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1 Introduction

As the continuous study of CSI-RS after RAN1 #60bis, the following design issues are put into email discussion:
· Reuse factor per subframe for 2,4,8 ports

· Available resource elements for CSIRS location
· Necessary signaling

· Pattern
This contribution addresses our view on the above design aspects for CSI-RS. 

2 CSI-RS pattern and available resource 
An important measurement in CSI-RS pattern study is the reuse factor of CSI-RS, which includes both system-wide reuse factor and reuse factor per subframe. 
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Figure 1 Cell layout with reuse factor = 3

For a typical homogeneous system cell layout, the single CoMP measurement set could include any two adjacent cells, which requires system-wide reuse factor to be no less than 3 as shown in Figure 1. In HetNet, each macro-cell could contain multiple planned and/or un-planned low-power cells. In general, the low-power cells could also construct the cell cluster shown in Figure 1 and could occur around the coverage corner of three macro-sites, so the low-power cells {1,2,3} should have CSI-RS orthogonal to CSI-RS in macro-cells {1,2,3}. Therefore, considering future deployment of HetNet, we think the system-wide reuse factor should be no smaller than 6. Note that this number is truly the lower bound, and certain special condition could raise this lower bound. For example, the low-power cells are deployed in 3-D space and overlap in height. For a safer design considering future requirements in CoMP and HetNet, sufficient room on system-wide reuse factor should be given in current CSI-RS study.
Available resource for CSI-RS
RAN1 already agrees that CSI-RS should not be allocated to the following resources:
· The symbols carrying the R8 CRS;

· The symbols carrying the PDCCH; 

· The RE’s used for DMRS RE

· The symbols carrying the PSS and SSS. 

In addition, it seems a common agreement that CSI-RS is not transmitted in the subframe 0 that can carry PBCH. On the other hand, there are some specific resources under discussion. 

1) Whether CSI-RS should be avoided in subframe that can be configured to carry paging channel? 

Given the fact that CSI-RS puncturing and potential muting put noticeable performance degradation to R8 PDSCH, we do not support transmit CSI-RS together with paging channel in the same subframe, which leave us with two choices: 

a) CSI-RS is not sent in subframes {0,4,5,9} for FDD and subframes {0,1,5,6} for TDD. 
b) Configure paging occasion in such a way that certain subframe(s) in {0,4,5,9} for FDD and {0,1,5,6} for TDD is free from paging duty and can be used to transmit CSI-RS.
In the paging subframe configuration [4] shown in Appendix A, subframe {9} in FDD and subframe {0} in TDD are always used for paging. To guarantee the paging performance, the system should not be left with only one paging subframe, which means subframe {4} in FDD and subframe {5} in TDD should not be used for CSI-RS. Further, subframe {5} in FDD can be used to carry SIB1, and subframe {1,6} could be DwPTS with very limited downlink symbols. Therefore, no subframe listed above for paging can be configured to transmit CSI-RS. Then our view is that, CSI-RS is not sent in subframes {0,4,5,9} for FDD and subframes {0,1,5,6} for TDD.
2) Whether CSI-RS should be avoided in the symbol (symbol #8 counting from 0 per subframe) if R8 CRS on ports 2 and 3 do not present? 

In case of only two CRS ports, theoretically the symbol #8 can be used for CSI-RS. However, the benefit is only reuse increment by 1 and seems only meaningful to FDM or CDM-F based CSI-RS pattern, because CDM-T based pattern already have the next two symbols to utilize. Even with this increment on reuse capability, FDM or CDM-F pattern still has smaller reuse factor per subframe than CDM-T based pattern. 
3) Whether CSI-RS should be avoided in the symbol that can be used to carry R8 port-5 URS? 

Because CSI-RS can be static configured, while R8 URS is semi-static configured per UE basis, it seems reasonable to allow CSI-RS on symbols that could be used for port-5 URS, and to schedule URS in other subframes not sending CSI-RS. Meanwhile, considering the impact from CSI-RS puncturing and muting to R8 PDSCH, it is not recommended to send CSI-RS and R8 PDSCH with port-5 in the same subframe anyway. 
CSI-RS pattern
Based on above analysis, CSI-RS can only be sent in the subframe that can be configured as MBSFN subframe (MBSFN-capable subframe). Meanwhile the design should minimize the number of subframes required for CSI-RS based on following reasons: 

· Certain amount of MBSFN-capable subframes per frame should be saved for other purpose(such as Relay and MBSFN transmission);

· The more subframes used for CSI-RS, the less available for robust transmission of R8 PDSCH. 
· Certain TDD allocation configurations have very limited downlink MBSFN-capable subframes. 

