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1. Introduction
The WI of further enhancement on eFD-MIMO was agreed in RAN#71 [1], with objects of new CSI-RS design and mechanism for reducing the overhead of CSI-RS transmission. In previous RAN1 meeting, some agreements have been achieved for further study:
· 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 will provide our understanding and proposals on CSI-RS design supporting up to 32 antenna ports.

2. CSI-RS Pattern Design 
The conventional CSI-RS resource mapping configurations for normal cyclic prefix has been illustrated in Figure 1. Total 40 REs are used for 5 configurations of legacy 8 ports CSI-RS mapping and 10 configurations of legacy 4 ports CSI-RS mapping. The CSI-RS density is 1 RE/RB/Port up to release 13. It has been agreed that legacy CSI-RS configurations are aggregated to form new CSI-RS configurations to support 12/16 antenna ports. 
One straightforward solution of designing new CSI-RS configurations is to aggregate legacy 4 ports CSI-RS configurations or 8 ports CSI-RS configurations to support {20, 24, 28, 32} CSI-RS ports with the minimal specification changes, which is similar with Release 13. 


Figure 1. CSI-RS mapping to resource elements within a PRB
Table 1. CSI-RS aggregation
	number of antenna ports
	Nk
(number of REs in each configuration)
	K
(number of CSI-RS configurations)

	20
	4
	5

	24
	4 or 8
	6 or 3

	28
	4
	7

	32
	4 or 8
	8 or 4



Proposal 1: New CSI-RS patterns supporting {20, 28} ports should be formed with existing 4 ports CSI-RS configurations. 
Proposal 2: For CSI-RS pattern supporting {24, 32} ports can be formed with either 4 or 8 ports CSI-RS configurations which shall be further down selected by jointly considering further OCC design and backward compatibility. 

However, such CSI-RS aggregation in one PRB will lead to non-full power utilization problem. Generally, in order to fully use the transmission power in each OFDM symbol, either increasing the power boosting factor or extending the OCC length can be used. Extending the OCC length to 8 should consider further antenna port indexing design for CSI-RS backward compatibility and improve CSI-RS reuse. 
3. CSI-RS Pattern Design with Reduced Overhead
3.1 CSI-RS Pattern Designs
Since the CSI-RS overhead supporting 32 ports becomes much higher, the number of useable CSI-RS configurations becomes smaller than previous releases. Therefore it is more difficult to avoid inter-cell interference over CSI-RS ports and also conduct interference measurements using ZP-CSI-RS ports for CSI-IM. In order to reduce the transmission overhead of CSI-RS, the density of CSI-RS can be relaxed via dividing the channel measurement of all antenna ports into subframes or PRBs. This also can be considered as aggregating multiple CSI-RS configurations with less CSI-RS ports in different subframes/PRBs to form a CSI-RS configuration with more CSI-RS ports. 
· CSI-RS aggregation across PRBs: The CSI-RS aggregation method in frequency domain to support 32 port CSI-RS has been shown in Figure 2. The CSI-RS overhead can be reduced by half and correspondingly the CSI-RS density is also reduced to be 0.5 RE/PRB/Port. However, from the wideband power utilization perspective, the power still cannot be fully utilized. The channel estimation accuracy will be likely reduced in frequency domain due to reduced CSI-RS density. 
· CSI-RS aggregation across subframes: two methods can be considered to aggregate CSI-RS configurations across subframes, one is to use adjacent subframes, another is to use legacy subframes scheduled for CSI-RS transmission, for example with 5ms interleaving for CSI-RS ports. 
· The method aggregating CSI-RS configurations across adjacent subframes can be illustrated in Figure 3. The CSI-RS transmission overhead is not reduced comparing with legacy design of all CSI-RS ports within single PRB. CSI-RS ports here are distributed at the time domain by occupying more adjacent subframes per CSI-RS configuration. The benefit is that it can guarantee the CSI-RS density and leverage existing UE channel estimation. This method can support the minimum CSI-RS transmission period and feedback delay with 5 ms as legacy CSI-RS configuration. However the reference timing of CSI feedback needs to adjust to the last subframe conveying CSI-RS transmission. ZP CSI-RS configurations can be used by legacy UE to rate match around Rel 14 CSI-RS REs. 
· The method of aggregating CSI-RS configurations across legacy scheduled subframes can be illustrated in Figure 4. Similar to CSI-RS aggregation in frequency domain, the CSI-RS overhead will be reduced by half at the time domain. The minimal periodicity of CSI-Rs transmission and CSI feedback delay will be increased with this method. For example, if assuming the same RS transmission overhead, the periodicity of a CSI-RS configuration with 32 ports is two times of the periodicity of a CSI-RS configuration with 16 ports. Compared with the method of aggregating two adjacent subframes, the measurement gap at time domain between ports 31~46 and ports 15~30 is 5ms and the minimum feedback period will be 10 ms if taking the first subframe carrying RS as reference timing. Therefore it is more likely that this method has worse channel estimation accuracy than the method with adjacent subframes.   
Observation 1: CSI-RS configuration aggregation may be applied cross subframes or PRBs, for example
· Cross adjacent PRBs in frequency domain
· Cross adjacent subframes
· Cross legacy CSI-RS scheduled subframes
Observation 2: If CSI-RS configuration aggregation can be applied cross adjacent subframes, ZP-CSI configuration can be used by legacy UE to rate match around CSI-RS REs


Figure 2. CSI-RS configuration aggregation in frequency domain


Figure 3. CSI-RS configuration aggregation in time domain across adjacent subframes


Figure 4. CSI-RS configuration aggregation in time domain across separated subframes

3.2 CSI-RS Port Indexing 
The antenna port indexing for Rel 14 CSI-RS can be defined as follows:
· For 20 ports: {15-34}, where ports {15-24} for antenna polarization #1, and ports {25-34} for antenna polarization #2;
· For 24 ports: {15-38}; where ports {15-26} for antenna polarization #1, and ports {27-38} for antenna polarization #2;
· For 28 ports: {15-42}; where ports {15-28} for antenna polarization #1, and ports {29-42} for antenna polarization #2;
· For 32 ports: {15-46}; where ports {15-30} for antenna polarization #1, and ports {31-46} for antenna polarization #2.

