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1
Introduction

During RAN4#62bis, agreements in [1] were reached on test coverage and framework. In addition, simulation assumptions were agreed in [2] and corresponding link level performance evaluation results were requested for RAN4#63. There are two main differences compared to earlier simulation parameters:
· DIP values at G=-2.5dB and G=0dB are based on agreements in [1] and were selected following the average throughput gain methodology based on company-wise averaged results;
· Scenario 1-1 involving TM2 in serving cell and TM3 transmission in interfering cells is added.
In this contribution, we report requested link level evaluation results. 
2 
Simulation assumptions
Simulation parameters comply with the agreed assumptions in [2] which are also listed in Annex A. The link level performance is compared for the following receiver structures:
· Rel-8/9 baseline receiver for rank-1 as defined in Annex F of [1] is MRC;
· In this contribution, we consider a baseline MMSE-MRC receiver that performs narrowband (NB) averaging of interference covariance matrix similarly to the IRC, except that only diagonal elements of the covariance matrix are retained and off-diagonal entries are set to zero.
· MMSE-IRC receiver with the following assumptions on interference covariance matrix estimation;
· Residual signals at reference symbols locations:
· CRS locations are used for TM2 and TM6 (Scenario 1-1 and Scenario 1-2).
· DM-RS locations are used for TM9 (Scenario 2).
· Interference covariance matrix is averaged in time within 1 subframe.

Synchronous network operation with two interfering cells is assumed. Random QPSK modulated symbols are assumed here for interfering cells’ signals.
3 
Link level performance evaluation results
In this section, we provide link level results of MMSE-IRC vs. baseline MRC according to the agreed assumptions.
3.1
Scenario 1-1 – TM2
Results for Scenario 1-1 (TM2 with TM3 interference) are reported in this section. In addition to agreed parameters, we provide results for MCS#5 and MCS#6 at geometry G=-2.5dB in Table 1. The main reason is as follows: since the assumption of spatial correlation for Scenario 1-1 was changed from ‘low’ to ‘medium’ during RAN4#62bis, the overall throughput performance decreased. MCS were originally selected such that IRC throughput lies in the vicinity of 70% relative throughput for the considered MCS at the target geometry (here G=-2.5dB). This is not the case anymore for MCS#7,8, and MCS#5,6 seem more appropriate in that respect, as shown by throughput vs. geometry curves presented in Annex B of this document. Hence we propose that:
Proposal: 
Consider MCS#{5,6} for Scenario 1-1 (TM2) instead of previously assumed MCS#{7,8}. 

Table 1: Link level throughput in Scenario 1-1 (TM2) at G=-2.5dB.

	G=-2.5dB
	MCS index
	Baseline MRC
	MMSE-IRC

	
	
	Throughput [Mbps]
	Throughput [Mbps]
	Throughput gain [%] vs. baseline MRC

	
	5
	2.66
	2.99
	12.4%

	
	6
	2.64
	2.96
	12.1%

	
	7
	2.63
	2.92
	11.0%

	
	8
	2.67
	3.00
	12.3%


Table 2: Link level throughput in Scenario 1-1 (TM2) at G=0dB.

	G=0dB
	MCS index
	Baseline MRC
	MMSE-IRC

	
	
	Throughput [Mbps]
	Throughput [Mbps]
	Throughput gain [%] vs. baseline MRC

	
	10
	3.56
	3.84
	7.8%

	
	11
	3.66
	3.95
	7.9%


3.2
Scenario 1-2 – TM6

Results for Scenario 1-2 (TM6 with TM4 interference) are reported in this section.

Table 3: Link level throughput in Scenario 1-2 (TM6) at G=-2.5dB.

	G=-2.5dB
	MCS index
	Baseline MRC
	MMSE-IRC

	
	
	Throughput [Mbps]
	Throughput [Mbps]
	Throughput gain [%] vs. baseline MRC

	
	7
	4.39
	5.09
	15.9%

	
	8
	4.31
	5.05
	17.2%


Table 4: Link level throughput in Scenario 1-2 (TM6) at G=0dB.

