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1 Introduction

Full power utilization and inter-cell orthogonality are agreed in RAN1 #60 for CSI-RS design. In addition, no power is borrowed from data RE to CSI-RS RE.  This contribution explores further details in intra-cell CSI-RS allocation patterns. 

2 Discussion on intra-cell CSI-RS allocation
Given 
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 CSI-RS RE per PRB, CSI-RS are allocated to 
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 CSI-RS RE’s per symbol per PRB with 
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 CSI-RS symbols per PRB, where 
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. There are three alternatives for CSI-RS allocation: 
· FDM-only: 
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. Power boosting per port on CSI-RS RE is 
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· FDM/CDM-T [1]: In each PRB, the 
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 CSI-RS RE’s with the same subcarrier index are CDM multiplexed in the time domain. Power boosting per port on CSI-RS RE is 
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· FDM/TDM with symbol swapping [2]: The 
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 CSI-RS RE’s with the same subcarrier index are TDM multiplexed, and the symbol indices are switched in every 
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 PRB in CSI-RS subframe. Power boosting per port on CSI-RS RE is 
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.
FDM-only allocation can be considered as the special case of the other two. For all alternatives, the total power from all ports on each CSI-RS RE is proportional to 
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.
Assume CSI-RS allocation per-cell is identified by parameter pair <
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, 
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>, the reuse factors per PRB for such allocations are given in Table 1. 
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	Reuse factor
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	Reuse factor

	<8,1>
	3
	<4,1>
	13
	<2,1>
	26

	<4,2>
	5
	<2,2>
	10
	<1,2>
	24

	<2,4>
	3
	<1,4>
	6
	
	


Table 1 Reuse factor for each pattern
From the implementation point of view, it is sometimes preferred that the CSI-RS allocation pattern given
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=2 should be a subset of the CSI-RS pattern given 
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=4, which is further a subset of CSI-RS pattern given 
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=8. Figure 1 shows the subset relationships indicated by arrow lines. The pattern of 
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/2 ports can be obtained by factorizing either 
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 in the patter of  
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 ports. Figure 2 shows the three per-cell patterns for 
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=8 with full power utilization. 







Figure 1 Subset relation among per-cell patterns identified by <
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Figure 2 Per-cell patterns for 
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Excluding RE’s on CRS/PDCCH symbols and RE’s for R9/10 DMRS, each PRB of normal CP has 60 RE’s available for CSI-RS transmission. 
1) If only one CSI-RS allocation pattern is permitted for a given 
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, according to Table 1, the allocation patterns to give largest reuse factor are <4,2>, <4,1> and <2,1> for 
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 equals to 8, 4 and 2, respectively. The corresponding reuse factors are 5, 13 and 26. The CSI-RS allocation pattern for 
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=8 is given in Figure 3 of Appendix A. 

2) If it is allowed to mix different per-cell CSI-RS allocation patterns in one PRB, theoretically the upper-bound of reuse factor, 
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, can be reached for any 
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. The example for 
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=8 is given in Figure 4 of Appendix A, where the maximum reuse factor 7 is realized by three <4,2> patterns, three <2,4> patterns and one <8,1> pattern. 
Though the maximum reuse factor is desired in CSI-RS design, it could be equally important in practice to make the CSI-RS reuse factor multiple of 3, which is also the reuse factor of R8 CRS. This property is useful in reducing the cell planning complexity if the CSI-RS allocation pattern is solely determined by PCI. Meanwhile, for the low-power node in HetNet scenario, the maximum power boosting per antenna port could be limited. Therefore, CSI-RS allocation for 
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=8 could be given as below. 
· For macro-cell only Homo-Net, 

i. Three <8,1> patterns (Figure 2(a)) in symbols {3,9,10} or three <4,2> patterns (Figure 2(b)) in symbols {9,10} are used for CSI-RS allocation in macro-cells. The reuse factor for this configuration is 3; or
ii. Five <4,2> patterns (Figure 2(b)) plus one <8,1> pattern (Figure 2(a)) in symbol {3} can be used for CSI-RS allocation. The reuse factor for this configuration is 6, as shown in Figure 3 of Appendix A.
· For HetNet, the reuse factors for both macro-cell and overlaying low-power cell can be equal to 3. 

i. Three <8,1> patterns (Figure 2(a)) in symbols {3,9,10} or three <4,2> patterns (Figure 2(b)) in symbols {9,10} are used for CSI-RS allocation in macro-cells. 
ii. Three <2,4> patterns (Figure 2(c)) in symbols {5,6,12,13} are used for CSI-RS allocation in HetNet low-power cells. CDM-T with OCC=4 is required for the <2,4> pattern. Because UE speed is normally quite low in HetNet low-power cells, and the requirement on channel estimation performance on CSI-RS could be more coarse than that on DMRS, which already has CDM-T pattern with OCC=4 for rank>4, the CSI-RS performance on <2,4> pattern should not be a problem. 
The above design philosophy assumes that the full power utilization can be realized by CDM-T alone. In other words, the 
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 CSI-RS RE should have the same subcarrier index. However, by the combination of CDM-T and symbol-swap [2], the reuse factor of 6 per PRB can be realized by single CSI-RS pattern. Such example is shown in Figure 5 of Appendix A. The single per-cell pattern shown on left side of Figure 5 is constructed by CDM-T with OCC=2 and meanwhile the symbol-swapping in every 2 PRB’s. The pattern and its 180-degree rotated version fit into one PRB and result in reuse factor of 6, as shown in right side of Figure 5. 
3 Conclusions

Based on the analysis in the contribution, we conclude that:
· For 
[image: image46.wmf]ANT

N

=8, 
· If symbol swapping is not applied, CSI-RS allocation pattern per cell is chosen from three pattern candidates shown in Figure 2. The reuse factor can be as large as 5 by using only one per-cell pattern, or 7 by using mixed per-cell patterns. 
· If symbol-swapping is allowed, the reuse factor can be 6 by using only one per-cell pattern as shown in Figure 5.
· Though expected to be as large as possible, reuse factor is also preferred to be multiple of three, in order to simplify the cell planning. With this prerequisite, 

· The reuse factor of CSI-RS pattern in macro-cell homogeneous network can be 3 or 6.  

· The reuse factor of CSI-RS pattern for both macro-cells and low-power cells in HetNet can be 3. 

· The per-cell pattern of (
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/2) ports should be contained as a part of per-cell pattern of 
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 ports, by factorizing in either time domain or frequency domain. 
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Appendix A.  CSI-RS allocation patterns for 
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Figure 3 Single CSI-RS pattern <
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Figure 4 Mixed CSI-RS patterns for reuse factor=7
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Figure 5 Reuse factor=6 by single per-cell pattern (shown on left side)
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