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1 Introduction
In RAN1 #86bis FD-MIMO discussion, we have the following design details on Hybrid CSI reporting left for offline email discussion.  In this paper, we would investigate these design details and present our view. 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
Proposal:
· For hybrid CSI in one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type

· For the 1st eMIMO-Type

· CRI (without CQI/PMI/RI) is reported

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Different CSI-RS resources and/or eMIMO-Types can be used for PUCCH and PUSCH
· UE calculates one CSI report for only one eMIMO-Type of a pair at a time
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

Alt1. Proposal in R1-1610731
· For aperiodic CSI reporting for hybrid CSIRS mechanism 1 

· Either one of CSI for 1st eMIMO-Type (i.e., 1st CSI) and CSI for 2nd eMIMO-Type  (i.e., 2nd CSI) is triggered for aperiodic CSI reporting 

· CSI request field in UL grant DCI is used to indicate either one of the two. FFS whether additional bit(s) are needed

· For 1st eMIMO-Type, encoding mechanism/mapping on PUSCH is FFS.

· For 2nd eMIMO-Type, legacy CSI encoding/mapping on PUSCH is reused.
Alt2. Report both eMIMO-Types, but the UE is only required to update one of the two eMIMO-Types 
· Example a: A method analogous to Rel.13 CSI relaxation 

· Example b: cf. R1-1609853 section 2.2.2. For this solution, the reference resource definition for the 1st eMIMO-Type needs to be changed. There might be some impact on UE behaviors. 
· [R1-1609853] “When periodic CSI is not configured for the first eMIMO-Type, its reference resource is in the subframe containing its most recent CSI-RS resource
· Otherwise, the reference resource for the first eMIMO-Type is that set by periodic CSI”
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

· Regardless of which alternative is chosen, 1st and 2nd eMIMO-Types can be configured for PUCCH and PUSCH, respectively.

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

2 Remaining Design Issues for Hybrid CSI Reporting 

We can summarize the remaining issues left for offline discussion into three questions:

· Shall we introduce another Mechanism with Class B K>1 and Class B K=1?

· How shall we design the Periodic/Aperiodic Hybrid CSI reporting?

· How shall UE handle the Aperiodic hybrid CSI reporting if there is measurement collision? 
As these questions have already been discussed in our previous contribution papers, in this paper we elaborate more our proposals and the reasons behind. For detail design specific, readers can refer to [1]. 
2.1 Another Hybrid CSI Reporting Mechanism: Class B K>1 and Class B K=1
Proposal #1: for hybrid CSI with one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type

· For the 1st eMIMO-Type, CLASS B K>1, CRI is reported. 
· For the 2nd eMIMO-Type, CQI/RI/PMI are reported (CLASS B K=1).

We propose hybrid CSI reporting mechanism Class B K>1 and Class B K=1. This mechanism is targeted at the sectorization or the so called sector beamforming use case. eNB sends K beamformed CSI-RS resources precoded by a number of cell specific 2D/3D beams (depending on eNB implementation), UE estimates the effective channel and then feedback the most favourite CSI-RS resource via CRI reporting. Then, eNB sends one beamformed CSI-RS according to the UE feedback, UE estimates and selects CQI/PMI/RI and report to eNB. There is a clear use case for the proposed mechanism. 
For the benefit of the proposed mechanism, we achieve CSI-RS overhead reduction and better throughput if we compare with one CSI process based scheme (e.g., class A only based CSI acquisition). However, if we compare with Rel. 13 two CSI process based scheme, it does not bring such benefit. The same issue applies also for the agreed mechanism 1. As the number of CSI process a UE can be configured is limited, and the proposed mechanism can bring benefit if compared to one CSI process method, we would propose it to be included in specification. 
2.2 Hybrid CSI Reporting: Periodic and Aperiodic Mode

