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1 Introduction

In RAN1#86 meeting, the following agreement and working assumption was made [1].
Agreement
· Confirm the working assumption of hybrid CSI

· Further details on Mechanism 1 

· Reporting content

· For the 1st eMIMO-Type (CLASS A), i1(1) and x-bit RI(1) are reported, while CQI(1) and i2(1) are not reported

· If UE supports up to 2 layers, x=0

· If UE supports up to 8 layer, x=1 where RI(1)={1, 3}

· For the 2nd eMIMO-Type (CLASS B K=1), CQI(2), PMI(2), RI(2) are reported 

· Note: Superscript (y) represents the y-th eMIMO-Type, where y=1,2. 
· FFS: Option for one eMIMO-Type to inherit RI reporting from another eMIMO-Type
· Working assumption: No inter-dependence between CSI calculations across two eMIMO-Types

· Reuse legacy CSI reporting mechanisms with the following refinement

· For PUCCH-based P-CSI

· Report i1(1) and RI(1)  in one subframe

· FFS: Using either PUCCH format 2 or 3

· Periodicity of the CSI of 1st eMIMO-Type is an integer multiple of RI(2) periodicity of the 2nd eMIMO-Type. 

· Subframe offset of the 1st eMIMO-Type is defined relative to RI(2) subframe offset of the 2nd eMIMO-Type. 
· FFS: Whether subframe offset of the 1st eMIMO-Type can be fixed to 0
· Priority rule for collision handling is FFS. 

· For PUSCH-based A-CSI

· FFS: what CSI(s) will be reported from UE when aperiodic CSI reporting is triggered

· Option 1: UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type.

· Option 2: UE reports either one of the 2 eMIMO-types.

· CSI encoding/mapping mechanisms is FFS.
In this contribution, the remaining issues on hybrid CSI are discussed. 

2 Discussion

2.1 Further details on mechanism 1

It is agreed that for 1st eMIMO-Type (CLASS A), i1(1) and x-bit RI(1) are reported, while CQI(1) and i2(1) are not reported. The value x is related to the number of layers UE supports. For the 2nd eMIMO-Type (CLASS B K=1), CQI(2), PMI(2), RI(2) are reported. It is FFS whether one eMIMO-Type inherit RI reporting from another eMIMO-Type. i1(1) and RI(1) are reported to determine coarse beam direction information for the precoding of CLASS B CSI-RS. For the CSI reporting based on CLASS B CSI-RS, legacy CSI reporting mechanisms are reused. In our view, there is no clear motivation in inheriting RI(2) reporting from RI(1). 
It is agreed that periodicity of the CSI of 1st eMIMO-Type is an integer multiple of RI(2) periodicity of the 2nd eMIMO-Type. However, priority rule for collision handling is still FFS. The CSI reporting for 1st eMIMO-Type is used by eNB to determine the precoder of 2nd eMIMO-Type. And the periodicity of the CSI of 1st eMIMO-Type is much longer than the CSI of 2nd eMIMO-Type. If the CSI of 1st eMIMO-Type is missed, eNB cannot renew the beamforming of 2nd eMIMO-Type until the next CSI report of 1st eMIMO-Type, which will have impacts on the CSI of 2nd eMIMO-Type. Therefore, it is likely that the CSI of 1st eMIMO-Type is more important than the CSI of 2nd eMIMO-Type. For collision handling, the CSI of 2nd eMIMO-Type will be dropped when colliding with the CSI of 1st eMIMO-Type.
Proposal 1: The CSI of 2nd eMIMO-Type will be dropped when colliding with the CSI of 1st eMIMO-Type.
For PUSCH-based A-CSI, it is FFS what CSI(s) will be reported from UE when aperiodic CSI reporting is triggered.

· Option 1: UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type.

· Option 2: UE reports either one of the 2 eMIMO-types.

