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1 Introduction

The following agreements are reached in RAN1 #61 for CSI-RS pattern design. 

· CSI RS port multiplexing is based on CDM for each pair of CSI RS port

· Avoidance of port 5 of the same cell should be addressed.
· A nested structure among 2, 4, 8 CSI-RS ports simplifies the implementation

· The pattern with smaller number of CSI-RS port is a subset of the pattern with larger number of CSI-RS port
· Study a single and multiple patterns in terms of achievable reuse factor and signaling overhead.

· A time-invariant time/frequency shift is used in a cell

This contribution addresses our view on the above design aspects for CSI-RS in extended-CP subframe. 

2 CSI-RS design conditions in extended-CP subframe
The design of CSI-RS pattern under extended-CP has following issues. 

1). Uncertainty of DMRS allocation

The CSI-RS allocation in extended-CP subframe needs to avoid the DMRS RE, which is still under RAN1’s design phase. The basic impact to CSI-RS design from DMRS side is whether the largest rank of DMRS for extended CP inside CSI-RS subframe should be 2 or above 2, or equivalently whether the DMRS density in CSI-RS subframe should be 16RE/RB or most-likely doubled. Because Rel-8 LTE support 4-layer transmission, it seems difficult to justify that LTE-A stops at rank-2 transmission. If DMRS can be more than rank-2 in non-CSI-RS subframe but limited to rank-2 in CSI-RS subframe, extra burden is put on eNB scheduler regarding to the semi-persistent scheduling, because the HARQ cycle (8 subframe) and CSI-RS cycle (integer multiple of 5 subframe) are so-far different. 

2). Limited resources resulting in small reuse factor

The design of DMRS pattern of rank-2 in extended-CP subframe has been merged into several candidates[1], as shown in Figure 9 in Appendix-A. When these patterns are extended to rank>2, most-likely the DMRS density is doubled to 32RE/RB and those 32 DMRS RE’s are distributed onto symbols {4,5,10,11}, leaving every one out of three subcarriers on these symbols available for data, as shown in Figure 10 in Appendix-A. It can be seen that, when extended to rank>2, all three DMRS pattern alternatives result in very much similar resource space for CSI-RS allocation. Without loss of generality, the available RE’s for CSI-RS allocation are given in Figure 1(a) for non-coexistence with port-5 URS and in Figure 1(b) for coexistence with port-5 URS. It can be seen that, the CDM-F based CSI-RS pattern can be allocated to symbol {8} only, which leaves reuse factor per subframe equal to 1 only. For the CDM-T based CSI-RS pattern, the reuse factor per subframe can equal to 2 without port-5 URS coexistence, but just equal to 1 with port-5 URS coexistence by separating 2RE’s per CDM-T pair into symbols {5,11}. In general, reuse factor equal to 1 or 2 per subframe is too small and may cause intercell CSI-RS to spread into multiple subframes even in a very basic CoMP deployment setup, which not only increases difficulties in cell planning about CSI-RS subframe but also increases power assumption of UE. 
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Figure 1 Available RE's for CSI-RS in extended-CP subframe
3). Performance issue on CDM-F due to large delay spread in VB channel

It is shown in [2]

 REF _Ref264906689 \r \h 
[3] that the channel correlation in frequency-domain and time-domain are respectively calculated by 
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Figure 2 Correlation in time domain and frequency domain
The major application scenario of extended-CP subframe is VB channel, whose RMS delay spread is around 4000ns as specified in [4]. Figure 2 shows the correlation between two RE’s in both time domain (labelled with fd) and frequency domain (labelled with EPA, ETU and VB). It can be seen that the 2 adjacent RE’s of CDM-F under VB channel have the correlation about 0.8. This correlation is not large enough to support good CDM orthogonality and therefore may introduce extra channel estimation error compared to CDM-T based pattern. 
Based upon the above analysis, we think the design guideline for CSI-RS in extended-CP subframe should include:

· The reuse factor per subframe should be no smaller than 3. 

· The CDM-F based CSI-RS should be avoided as much as possible, if doing so does not result in a reuse factor less than 3. 

3 CSI-RS patterns in extended-CP subframe
1) When all RS types (4-port CRS, port-5 URS and rank>2 DMRS) exist in CSI-RS subframe, due to limited available RE’s, it is necessary to consider both CDM-T and CDM-F as the basic construction solutions in order to maintain the reuse factor per subframe no smaller than 3. The CDM-T pattern can be applied to symbol pairs {4,5} and {10,11} to create one CSI-RS reuse in each symbol pair, and CDM-F pattern can be applied to symbol {8} to create one CSI-RS reuse, as shown in Figure 3.
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Figure 3 CSI-RS pattern reuse with all RS types get involved

2) When all RS types except URS (4-port CRS and rank>2 DMRS) exist in CSI-RS subframe, the reuse factor is still 3 as shown in Figure 4. The difference from Figure 3 is that the cell of specific 
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 does not necessarily bind to specific reuse pattern.
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Figure 4 CSI-RS pattern reuse with all RS types except port-5 URS

3) When all RS types except CRS on ports {2,3} (2-port CRS, port-5 URS and rank>2 DMRS) exist in CSI-RS subframe, CDM-T can be applied to symbol pair {7,8}. The reuse factor can be 4 as shown in Figure 5. However, the cell with certain specific 
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 has to choose reuse pattern from symbol pair {7,8}. 
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Figure 5 CSI-RS pattern reuse with all RS types except CRS on ports {2,3}

4) When 4-port CRS and port-5 URS exist in CSI-RS subframe and DMRS is limited to rank-2, there are more room for CDM-T RE pair in symbols {4, 5, 10,11}. The reuse factor is 4 as shown in Figure 6 for non-staggering DMRS and in Figure 7 for staggering DMRS. Note that another staggering alternative shown in Figure 9 does not lead to fundamental difference. 
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Figure 6 CSI-RS pattern reuse with non-staggering DMRS rank=2
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Figure 7 CSI-RS pattern reuse with staggering DMRS rank=2

5) The rest combinations among different RS types would result in reuse factor larger than 4 by using only CDM-T pattern. This contribution does not enumerate those combinations one-by-one. 
4 Conclusions

Based on the analysis in the contribution, we conclude that:
· The CSI-RS pattern design under extended-CP only needs two different reuse patterns, namely CDM-T and CDM-F, as shown in Figure 8. 
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Figure 8 CDM-T and CDM-F reuse pattern in extended-CP subframe

· CDM-F pattern as shown in Figure 8(b) is applied on symbol {8} only and is required only when 4-port CRS and rank>2 DMRS are both allocated in CSI-RS subframe. 

· The CSI-RS reuse factor in extended-CP subframe is equal to 3 if 4-port CRS and rank>2 DMRS are both allocated in CSI-RS subframe; it is at least 4 otherwise. 
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Appendix A.  DMRS pattern candidates in extended-CP subframe
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Figure 9 DMRS pattern candidates of rank-2 in extended-CP subframe
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Figure 10 DMRS pattern candidates of rank>2 in extended-CP subframe
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