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1 Introduction

The CSI-RS sequence for the given number of ports (1,2,4,8) given below was agreed in RAN1 #63 [1] and included in latest LTE R10 specification draft [2].  
In subframes configured for CSI reference signal transmission, the reference signal sequence 
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In the above formula, 
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 represents the location of RE#0 in the CSI-RS pattern that is assigned to the cell. Even though the above formula already fully specifies the same CSI-RS sequence over all CSI-RS ports, comments were raised in RAN1 #63 to review the necessity for different CSI-RS ports to have different sequences. The major concern to having the same CSI-RS sequence on all CSI-RS ports is the potentially high correlation between CSI-RS ports that are adjacent to each other in frequency domain in normal-CP subframe. This contribution addresses such concern.
2 Same or different CSI-RS scrambling sequence
Given the requirement of orthogonality between CSI-RS ports {15+2i, 15+2i+1}, the CSI-RS sequence over two CDM ports can be assigned in either of following two ways:
a) The ports {15+2i, 15+2i+1} are scrambled by the same sequence per RE (
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), while the two CDM RE’s per port can be scrambled by the different sequences. This is what the current specification [2] adopts. Then the received signals on two RE’s of CSI-RS ports {15,16} are represented by 
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where 
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 is the channel condition on port i, and the correlation between this received signal and the sequences on ports {19,20} is proportional to 
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b) The ports {15+2i, 15+2i+1} are scrambled by the different sequences per RE (
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), while the two CDM RE’s per port are scrambled by the same sequence. The received signals on two RE’s of CSI-RS ports are represented by
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and the correlation between this received signal and ports {19,20} is proportional to
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It can be easily shown that the above two correlation vectors have essentially the same effect, which means sequence assignment b) has no advantage over a). Therefore, there is no need to change current CSI-RS sequence design to make CSI-RS ports {15+2i, 15+2i+1} have different CSI-RS sequences. 
According to correlation vector in a) above, it does not impact correlation too much whether or not 
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 (j=0,1) are equal to each other, which means different CSI-RS sequences between different CDM port pairs does not help to reduce the correlation. This is also verified by the simulation results shown below. 
In Figure 1(a), the channel measurement MSE’s for 
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 EMBED Equation.3  [image: image21.wmf]¹
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 are shown by curves labeled by “CSIRSSequenceNoRandomization” and “CSIRSSequenceRandomization”respectively. The corresponding SE’s are given in Figure 1(b). 
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(a) Comparison of channel measurement MSE
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(b) Comparison of SE

Figure 1 Comparison of same vs. different sequence over CSI-RS ports

It should be noted that, even if different sequences over CSI-RS ports might bring instantaneous difference in channel estimation, such difference would be easily offset by certain inherent inaccuracies in the processing chain, such as codebook quantization error. 
3 Conclusions

Based on the analysis in this contribution, we propose to keep the current specifications on CSI-RS sequence, i.e. the same CSI-RS sequence is applied to all CSI-RS ports. 
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Appendix. Simulation parameters
	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	3GPP CaseOne

	UE velocity
	3km

	Number of antenna ports per eNodeB
	8

	Number of CRS ports
	4

	Number of antenna ports per UE
	2 

	Number of UE
	1

	AMC
	Enabled

	Allocated RB 
	6

	TTI
	10000

	SNR(dB)：
	0，5，10，15，20，25，30

	Receiver detection
	MMSE-IRC

	Number of PDCCH symbols
	3 

	Channel estimation on DMRS
	2DMMSE

	Channel FEC coding
	R8 Turbo coding

	MIMO precoding 
	R10 8-ant Codebook

	PMI granularity
	1RB

	PMI，CQI feedback cycle
	5TTI

	PMI，CQI delay
	5TTI

	CSI-RS cycle
	10ms

	CSI-RS Pattern
	NCP_FDD_TDD
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