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Introduction
In the last RAN1 meeting #82, RAN1 produced an extensive list of agreements on FD-MIMO topics mostly with FD-MIMO configuration, RS and CSI feedback enhancements, and CSI measurements. As one of main issues regarding FD-MIMO configuration, the followings agreements were made on the CSI process and CSI-RS resource definitions [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



In this contribution, we discuss the remaining FFS points on the above agreements are discussed. The CSI process design and CSI reporting schemes for class A and class B, which are highly related to each other, are jointly investigated.

Discussion
CSI reporting class B schemes
In the last meeting, CSI reporting class A and class B were defined, and class B schemes were categorized into four different alternatives [1]. As the next step, their down-selection or merging is planned at this meeting. In this section, we briefly summarize our view on class B CSI reporting schemes. More detailed discussion on this can be found in our companion contribution [2].
Class B CSI reporting was introduced mainly for supporting beamformed CSI-RS-based FD-MIMO. Two different operation scenarios were extensively studied for beamformed CSI-RS in the SI phase: cell-specific beamformed (CBF) CSI-RS and UE-specific beamformed (UBF) CSI-RS. Hybrid beamformed (HBF) CSI-RS is also applicable to both scenarios.
Table 1 summarizes the comparison of four class B schemes with respect to the UBF CSI-RS. Compared to other schemes, Alt. 2 is favorable to support high rank reporting since UE can choose up to L ports among the L total configured number of ports. In contrast, the Alt. 1, Alt. 3, and Alt. 4 allow the RI value determination only within the selected beam. Therefore, if high rank reporting is to be supported, each beam should occupy many CSI-RS ports. This would decrease the beam sharpness, and also will increase the RS overhead in the case of Alt. 1 and Alt. 3.
[bookmark: _Ref430881458]Table 1. Comparison of class B schemes for UBF CSI-RS
	Alternative
	Alt. 1 (~Alt. 3)
	Alt. 2
	Alt. 4

	Beam selection
	Configurable beams: Multiple
Selected beam: One
	Configurable beams: One or multiple
Selected beams: One or multiple
	Configurable beam: One
No UE-side beam selection

	An example of UBF CSI-RS configuration
	

	

	


	Pros.
	-
	Higher rank supported, i.e. up to rank-L
	Low RS overhead and RRC signaling overhead,
Low receiver complexity

	Cons.
	Low rank supported (If higher rank to be supported, each beam should have many CSI-RS ports)
	No support of L-port PMI, which may limit the potential gain from high rank reporting
	CQI degradation
Low precoding accuracy, especially in FDD



On the other hand, in the CBF CSI-RS scenario, each beam corresponds to a cell-specific virtual sector. Therefore, each beam may comprise a relatively large number of CSI-RS ports, e.g. 8 ports. Based on Alt. 1 and Alt. 3, UE can report up to 8-ports legacy CQI/PMI/RI which enables the legacy operation within the selected virtual sector. However, if Alt. 2 is applied, the UE is allowed to report only co-phasing information over the two polarizations instead of the PMI over all selected ports, which will diminish the closed loop beamforming and scheduling gain when L>2. Alt. 4 is also applicable to the CBF CSI-RS, however, it imposes several restrictions since the beam selection at the UE side is not supported.
Therefore, we conclude that if the UBF CSI-RS only is supported in Rel-13, CSI reporting based on Alt. 2 is efficient. However, if the CBF CSI-RS is considered together, Alt. 1 and Alt. 3 are more flexible than other schemes to support the both scenarios. From our understanding, Alt. 1 and Alt. 3 are equivalent in beam selection and CSI reporting abilities. The only difference seems how to describe the beam selection in the specification, by an indicator or a codebook. We think that introducing beam selection indicator (BSI) is simpler than defining an additional PMI structure with or without merge with the codebook for class A.
Proposal 1: If cell-specific beamformed CSI-RS is supported, choose Alt. 1 or merge Alt. 1 and Alt. 2 for CSI reporting class B. Otherwise, choose Alt. 2.

CSI process definition for class A
For CSI reporting class A, the following two options were agreed for the CSI process and the CSI-RS resource definition in the last meeting:
· Alt. A1: CSI-RS resource/configuration with Nk=12/16 to be defined in the specification (K=1)
Alt. A1 does not require change of the CSI process definition and the related RRC parameters. Instead, RAN1 specification should be updated to include new CSI-RS patterns for 12/16 ports. Since the RS design issue has been well investigated over the last years since Rel-8 and our interest at this time concerns only two numbers, choosing Alt. A1 and defining the two additional CSI-RS configurations in the RAN1 specification seems feasible within the Rel-13 timeline.
· Alt. A2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports (K>1)
In this case, a new feature of CSI-RS resource aggregation should be introduced. To support this, the configuration of a CSI process should be able to include multiple CSI-RS resources. Although there is a possibility that multiple CSI-RS resources per CSI process is introduced for CSI reporting class B, the detailed definition and signalling design between the two classes can be different, which may increase the RAN2 work. From RAN1 perspective, it is FFS how to determine CSI-RS resource aggregation and port indexing rules/methods, which have not been discussed ever. Moreover, there is currently a diverse view on the possible values of Nk and the restriction of resource combination. Considering the limited timeline, we feel that it would be difficult to reach consensus on these remaining issues.
From our understanding, a main advantage of Alt. A2 is its flexibility in the resource allocation. Depending on the CSI-RS design, Alt. A2 may guarantee larger reuse factor. However, as discussed in several contributions, with the current CSI-RS resource pool of 40 REs, the actual number of meaningful combinations of CSI-RS resources for 12/16 ports will not be very large since some RE combinations will not be proper in terms of the channel estimation performance due to RF constraints/impairments.
To meet the consistency of the specification, CSI-RS resource aggregation rules and its port indexing should be designed to be forward compatible. In our view, rather than striving for the forward compatibility at current time, it is not late to discuss the CSI-RS resource aggregation in a future release potentially together with a larger set of the numbers of ports (e.g. more than 16, integer multiple of 2, etc.). Alt. A1 provides much simpler way to introduce 12/16 ports without careful consideration of future extension. Also, we think that CSI-RS configurations with 12/16 ports are useful even if the resource aggregation is introduced, for example, when to support virtual sectorization with 12/16 ports per each virtual sector. Therefore, our proposal is to choose Alt. A1 for class A CSI process definition.
Proposal 2: CSI-RS resource/configuration with Nk=12/16 is defined in the Rel-13 specification.

