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1. Introduction

In the previous RAN1#60 meeting, there are some agreements for intra-cell CSI-RS design in LTE-Advanced (Rel-10) [1], which are as follows. 

- 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

Furthermore, by E-mail discussion until RAN1#61-bis meeting, it is encouraged to bring pattern proposals for each subframe configuration (i.e. normal CP and extended CP, and FDD and TDD).
This contribution presents our pattern proposals, and provides more details and important aspects of the proposed patterns. 
2. CSI-RS pattern proposals for each subframe configuration
(1) Normal CP (FDD, DL subframes in TDD)
Figure 1 is a CSI-RS pattern in the case of Normal CP and FDD/TDD(DL subframes). In this case, AP5 and AP2/3 are not considered for CSI-RS pattern design (i.e. the CSI-RS pattern may not need to avoid the AP5 (the avoidance is achieved by scheduling or other restrictions), and the CSI-RS patterns are the same regardless of existence of AP2/3).
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Figure 1 : The proposed CSI-RS pattern for Normal CP and FDD/TDD(DL subframes) 
cf. if the CSI-RS pattern design with avoidance of AP5 should become necessary, the CSI-RS pattern could be designed as Figure 6 in Appendix A.
(2) Normal CP (DwPTS in TDD)
Figure 2 and Figure 3 are CSI-RS patterns in the case of Normal CP and TDD (DwPTS with 9/10 and 11/12 OFDM symbols). In this case, AP5 and AP2/3 are also not considered for CSI-RS pattern design.
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Figure 2 : The proposed CSI-RS pattern for Normal CP and TDD(DwPTS with 11/12 OFDM symbols) 
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 Figure 3 : The proposed CSI-RS pattern for Normal CP and TDD(DwPTS with 9/10 OFDM symbols)

 (3) Extended CP (FDD, DL subframes in TDD)
Figure 4 and Figure 5 are CSI-RS patterns in the case of Extended CP and FDD/TDD(DL subframes). In this case, AP5 is also not considered for CSI-RS pattern design. But, the CSI-RS pattern could be different depending on the existence or non-existence of AP2/3.
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Figure 4 : The proposed CSI-RS pattern for Extended CP and FDD/TDD(DL subframes), 4 CRS antenna port
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Figure 5 : The proposed CSI-RS pattern for Extended CP and FDD/TDD(DL subframes), 2 CRS antenna port

 (4) Extended CP (DwPTS in TDD) - FFS
The CSI-RS pattern for the case of Extended CP and TDD(DwPTS with 8/9/10 OFDM symbols) are FFS. This is because there are no conclusions for Rel-9/10 DM-RS pattern with the case of Extended CP and TDD(DwPTS), nor the overhead per PRB-pair.
3. On the CSI-RS design with proposed CSI-RS pattern
(1) Features of proposed CSI-RS pattern
A. Only one single pattern for each subframe configuration with CDM-T with OCC length=2.

B. Nested structure of 2/4/8 CSI-RS antenna ports.

C. The maximum reuse factor (for 2/4 CSI-RS antenna ports) and achievable reuse factor (for 8 CSI-RS antenna ports) within a subframe in a given subframe configuration are shown in the following Table 1.

    - The CSI-RS pattern with lower reuse factor (ex. fixed 3 reuse factor within a suframe) is a subset of the CSI-RS pattern with higher reuse factor. 
D. AP5 (Antenna Port 5) is not considered for CSI-RS pattern design, i.e. the CSI-RS pattern may not need to avoid the AP5 (the avoidance is achieved by scheduling or other restrictions if AP5 is configured).
E. The other patterns to increase the available reuse factor within a subframe are the extension of the single pattern within a subframe by frequency shift as in Rel-8 CRS or by frequency/symbol shift.

    - The patterns within a subframe for reuse factor are not based on different single patterns within a subframe (i.e. based on only one single pattern with frequency and/or symbol shift).

F. The inter-cell pattern is the patterns within a subframe or an extension of the patterns within a subframe by subframe offset.

   - The 'total reuse factor for inter-cell pattern'(reuse factor within a duty cycle) is 'reuse factor within a subframe' × 'the number of subframes for CSI-RS within a duty cycle by subframe offset'.
Table 1 : Maximum reuse factor within a subframe in a given subframe configuration
	Subframe configuration
	2 CSI-RS ports 
	4 CSI-RS ports
	8 CSI-RS ports

	Normal CP (FDD/TDD)
	12
	6
	3

	Extended CP (FDD, w/ AP2/3)
	16 (8)
	8 (4)
	4 (2)

	Extended CP (FDD, w/o AP2/3)
	12
	6
	3


 (2) CSI-RS pattern based on only one single pattern and CDM-T with OCC 2
A. Only one single pattern for simplicity 
B. Same or similar pattern irrespective of subframe configurations for simple implementation

C. CDM-T multiplexing with OCC length=2 which achieves reasonable reuse factor within a subframe in the above mentioned conditions
  - 3(or 4) reuse factor within a subframe for 8 CSI-RS antenna ports is appropriate considering simple inter-cell planning and intra-eNB(containing 3 sectors) CoMP 
▪ Frequency shift (v-shift) as Rel-8 CRS is one of the simplest method to achieve 3 reuse factor within a subframe.
- If certain proposed patterns with other multiplexing schemes in [2] do not use different single pattern, the reuse factor within a subframe would not be enough (i.e. less than 3).
▪ Certain proposed patterns in [2] have different single patterns in order to increase reuse factor within a subfame
- Although certain proposed patterns with other multiplexing schemes in [2] have different single patterns, the reuse factor within a subframe would not be enough (i.e. less than 3) for certain subframe configurations (ex. Normal CP with DwPTS in TDD or Extended CP cases)

▪ Especially, the CSI-RS pattern with other multiplexing scheme with CDM-F could not achieve 3 reuse factor within a subframe in the case of Normal CP and DwPTS with 9/10 OFDM symbols in TDD.

D. CDM-T with OCC length=2 has robustness for the high delay spread channel, and it is already used for Rel-9 DL DM-RS multiplexing scheme
4. Conclusion

In this contribution, we present our CSI-RS pattern proposals, and provide more details and aspects on the proposed pattern. Based on the discussion, we propose that the CSI-RS pattern based on only one single pattern and with CDM-T with OCC length=2 as shown in Figure 1 ~ Figure 5 for each subframe configuration be adopted for Rel-10.
5. References

[1] Chair-man’s notes for RAN1#61 meeting
[2] E-mail discussion [61-02-LTE-A] on CSI-RS pattern proposals.
6. Appendix A
In the case of Normal CP and FDD/TDD(DL subframes), if the CSI-RS pattern design with avoidance of AP5 is necessary, the CSI-RS pattern could be designed as in Figure 6.
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Figure 6 : The proposed CSI-RS pattern for Normal CP and FDD/TDD(DL subframes) with avoiding of AP5
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