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1. Introduction
In the RAN1#86 meeting the working assumption to support hybrid CSI report with Class A in the 1st eMIMO-type and Class B K=1 in the 2nd eMIMO-type was confirmed (c.f. [1]). A few outstanding issues still remain for hybrid CSI, such as PUCCH format and aperiodic PUSCH feedback mechanism. In this contribution we discuss the remaining issues. 
2. Discussion 
2.1. Periodic feedback format (PUCCH)

One remaining issue is the PUCCH format for periodic CSI reporting. No conclusions can be made in the last meeting and the following candidate schemes were noted:

Conclusions: More discussion is needed on the proposal below. If the use of PF-3 (e.g. the proposal below) cannot be agreed by RAN1#87 (Reno), the use of PF-2 will be agreed.

· Use PUCCH format 3 (PF-3) for CSI reporting of 1st eMIMO-Type

· A PF-3 resource is allocated for CSI reporting and/or A/N

· PF resource usage follows legacy-like procedures as follows:

· For N≥1 CC(s):

· CSI-only reporting: Use PF-3 resource allocated for CSI

· A/N-only: If A/N is for Pcell only, use PF-1A/1B resource allocated for A/N. Otherwise use PF-3 resource allocated for A/N

· CSI and A/N collision: multiplex CSI and A/N using PF-3 resource allocated for A/N

· For TDD scenario, the DAI is set to be 1 (i.e. PF-1A/B is used only if for PCell and DAI in DCI format is the first DAI with value 1 that the UE detects)
The main motivation to use PUCCH format 3 is to accommodate the CSI overhead of the 1st eMIMO-type. There are a total of four codebook configuration for class A, and the sum payload of i1(1) and RI(1) depends on the antenna port number and codebook configuration. It is possible to support all antenna port and codebook configurations on PUCCH format 3 without codebook subsampling. On the other hand, more complicated PUCCH resource selection procedure needs to be introduced as both PUCCH format 3 and PUCCH format 1a/1b/2 may be used in the uplink feedback channel depending on the UL control content (e.g. CSI, ACK/NAK, or both), which increases the specification and implementation complexity. 
If PUCCH format 2 is used, CSI overhead of some Class A codebook may not fit into the PUCCH. This can be addressed by codebook subsampling. Although subsampling may degrade system performance, the performance loss is not expected to be significant. Alternatively, hybrid CSI may be supported for codebook/port configurations that fit into PUCCH format 2 without subsampling. 
Considering that hybrid CSI is more of an optimization feature to alleviate implementation complexity, it is preferable to adopt a solution that maintains simple specification and implementation. Hence, PUCCH format 2 is slightly preferred.
Proposal:  
Use PUCCH format 2 for periodic feedback.
It is agreed that RI(1) feedback periodicity is an integer multiple of that of RI(2), and FFS whether RI(1) offset can be fixed to 0 as relative to the offset of RI(2) offset. We do not have a very strong view on this issue as we do not expect significant difference in the system performance or configuration flexibility. From the perspective of UE implementation complexity, RI(1) can be fixed to 0.

Proposal: 
Fix the RI(1) feedback offset to 0.
2.2. Aperiodic triggering mechanism (PUSCH) 

For A-CSI on PUSCH, it is FFS whether CSI of the 1st eMIMO-type and 2nd eMIMO-type are always triggered together, or either the 1st eMIMO-type or the 2nd eMIMO-type is triggered at a time. 
Feeding back both eMIMO-types at the same time increases UE complexity and power consumption. This however can be addressed by relaxing CSI computation timing budget so that the UE is required to update at most one CSI at a time. For example this can be achieved by setting a threshold for the time gap between the CSI reference resource and the A-CSI feedback subframe. Furthermore, it should be possible for the UE to not update any CSI at all, e.g. if the CSI reference resource and the A-CSI reporting subframe for the 1st UL grant is sufficient close so that the UE may skip A-CSI calculation for the 2nd UL grant for both eMIMO-types. 
It is also possible to trigger one eMIMO-type at a time. For UE not configured in carrier aggregation or TM10, the CSI triggering field needs to be increased to 2-bits (e.g. supporting the states of “no feedback”, “1st eMIMO-type feedback”, and “2nd eMIMO-type feedback”).  If the UE is configured with carrier aggregation or TM10, each state of the CSI triggering field can be higher-layer configured to be associated with a set of CSI-process, CCs, and a pre-determined eMIMO-type for each {CSI-process, CC}.
At the moment it appears alt-2 is simpler as no complicated CSI updating rule need to be introduced.
Proposal: 
Adopt alt-2 (e.g. UE reporting one eMIMO-type at a time), where eMIMO-type for each triggering state is configured by RRC signaling. 
2.3. Additional hybrid mechanism/options
Hybrid CSI already can be supported in REl.13 by using two separate CSI-processes with TM10 in a standard-transparent manner. The motivation to additionally introduce a standardized hybrid CSI feedback scheme in Rel.14 is to enable this feature for TM9 UE with a single CSI-process capability. Hence hybrid CSI in Rel.14 can be considered more of an optimization to facilitate UE implementation, but not an essential or completely new FD-MIMO feature.

It is also noted that there are other technology enhancements in the Rel.14 FD-MIMO work item that makes standard-transparent implementation of hybrid CSI based on Rel.13/14 specification more feasible and more affordable. For instance, aperiodic CSI-RS is supported where one out of K RRC configured CSI-RS resources can be dynamically triggered in each subframe, naturally supporting many other hybrid CSI implementation schemes/options without explicitly specifying each of them. 

With the above consideration, our view is that the current working assumption (e.g. Class A + Class B K=1) is sufficient to support standardized hybrid CSI feedback in Rel.14. Other candidate proposals can be anyway achieved in a standard-transparent manner, particularly using the recently adopted aperiodic CSI-RS functionality in Rel.14. 

Proposal: 
Unless significant performance and deployment benefits can be shown, hybrid CSI is supported with the agreed scheme (Class A + Class B K =1) in Rel.14. 

3. Conclusions

In this contribution we discussed the remaining outstanding issue on hybrid CSI feedback in Rel.14. Our current views are listed below. 

Proposal 1:  
Use PUCCH format 2 for periodic feedback.
Proposal 2: 
For periodic feedback, fix the RI(1) offset to 0.

Proposal 3: 
Adopt alt-2 (e.g. UE reporting one eMIMO-type at a time), where eMIMO-type for each triggering state is configured by RRC signaling. 

Proposal 4: 
Unless significant performance and deployment benefits can be shown, hybrid CSI is supported with the agreed scheme (Class A + Class B K =1) in Rel.14. 
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