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1. Introduction

The CSI-RS design has been discussed through previous meetings, and some agreements were reached as follows [1]~[3], 

- 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)

- Design CSI-RS of 2, 4, and 8 ports. The necessity for the CSI-RS of 2 and 4 ports will be decided later based on their benefit compared with Rel-8 CRS. Design guidelines based on the requirements of CSI-RS of 2, 4, 8 ports are FFS.

- At least 8 CSI-RS and 2-4 Rel-8 CRS are possible configurations.

- Intra-cell CSI-RS multiplexing: Single-subframe as baseline.
- For time domain periodicity, multiple of 5 msec is baseline for further evaluations.
▪ Exact set is FFS until WI stage.

▪ Prioritize 10 msec periodicity.
- Design CSI-RS mapping pattern while avoiding OFDM symbols with 
▪ Rel-8 CRS (4 CRS ports for 8 CSI-RS design) and
▪ PDCCH (1-3rd OFDM symbol) in the case of normal CP.
- CSI-RS density: 1 RE per port per PRB for 2, 4, and 8 ports
Further study for CSI-RS pattern design to support not only single-cell measurement, but also multi-cell measurement (inter-cell CSI-RS design) based on above agreements is needed. This contribution discusses considerations on inter-cell CSI-RS pattern design especially in CoMP. 
2. CSI-RS design considerations on inter-cell environment
(1) Considered Cases
As mentioned in [4], we consider two cases to design CSI-RS pattern on inter-cell environment.
- Case 1 : Inter-cell quasi-orthogonal design
- Case 2 : Inter-cell quasi-orthogonal design with partial inter-cell orthogonality 
Case 1 is a general case and should be the baseline. However, if we consider inter-cell CSI-RS design with the requirements not only for higher-order MIMO, but also for other advanced features such as CoMP, which would be a particular interest in this contribution, we believe case 2 should be investigated further since the orthogonality, even partial, would obviously bring further benefit especially to CoMP operation. 
(2) Considered schemes
To achieve CSI-RS time-frequency orthognality among those multiple cells within a cluster of CoMP cells (Case 2 as explained above), it was proposed to have data puncturing (muting) of REs where the cells in the CoMP cluster transmit their CSI-RS on. Without data puncturing (muting), the othognality for multiple cells within a CoMP cluster are not fully supported, and it would be difficult to obtain appropriate measurement quality of CSI-RS from neighbouring cells within a CoMP cluster due to the interference caused by collision between the data REs of the serving cell and the CSI-RS REs of the cells in the CoMP cluster [5].
On the other hand, to achieve more accurate inter-cell interference measurement by inter-cell quasi-orthogonal CSI-RS design, several other schemes are also  proposed as follows [4]~[7],
- Scheme 1 : CDM among cells; orthogonal code is applied among the cells within the CoMP cluster.
- Scheme 2 : Cell-specific hopping; a cell-specific hopping pattern is applied based on physical cell ID, but, 
the CSI-RS REs between two cells (including serving cell) could partially collide.
- Scheme 3 : Scrambling; a cell or cell group-specific pseudo random sequence is applied.
- Scheme 4 : Orthogonal pattern; a cell or cell group-specific orthogonal time-frequency pattern is applied 
based on frequency shift and/or subframe offset.  In this case, the CSI-RS REs among multiple cells within a 
CoMP cluster do not collide.
In scheme 1, for multiple cells sending CSI-RS RE’s in the same time-frequency location and having different orthogonal code, certain cell’s CSI-RS having relatively large received power can influence the other cell’s CSI-RS measurement, e.g. CSI-RS signal can overlap and erase the other cell’s CSI-RS signal having relatively small received power.
If we consider case 2 in section 2-(1), scheme 2 and 3 can not support full inter-cell orthogonality since, in scheme 2, the CSI-RS REs between two cells within a CoMP cluster could partially collide, and, in scheme 3, the cell or cell group-specific pseudo random sequence is only quasi-orthogonal. Scheme 2 and 3 can be used to support CSI-RS interference randomization among multiple-cells belonging to different cell groups or CoMP clusters. Thus, to achieve CSI-RS time-frequency orthognality among multiple-cells within a CoMP cluster, scheme 4 could be the most reasonable candidate.
3. Proposed CSI-RS pattern design on inter-cell environment 
(1) CSI-RS pattern design based on cell group-specific orthogonal pattern
As mentioned in section 2, it is preferred to consider a cell group-specific orthogonal pattern for the CSI-RS pattern design under inter-cell environment. The number of cell groups is the same as the number of multiple cells within a CoMP cluster, e.g. 3 cell groups for 3 cooperative cells within a CoMP cluster. Each cell group can have a cell group-specific orthogonal pattern based on frequency shift, i.e. one cell group-specific pattern is the frequency shift of other cell group-specific pattern. 