The main benefit gained from hybrid CSI reporting is that the 2nd eMIMO-Type CSI-RS can be beamformed by the precoder or beamer reported based on the 1st eMIMO-Type. Therefore, hybrid reports involve in reporting PMI/CRI or partial PMI for both of the eMIMO-Types. If P-CSI is selected, CSI report should integrate two sets of configuration with different periodicity. As the 2nd eMIMO-Type CSI-RS is beamed with the reported i1 from the 1st eMIMO-Type, and should be reported more frequent, the periodicity of report based on the 2nd eMIMO-Type shall be ideally a multiple of the 1st one, and the first report could be immediately following the report based on the 1st eMIMO-Type CSI-RS to take advantage of the timing efficiency (latency on application of i1 from the first stage should be considered.) And because the report from the 1st eMIMO-Type would be used to beamform the 2nd eMIMO-Type, it would be better to avoid any collision that would happen to the report from the 1st eMIMO-Type by introducing an offset term. For detail design specifics about hybrid CSI reporting, readers can refer to [1].
Proposal #2: if periodic reporting mode is configured using hybrid CSI report, the periodicity of the report based on the 1st eMIMO-Type should be a multiple of the one based on the 2nd eMIMO-Type and an offset term should be introduced to avoid any collision between report from the 1st eMIMO-Type and those from the 2nd eMIMO-Type. 
There is no strong need to complicate specification and implementation further to design a non-PMI reporting for hybrid CSI reporting in our understanding. Therefore, for periodic reporting mode 1-0 and 2-0, we propose to follow the legacy reporting based on 2nd eMIMO-Type. 
Proposal #3: if periodic reporting mode 1-0 or 2-0 is configured for hybrid CSI reporting, CSI measurement and reporting is based on the 2nd eMIMO-Type CSI-RS as legacy. 

The PUSCH based aperiodic modes for hybrid CSI reporting can be easily accommodated as legacy because there is no payload limitation on PUSCH. One thing needs to clarify is that as we have CSI reports from two eMIMO-Types in one aperiodic feedback, the priority of reporting contents needs to be redefined. Because the PMI or CSI feedback from the 1st eMIMO-Type is going to guide the beamforming on the 2nd eMIMO-Type, it should be with the highest priority, RI reported based on the 2nd eMIMO type is with the second priority, and then ACK/NACK information if there is HARQ feedback in the subframe. According to this order, the interleaving and multiplexing with PUSCH data should perform. 

Proposal #4: for aperiodic reporting modes, PMI or CRI from the 1st eMIMO-Type should be jointly encoded with CRI/RI from the 2nd eMIMO-Type by reusing legacy CRI/RI encoding/mapping on PUSCH.
The UE implementation constraint should be considered in aperiodic hybrid CSI reporting design. The single process based hybrid CSI report constitutes report patterns interplaying across two eMIMO types, when reporting collision happens, UE computation complexity may be increased if it has to perform two measurements in one subframe. To make it simple, we propose to leave UE vendor with the maximum flexibility on solving this issue. UE has to report for both of the eMIMO-types, while the update of the report measurements is dependent on UE implementation. UE may only update one of the eMIMO-types at a time. 
Proposal #5: If A-CSI is configured for both eMIMO-Types, UE report CSI for both of the eMIMO-Types. (Calculation at UE is dependent on UE implementation; it may calculate and update one CSI report for only one eMIMO-Type of a pair at a time)
3 Conclusion

This contribution has considered remaining details of hybrid CSI reporting. We re-elaborate our proposals:
Proposal #1: for hybrid CSI with one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type

· For the 1st eMIMO-Type, CLASS B K>1, CRI is reported. 
· For the 2nd eMIMO-Type, CQI/RI/PMI are reported (CLASS B K=1).

Proposal #2: if periodic reporting mode is configured using hybrid CSI report, the periodicity of the report based on the 1st eMIMO-Type should be a multiple of the one based on the 2nd eMIMO-Type and an offset term should be introduced to avoid any collision between report from the 1st eMIMO-Type and those from the 2nd eMIMO-Type. 
Proposal #3: if periodic reporting mode 1-0 or 2-0 is configured for hybrid CSI reporting, CSI measurement and reporting is based on the 2nd eMIMO-Type CSI-RS as legacy. 

Proposal #4: for aperiodic reporting modes, PMI or CRI from the 1st eMIMO-Type should be jointly encoded with CRI/RI from the 2nd eMIMO-Type by reusing legacy CRI/RI encoding/mapping on PUSCH.

Proposal #5: If A-CSI is configured for both eMIMO-Types, UE report CSI for both of the eMIMO-Types. (Calculation at UE is dependent on UE implementation; it may calculate and update one CSI report for only one eMIMO-Type of a pair at a time)
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