For the case of CDM2, the CSI-RS port indexing used for each component resources can follow the definition of Rel 13, which can be expressed as the following:



where  denotes port indices within the kth component CSI-RS resource, N denotes the number of ports per CSI-RS resources, k denotes a resource index among aggregated CSI-RS resources starting from 0, and K denotes the total number of aggregated CSI-RS resources.

Proposal 3: For the case of CDM2, the CSI-RS resource port indexing can reuse R13 methodology, to keep the antenna polarization aligning with legacy CSI-RS definition for the number of ports {2, 4, 8, 12, 16}.

For the case of CDM4, the CSI-RS port indexing used for each component resources need jointly considering OCC sequence design and resource mapping, some examples can be found in the following:

· For 20 ports (N,K)=(4,5)
· Ports 15/16/17/18 in resource#1; (polarization 1)
· Ports 19/20/25/26 in resource#2; (polarization 1+2)
· Ports 27/28/29/30 in resource#3; (polarization 2)
· Ports 21/22/23/24 in resource#4; (polarization 1)
· Ports 31/32/33/34 in resource#5. (polarization 2)

· For 24 ports (N,K)=(4,6)
· Ports 15/16/17/18 in resource#1; (polarization 1)
· Ports 19/20/27/28 in resource#2; (polarization 1+2)
· Ports 29/30/31/32 in resource#3; (polarization 2)
· Ports 21/22/23/24 in resource#4; (polarization 1)
· Ports 25/26/33/34 in resource#5; (polarization 1+2)
· Ports 35/36/37/38 in resource#6. (polarization 2)
· For 24 ports (N,K)=(8,3)
· Ports 15/16/17/18/19/20/21/22 in resource#1; (polarization 1)
· Ports 25/26/31/32/29/30/35/36 in resource#2; (polarization 2)
· Ports 23/24/34/34/27/28/37/38 in resource#3. (polarization 1+2)

· For 28 ports (N,K)=(4,7)
· Ports 15/16/17/18 in resource#1; (polarization 1)
· Ports 19/20/29/30 in resource#2; (polarization 1+2)
· Ports 31/32/33/34 in resource#3; (polarization 2)
· Ports 21/22/23/24 in resource#4; (polarization 1)
· Ports 25/26/35/36 in resource#5; (polarization 1+2)
· Ports 37/38/39/40 in resource#6; (polarization 2)
· Ports 27/28/41/42 in resource#7. (polarization 1+2)

· For 32 ports (N,K)=(4,8)
· Ports 15/16/17/18 in resource#1; (polarization 1)
· Ports 19/20/31/32 in resource#2; (polarization 1+2)
· Ports 33/34/35/36 in resource#3; (polarization 2)
· Ports 21/22/23/24 in resource#4; (polarization 1)
· Ports 25/26/37/38 in resource#5; (polarization 1+2)
· Ports 39/40/41/42 in resource#6; (polarization 2)
· Ports 27/28/29/30 in resource#7; (polarization 1)
· Ports 43/44/45/46 in resource#8. (polarization 2)
· For 32 ports (N,K)=(8,4)
· Ports 15/16/17/18/19/20/21/22 in resource#1; (polarization 1)
· Ports 31/32/33/34/35/36/37/38 in resource#2; (polarization 2)
· Ports 23/24/25/26/27/28/29/30 in resource#3; (polarization 1)
· Ports 39/40/41/42/43/44/45/46 in resource#4. (polarization 2)
 
Proposal 4: For the case of CDM4 and/or CDM8, CSI-RS port indexing should be carefully designed considering backward compatibility and improve CSI-RS reuse. The detailed design is FFS.

4. Conclusions
This contribution provides our understanding on CSI-RS design supporting up to 32 antenna ports with following observations and proposals: 
[bookmark: _GoBack]Proposal 1: New CSI-RS patterns supporting {20, 28} ports should be formed with existing 4 ports CSI-RS configurations. 
Proposal 2: For CSI-RS pattern supporting {24, 32} ports can be formed with either 4 or 8 ports CSI-RS configurations which shall be further down selected by jointly considering further OCC design and backward compatibility. 
Observation 1: CSI-RS configuration aggregation may be applied cross subframes or PRBs, for example
· Cross adjacent PRBs in frequency domain
· Cross adjacent subframes
· Cross legacy CSI-RS scheduled subframes
Observation 2: If CSI-RS configuration aggregation can be applied cross adjacent subframes, ZP-CSI configuration can be used by legacy UE to rate match around CSI-RS REs
Proposal 3: For the case of CDM2, the CSI-RS resource port indexing can reuse R13 methodology, to keep the antenna polarization aligning with legacy CSI-RS definition for the number of ports {2, 4, 8, 12, 16}.

Proposal 4: For the case of CDM4 and/or CDM8, CSI-RS port indexing should be carefully designed considering backward compatibility and improve CSI-RS reuse. The detailed design is FFS.
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