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1 Introduction

In 3GPP RAN1#86 meeting, the following agreements were made for CSI reporting for hybrid CSI-RS [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, we further discuss the remaining issues on CSI reporting for hybrid Class A non-precoded and Class B beamformed CSI-RS and also the mechanism for hybrid Class B beamformed CSI-RS.
2 CSI reporting for hybrid Class A and Class B
CSI relaxation for hybrid CSI-RS

For CSI reporting for hybrid Class A and Class B, it is desirable to allow the UE to calculate only one CSI report for either Class A or Class B at one time. In such way, CSI measurement complexity for hybrid Class A and Class B is similar to single CSI process configured with only one CSI-RS resource. 
For CSI relaxation for hybrid CSI-RS, the periodicity of the CSI of 1st eMIMO-Type can be an integer multiple of the RI reporting periodicity of the 2nd eMIMO-Type with the subframe offset fixed to zero. In other words, the CSI report of the 1st eMIMO-Type will be always at the same subframe as the RI reporting of the 2nd eMIMO-Type. In such case, only one CSI is reported to alleviate UE computational complexity. Considering the relatively longer periodicity of the CSI of the 1st eMIMO-Type, it is preferred to drop the RI reporting of the 2nd eMIMO-Type. Although the drop may have impact on the CSI reporting of the 2nd eMIMO-Type, the performance impact is only limited to one RI reporting period. At least the UE can use the previously reported RI to determine the PMI and CQI. The impact from the outdated RI is small.
For aperiodic CSI reporting, if CSI for Class A and Class B are reported jointly in the same subframe, CSI relaxation can also be considered to allow UE to update only one CSI for either Class A or Class B in one report. In other words, when both CSI of the 1st and 2nd eMIMO-Type needs to be updated, the UE is required only to update the CSI of the 1st eMIMO-Type and reported an outdated CSI for the 2nd eMIMO-Type. In order to avoid always reporting an outdated CSI for the 2nd eMIMO-Type, we can introduce a predefined updated periodicity for the CSI of the 1st eMIMO-Type, which can be same as the CSI-RS transmission periodicity. Then following the same rule for CRI relaxation for Rel-13 Class B K>1, the UE is only required to report an updated CSI for the 1st eMIMO-Type only when the previously updated CSI is reported on subframe n-K for A-CSI reporting on subframe n where K is the predefined updated periodicity. At least between subframe n-K and n, UE can report and update the CSI for the 2nd eMIMO-Type.

Proposal 1: CSI relaxation shall be considered for hybrid Class A and Class B to allow the UE to update only one CSI report for either Class A or Class B at one time. 

Priority handling for periodic CSI reporting
For periodic CSI relaxation for hybrid CSI-RS, there is a potential collision between CSI reporting for the 1st eMIMO-Type and 2nd eMIMO-Type. Since the reporting periodicity of the 1st eMIMO-Type is typically longer than that of the 2nd eMIMO-Type, the importance of the CSI of the 1st eMIMO-Type is higher than that of the 2nd eMIMO-Type. Therefore, it is preferred to drop the CSI of the 2nd eMIMO-Type in case of collision. However, it shall be discussed also whether the priority rule can also be extended to multiple CSI processes and multiple CCs. In the current specification, the priority rule for collision handling among multiple CSI processes and multiple CCs is firstly based on CSI type and for the same CSI type the CC index and CSI process index will be used to determine the priority. For CSI reporting for hybrid CSI-RS with multiple CSI processes and/or CCs, if the existing priority rule is reused, there is a concern that the CSI of the 1st eMIMO-Type of the non-lowest index CC or CSI process will be dropped always in case of collision with the CSI of the 2nd eMIMO-Type of the lowest index CC or CSI process. Therefore it is proposed that the CSI of the 1st eMIMO-Type shall be assigned with the highest priority than the CSI of the 2nd eMIMO-Type irrespective of the CC index and CSI process index. That is the priority rule is updated according to the order: eMIMO-Type > CSI reporting type > CC index > CSI process index. However, the argument for assigning higher priority for 1st eMIMO-Type is based on the assumption that the longer reporting periodicity is used for the CSI of the 1st eMIMO-Type. For UE configured with multiple CSI processes and/or multiple CCs, the reporting periodicity and subframe offset for CSI reporting for multiple CCs and CSI processes are independently configured. Therefore, it may not be a valid assumption that the periodicity of the 1st eMIMO-Type is always larger than other CSI reporting. The dropping of the CSI of the 1st eMIMO-Type can be avoided by proper eNB implementation, e.g., configuring with different subframe offset. Therefore, we prefer to reuse the existing priority rule for collision handling among multiple CSI processes and CCs. 
Proposal 2: For collision handling within the same CSI process, the CSI of the 1st eMIMO-Type has a higher priority than the CSI of the 2nd eMIMO-Type. 

