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1. Introduction

Through the e-mail discussion after RAN1#59 meeting, the simulation assumptions for further study on number of REs per PRB pair for intra-cell CSI-RS port are agreed.
This document discusses CSI-RS design according to the link level evaluation results based on the agreed 2 sets of simulation assumptions i.e. stage-1) Required CSI-RS density per PRB in support of Rel-10 downlink SU-MIMO and stage-2) Impact of CSI-RS puncturing on legacy Rel-8 PDSCH performance.
2. Simulation results
2.1. Stage-1: Required CSI-RS density per PRB in support of Rel-10 downlink SU-MIMO
In this section we present Rel-10 downlink SU-MIMO performance results for separate MCS and no HARQ with different CSI-RS densities. Parameters used for the evaluation are almost aligned with agreed ones during the e-mail discussion. For the evaluation we considered codebook based feedback (Figure 1) and unquantized SVD feedback (Figure 2), respectively. Some further detailed simulation assumptions are explained in appendix part. 
For the evaluation with codebook based feedback, figure 1 shows performance loss of sparse CSI-RS (1 RE/PRB/port) around 0.6 dB compared to dense CSI-RS (2 RE/PRB/port) in low SNR region e.g. for QPSK 1/2. Meanwhile in high SNR region e.g. for 64 QAM 1/2 those two show almost similar performance.
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Figure 1 Rel-10 PDSCH throughput vs. SNR (6bit codebook)
For the evaluation with unquantized SVD feedback, figure 2 shows the performance difference more clearly, which assumes unquantized SVD feedback as upper bound, namely performance loss of sparse CSI-RS around 0.9 dB for QPSK 1/2 and 0.3 dB for 64 QAM 1/2 compared to dense CSI-RS.
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Figure 2 Rel-10 PDSCH throughput vs. SNR (SVD)
Besides we show the evaluation results with rank-2 transmission in appendix part, which show almost similar tendency as the results above for rank-1 transmission.

Based on the evaluation results, we confirmed the CSI-RS density with 2RE/PRB/port provides the best performance.

2.2. Stage-2: Impact of CSI-RS puncturing on legacy Rel-8 PDSCH performance
In this section we present legacy Rel-8 PDSCH performance results enabling link adaptation via adaptive MCS setting and HARQ with different CSI-RS densities for puncturing. Parameters used for the evaluation are almost aligned with the agreed ones during the e-mail discussion. Some further detailed simulation assumptions are explained in appendix part. 

Figure 3 shows performance loss of dense CSI RS (2RE/PRB/port) around 0.7 dB compared to sparse CSI-RS (1RE/PRB/port) for high SNR region e.g. 10 dB. Meanwhile in low SNR region e.g. 0 dB those two show almost similar performance.
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Figure 3 Rel-8 PDSCH throughput vs. SNR (SFBC)
Based on the evaluation results, we confirmed the CSI-RS density with 2RE/PRB/port provides a certain level of performance loss for legacy Rel-8 PDSCH but it would be tolerable.

3. Conclusion
In this contribution, CSI-RS design is discussed according to the link level results. Our view is:

· CSI-RS density of 2 RE/PRB/port is preferable
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Appendix
* Simulation parameters

Parameters used for the evaluations are aligned with the ones agreed via e-mail discussion.
Table A-1 detailed simulation assumptions
	Stage-1 simulation

	eNB antenna configuration
	8 Tx uncorrelated

	Channel model
	3GPP-TU

	MCS, HARQ & link adaptation
	Separate MCS (QPSK-1/2, 16QAM-1/2, 64QAM-1/2), no HARQ, no link adaptation

	Detector
	MRC (rank1), MMSE (rank2)

	Precoding/feedback granularity 
	4 PRB

	Transmit precoding/feedback
	codebook with effective size of 6-bit (below), unquantized SVD

	Transmission rank
	Rank-1

	CSI-RS duty cycle configuration
	10 ms interval

	CSI-RS reference patterns
	Agreed reference pattern

	Simulation output
	PDSCH throughput vs. SNR

	Stage-2 simulation

	eNB antenna configuration
	Rel-8 configuration : 2 Tx uncorrelated
Rel-10 configuration: 8 Tx with different density

	Detector
	MRC (rank1)

	Transmission rank
	Rank-1 (SFBC)

	CSI-RS duty cycle configuration
	10 ms interval

	CSI-RS reference patterns
	Agreed reference pattern

	Simulation output
	Rel-8 PDSCH throughput vs. SNR


* Six bit codebook for evaluation (rotated-DFT)
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* Further results on Stage-1 evaluation
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Figure A- 1 Rel-10 PDSCH throughput vs. SNR (6bit codebook, rank2)
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Figure A- 2 Rel-10 PDSCH throughput vs. SNR (SVD, rank2)
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