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1. Introduction

In RAN1#60 meeting, followings are agreed on CSI-RS design [1]:
· Study RE muting, i.e., no collision between CSIRS and data, for multi-cell CSI measurement

· Consider the impact of muting on UE interference measurement

· Consider the impact on Rel-8 UE

· Power reallocation of muted REs is FFS

This document discusses RE muting further according to the link level evaluation results based on agreed simulation assumptions [2].
2. Numerical analysis
2.1. Muting Impact on R8 UEs
In this section we present legacy Rel-8 PDSCH performance results enabling link adaptation via adaptive MCS setting and HARQ with different number of REs precluded for PDSCH transmission, i.e. 1) CSI-RS REs for own cell and/or 2) muting REs collide to other cell’s CSI-RS. Parameters used for the evaluation are aligned with the agreed simulation assumptions [2]. Further detailed simulation assumptions are explained in appendix part.

Figure 1 shows performance loss due to precluding up to 12 REs from PDSCH transmission in order for 4tx CSI-RS with or without muting (for 1 or 2 cells) under TU channel. Those could be almost similar impact as that of CSI-RS for 8tx without muting. Besides we show the evaluation results with SCM in appendix part, which show almost similar tendency as TU case. Based on the evaluation results, we confirmed the performance loss due to RE muting is tolerable.
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Figure 1 Rel-8 PDSCH throughput vs. SNR with link adaptation (i.i.d. channel)
2.2. Muting benefit to Intra-site CoMP UE: 1st step
In this section we present mean squared error (MSE) performance for inter-cell CSI estimation based on different RS, i.e. 1) CSI-RS with muting, 2) CSI-RS without muting and 3) CRS. Parameters used for the evaluation are aligned with the agreed simulation assumptions [2]. Here CSI estimation accuracy with CRS is measured by channel estimation value averaged over 2 consecutive subframes with first 2 OFDM symbols of each subframe, assuming MBSFN subframe. Further detailed simulation assumptions are explained in appendix part.

Figure 2 shows MSE performance on each RS under SCM-Config.1. According to the figure CSI-RS shows best performance in case RSRP difference between serving cell and coordinated cell below 5dB, which would be typical scenario for CoMP UE. CSI-RS without muting shows worse performance than that of CRS. This is mainly due to sparse frequency density e.g. 1RE/RB/port for CSI-RS and 2RE/RB/port for CRS. Besides we show the evaluation results with other SCM configurations in appendix part, which show almost similar tendency. Based on the evaluation results, we confirmed the muting benefit to intra-site CoMP UE.
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Figure 2 MSE vs. (RSRPserving cell - RSRPcoordinated cell)
3. Conclusion
In this contribution, inter-cell CSI-RS design is further discussed according to the link level results. Our view is:

· To support inter-cell orthogonal CSI-RS via muting
References
[1]
R1-101711, MCC Support, “Final report of RAN1#60 meeting”
[2]
R1-101676, Huawei, NTT DoCoMo, Nokia, Nokia Siemens Networks, ZTE, Panasonic, Texas Instruments, “CSI-RS simulation assumptions”
[3]
R1-100820, NTT DOCOMO, “Evaluation Scenarios and Assumptions for Intra-eNB CoMP”
Appendix
* Simulation parameters

Parameters used for the evaluations are aligned with agreed simulation assumptions [2].
Table A-1 detailed simulation assumptions
	Simulation for muting Impact on R8 UEs

	eNB antenna configuration
	Rel-8 configuration : 2 Tx uncorrelated
Rel-10 configuration: 4 or 8 Tx with different # of cells for RE muting

	Detector
	MRC

	Transmission rank
	Rank-1 (SFBC)

	CSI-RS duty cycle configuration
	10 ms interval

	CSI-RS reference patterns
	Same as example pattern for 4 ports/cell shown in slide 7 of [2]

	Power reallocation of muted REs
	Not applied

	Simulation output
	Rel-8 PDSCH throughput vs. SNR

	Simulation for muting benefit to Intra-site CoMP UE (1st step)

	Antenna configuration, channel model
	4x2, SCM, aligned with [3]

	CSI-RS duty cycle configuration
	10 ms interval

	CSI-RS reference patterns
	Same as example pattern for 4 ports/cell shown in slide 7 of [2]

	Simulation output
	MSE vs. RSRPserving cell - RSRPcoordinated cell with fixed noise power (10dB SNR)


* CSI-RS pattern

[image: image3]
Figure A-2 CSI-RS pattern used for evaluation [2]
* Further results for muting Impact on R8 UEs
Antenna configuration for SCM

<Config.1> eNB: Cross-polarized (0.5  spacing), UE: Cross-polarized antennas

<Config.2> eNB: Grouped co-polarized (0.5  within group, 10  between group), UE: co-polarized antennas

<Config.3> eNB: co-polarized (0.5  spacing), UE: co-polarized antennas
[image: image4.emf]4Tx CSI, 2x2 SFBC (SCM-Config.1)
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 [image: image5.emf]4Tx CSI, 2x2 SFBC (SCM-Config.2)
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Figure A-1(a) Config.1                                                           Figure A-1(b) Config.2
[image: image6.emf]4Tx CSI, 2x2 SFBC (SCM-Config.3)
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Figure A-1(c) Config.3
Figure A- 1 Rel-8 PDSCH throughput vs. SNR with link adaptation (correlated channels)
* Muting benefit to Intra-site CoMP UE: 1st step
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[image: image8.emf]4x2 SCM-Config.3, SNR=10dB
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Figure A-2(a) Config.2                                                           Figure A-2(b) Config.3
Figure A- 2 MSE vs. (RSRPserving cell - RSRPcoordinated cell)







[image: image1.emf]4tx CSI, 2x2 SFBC (TU, i.i.d.)
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