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1. Introduction

In RAN1#84bis, some agreements [1] have been reached on non-prcoded CSI-RS design for eFD-MIMO. There are some highlights including aggregation of K CSI-RS configurations, support of CSI-RS port sharing with Rel-13 and Rel-12 UEs, and alternatives for the per-port CSI-RS density. The details are as follows:
Agreements: 

· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations [i.e. RE patterns].

· The number of REs in the kth configuration Nk ∈ {4, 8}

· The same Nk = N can be used for all k 

· FFS whether the same Nk = N for all k is the only permitted configuration 

· FFS whether the set of values of Nk might be further restricted for some numbers of CSI-RS ports

· FFS whether a different set of Nk might apply in case of CDM4

· FFS on including Nk=2.

· Aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs 

· The per-port CSI-RS density is FFS based on one or more of the following alternatives:

· FDM

· TDM

· Partial port

· Partial overlapping, e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2

· Aperiodic CSI-RS with partial bandwidth

· Measurement restriction in frequency domain

· CDM, e.g. 2 x Nk ports transmitted in a single Nk resource 

· Other schemes 

· Note that the following are not precluded:

· per-port CSI-RS density per PRB = 1

· different per-port CSI-RS densities for different CSI-RS ports is not precluded

In this contribution, we give our views on aggregation and on merging or down-selecting the alternatives for per-port CSI-RS density.
2. Views on the aggregation 
In RAN1 #84bis, one of agreement is that a CSI-RS resource for Class A CSI reporting is composed as an aggregation of K CSI-RS configurations for {20, 24, 28, 32} ports and the number of REs in the kth configuration Nk ∈ {4, 8}. And the detail is FFS. 
In this section, for the density of 1RE/RB/Port, we discuss the aggregation of {24,32}CSI-RS ports and {20,28} CSI-RS ports, respectively, since {24,32} are multiples of 4 and 8, and {20,28} are  only multiples of 4.
For {24, 32} ports, the aggregations schemes based on Nk =N=4 or Nk =N=8 are listed in Table 1 below.
Table 1: aggregation schemes for {24, 32} ports
	Number of CSI-RS ports
	Scheme 1
	Scheme 2

	24
	（N,K）=(4,6)
	（N,K）=(8,3)

	32
	（N,K）=(4,8)
	（N,K）=(8,4)


It is seen that the max CSI-RS configuration number K is 8 in Scheme 1 and 4 in Scheme 2. Hence the signaling overhead and UE complexity of Scheme 1 are larger than Scheme 2.
For {20, 28} ports, three possible schemes on aggregation are listed in Table 2 below.
Table 2: aggregation schemes for {20, 28} ports.
	Number of CSI-RS ports
	Scheme 1
	Scheme 2
	Scheme 3

