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1 Introduction

In RAN1#85 meeting, the following on non-precoded CSI-RS was agreed [1].

Agreement:
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8

· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)

· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8. 

· If Mk=8 is supported, FFS the details

· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k

· FFS port numbering 

· FFS N vs. M

In this contribution, CSI-RS pattern design for up to 32 ports is discussed, and our views are presented. 
2 Discussion

For {20, 24, 28, 32} ports CSI-RS, it was agreed that the CSI-RS resource is aggregated by K CSI-RS configurations with Mk CSI-RS ports in a CSI-RS configuration. Mk is either 4 or 8. Mk = 8 should be chosen for the following reasons:
· In Rel-13, for {12, 16} ports CSI-RS, (Mk, K) = (4, 3) and (8, 2) respectively. Mk= 8is used to compose CSI-RS with larger number of ports, such that RRC signalling overhead to indicate CSI-RS configuration can be reduced. To use Mk =8, we can enjoy the same benefit in signalling overhead reduction in Rel-14.. 
· CSI-RS coverage should be guaranteed for CSI estimation accuracy. CDM-4 is introduced to {12, 16} ports CSI-RS for full power utilization. However, full power utilization cannot be achieved for more than 16 CSI-RS ports with CDM-4 and 6dB power boosting limitation. In Rel-14, to support full power utilization for up to 32 ports CSI-RS, CDM-8 should be introduced. The number of REs should be integer multiple of 8. Thereby，the Mk in a CSI-RS configuration should be 8. 
However, if CDM-8 is used, the CSI-RS ports {20, 24, 28, 32} cannot be shared with Rel-13 and Rel-12 UEs. To support CSI-RS port sharing between Rel-14 and Rel-13/12, legacy CDM-2 and CDM-4 should be supported for CSI-RS ports {20, 24, 28, 32}. There is a tradeoff between full power utilization and CSI-RS port sharing for CSI-RS ports {20, 24, 28, 32}. eNB should be allowed to configure the CDM level for CSI-RS ports {20, 24, 28, 32}. In Rel-13, the configuration of CDM-2 and CDM-4 is already supported. Then eNB can tradeoff between coverage and backward compatibility for CSI-RS. 
The CSI-RS resource aggregation should consider both the legacy aggregation principle and the CDM-8 support in Rel-14. The preferred aggregation candidate is given in the following:
· For {24, 32} ports, Mk = 8 is used for all k
· For {20, 28} ports, Mk = 8 is used for all k
Proposal 1: 
· For {20, 24,28, 32} ports, Mk = 8 is used for all k
· CDM-8 is supported for {20, 24, 28, 32} ports CSI-RS
In [2], several alternatives for CSI-RS pattern design are discussed. Considering tradeoff between the design criteria, partial overlapping scheme with cyclic port mapping is proposed. The partial port mapping can be TDMed across different subframe or FDM across different RB. The following figure shows TDMed based partial port mapping. 
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Figure 1 Partial overlapping TDMed scheme with cyclic port mapping for 32 ports CSI-RS

As illustrated in figure 1, taking 32 CSI-RS ports as an example, the 32 CSI-RS ports are carried by 4 RE groups, and each group consist of 8 REs. 3 CSI-RS resources with 8 ports each are aggregated in one subframe. The 4 CSI-RS groups are cyclically mapped into the PRB pairs across the time domain in the increasing order. One concern of the TDMed port mapping is the phase shift between the two subframes. With the cyclic port mapping, there are always two overlapping CSI-RS groups and one different CSI-RS group between every two adjacent PRB pairs across the time domain.  Since the two same CSI-RS port groups transmitted in two adjacent subframes can be used for phase shift estimation, the phase shift caused by the frequency offset can be easily estimated and corrected. In this scheme, the density of CSI-RS is 0.75RE/PRB pair/port, and the overhead is 24 REs in each PRB pair.
Compared with the full port CSI-RS mapping method and non overlapping CSI-RS mapping method, the partial overlapping TDMed scheme with cyclic CSI-RS mapping can achieve moderate overhead reduction with marginal performance degradation in CSI measurement. It can correct the phase shift error caused by the frequency offset. It can also support the CSI-RS port sharing with Rel-13 and Rel-12 UEs, if CDM-2 or CDM-4 is configured. Rel-13/12 UE can share part of ports with larger number of ports in Rel-14. For partial overlapping TDMed scheme with cyclic CSI-RS mapping, all the CSI-RS ports are partially and cyclically mapped to the CSI-RS resources across several CSI-RS periods, which can be named a cyclic ports mapping period.  The same CSI-RS ports appear on a CSI-RS resource every cyclic ports mapping period.  Rel-13/12 UE can share these CSI-RS ports with a period of cyclic ports mapping period for Rel-14 UEs. Full power utilization efficiency can be achieved by CDM-8.
Similarly, for 20 CSI-RS ports, 3 RE groups with each 8 REs are used to carry 20 CSI-RS ports. 2 CSI-RS resources with each 8 ports are aggregated in one subframe.  The 3 groups are cyclically mapped into the PRB pairs across the time domain in the increasing order. In this scheme, the density of CSI-RS is 0.8RE/PRB pair/port, and the overhead is 16 REs in each PRB pair.
For 24 CSI-RS ports, 3 RE groups with each 8 REs are used to carry 24 CSI-RS ports. 3 CSI-RS resources with each 8 ports are aggregated in one subframe. In this case, cyclic mapping is not needed. The density of CSI-RS is 1RE/PRB pair/port, and the overhead is 24 REs in each PRB pair. An alternative scheme is that 2 CSI-RS resources with each 8 ports are aggregated in one subframe. In this case, The 3 groups are cyclically mapped into the PRB pairs across the time domain in the increasing order. The density of CSI-RS is 0.67RE/PRB pair/port, and the overhead is 16 REs in each PRB pair.