CSI process definition for class B
Since class B reporting schemes except Alt. 4 includes UE-side beam selection operation, the main discussion point on the CSI process definition for class B is how to configure multiple CSI-RS beams. This includes the clarification of the relation between a beam and a CSI-RS resource. According to our preference on class B schemes shown in the previous section, we discuss the CSI process design by focusing on Alt. 1 and Alt. 2.
For Alt. 1:
There are two options for Alt. 1: one is L=Nk and the other is L<=Nk. In this contribution, we take the first option L=Nk. The followings are our preferences:
· (One or) multiple CSI-RS resource(s)/configuration(s)
· Note: Based on the current agreements, it seems that Alt. 1 does not include K=1 case. Legacy operation without beam selection can be supported by allowing K=1. Merging with Alt. 4 would work under the current agreements.
· Maximum value of K: K<=4 to support up to 4 virtual sectors or up to 4 UE(-group)-specific beams. K>4 will increase the RRC overhead and may increase the PUCCH/PUSCH overhead.
· Nk: Prefer to allow all legacy numbers 1, 2, 4, 8. Including Nk=1 will be safe for future use case.
· Maximum total number of CSI-RS ports: 32 according to the K<=4 and Nk<=8.
· Common parameter (over k): Nk, scrambling ID
· Nk: Different Nk over k may make PUCCH/PUSCH design complicated since the PMI/RI payload will vary dynamically depending on the choice of a beam.
· Scrambling ID: Currently, we do not see a motivation of different scrambling IDs over beams.
· Separate parameter (over k): Pc, CSR, subframe config.
· Pc, CSR: Different Pc and/or CSR over beams will be helpful for ICI mitigation in cell planning or dynamic inter-cell coordination.
· Subframe configuration: To support large total number of ports, e.g. 32 ports, at least different subframe offsets over k are useful.
For Alt. 2:
There are two options for Alt. 2: one is L=N1 with K=1 and the other is L=sum(Lk) with K>1. The followings are our preferences:
· One CSI-RS resource/configuration (K=1) with N1=2, 4, or 8 ports: To support UBF CSI-RS, one legacy configuration with up to 8 ports seems sufficient. If more than 8 ports is to be configured, how to aggregate K>1 CSI-RS resources should be determined. Moreover, in terms of CSI reporting, allowing L>8 may enforce the introduction of new W2-like codebooks for beam selection and co-phasing.
· According to the agreed statement for Alt. 2, a beam comprises at least a port pair. Therefore, N1=1 is not necessary.
· CSI-RS port group indication: Prefer to indicate a single CSI-RS port group size.
· Common parameter (over port groups): scrambling ID, [Pc], subframe config.
· Pc: Different Pc over beams may be useful for UBF CSI-RS as well.
· CSR: CSR may not be needed since Alt. 2 does not report PMI. Or, a modified CSR for beam selection codebook can be considered if time is allowed.
If Alt. 1 and Alt. 2 are merged together, the different parts in the above proposals can also be merged.
Another remaining FFS part regarding class B CSI process is QCL among CSI-RS ports. In the beamformed CSI-RS, if the CSI-RS beams are narrow and tilted in different directions with large angle difference, it may lead to different large scale delay properties over different groups of CSI-RS ports. Currently, QCL assumption for PDSCH demodulation is indicated by a NZP CSI-RS ID in each PQI parameter set. Therefore, if it is concluded that the QCL does not hold over different CSI-RS beams, the QCL indication may need to be modified depending on the signaling design for CSI process. If RAN2 decides the parameters so that one NZP CSI-RS ID corresponds to one CSI-RS beam as currently, the current specification seems sufficient.
Observation 1: Indication of QCL assumption for PDSCH demodulation may need a change if the QCL does not hold over CSI-RS beams and if the meaning of the NZP CSI-RS ID is changed.

Conclusion
In this contribution, we have discussed the CSI process and CSI-RS definitions to support two FD-MIMO CSI reporting classes. Based on the discussion, we suggest the following proposals:
Proposal 1: If cell-specific beamformed CSI-RS is supported, choose Alt. 1 or merge Alt. 1 and Alt. 2 for CSI reporting class B. Otherwise, choose Alt. 2.
Proposal 2: CSI-RS resource/configuration with Nk=12/16 is defined in the Rel-13 specification.
Observation 1: Indication of QCL assumption for PDSCH demodulation may need a change if the QCL does not hold over CSI-RS beams and if the meaning of the NZP CSI-RS ID is changed.
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