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1 Introduction 
During RAN1#82, the following agreements are made for CSI process configuration framework and non-precoded CSI-RS design principle [1]:
Agreements:
· A CSI process is associated with K CSI-RS resources/configurations (per definition in 36.211), with Nk ports for the kth CSI-RS resource (K could be >=1)

· Note: it is up to RAN2 to design the signaling configuration structure to support the above association

· Maximum value of K is FFS

· Maximum total number of CSI-RS ports in one CSI process 

· For CSI reporting class A, the Maximum total number of CSI-RS ports is 16

· FFS the maximum total number of CSI-RS ports in one CSI process is for CSI reporting class B

· For the purpose of RRC configuration of CSI-RS resource/configuration

· For CSI reporting Class A, RAN1 will choose one of the alternatives 

· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 

· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)

· FFS on the schemes for aggregation and port indexing

· FFS between fixed or configurable value(s) for Nk

· For CSI reporting class B, FFS for details

· Note: It is possible to extend the value of Nk: in future releases

· FFS by RAN1 on the configuration restriction of using same CSI-RS resource/configuration parameters within one CSI process (e.g. Nk , Pc, CSR, scrambling ID, subframe config., etc.) 

· FFS on the QCL on CSI-RS ports

· Inform RAN2 about the above decision to start RRC signaling structure discussion
Agreements:
· Design principle for 12- and 16-port NZP CSI-RS resources in Rel-13: 

· CSI-RS density of 1RE/RB/port is maintained

· FFS on lower density
· Only existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources

· 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe

· FFS on configuration details

· FFS on CDM length
· FFS on improvement of 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs
· FFS on CSI-RS transmission in DwPTS

In this contribution, we discuss the possible Rel-13 CSI-RS design options for elevation beamforming and FD-MIMO based on the above agreements.
2 Discussions
2.1 Discussion on CSI-RS pattern design
Based on the contributions in last meeting, there are generally three options to support 12 and 16-port CSI-RS: TDM among multiple subframes, FDM among multiple PRB pairs, and one PRB pair based CSI-RS design.

· TDM among multiple subframes

In this scheme, the CSI-RS pattern is constructed by combining two CSI-RS patterns from different subframes. For example, two 8-port CSI-RS patterns from two subframes separated by k TTI can constitute a 16-port CSI-RS pattern. However, the subframe separation k should be carefully considered to reduce the impact of frequency offset. (In Rel-10 specifications, the 8-port CSI-RS is mapped to two consecutive OFDM symbols.) In addition, this scheme does not satisfy the agreed design principle of aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe.
· FDM among multiple PRB pairs

In this scheme, the CSI-RS pattern is constructed by combining two adjacent PRB pairs in frequency domain. However, the CSI-RS density is reduced to half (i.e. 0.5 RE/RB/port) in frequency domain in this scheme. Note that in Rel-10 specification, the CSI-RS density is 1 RE/RB/port. Further reducing the CSI-RS density would have an impact on channel estimation accuracy. Thus the current CSI-RS density should be kept.
· One PRB pair based CSI-RS design

In this scheme, the CSI-RS pattern is constructed by using REs within one PRB pair. According to the agreements made in last meeting, only existing 40 CSI-RS REs per PRB pair are reused for 12 and 16-port NZP CSI-RS resources, while 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs can be FFS.

Considering the case using only existing 40 REs for CSI-RS, the reuse factor is only 2 and 3 for 16-port and 12-port CSI-RS, respectively. Apparently, this is not a realistic reuse factor number. To increase the reuse factor, one possible method is to consider partial overlapping CSI-RS pattern. For 16-port CSI-RS case, the possible number of configurations can be increased to 10 for FDD if we arbitrarily aggregate two of the five legacy 8-port CSI-RS.
If the restriction of using existing 40 CSI-RS REs can be relaxed, reuse factor for 12 and 16-port CSI-RS can also be increased. Dedicated subframes for CSI estimation can also be considered if all PDSCH regions are replaced with CSI-RS for future proof design (e.g. for 32/64-port CSI-RS). However, this approach would require larger standardization efforts and might not be able to be completed in Rel-13 time frame. Figure 1 shows one possible CSI-RS pattern design for 12-port CSI-RS enhancement using 8 additional REs previously unused for CSI-RS. In this case, the reuse factor is increased to 4 for 12-port CSI-RS.
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Figure 1 Example of 12-port CSI-RS pattern using additional REs
Observation 1: CSI-RS density of 1 RE/RB/port should be kept to ensure CSI estimation performance.

