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1. Introduction
It is agreed in [1] that LTE-Advanced cell specific CSI-RS can be transmitted in normal, Rel.8 subframes. The design principles of CSI-RS are then to try to obtain accurate channel measurement results for Rel.10 UEs while minimizing the harmful impact to Rel.8 data transmission. Compared with intra-cell CSI-RS design, it is much more complex for inter-cell CSI-RS design if considering multi-cell CSI-RS orthogonality and overhead reduction. Based on the current e-mail discussions on CSI-RS, this contribution gives our considerations and proposals so as to facilitate the realization of CoMP multi-cell CSI-RS design.
2. Discussion
According to the e-mail discussion of CSI-RS design for Rel.10 UEs, the following factors should be considered for CSI-RS design:

· Nc = Number of cells for CSI estimation
· Na = Number of antenna ports per cell, assuming same antenna configuration for each cell.
· Np = Number of punctured CSI-RS REs per PRB for Rel.8 UEs

· Nrp = Averaged number of REs per port for CSI estimation for LTE-A UEs

· Ns = Number of subframes for multi-cell CSI-RS insertion

· Nrc= Required number of CSI-RS REs per PRB for CSI estimation

Apparently, the relation of Nrc = Nc ×Na ×Nrp holds. For example, if a UE measures the CSI of two cells in consideration that each cell is configured with 4 antenna ports and 2 REs are required for each antenna port per PRB, the total required CSI-RS REs per PRB is 2×4×2 = 16 REs. If this number can be tolerated by Rel.8 UEs, then the CSI-RS of the two cells are able to be multiplexed in each PRB of each CSI-RS subframe. However, if the number of tolerated number of CSI-RS REs per PRB is lower than 16 REs, for example 8 REs [2][3], then three options can be considered as listed below:
· Option1:  Reduce the number of the cells in the CoMP measurement set (Nc).
· Option 2: Reduce the number of antenna ports in each cell (Na).
· Option 3: Reduce the averaged number of REs for each antenna port per PRB (Nrp)
For option 1 and option 2, it obviously needs some signalling support to inform the UEs of the CoMP configuration and per cell antenna configuration. These two options are not the focus in this contribution. For remained option 3, depending on the number of subframes for multi-cell CSI-RS insertion (Ns), basically there existed two alternatives. 
Alternative 1: CSI-RS for different cells are transmitted in different subframes. 
This alternative was proposed in [4]. One example of this alternative is shown in Fig.1 (a) for illustration only, where CSI-RS of cell 1 and cell 2 are multiplexed in subframe #2 and #3, respectively. Here it is assumed that there exist 2 cells in the CoMP measurement set, under the conditions that each cell has 4 antenna ports and the maximum number of tolerable punctured REs in each PRB is 8REs. This alternative is able to provide good channel estimation performance for Rel.10 UEs. However, it has the power utilization issue, as described in [5], that the power from blanked REs cannot be efficiently taken into use for the CSI-RS multiplexed in other symbols. 
One modification of this alternative is proposed in Fig.1(b), where subframe #2 and #3 are still used for CSI-RS insertion. However, the CSI-RS for each antenna ports of cell 1 and cell 2 are inserted in both subframes, with 1RE per antenna port in each PRB. Using this scheme, the power of the blanked REs for one cell can be used for CSI-RS power boosting of the other cell. Meanwhile, good channel estimation performance for Rel.10 UEs can be maintained. As an extension of the scheme in Fig.1 (b), Fig.1(c) shows another example where 2 cells with 8 antenna ports per cell are in CoMP measurement set and the maximum number of tolerable punctured REs for Rel.8 UEs is 16 REs. 
The proposed modification may have another extension to support CSI estimation for CoMP with 3 or more cells. For example in Fig.1 (d), if the maximum number of tolerable punctured REs in each PRB is 16, we can use two subframes for CSI-RS insertion to estimate the CSI of three cells. Obviously, the latency to obtain the CSI for all the cells is reduced.
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(a) Pattern 1-1,two cells, 4 ports/cell, maximum 8REs 
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(b) Pattern 1-2 two cells, 4 ports/cell, maximum 8REs
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(c) Pattern 1-3 two cells, 8 ports/cell, maximum 16 REs
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(d) Pattern 1-4, three cells, 4 ports/cell, maximum 16REs

Fig. 1 Options for Alternative 1
Alternative 2: CSI-RS for different cells are transmitted in different RB
This alternative was proposed in [6]. One example of this alternative is shown in Fig.2 (a) for illustration only, where CSI-RS of cell 1 and cell 2 are transmitted in different PRBs in subframe 2. Here it is still assumed 2 cells with 4 antenna ports per cell are in the CoMP measure set and maximum number of tolerable punctured REs in each PRB is 8REs. This alternative provides lower overhead compared with that of in alternative 1. However, the channel estimation performance for Rel.10 UEs is inevitably worse, especially for high frequency selective channels. 
One modification of this alternative is proposed in Fig.2 (b), where only subframe #2 is used for CSI-RS insertion. However, the CSI-RS for each antenna ports of cell 1 and cell 2 are inserted in both consecutive PRBs, with 1REs per antenna port in each PRB. Using this scheme, the channel estimation performance is expected to be improved other than that in alternative 2, with the same CSI-RS overhead as compared to alternative 2. Certainly, some future evaluation should be in request. . As extension solution from Fig.2(b), Fig.2(c) shows another example where 2 cells with 8 antenna ports per cell are in CoMP measurement set and the maximum number of tolerable punctured REs for Rel.8 UEs is 16 REs. 

Similar to the modified scheme proposed for alternative 1, the proposed scheme is also able to support CSI estimation for CoMP with 3 or more cells. For example in Fig.2 (d), if the maximum number of tolerable punctured REs in each PRB is 16, we can use two PRBs for CSI-RS insertion to estimate the CSI of three cells, resulting in obtaining somewhat better channel estimation performance.
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(a) Pattern 2-1, 2 cells, 4ports/cell, max 8REs                              (b) pattern 2-2, 2 cell, 4port/cell, max 8REs
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(c) Pattern 2-3, 2 cells, 8 ports/cell, max 16 REs                       (d) Pattern 2-4, 3 cells, 4 ports/cell, max 16 REs
Fig.2 Options for Alternative 2

3. Conclusions

In this contribution, we gave some considerations on CSI-RS design for CoMP. Two existing alternatives are analyzed in the case that the number of CSI-RS REs is more than the maximum number of tolerable punctured REs per PRB. Moreover, we proposed some solutions with illustrative examples, worthy of further investigation.
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