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1 Introduction
CSI-RS is applied to measure channel state information to support Rel10 high order MIMO and CoMP. In RAN1 #59 meeting following CSI-RS design baselines have been agreed:
· Intra-cell CSI-RS multiplexing: Single-subframe;
· Antenna Port of CSI-RS: Start with 8Tx design;
· Transmission period of CSI-RS: Prioritize 10 msec periodicity;
· CSI-RS number of RE per ports per PRB: 1RE/1.5RE/2RE

Some CSI-RS design criteria and simulation results are lined out in [3] [5].  This contribution shows simulation results for CSI-RS density in terms of number of RE per port per PRB based on the simulation assumption agreed in RAN1 email reflector, and proposes our preferred CSI-RS density.
2 Discussion
2.1 CSI-RS pattern
In this contribution we will investigate four CSI-RS patterns shown in figure 1 of appendix. Pattern 1-3 are given as reference in simulation assumption and pattern 4 is discussed in our previous paper. Pattern 1 and pattern 4 have CSI-RS density of 1RE per port per PRB, pattern 2 has CSI-RS density of 1.5RE per port per PRB, and pattern 3 has CSI-RS density of 2RE per port per PRB.
2.2 Simulation for CSI-RS density
Simulation parameters, as listed in Table 1, are same as in agreed simulation assumption. Figure 2-10 in appendix show performance results with different CSI-RS densities in support of Rel-10 downlink SU-MIMO, and figure 11-13 show the performance impact of CSI-RS puncturing to legacy Rel-8 PDSCH.
2.1.1 Intra-cell CSI-RS performance 
We collect both BLER and throughput for R10 PDSCH under 4 CSI-RS patterns. 
· Figure 2~4 show respectively the BLER with fixed MCS, the throughput with fixed MCS and the throughput with AMC for the four CSI-RS patterns under 8*2 antenna configuration, 
· Figure 5~7 show the things similar to Figure 2~4 but under 4*2 antenna configuration. Throughout Figure 1~8, unquantized SVD matrix feedback is applied in simulation. 
· Figure 8~10 show the performance results with 4*2 antenna configuration and Rel8 codebook feedback. 
The frequency granularity of unquantized SVD matrix feedback and codebook feedback is 48-subcarrier, and the time granularity is 10ms. 
Figure 2, 5 and 8 give the BLER performances of 4 CSI-RS patterns with QPSK/16QAM/ 64QAM modulation and rate-1/2 coding. They show that 
· Higher CSI-RS density leads to better BLER; 

· Different CSI-RS densities have larger BLER differentiations with low MCS than with high MCS; for high MCS, BLER performances of four CSI-RS densities are almost the same.
Figure 3, 6 and 9 give the throughput performances of 4 CSI-RS patterns with specific MCS. 
· For one specific MCS, 1.5RE/port/PRB and 2RE/port/PRB have slightly higher throughput than 1RE/port/RB in low SNR region, but slightly lower throughput than 1RE/port/PRB in high SNR region because of CSI-RS overhead. 
· In general, the throughput differences among different CSI-RS densities are quite small. 

Figure 4, 7 and 10 give the throughput performances with adaptive MCS. It is shown that 
· 1.5RE/port/PRB and 2RE/port/PRB have slightly higher throughput than 1RE/port/RB in low SNR region, while in high SNR region, 1RE/port/RB leads to the same or slightly higher throughput than other two larger densities. 
· In general, the throughput differences among different CSI-RS densities are quite small.
2.1.2 CSI-RS impact on Rel8 PDSCH 
The simulation results for impact to Rel-8 PDSCH performance due to CSI-RS transmission are given in figure 11-13. Figure 11 shows Rel8 PDSCH BLER with 10ms CSI-RS period, and figure 12 shows Rel8 PDSCH BLER only in CSI-RS subframe. It is found that Rel8 PDSCH has no obvious performance degradation with 10ms CSI-RS period because the impact due to CSI-RS puncturing is averaged out over 10ms; on the other hand, Rel8 PDSCH performance in CSI-RS subframe is greatly impacted even with QPSK. Moreover, the higher CSI-RS density, the greater impact to Rel8 PDSCH.  
To compensate the impact from CSI-RS transmission, adaptive MCS may be applied to Rel8 PDSCH. Figure 13 shows the Rel8 PDSCH throughput of CSI-RS subframe with AMC, and indicates that 1RE/port/PRB allows higher throughput in CSI-RS subframe than other two larger densities. 
3 Conclusions
In this contribution we provide further simulation results for the CSI-RS densities and observe that:
· As shown in Figure 2-10, higher CSI-RS density gives slightly better performance in low SNR region, while 1RE/port/PRB of CSI-RS leads to the same or slightly higher throughput than higher CSI-RS densities in high SNR region.  However, all performance differences are very small, usually less than 0.4dB.
· As shown in Figure 11-13, CSI-RS transmission with 10ms cycle has no obvious performance impact on Rel8 PDSCH; but in CSI-RS subframe higher CSI-RS densities would greatly degrade Rel8 PDSCH performance even with AMC compensation.

