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1. Introduction

At the RAN4#61 meeting, the evaluation steps and timeline were agreed in [1] as follows.

By 23rd January 2012
· Provide DIP table based on the following procedure (DIP table for weighted average throughput gain study):
· Save the DIP conditioned on a certain geometry level from all samples; the DIP values are sorted according to the first DIP (DIP1) in ascending order, after this, the data set is binned in 5-percentile bands.
· A mean of all DIP values inside a 5-percentile band is taken, yielding one characteristics DIP value per each 5-percentile. At the end of the process, 20 characteristic DIP values are obtained.
· The tables provided by interested companies will be averaged and a single statistic based DIP will be provided.
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· Provide the link level simulation results based on conditional median DIP [2]
· Provide the link level simulation results based on the “DIP table for weighted average throughput gain study” table provided on 23rd January 2012 by interested companies
· Typical DIP scenario based on the average throughput gain will be defined.
· Provide the system level simulation results by interested companies
· Finalize TR
Although the synchronization between collocated eNodes is easily performed, two cases for the synchronization between eNBs are needed for the evaluation on FDD and TDD deployment.
· Case 1: Synchronized network, i.e., all eNBs are synchronized

· Case 2: Asynchronized network, i.e., only collocated eNBs are synchronized
Case 1 is baseline and Case 2 may be investigated by interested companies
According to the agreed evaluation steps and timeline, this contribution provides the link level simulation results based on the conditional median DIP. We assume the synchronized network in this contribution following the baseline assumption. The simulation results shows the gain of the MMSE-IRC receiver compared to the Rel.8 baseline (MMSE) receiver when the simulation assumptions for link level evaluation and the conditional median DIP shown in [1] are assumed.
2. Link Level Performance Evaluation of MMSE-IRC Receiver based on Conditional Median DIP
2.1 Simulation Assumptions for Link Level Performance Evaluation

Regarding the DIP values and the number of interfering cells for link level simulation, we assume the agreed values as follows [1]: 
· Synchronized network (baseline)

· Number of interfering cells: 2 cells

· Conditional median DIP values:

· DIP1 = -2.8 dB, DIP2 = -7.3 dB on 0 dB geometry.

· DIP1 = -3.1 dB, DIP2 = -5.4 dB on -3 dB geometry.
Simulation assumptions for link level performance evaluation are shown in Table A1 in the Annex, which was also agreed in [1]. In this contribution, we evaluate the MMSE-IRC receiver and the Rel.8 baseline receiver, i.e., MMSE receiver for comparison. The following covariance matrix estimation schemes [3] are considered in the evaluation. 

· RS based estimation scheme
· Using CRS for Scenario 1: TM6 on the serving cell in Table A1
· Using DM-RS for Scenario 2: TM9 with 1-layer transmission on the serving cell in Table A1
· Data signal based estimation scheme
Note that the covariance matrix of the MMSE-IRC receiver is averaged within 1 RB in this evaluation.
2.2 Link Level Performance Evaluation Results based on Conditional Median DIP
· Scenario 1 (CRS based transmission): TM6 on Serving Cell
In this part, Scenario 1, i.e., TM6 on the serving cell, is assumed. Table 1 and 2 show the throughput performance results of each receiver for 0 dB and -3 dB geometry cases, respectively. Note that “((x%)” means the relative gain of the MMSE-IRC receiver compared to the Rel.8 baseline receiver. Comparing the covariance matrix estimation schemes for the MMSE-IRC receiver, the results indicate that the performance of RS based estimation scheme outperforms that of data signal based estimation scheme. Furthermore, the gains of MMSE-IRC receiver compared to Rel.8 baseline receiver can be achieved for both of geometry cases when the RS based estimation scheme is used. Specifically, the MMSE-IRC receiver using RS based estimation scheme achieves approximately 10 to 25% of gain. However, when the MMSE-IRC receiver using data signal based estimation scheme is assumed, the performance of the MMSE-IRC receiver is slightly degraded compared to the Rel.8 baseline receiver. 
Table 1. Throughput performance for 0 dB geometry case (Scenario 1: TM6 on serving cell)
	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC receiver

	
	
	RS based covariance matrix estimation
	Data signal based covariance matrix estimation

	MCS index #10
	4.51 Mbps
	5.40 Mbps
	3.49 Mbps

	
	
	(+19.7%)
	(-22.6%)

	MCS index #11
	4.49 Mbps
	5.39 Mbps
	3.57 Mbps

	
	
	(+19.9%)
	(-20.5%)