The CSI of 1st and 2nd eMIMO-type has different purpose. It is working assumption that there is no inter-dependence between CSI calculations across two eMIMO-Types. eNB should be able to trigger separate CSI reporting for each of the two eMIMO-Types. When aperiodic CSI reporting is triggered, UE reports one of the 2 eMIMO-types at a time based on the indication or predefined rules. 
Proposal 2: When aperiodic CSI reporting is triggered, UE reports either one of the 2 eMIMO-types.
The resources for Class B CSI-RS are determined by the PMI feedback from UEs in the cell. For Class A CSI-RS, its resource configuration can be cell specific and shared by all the UEs in the same cell for measurement. However, for Class B with K=1 CSI-RS, eNB needs to configure the CSI-RS resource to each UE. To reduce CSI-RS overhead, the UEs with the similar beam direction can share the same beamformed CSI-RS resource in the second stage. 
To configure Class B with K=1 CSI-RS to a UE, a straightforward way is to indicate the resource of CSI-RS to each UE dynamically for the 2nd eMIMO-type. However, this method will bring too much signaling overhead and delay. A more efficient method is to configure a common resource pool for the beamformed CSI-RS for all the UEs in the cell. The resource pool includes several subsets. Each resource subset is used for a beamformed CSI-RS. UEs reporting the same beam directions or PMIs will share the beamformed CSI-RS on a corresponding subset in the resource pool. Both eNB and UE should be aware of the mapping between reported beam directions/PMIs and resource subset for the beamformed CSI-RS.
The utilization of CSI-RS resource pool is further illustrated in Figures 1. Assuming there are 4 subsets of CSI-RS resources in the CSI-RS resource pool, the codebook for the non-precoded CSI-RS feedback is divided into 4 groups, where the first group codewords in the codebook corresponds to CSI-RS resource-1 and the second group codewords in the codebook corresponds to CSI-RS resource-2 and so on. On transmission instance N, one UE reports the non-precoded CSI-RS based PMI, e.g., PMI=1, which belongs to the first group. Then UE will measure the beamfomed CSI-RS on the 1st CSI-RS resource in the resource pool on instances N+1, N+2, N+3. 
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Figure 1 CSI-RS resource for Class A CSI-RS and Class B with K=1
As illustrated in Figures 2, another UE reports the non-precoded CSI-RS based PMI =2, which is belong to the second group. Then UE will measure the beamfomed CSI-RS on the 2nd CSI-RS resource in the resource pool on instances N+1, N+2, N+3.
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Figure 2 CSI-RS resource for Class A CSI-RS and Class B with K=1
In addition, the resource subsets that are not used by any beamformed CSI-RS can be used for PDSCH transmission. To achieve this, more flexible ZP CSI-RS indication should be enabled to indicate the resource utilization for downlink PDSCH transmission.
Proposal 3: The resource of Class B CSI-RS with K=1 is determined by CSI reporting for the Class A CSI-RS.
In Class A for the 1st eMIMO-Type and Class B with K=1 for the 2nd eMIMO-Type, aperiodic CSI-RS can also be supported for Class B CSI-RS with K=1. 

2.2 Discussion on the additional machanism

To support at least one more mechanism, the following schemes are concluded in RAN1#86 meeting.
Conclusion:
· Proposal I: 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 resource for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, two options
· Option 1: CRI (without CQI/PMI/RI) is reported
· Option 2 (only support K=2): PMI assuming RI=1 for each of the two CSI-RS resources are reported 
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported
· Working assumption: No interdependence in CQI calculation between 1st and 2nd eMIMO-Types
· FFS: for option 1, dynamic CSI-RS resource configuration for the 2nd eMIMO-Type based on CRI reporting 1st eMIMO-Type. 
· Proposal II:
· Hybrid CSI reporting with eMIMO-Type pairs is supported 
· No restriction on the configuration for 1st and 2nd eMIMO-Types

· UE supports eMIMO-Type pairs

· For TM9, different CSI-RS resources and/or CSI reporting configurations can be used for PUCCH and PUSCH

· UE calculates one CSI report for only one eMIMO-Type of a pair at a time and one eMIMO-Type at a time
· FFS: Define the period of CSI-RS associated with the 1st eMIMO-Type as N times of the period of CSI-RS associated with the 2nd eMIMO-Type, where N>1

