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1
Introduction
CSI-RS design issue, e.g. Rel-8 CRS configuration, CSI-RS mapping and inter-layer multiplexing have been discussed in RAN1. Our view on Rel-8 CRS configuration and intra-cell CSI-RS design is shown in [1]. There are already some contributions on inter-cell CSI-RS design for CoMP [2~5], which focus on inter-cell CSI-RS multiplexing aspect. In this contribution, we discuss how inter-cell multiplexing can be optimized with both CoMP and non-CoMP operations being taken into account and give a specific example to show this solution.
2 
Inter-cell CSI-RS design 
In our past contribution [6], we have discussed a) subframe based TDM can be used for inter-cell orthogonal CSI-RS up to 3 cells and b) different optimal CSI-RS design for CoMP and non-CoMP, respectively. For CoMP, inter-cell orthogonal CSI-RS with data puncturing has better performance which has been demonstrated by simulation results in [2]. The drawback of orthogonal CSI-RS design is overhead due to puncturing. On the other hand, for non-CoMP, inter-cell orthogonal CSI-RS is not necessarily needed, therefore, non-orthogonal CSI-RS, e.g. overlapped CSI-RS would be preferable for non-CoMP, which resolved the overhead issue and maintain good CSI estimation. 
In this contribution, we continue to consider the CSI-RS design which uses CSI-RS pattern separately optimized for CoMP and non-CoMP. We see three different CSI-RS pattern for inter-cell design.
Table 1.Comparison of inter-cell CSI-RS type
	Inter-cell CSI-RS Type
	Description 
	Comment

	Orthogonal CSI-RS
	Shifted to different RE and corresponding data RE punctured 
	Good for CoMP but overhead is issue; same UE estimation

	Quai-orthogonal CSI-RS
	Shifted but corresponding data RE are not punctured
	Applicable for both CoMP and non-CoMP; same UE estimation

	Overlapped CSI-RS
	Occupy same RE
	Good for non-CoMP from overhead aspect; different UE estimation


If CoMP is not supported in rel-10, but will be supported by latter version, we see quasi-orthogonal CSI-RS is better because shifted pattern can be easily re-used by latter version for CoMP operation. If CoMP is supported in rel-10, considering UE complexity and design consistence for CoMP and non-CoMP, we think that combined use of orthogonal CSI-RS and quasi-orthogonal CSI-RS is a good choice. How to allocate the two different CSI-RS pattern will be discussed in the next section.
3 
Interleaved Allocation of two CSI-RS patterns 

In case of two CSI-RS patterns, using reserved resource to allocate them is a natural & simple solution. However, reserved resource itself leads to inefficiency. Therefore, it is necessary to investigate methods which allocate two CSI-RS patterns without using reserved resource.
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Fig1. Interleaved structure to allocate two CSI-RS patterns
In Fig.1, two CSI-RS patterns are allocated by interleaved structure without using reserved resource. Through this structure, all frames are available for CoMP and non-CoMP, the difference is that CoMP measurement is based on longer duty cycle [7], which is aligned with the low mobility assumption for CoMP. While non-CoMP measurement is based on normal duty cycle because both of patterns are available for non-CoMP.  The duty cycle for CoMP could be semi-static configured, i.e., some longer duty cycle can be adopted by eNB to reduce the overhead due to punctured PDSCH.
Fig.1 illustrates three cells case. However, practical scenarios may need to multiplex more than 3 adjacent cells (cell number of CoMP measurement set). One straightforward solution is to use more than 3 subframes to allocate different cells. However, more subframes mean more channel estimation time for CoMP measurement. Then alternatives other than simple extension of Fig.1 are necessary. As proposed in [5], CSI-RS per several RB has limited performance degradation, e.g. 2 or 3 RB. Therefore, an extension of figure.1 would be combination of FDM/TDM. E.g., as in Fig.2 for measurement cell size of 4, CSI-RS of every 2 cells can be allocated in same subframe but at different RB. In this way, overhead due to puncturing and nulling be constrained to 2 subframes.
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Fig.2 Hybrid interleaved structure with RB based FDM 
Although Fig1. assumes CoMP is supported in rel-10, if CoMP is not supported in rel-10, the interleaved structure in Fig.1 is also useful as a compatible CSI-RS pattern for the latter version with CoMP. As discussed in section 2, if CoMP is not supported in rel-10, quasi-orthogonal CSI-RS is suitable. Then for the latter version with CoMP, the orthogonal & quasi-orthogonal CSI-RS with interleaved structure could be utilized. In that case, the rel-10 (non-CoMP) UE can use all CSI-RS and CoMP UE can use orthogonal CSI-RS. If rel-10 UEs constitute larger portion, then orthogonal CSI-RS can be configured to longer duty cycle; if CoMP UEs constitute larger portion, then all frames can be configured with orthogonal CSI-RS. 
It should be noted that, the interleaved structure in Fig. 1 is just an example to show how to allocate two CSI-RS patterns by cell-specific way. Other feasible ways are also worth for further investigations.
4     Conclusion
We discussed inter-cell CSI-RS multiplexing issue, focusing on the different CSI-RS design requirements for CoMP & non-CoMP CSI measurement. We propose that 
1. Subframe based TDM suits for inter-cell (quasi) orthogonality up to 3 cells; If more than 3 cells are concerned, RB based FDM can be complementally used. 
2. If CoMP is not supported in rel-10, quasi-orthogonal inter-cell CSI-RS is used.
3. If CoMP is supported in rel-10, combined allocation of orthogonal CSI-RS & quasi-orthogonal CSI-RS with interleaved allocation structure meets the measurement requirement of CoMP and non-CoMP respectively and reduce the overall overhead due to puncturing and nulling.
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