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1 Introduction
In RAN1 #59bis, the agreement on the common CSI RS density of 1 RE per port per PRB was achieved [1]. In this contribution, the CSI RS pattern design is discussed with consideration of available resource and inter-cell multiplexing. Based on the discussion, following principles in CSI RS pattern design are proposed:
· Proposal 1: A common CSI RS pattern with cell-specific subframe /OFDM symbol/sub-carrier shift is used for CSI RS orthogonality within a cell cluster and randomization among different cell clusters.   
· Proposal 2: To facilitate the full power sharing among REs allocated to the CSI RSs, all CSI RS ports per cell should be in one OFDM symbol.
According to the above two proposals, the CSI RS patterns are proposed for 2, 4 and 8 ports respectively. 

2 CSI RS pattern design
2.1 The principles of CSI RS pattern design

Before the particular pattern design, the intra-cell CSI RS multiplexing method should be determined. Considering the limited resource (1 RE per CSI RS port) and frequency selectivity, TFDM is better than CDM. CDM can only reach the similar estimation accuracy as TFDM in the flat fading scenario. With frequency selectivity, the estimation accuracy of CDM CSI-RS degrades. In addition, while inter-cell CSI RS pattern is considered, TFDM orthogonality within a cell cluster and randomization among different cell clusters are proposed [2][3]. Based on the above preconditions, the CSI RS pattern design should consider following interrelated aspects: 

· Available resource for CSI RS

In the assumption of CSI RS density evaluation [4], the OFDM symbols containing Rel-8 DRS (port 5) are assumed to be available for CSI-RS mapping. However, the restriction of using DRS symbols is released just for the convenience of current-stage simulation and this assumption need the prediction that the Rel-8 DRS would not be used in Rel-10 system, which is too aggressive in current stage. 

While Rel-8 DRS avoidance considered, there is only one full symbol (the OFDM symbol #10 with normal CP) available. In the case of extended CP, there is similar situation that only the OFDM symbol #8 is available for CSI RS.  Moreover, in the case of extended CP, even the symbol containing Rel-8 DRS can not provide additional space for CSI-RS, because Rel-8 DRS share the symbol either with CRS or with Rel-10 DMRS..
· Multi-cell measurement 
In RAN1 #59bis, it was agreed that the CSI-RS design needs consider potential forward compatibility such as multiple-cell measurement. To facilitate the multi-cell CSI measurement, it is proposed to design a common intra-cell CSI RS pattern with cell-specific time-frequency offset within a cell cluster. Moreover, to further reduce and average interference, CSI RS pattern would be used for randomization among different cell clusters.  
Proposal 1: A common CSI RS pattern with cell-specific subframe /OFDM symbol/sub-carrier shift is used for CSI RS orthogonality within a cell cluster and randomization among different cell clusters.
· Power sharing among all CSI RS ports
Based on the CSI RS evaluation in #59bis, appropriate power sharing is a key method to guarantee the measurement quality while 1 RE per port per PRB is used, i.e., every port can boost the power by utilizing the power in the REs assigned to other ports in the same OFDM symbols to guarantee the channel estimation accuracy [5]. To achieve full power sharing, it is required that all CSI RS ports per cell should be put in the same OFDM symbol. 
Proposal 2: To facilitate the full power sharing among the REs allocated to CSI RSs, all CSI RS ports per cell should be in one OFDM symbol.
2.2 Proposed CSI-RS patterns for 2/4/8 ports
Under the consideration mentioned above, in this subsection we give some CSI RS pattern as example 
· For 2/4 ports, 1 OFDM symbol can support at least 3 cell orthogonal frequency-shifts among a cell cluster. The intra-cell pattern and corresponding inter-cell multiplexing pattern with cell-specific subcarrier shifts are shown in Figure 1.  The additional cell-specific subframe shift can be introduced to randomize the inter-cell interference from other clusters.
· For 8 ports, one subframe can only support one cell’s CSI RS as shown in Figure 2. Cell-specific subframe shift would be used to support TFDM orthognality within a cell cluster and subcarrier shift are used for randomization among different cell clusters as shown in Figure 3.
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Figure 1: Intra- and inter-cell pattern of 2/4 ports 
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Figure 2:  Intra-cell pattern of 8 ports 
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Figure 3:  Inter-cell pattern of 8 ports with cell-specific subframe shifts for orthogonality within a cell cluster

 and subcarrier shift for randomization among different cell clusters
3 Conclusion
In this contribution, the intra- and inter-cell CSI RS pattern are discussed with considering the available resource, Multi-cell measurement support and the power sharing among the REs allocated to different ports. 
Based on the discussion and analysis, following principle is proposed:
· Proposal 1: A common CSI RS pattern with cell-specific subframe /OFDM symbol/sub-carrier shift is used for CSI RS orthogonality within a cell cluster and randomization among different cell clusters.   

· Proposal 2: To facilitate the full power sharing among REs allocated to CSI RS, all CSI RS ports per cell would be in one OFDM symbol.
According to the above two proposals, with consideration to avoid the collision between CSI RS and Rel-8 CRS/DRS, the CSI RS patterns are proposed for 2, 4 and 8 ports respectively with configurable cell-specific sub-carrier shifts and subframe shifts.
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