For 28 CSI-RS ports, 4 RE groups with each 8 REs are used to carry 24 CSI-RS ports. 3 CSI-RS resources with each 8 ports are aggregated in one subframe. The 4 CSI-RS groups are cyclically mapped into the PRB pairs across the time domain in the increasing order. The density of CSI-RS is 0.85RE/PRB pair/port, and the overhead is 24 REs in each PRB pair.
For 20 and 28 ports, 4 REs are wasted to carry CSI-RS ports. However, through this way, CDM-8 can be supported to guarantee CSI-RS coverage and corresponding CSI accuracy. The CSI-RS density is also reduced by partial overlapping TDMed with cyclic port mapping.
	Number of ports
	(Mk, K)
	Density
	Overhead

	20
	(8, 2)
	0.8
	16 REs

	24
	(8, 2) or (8, 3)
	0.67 or 1
	16 or 24 REs

	28
	(8, 4)
	0.85
	24 REs

	32
	(8, 4)
	0.75
	24 REs


Similarly, for the FDMed based partial port mapping, the ports are partially and cyclically mapped to the RE groups in different PRB in a subframe. Figure 2 shows the case of 32 ports CSI-RS mapping. 
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Figure 2 Partial overlapping FDMed and cyclic port mapping for 32 ports CSI-RS
As discussed in [2], the partial overlapping FDMed scheme with cyclic CSI-RS mapping cannot support the CSI-RS port sharing with Rel-13 and Rel-12 UEs. If the CSI-RS port sharing with Rel-13 and Rel-12 UEs is not a big concern, the scheme of partial overlapping FDMed scheme with cyclic CSI-RS mapping can also be considered for 32 CSI-RS ports support. 
According to the above analysis, we have the following proposal for the non-precoded CSI-RS pattern design:

Proposal 2: The partial overlapping scheme with cyclic CSI-RS mapping is preferred for CSI-RS pattern design for {20, 24, 28, 32} ports. 
Proposal 3: With partial overlapping and cyclic CSI-RS mapping, the following aggregation candidate is defined for {20, 24, 28, 32} ports. 
· For 20 ports CSI-RS: (Mk, K) = (8,2)
· For 24 ports CSI-RS: (Mk, K) = (8,3) or (8,2)
· For 28 ports construction: (Mk, K) = (8,3)
· For 32 ports construction: (Mk, K) = (8,3)

3 Conclusion

In this contribution, CSI-RS pattern design for up to 32 ports is discussed.  Hence, we propose:

Proposal 1: 

· For {20, 24, 28, 32} ports, Mk = 8 is used for all k
· CDM-8 is supported for {20, 24, 28, 32} ports CSI-RS
Proposal 2: The partial overlapping and cyclic CSI-RS mapping scheme is preferred for CSI-RS pattern design for {20, 24, 28, 32} ports. 
· Proposal 3: With partial overlapping and cyclic CSI-RS mapping, the following aggregation candidate is defined for {20, 24, 28, 32} ports. 
· For 20 ports CSI-RS: (Mk, K) = (8,2)
· For 24 ports CSI-RS: (Mk, K) = (8,3) or (8,2)
· For 28 ports construction: (Mk, K) = (8,3)
· For 32 ports construction: (Mk, K) = (8,3)
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