Observation 2: One PRB pair based CSI-RS design can satisfy the deign principle agreed in last meeting.
Proposal 1: Additional REs other than existing 40 REs can be considered for 12-port CSI-RS improvement if time permits.
2.2 Discussion on CSI-RS configuration
Based on the agreed design principle for 12 and 16-port NZP CSI-RS resources, the CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations. There are two possible alternatives to configure CSI-RS via RRC signaling.
· Alternative 1: New 12 and 16-port CSI-RS patterns are designed by considering all possible combinations of existing CSI-RS configurations and select the optimal patterns.
· Alternative 2: 12 and 16-port CSI-RS pattern are configured via combination of K existing CSI-RS patterns.
Obviously, Alternative 2 is more flexible and future proof. If other CSI-RS antenna ports are considered in the future, similar method can be reused. In addition, CSI-RS configuration can be dependent on 2D antenna structure. Thus the dimension of 2D antenna array can be inferred by UE. For example, number of NZP CSI-RS resources can relate to vertical dimension and number of antenna ports associating with the CSI-RS resource can relate to horizontal dimension of 2D antenna array. Another benefit is beamformed CSI-RS configuration is also applicable. For example, if four 4-port CSI-RS configurations are signaled to UE, it can be recognized as 4 beamformed CSI-RS.
On the other hand, Alternative 1 has the merits of lower UE complexity, lower RRC signaling overhead, and better CSI estimation performance. For Alternative 2, UE has to implement all possible combinations of legacy CSI-RS resources, and RRC signaling might have to include number of aggregated CSI-RS resource K and the number of port Nk of each CSI-RS resource. In addition, some combinations of legacy CSI-RS resource might cause different CSI-RS power for different antenna port if power boosting is applied. For instance, for 12-port CSI-RS, 8-port CSI-RS resides on OFDM symbol 5/6 of slot 0 and 4-port CSI-RS resides on OFDM symbol 2/3 of slot 1. The power boosting is 4x for antenna port on OFDM symbol 5/6 of slot 0, while it’s 2x for antenna port on OFDM symbol 2/3 of slot 1.
In summary, considering the tradeoff between flexibility and complexity, it is preferable to adopt Alternative 2 for 12 and 16-port CSI-RS configuration with some restrictions. For example, limit the maximum number of aggregated CSI-RS resource K to 2 or restrict the values of antenna port Nk associating with each K CSI-RS resource are the same (i.e. N1=N2=..=NK). We have a slight preference on a single value of Nk for all K CSI-RS resources. In this case, the scheme is more flexible compared with a small value of K, and can be straightforwardly applied to beamformed CSI-RS. In addition, by setting Nk=4, CDM length of 4 can be easily applied to 16-port CSI-RS if CDM length of 4 is deemed necessary. Restriction on the location of CSI-RS resources can also be considered to avoid some potential power difference on CSI-RS port when power boosting is applied.
Proposal 2: For 12 and 16-port CSI-RS pattern, the configuration is aggregation of K existing Nk-port CSI-RS resources with some restrictions on K or Nk.
3 Conclusion

In this contribution, we have discussed the 12 and 16-port CSI-RS design and configurations, and we have the following observations and proposals.
Observation 1: CSI-RS density of 1 RE/RB/port should be kept to ensure CSI estimation performance.
Observation 2: One PRB pair based CSI-RS design can satisfy the deign principle agreed in last meeting.
Proposal 1: Additional REs other than existing 40 REs can be considered for 12-port CSI-RS improvement if time permits.
Proposal 2: For 12 and 16-port CSI-RS pattern, the configuration is aggregation of K existing Nk-port CSI-RS resources with some restrictions on K or Nk.
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