	20
	(N,K)=(4,5)
	(N,K)-4 = (8,3)-4
	(N1,K1)+(N2,K2) = (8,2)+(4,1)
K=K1+K2

	28
	(N,K)=(4,7)
	(N,K)-4 = (8,4)-4
	(N1,K1)+(N2,K2) = (8,3)+(4,1)
K=K1+K2


In Scheme 1, there is a single type of unit in an aggregation, which is CSI-RS configuration with 4 ports. The max CSI-RS configuration number K is up to 7 for 28 ports, which leads to large UE complexity and signaling overhead. In this case, the UE uses 7 CSI-RS configurations to obtain 28 CSI-RS ports for this aggregation operation. For CDM2, a CSI-RS configuration with 4 ports has two polarization directions, while the according 4 ports in a CSI-RS configuration with 8 ports have only one polarization direction, which makes {20, 28} ports in this scheme not compatible with 8 ports  and 16 ports  aggregated by CSI-RS configuration with 8 ports. So the R12 UE can only use up to 4 ports in this scheme, and the R13 UE can only use up to 12 ports in this scheme, which leads to performance loss compared with using 8 ports for the R12 UE or use 16 ports for the R13 UE. For CDM4, the port-RE mapping of 4-port configuration is different with that of 8-port configuration, which makes {20, 28} ports in this scheme not compatible with 16 ports in R13. So in CDM4, the R13 UE can’t use 16 ports in this scheme.
In Scheme 2, there is a single type of unit in an aggregation, which is CSI-RS configuration with 8 ports. For example, for 20 ports, 3 CSI-RS configurations with 8 ports are in aggregation, and only 20 ports after aggregating are used to transmit CSI-RS, which means 4 REs in the aggregation are not used.
In Scheme 3, there are two types of units in an aggregation, one is CSI-RS configuration with 4 ports, and the other is CSI-RS configuration with 8 ports. For example, for 20 ports, 2 CSI-RS configurations with 8 ports and 1 CSI-RS configurations with 4 ports are aggregated.
In Scheme 2 or Scheme 3, the maximum number of units in aggregation drops to 4, compared with Scheme 1, which lead the UE has lower complexity. We can reuse the ports from 20 or 28 port CSI-RS for 16-port CSI-RS operation and 8 -port CSI-RS operation for legacy UEs for CDM2 or CDM4.
Scheme 2 has lower complexity than Scheme 3, with only one type of CSI-RS configuration in aggregation. The drawback of Scheme 2 is that 4 REs per RB could be wasted in CDM4 for 20 or 28 CSI-RS ports.   For UEs without configuration of X(X=20 or 28) ports, X+4 REs of ZP CSI-RS corresponding to the X port CSI-RS have to be used for muting, because the pattern of  ZP CSI-RS unit is different from the 4 RE pattern  in a CDM4 group in CSI-RS configuration with 8 ports. 
Scheme 3 has higher complexity than Scheme 2, with two types of CSI-RS configuration in aggregation. The merit of Scheme 3 is that no REs will be wasted. For UEs without configuration of X(X=20 or 28) ports, only X REs of ZP CSI-RS corresponding to the X port CSI-RS will be used for muting. Hence Scheme 3 has more flexibility to configure the CSI-RS configuration with 4 ports, while Scheme 2 has no flexibility to point out the left 4 ports without additional signalling.  Table 3 lists these features of schemes for {20, 28} CSI-RS ports.
Table 3: Feature of schemes for {20, 28} CSI-RS ports
	Item
	Scheme 1
	Scheme 2
	Scheme 3

	Aggregation for 20 ports
	(N,K)=(4,5)
	(N,K)-4 = (8,3)-4
	(N1,K1)+(N2,K2) = (8,2)+(4,1)

K=K1+K2

	Aggregation for 28 ports
	(N,K)=(4,7)
	(N,K)-4 = (8,4)-4
	(N1,K1)+(N2,K2) = (8,3)+(4,1)

K=K1+K2

	UE complexity
	High
	Low
	Low

	Compatibility for legacy UE in CDM2
	Compatible with {4,12} ports, not compatible with {8,16} ports
	Compatible with {8,16} ports, not compatible with {12} ports


	Compatible with {8,16} ports, not compatible with {12} ports



	Compatibility for legacy UE in CDM4
	Compatible with {4,12} ports, not compatible with {8,16} ports
	Compatible with {8,16} ports, not compatible with {12} ports


	Compatible with {8,16} ports, not compatible with {12} ports



	Wasted RE number
	0
	4 RE/PRB pair
	0

	Performance
	Performance loss
	No performance loss
	No performance loss


Proposal 1: For {24,32} CSI-RS ports, use Nk=8. For {20,28} CSI-RS ports, use two types of units in an aggregation, where one is CSI-RS configuration with 4 ports, and the other is CSI-RS configuration with 8 ports.
3. Views on per-port CSI-RS density 
3.1 Analysis for some alternatives for per-port CSI-RS density
In RAN1 #84bis, many alternatives are raised for per-port CSI-RS density. To reduce the system complexity and standardization complexity, these alternatives should be merged or down selected. The following is the analysis for some of alternatives.
FDM: Ports are multiplexed in adjacent PRB in FDM manner.
Pros: Reduce CSI-RS overhead, and increase reuse factor in frequency domain.

