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1 Introduction
The agreements reached so far (as of 3GPP RAN1 WG1#58) on CSI-RS design are summarized as below:

· Estimates of RS overhead for evaluations (figures assume normal CP)

· CSI-RS overhead of 1/840=0.12% per antenna port (8 antenna ports = 0.96%)

· Possibility of assuming a larger/lower overhead in simulations of CSI-RS is not precluded (e.g. a larger time density) 
· Possibility to configure the periodicity of CSI-RS transmissions in terms of an integer number of subframes. 

· The CSI-RS are punctured into the data region of normal/MBSFN subframes. 
· Strive for same CSI RS pattern regardless of subframe type (DL Rel-8 or DL LTE-A subframes)
· Allow transmissions of PDSCH to Rel-10 UEs in MBSFN (LTE-Advanced) subframes

· Possible to configure CSI-RS for transmission in LTE-Advanced subframes

· Possible to use LTE-Advanced features without any LTE-Advanced subframes

· Cell specific CSI-RS possible to transmit in Rel-8 normal subframes.

· There should be no impact from CSI-RS transmission on transmission of PBCH/PSS/SSS
Some CSI-RS design criteria are lined out in [4]. In this contribution, we further discuss and present our views on CSI-RS pattern design in LTE-A.
2 CSI-RS pattern per RB
In this section is updated the study of four CSI-RS patterns as shown in Figure 1, where CSI-RS per port in these four patterns respectively consume one RE for every 24 subcarriers in pattern 1, one RE for every 12 subcarriers in pattern 2, one RE for every 8 subcarriers in pattern 3, and one RE for every 6 subcarriers in pattern 4. 
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Figure 1 Four CSI-RS patterns
System-level simulations are performed based on these four CSI-RS patterns. The simulation parameters are listed in Table 1. In the simulation, the transmission mode is adaptive SU-MIMO up to rank 2 with R feedback. R is averaged based on channel covariance matrix on CSI-RS RE and is ideally fed back for each subband. The same CSI-RS pattern is periodically extended over RB’s in frequency domain. CSI-RS period in time is set to 10ms. 
Figure 2 shows the UE throughput for each of four CSI-RS patterns, and indicates that CSI-RS patterns with subcarrier-spacing no more than 12 RE’s have no obvious performance difference. 
Table 2 lists the sector throughputs and shows pattern 1 has obvious performance loss compared to other three, in which pattern 2 has the best throughput performance.
	System BandWidth:
	10.0(MHz)

	Deployment configuration
	Drop 10 UE in each of 18 sector,

	ISD   
	500(m)  

	Channel Model
	3GPP Case 1 with 2D antenna pattern per TR 36.814

	Schedule Module
	Proportional fair and frequency selective scheduling;

Scheduling granularity of one subframe

	Transmission Mode
	SU-MIMO with R feedback
	SU-MIMO with PMI feedback

	Feedback 
	R Feedback of subband

Reporting period: 10 ms ;

Delay: 3 ms
	PMI Feedback of subband

Reporting period: 10 ms ;

Delay: 3 ms

	eNB antenna number
	8, ULA, 0.5 lambda
	4, ULA, 0.5 lambda

	UE antenna number
	2, ULA, 0.5 lambda
	2, ULA, 0.5 lambda

	Duplex method 
	FDD

	Link adaptation
	Real CQI

	Traffic Model
	Full Buffer


Table 1 Simulation parameters for CSI-RS system-level simulation
	
	Pattern 1
	Pattern 2
	Pattern 3
	Pattern 4

	Sector Throughput with 
CSI-RS overhead   (Mbps)
	15.8994
	19.8243
	19.6255
	19.3506




Table 2 Sector Throughput with CSI-RS overhead
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Figure 2 UE Throughput for 4 CSI-RS pattern
Conclusion: Simulation shows that, given 10ms transmission period, CSI-RS with per-port overhead no more than 0.25/840 (carrier spacing of 24 RE per port) may suffer performance loss, and the CSI-RS patterns with per-port overheads between 0.5/840 and 1/840 could have small performance difference, with pattern of 0.5/840 overhead as the best. 
3 CSI-RS RB distribution in wideband 
For subband-based CSI feedback, CSI-RS can be inserted in every RB or only some RBs per subband. As shown in Figure 3, CSI-RS RB is repeated once for every three RBs in Scheme (a), for every two RBs in Scheme (b), and for every single RB in Scheme (c). 
The system level performances of above three schemes are compared in this section. The CSI-RS pattern of “Pattern 2” shown in Figure 1 is chosen to be transmitted in every single, two and three RBs over frequency domain. The simulation parameters are the same as listed in Table 1. 
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Figure 3 Three uniform distributions of CSI-RS RB
Two simulation setups are performed. 

1) 4*2 antenna configuration with Rel-8 PMI feedback per subband
2) 8*2 antenna configuration with ideal R feedback per subband 
The performances on UE spectrum efficiency in the two setups are respectively given in Figure 4 and Figure 5,  both of which show the reasonable trend -- without CSI-RS overhead, the denser the CSI-RS RB, the higher the UE spectrum efficiency. The sector throughputs given in Table 3 for the two setups show that scheme (c) has better throughput performance than scheme (a) and (b), either with or without CSI-RS overhead.
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Figure 4 UE Spectral Efficiency with 4*2 antenna configuration
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Figure 5 UE Spectral Efficiency with 8*2 antenna configuration
	Simulation setup
	Scheme a
	Scheme b
	Scheme c

	4x2 antenna, Rel-8 PMI feedback per subband
	w/o CSI-RS overhead 
	18.7048
	18.7567
	20.5654

	
	w/  CSI-RS overhead
	18.3270
	18.1884 
	19.3191

	8x2 antenna, ideal R feedback per subband
	w/o CSI-RS overhead 
	19.2748
	21.7421
	22.9284

	
	w/  CSI-RS overhead
	19.1962
	21.0833
	21.5389


Table 3 Sector throughput (Mbps)
Conclusion: CSI-RS should be uniformly allocated over wideband. It can be inserted in every RB or only some RBs in every subband. Simulation shows that CSI-RS in every RB in frequency domain could have better performance. 
4 Conclusions
In this contribution we provide further simulation results for the CSI-RS design and observe:
1) Further simulations show subcarrier spacing of 24 for CSI-RS frequency density may suffer performance loss, and the subcarrier spacing of 12 provides better performance than spacing of 6 or 8, though the performance difference is very limited. 
2) CSI-RS should be uniformly allocated over wideband. It can be inserted in every RB or only some RBs in every subband. Simulation shows that CSI-RS in every RB in frequency domain could have better performance.
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