· Configurable or fixed value of N needs to be specified

· Whether new dropping rules need to be specified

· Rel-13 CSI process configurations are supported

· A report for either eMIMO-type contains all Rel-13 CSI parameters (CQI/PMI/RI/CRI) 
· Study whether it is possible to simplify a combination, or to down select, between/within proposals I and II

Proposal II requires UE to support two CSI processes for the eMIMO-Type pairs. It is not preferred considering UE capability. On the other hand, proposal II is quite complicated and may need significant specification effort with unclear performance gain. Since Class A and Class B K=1 CSI-RS in one process has been agreed, it is straightforward that Class B K>1 and Class B K=1 CSI-RS in one process is supported as another mechanism. 
In proposal I, for the 1st eMIMO-Type, K beams are configured by the eNB for K beamformed CSI-RS resource. CRI is already supported for Class B CSI reporting in Rel-13. It is preferred to reuse CRI reporting as the CSI reporting for 1st eMIMO-Type. Less standard efforts are required with option 1. 
Proposal 4: 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 is supported as the other mechanism of hybrid CSI with one CSI process. CRI is reported for the 1st eMIMO-Type.
Based on CRI reporting for 1st eMIMO-Type, eNB determines the beamforming for Class B CSI-RS with K=1 for the 2nd eMIMO-Type. Similarly, a resource pool for 2nd eMIMO-Type CSI-RS can be configured. The CSI-RS resource of Class B CSI-RS with K=1 can be periodic or aperiodic. UE can obtain the CSI-RS resource configuration for 2nd eMIMO-Type in the following ways. 
· Periodic CSI-RS: CSI-RS resource for 2nd eMIMO-Type is determined by CRI reported for 1st eMIMO-Type. The UEs, which report the same CRI, can share the same CSI-RS resource for 2nd eMIMO-Type. No signaling is needed to indicate CSI-RS resource for 2nd eMIMO-Type, since UE already knows the mapping between CSI-RS resource for 2nd eMIMO-Type and CRI reported for 1st eMIMO-Type. 
· Aperiodic CSI-RS: One of the N CSI-RS resource is triggered and indicated to UE aperiodically. 
For periodic CSI-RS report in 2nd eMIMO-Type, as shown in Figures 3, assuming there are 4 periodic CSI-RS resources in the CSI-RS resource pool. The 1st eMIMO-Type is Class B with K=4. UEs in the cell measure the 4 CSI-RS resources and reports CRI to eNB. Then on instances N+1, N+2, N+3, UE will measure the Class B CSI-RS with K=1 on CSI-RS resource selected based on CRI derived for 1st eMIMO-Type.
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Figure 3 CSI-RS resource for Class B with K>1 and Class B with K=1 CSI-RS
Proposal 5:  In case of CLASS B with K>1 CSI-RS resources as the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource as the 2nd eMIMO-Type, if periodic CSI report is supported for the 2nd eMIMO-Type, the CSI-RS resource in 2nd eMIMO-Type is determined by CRI reported for the 1st eMIMO-Type.
3 Conclusion

In this contribution, the remaining issues on hybrid CSI are discussed. The following are proposed: 
Proposal 1: The CSI of 2nd eMIMO-Type will be dropped when colliding with the CSI of 1st eMIMO-Type.
Proposal 2: When aperiodic CSI reporting is triggered, UE reports either one of the 2 eMIMO-types.
Proposal 3: The resource of Class B CSI-RS with K=1 is determined by CSI reporting for the Class A CSI-RS.

Proposal 4: 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 is supported as the other mechanism of hybrid CSI with one CSI process. CRI is reported for the 1st eMIMO-Type.

Proposal 5: In case of CLASS B with K>1 CSI-RS resources as the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource as the 2nd eMIMO-Type, if periodic CSI report is supported for the 2nd eMIMO-Type, the CSI-RS resource in 2nd eMIMO-Type is determined by CRI reported for the 1st eMIMO-Type.
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