	MCS index #12
	4.20 Mbps
	4.95 Mbps
	3.52 Mbps

	
	
	(+17.7%)
	(-16.2%)

	Outer-loop link adaptation
	5.33 Mbps
	6.00 Mbps
	4.60 Mbps

	
	
	(+12.5%)
	(-13.7%)


Table 2. Throughput performance for -3 dB geometry case (Scenario 1: TM6 on serving cell)
	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC receiver

	
	
	RS based covariance matrix estimation
	Data signal based covariance matrix estimation

	MCS index #7
	2.77 Mbps
	3.42 Mbps
	2.64 Mbps

	
	
	(+23.5%)
	(-4.6%)

	MCS index #8
	2.71 Mbps
	3.28 Mbps
	2.63 Mbps

	
	
	(+20.9%)
	(-3.1%)

	MCS index #9
	2.64 Mbps
	3.09 Mbps
	2.61 Mbps

	
	
	(+17.0%)
	(-1.4%)

	Outer-loop link adaptation
	2.81 Mbps
	3.50 Mbps
	2.77 Mbps

	
	
	(+24.7%)
	(-1.2%)


· Scenario 2 (DM-RS based transmission): TM9 with 1-layer Transmission on Serving Cell
In this part, Scenario 2, i.e., TM9 with 1-layer transmission on the serving cell, is assumed. Table 3 and 4 show the throughput performance results of each receiver for 0 dB and -3 dB geometry cases, respectively. From the results, as well as the results for Scenario 1, we can see that the gains of MMSE-IRC receiver compared to Rel.8 baseline receiver can be obtained when the RS based estimation scheme is used. Specifically, MMSE-IRC receiver using RS based estimation scheme achieves approximately 10 to 15% of gain. 

Table 3. Throughput performance for 0 dB geometry case 

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

	
	
	RS based covariance matrix estimation
	Data signal based covariance matrix estimation

	MCS index #10
	4.87 Mbps
	5.55 Mbps
	3.79 Mbps

	
	
	(+14.0%)
	(-22.2%)

	MCS index #11
	4.60 Mbps
	5.22 Mbps
	3.72 Mbps

	
	
	(+13.5%)
	(-19.1%)

	MCS index #12
	4.28 Mbps
	4.79 Mbps
	 3.60 Mbps

	
	
	(+11.8%)
	(-16.0%)

	Outer-loop link adaptation
	5.39 Mbps
	5.84 Mbps
	4.70 Mbps

	
	
	(+8.3%)
	(-12.9%)


Table 4. Throughput performance for -3 dB geometry case 
(Scenario 2: TM9 with 1-layer transmission on serving cell)
	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC receiver

	
	
	RS based covariance matrix estimation
	Data signal based covariance matrix estimation

	MCS index #7
	2.88 Mbps
	3.30 Mbps
	2.74 Mbps

	
	
	(+14.6%)
	(-4.8%)

	MCS index #8
	2.77 Mbps
	3.13 Mbps
	2.67 Mbps

	
	
	(+13.0%)
	(-3.5%)

	MCS index #9
	2.71 Mbps
	2.98 Mbps
	2.65 Mbps

	
	
	(+9.7%)
	(-2.4%)

	Outer-loop link adaptation
	2.94 Mbps
	3.43 Mbps
	2.88 Mbps

	
	
	(+16.7%)
	(-1.9%)


3. Conclusion
In this contribution, the link level performance of the MMSE-IRC receiver was evaluated based on the conditional median DIP values. Comparing the covariance matrix estimation schemes for the MMSE-IRC receiver, we clarified that the performance of RS based estimation scheme outperforms that of data signal based estimation scheme, and the performance degradation was observed in the results of data signal based estimation scheme. Furthermore, when the low geometry cases, i.e., 0 dB  and -3 dB geometry cases, was assumed, it was shown that the gains of the MMSE-IRC receiver using RS based estimation scheme compared to the Rel.8 baseline receiver were achieved as follows:
· Scenario 1 (CRS based transmission): TM6 on Serving Cell
· Approximately 10 to 25% of gain was achieved
· Scenario 2 (DM-RS based transmission): TM9 with 1-layer Transmission on Serving Cell
· Approximately 10 to 15% of gain was achieved
The simulation results showed that the MMSE-IRC receiver using RS based estimation scheme could improve the cell-edge user throughput performance compared to the Rel.8 baseline receiver for both of CRS and DM-RS based transmission mode.
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Annex

Table A1. 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:

#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 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
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