4 
	2.831 
	4.765 
	68.3 

	20
	3.072 
	5.385 
	75.3 
	2.929 
	5.343 
	82.4 
	2.823 
	4.935 
	74.8 

	Avg.
	3.1831 
	4.1471 
	30.3 
	3.0271 
	3.9266 
	29.7 
	2.9011 
	3.6155 
	24.6 


#Note that the throughput filled in pink is closest to the average throughput
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