Cons: Can’t be shared by legacy UE.

TDM: Ports are multiplexed in different subframes in TDM manner.

Pros: Can be shared by legacy UE, increase reuse factor in frequency domain, and relieve the CSI-RS interference
Cons: No overhead reduction overall.
Partial port overlapping: Each group of CSI-RS ports are cyclically mapped into the PRB pairs across the frequency domain in the increasing order. In each two adjacent PRB pairs, there are two overlapping CSI-RS groups and one different CSI-RS group.
Pros: Reduce CSI-RS overhead, full power used.
Cons: Can’t be shared by legacy UE, and can’t be aggregated by simple signalling.

Partial port: Decomposes a P-port CSI-RS into K parts. However, unlike “full-port” mapping, the UE is configured to measure each of the K CSI-RS parts independently and calculates one CSI per CSI-RS part. Therefore, there are a total of K independent CSI reports for all the K CSI-RS parts.
Pros: Transparent to UE, and decrease the codebook dimension
Cons: eNB can’t get the whole CSI report with all relations between each port, which bring performance loss.
Aperiodic CSI-RS with partial bandwidth: CSI-RS transmission in partial bandwidth in aperiodic manner.
Pros: Reduce CSI-RS overhead.

Cons: Can’t be shared by legacy UE, and increase singling overhead.
3.2 Merging or down selecting these alternatives for per-port CSI-RS density 
Based on the above analysis of all the alternatives, there are some principles for merging or down selection.
Reducing the overhead for CSI-RS transmission: Reducing the overhead for CSI-RS transmission is one of the objectives for the non-precoded CSI-RS design in the WID [2] on eFD-MIMO.
Support of CSI-RS port sharing with Rel-13 and Rel-12 UEs: One agreement is that the CSI-RS design aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs.
Increasing reuse factor: Increasing reuse factor is one important objective of reducing the overhead for CSI-RS transmission, so it should be a principle.
Full CSI-RS ports: To measure the full port CSI and feedback the full port CSI report, full CSI-RS ports should be designed, otherwise the performance would be degraded.
Based on above principles, we propose a scheme which merges the selected alternatives for per-port CSI-RS density. The scheme can be called two-group configuration. The CSI-RS resource is aggregated with two groups of CSI-RS configurations, and each group CSI-RS configurations can have different parameters, which can be per-port CSI-RS density or transmission subframe.
Figure 1 shows two-group CSI-RS configuration with different density. The first group is 8 CSI-RS ports (i.e. ports 15-22) which are located in all PRBs with the density of 1RE/RB/Port.  This is to make it compatible with legacy UEs.  The other group is 24 CSI-RS ports with the density of 0.5RE/RB/Port, which are multiplexed in adjacent PRB in FDM manner , with 12 CSI-RS ports (i.e. ports 23-34) located in the even PRB and the other 12 CSI-RS ports (i.e. ports 35-46) located in odd PRB.
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Fig. 1: two group CSI-RS configurations with different density
Figure 2 shows two-group CSI-RS configuration with different transmission subframe.The first 16 CSI-RS ports (i.e. ports 15-30) in first group are located in the subframe n+2 and the other 16CSI-RS ports (i.e. ports 31-46) in the other group are located in subframe n+3.
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Fig. 2: two group CSI-RS configurations with different transmission subframe
Proposal 2: A CSI-RS resource is aggregated with two groups of CSI-RS configurations, each group of CSI-RS configurations can have different parameters.
4. Conclusion

In this contribution, we discuss some principles for CSI-RS design of up to 32 ports and we have the following proposals:
Proposal 1: For {24,32} CSI-RS ports, use Nk=8. For {20,28} CSI-RS ports, use two types of units in an aggregation, where one is CSI-RS configuration with 4 ports, and the other is CSI-RS configuration with 8 ports.
Proposal 2: A CSI-RS resource is aggregated with two groups of CSI-RS configurations, each group of CSI-RS configurations can have different parameters.
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