	G=0dB
	MCS index
	Baseline MRC
	MMSE-IRC

	
	
	Throughput [Mbps]
	Throughput [Mbps]
	Throughput gain [%] vs. baseline MRC

	
	10
	5.87
	6.63
	12.9%

	
	11
	5.95
	6.79
	14.1%


3.3
Scenario 2 – TM9

Results for Scenario 2 (TM9 rank-1 with TM9 rank-1&2 interference) are reported in this section.

Table 5: Link level throughput in Scenario 2 (TM9) at G=-2.5dB.

	G=-2.5dB
	MCS index
	Baseline MRC
	MMSE-IRC

	
	
	Throughput [Mbps]
	Throughput [Mbps]
	Throughput gain [%] vs. baseline MRC

	
	7
	3.97
	4.47
	12.6%

	
	8
	3.79
	4.25

	12.1%


Table 6: Link level throughput in Scenario 2 (TM9) at G=0dB.

	G=0dB
	MCS index
	Baseline MRC
	MMSE-IRC

	
	
	Throughput [Mbps]
	Throughput [Mbps]
	Throughput gain [%] vs. baseline MRC

	
	10
	5.62
	6.17
	9.8%

	
	11
	5.47
	6.10
	11.5%


4
Conclusions
In this contribution we evaluated the performance of MMSE-IRC receiver compared to the MMSE-MRC baseline receiver, according to agreed simulation assumptions [2]. Remarkable gains of MMSE-IRC receiver are observed in both CRS and DM-RS based scenarios, including in the newly considered Scenario 1-1 involving TM2. Finally, we proposed to reconsider MCS choices for the latter scenario:
Proposal: 
Consider MCS#{5,6} for Scenario 1-1 (TM2) instead of previously assumed MCS#{7,8}. 
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Annex A – Simulation assumptions
Table 7: Agreed simulation assumptions for link-level evaluations [2].
	Parameter
	Scenario 1-1 (TM2)
	Scenario 1-2 (TM6)
	Scenario 2 (TM9)             

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM2
	TM6
	TM9 with 1-layer

	Transmission mode in interfering cells
	TM3
	TM4
	TM9

	MIMO configuration
	2x2, medium correlation
	2x2, low correlation
	4x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5 (also higher velocities can be considered in additions)
Use different channel seed for between cells

	Number of interfering cells
	1 & 2 to be considered

	Geometry
	G=-2.5dB and G=0dB

	DIP values
	At G=-2.5dB: DIP1= -1.73dB and DIP2=-8.66dB
At G=0dB: DIP1=-2.0561dB and DIP2=-8.2463dB

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

	CSI-RS configuration
	None
	None
	4 CSI-RS ports,

 and 5 msec periodicity

	MCS for target signal
	Fixed MCS as follows:

#10, #11 for G=0dB, and #7, #8 for G=-2.5 dB as baseline

	PMI for target signal
	N/A
	Follow wideband PMI
	Follow wideband PMI

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 msec

Feedback delay: 8 msec

	PMI granularity and rank of interfering 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 PRBs

	
	[80% rank-1,20% rank-2]
	80% rank-1, 20% rank-2
	70% rank-1, 30% rank-2

	Modulation in interfering cells
	Fixed modulation order: QPSK or 16QAM

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	50 PRBs 

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum


Annex B – TM2 throughput vs. geometry for MCS#{5,6,7,8}
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MCS 5 - IRC


Figure 1: TM2 – IRC throughput vs. G for MCS#5 (2x2 medium correlation)
	[image: image2.emf]-4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1

2

2.5

3

3.5

4

4.5

5

G [dB]

Throughput [Mbit/s] (3 Retrans.)

Scenario 1-1: TM2

 

 

MCS 6 - IRC


Figure 2: TM2 – IRC throughput vs. G for MCS#6 (2x2 medium correlation)
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Figure 3: TM2 – IRC throughput vs. G for MCS#7 (2x2 medium correlation)
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Figure 4: TM2 – IRC throughput vs. G for MCS#8 (2x2 medium correlation)