On the other hand, as shown in [2], given 8 CSI-RS ports, the reuse factor per subframe (
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) can be as large as 6 or 7 if different per-cell patterns are allowed. Therefore, it is reasonable to fit current CSI-RS reuse capability into one subframe with 
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=6. There could be three pattern implementations per PRB for 
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=6 [2]:
a) As shown in Figure 2, 
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=6 is constructed by one FDM base pattern and five copies of FDM/CDM-T (OCC=2) base pattern. Each per-cell pattern can be used by either macro-cell or low-power cell. 
b) As shown in Figure 3, 
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=6 is constructed by six copies of FDM/CDM-T (OCC=2) base pattern with symbol swapping and pattern rotation. Each per-cell pattern can be used by either macro-cell or low-power cell.

c) As shown in Figure 4, 
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=6 is constructed by three copies of FDM/CDM-T (OCC=2) base pattern and three copies of FDM/CDM-T (OCC=4) base pattern. Patterns with OCC=2 can be used by macro-cell, and patterns with OCC=4 can be used by low-power cell.

In summary, we propose the CSI-RS reuse factor per subframe equal to 6 for eight CSI-RS ports. The patterns for reuse factor of 6 are given in Appendix B. 
3 CSI-RS configuration

RAN1 already agrees [3] that the configuration of CSI-RS (including pattern shape and RE location) is bound to the location of CSI-RS on port-0; the CSI-RS RE locations for rest of ports are unambiguously determined by that of port-0. This simplifies the CSI-RS configuration as a signalling between eNB and UE about two sets of information:

· CSI-RS subframe information: including CSI-RS cycle and CSI-RS subframe location per cycle
· CSI-RS locations per subframe: including OFDM symbol offset and subcarrier offset inside each PRB for port-0. 
CSI-RS subframe information could be informed to UE by a scheme similar to the subframe configuration for PRS and SRS, where predefined table entries specify the CSI-RS cycle and subframe offset in that cycle. For the CSI-RS locations per subframe, because there are up to 60 REs available for CSI-RS transmission, which permits reuse factor per subframe up to 7, only 3 bits are sufficient to represent the CSI-RS location per cell in PRB. If the symbol offset and subcarrier offset are separately encoded, taking the examples of three implementations through Figure 2~4 in Appendix, the number of needed bits could be larger as shown in Table 1.
	
	# of values for time offset of port-0
	# of values for freq offset of port-0
	# of total bits

	Figure 2
	4
	3
	4

	Figure 3
	2
	5
	4

	Figure 4
	2
	4
	3


Table 1 Separate encoding of time offset and frequency offset
4 Conclusions

Based on the analysis in the contribution, we conclude that:
· The system-wide reuse factor should be no smaller than 6. For a safer design considering future requirement in CoMP and HetNet, sufficient room on system-wide reuse factor should be given in current CSI-RS design. 
· For the resource availability, 

· CSI-RS cannot be transmitted in subframes {0,4,5,9} in FDD and subframes {0,1,5,6} in TDD.

· The symbols used in R8 for port-5 URS can be used to send CSI-RS.
· Reuse factor per subframe equal to 6 is preferred. Its three implementation choices are given in Appendix-B. 
· The CSI-RS is configured by informing UE of following two sets of information:
· CSI-RS subframe information, including CSI-RS cycle and CSI-RS subframe location per cycle;
· CSI-RS locations per subframe, including OFDM symbol offset and subcarrier offset inside each PRB for port-0.
· The above two sets of information are separately encoded, while OFDM symbol offset and subcarrier offset for CSI-RS port-0 can be jointly encoded depending on the CSI-RS pattern implementation. 
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Appendix A.  Paging subframe configuration in FDD and TDD
FDD paging subframes:

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0 
	4
	5
	9


TDD paging subframes:

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


Appendix B.  CSI-RS patterns with reuse factor per subframe equal to 6
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Figure 2 Mixed per-cell pattern, not distinguish between macro and low-power cells
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Figure 3 Identical per-cell pattern, not distinguish between macro and low-power cells
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Figure 4 Mixed per-cell pattern, distinguish between macro and low-power cells
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