Because 1RE/port/PRB leads to almost the same throughput as 1.5RE/port/PRB and 2RE/port/PRB, and it also introduces smaller performance degradation to Rel8 PDSCH, we propose that CSI-RS density is 1RE/port/PRB.   
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Figure 1 Four CSI-RS patterns 
	Scope of Stage-1 simulations
	Required CSI-RS density per PRB in support of Rel-10 downlink SU-MIMO
	Impact of CSI-RS puncturing on legacy Rel-8 PDSCH performance

	Carrier frequency Transmission bandwidth
	2 GHz  
5 MHz

	UE antenna configuration
	2 Rx uncorrelated

	eNB antenna configuration
	8 Tx uncorrelated
4 Tx uncorrelated
	2 Tx uncorrelated  

	Channel model, UE velocity
	SCM  3 km/h

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per subframe

	Scheduling in time
	Scheduling in every downlink sub-frame

	Channel coding (PDSCH)
	Rel-8 turbo coding

	Number of allocated PRB
	4 PRB (contiguous allocation)

	MCS, HARQ & link adaptation 
	Baseline: QPSK-1/2, 16QAM-1/2, 64QAM-1/2;  

 AMC+no HARQ
	QPSK-1/2
AMC+no HARQ

	Detector
	MMSE 
	Alamouti

	Precoding/feedback granularity 
	4 PRB 

	Transmit precoding/feedback
	8-Tx: unquantized SVD
4-Tx: unquantized SVD and Rel8 codebook
	SFBC

	Transmission rank
	Rank-1
	

	Common reference signal configuration
	2 port Rel-8 CRS in every sub-frame

	CSI-RS allocation
	Full bandwidth, single sub-frame

	CSI-RS duty cycle configuration
	10 ms interval

	CQI/PMI reporting delay modeling
	five subframes between time of measurement at UE and use for precoding at eNodeB 

	CSI-RS reference patterns 
	Pattern 1-4 in Figure 1 

	Channel estimation for CQI/PMI selection
	2DMMSE Channel estimation over CSI-RS for CQI/PMI selection 
	2DMMSE Channel estimation over CRS for CQI

	Channel estimation for demodulation
	Ideal channel estimation

	Simulation output
	PDSCH throughput vs. SNR. 
BLER vs. SNR


Table 1 CSI-RS simulation Parameters
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Figure 2  BLER for Specific MCS with 8*2 Antenna configuration
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Figure 3  Throughput for Specific MCS with 8*2 Antenna configuration
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Figure 4  AMC Throughput with 8*2 Antenna configuration
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Figure 5 BLER for Specific MCS and Unquantized SVD feedback

 with 4*2 Antenna Configuration
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 Figure 6 Throughput for Specific MCS and Unquantized SVD feedback

 with 4*2 Antenna Configuration
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Figure 7 Throughput for AMC and Unquantized SVD feedback

 with 4*2 Antenna Configuration
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Figure 8 BLER for Specific MCS and Codebook feedback with 4*2 Antenna Configuration 
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Figure 9 Throughput for Specific MCS and Codebook feedback
with 4*2 Antenna Configuration
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Figure 10 Throughput for AMC and Codebook feedback with 4*2 Antenna Configuration
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Figure 11  Rel8 PDSCH Performance Degrade for QPSK 1/2 

and 2*2 Antenna Configuration with 10ms CSI-RS Transmitting Period
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Figure 12 Rel8 PDSCH Performance Degrade for QPSK 1/2 

and 2*2 Antenna Configuration in CSI-RS Subframe
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Figure 13 Rel8 PDSCH Performance for 
AMC and 2*2 Antenna Configuration in CSI-RS Subframe
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