For Case 1 in section 2-(1), data puncturing (muting) may not be needed if it’s without CoMP. But, as explained in section 2-(2), for Case 2 in section 2-(1) e.g. CoMP supported system, data puncturing (muting) would need to be considered.

Not only the cell group-specific orthogonal pattern base on frequency shift and data puncturing within one subframe to support full orthogonality among multiple-cells within the CoMP cluster, but also the cell-specific orthogonal pattern based on subframe offset across multiple subframes without data puncturing to support the quasi-orthogonality for more cells of CSI-RS, can be considered.
For example, if there are 3(or 4) orthogonal patterns based on frequency shifts with 8 subframe offsets (= the number of subframes within one radio frame excluding 2 subframes containing synchronization signals), the quasi-orthogonal cell reuse factor for CSI-RS can be 24(or 32). Furthermore, if data puncturing scheme is applied on 3(or 4) orthogonal patterns based on frequency shifts, full orthogonality could be supported among 3(or 4) cooperative cells within a CoMP cluster.
(2) Example of proposed CSI-RS pattern design
To support the cell group-specific orthogonal pattern based on frequency shift and data puncturing, at least 3 empty REs between any two CSI-RS REs are needed in the frequency domain within 1 PRB. The CSI-RS density per 1 PRB i.e. 1 RE per port per PRB for 2, 4, and 8 ports is considered here and the intra-cell CSI-RS multiplexing on single-subframe is assumed. The resources which should be avoided in CSI-RS pattern design are a) OFDM symbols with Rel-8 CRS (4 CRS ports for 8 CSI-RS design) and b) OFDM symbols with PDCCH (1-3rd OFDM symbol) in the case of normal CP. Furthermore, the OFDM symbols with Rel-9/10 DM-RS are also avoided for CSI-RS pattern design since, in case that the CSI-RS are FDMed with Rel-9/10 DM-RS, the power boosting of CSI-RS could cause performance degradation for the higher rank transmission due to the decrease of the power of Rel-9/10 DM-RS and the imbalance of the power between the RE pairs which form one OCC(orthogonal cover code) of Rel-9/10 DM-RS [8].
Figure 1 or Figure 2 would be one of the simplistic examples for inter-cell CSI-RS pattern design based on above conditions and observations. The patterns are similar to Rel-8 CRS ones. Figure 1 and Figure 2 have total 3 orthogonal patterns for 8 antenna port case using two OFDM symbols. As shown in Figure 2, CDM could also be considered for the pattern design. For 2 or 4 antenna port case, there could be more orthogonal patterns. For 8 antenna port case, the other available resources for CSI-RS pattern design could also be used to generate more patterns, e.g. 4 patterns. 
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4. Conclusion

In this contribution, we discussed considerations on inter-cell CSI-RS pattern design. Based on the discussion, we propose the following schemes.
- To support the orthogonality for multi-cells within a CoMP cluster (CoMP cooperating cells)
▪ cell group-specific orthogonal pattern based on frequency shift (the number of cell groups is the same as the number of multiple cells within the CoMP cluster, e.g. 3 cell groups for 3 cooperative cells)
▪ data puncturing (muting) of REs where the cells within the CoMP clusters transmit CSI-RS on
- To support the quasi-orthogonality for more cells of CSI-RS

▪ the cell-specific orthogonal pattern based on subframe offset across multiple subframes without data puncturing 
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