Proposal 3: For collision handling among multiple CSI processes and/or multiple CCs, the existing rule is reused for CSI reporting for hybrid CSI-RS. 

Aperiodic CSI reporting
For PUSCH-based aperiodic CSI reporting two proposals are provided in terms of what CSI shall be reported as shown below. 

· 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
It can be seen that option 2 requires to report only either one of the 2 eMIMO-Types. The benefit is to reduce the UCI feedback overhead and CSI measurement complexity. However, it requires to add few more bits to A-CSI triggering to indicate which CSI is reported. In our view, the reduction of UCI feedback overhead is not significant since the total payload for the CSI of the 1st eMIMO-Type is less than 11 bits. It is not preferred to change the UL grant for this purpose. To achieve the target to reduce CSI measurement complexity, as discussed before, the UE can report both CSI of the 1st eMIMO-Type and CSI of the 2nd eMIMO-Type, but only one of the two CSI is updated according to a predefined rule. 
Proposal 4: For aperiodic CSI reporting, UE reports both CSI of the 1st eMIMO-Type and CSI of the 2nd eMIMO-Type, but update only one of the two CSIs during one report. 
3 Discussion on hybrid Class B and Class B
Hybrid Class B beamformed CSI-RS is another possible hybrid CSI-RS framework. As discussed in [2], the purpose to configure K=1 CSI-RS resource for the 1st eMIMO-Type is to reduce CSI measurement complexity. The peak CSI computation effort is maintained as Rel-13 Class B if K>1 CSI-RS resources are configured for the first eMIMO-Type since UE is still required to measure K>1 resources for the first report although less frequently. Instead of requiring the UE to measure K>1 CSI-RS resources per report, the network can configure only one CSI-RS resource for the first eMIMO-Type and change the associated beamforming weight per subframe via cycling through a set of semi-static weights/beam patterns as shown in Figure 1. UE will measure and report RI/CQI for the first eMIMO-Type as the quality indicator for each beam pattern. Then the network could refine the precoding weight for the UE specific beamformed CSI-RS of the second eMIMO-Type by using the weight associated with the strongest beam. Since the precoding weights for the K=1 CSI-RS of the first eMIMO-Type can change every subframe transparent to UE, it is desirable that the CSI for the first eMIMO-Type can be carried in one report, e.g., not separated into multiple reports in different subframes. If RI and CQI are reported for the first eMIMO-Type, then total payload size is no more than 10 bits, e.g., 3-bit RI, 4-bit CQI for rank = 1 or 7-bits CQI for rank > 1. If i1 is also reported for the first eMIMO-Type, then the rank-1 restriction shall be configured in order to fit the RI/CQI/i1 on PUCCH format 2. 
[image: image1.emf]0

1

2

3

4

5

1

1

6

7

8

9

1

0

Cell-common 

CSI-RS (K=1)

UE-specific 

BF CSI-RS


Figure 1. Example of Hybrid Class B K=1 and Class B K=1

Proposal 5: Hybrid Class B beamformed CSI-RS framework shall support hybrid Class B with K=1 CSI-RS resource for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type.

3
Conclusion

In this contribution, we discuss the remaining issues for CSI reporting for hybrid CSI-RS and we propose:
Proposal 1: CSI relaxation shall be considered for hybrid Class A and Class B to allow the UE to update only one CSI report for either Class A or Class B at one time. 

Proposal 2: For collision handling within the same CSI process, the CSI of the 1st eMIMO-Type has a higher priority than the CSI of the 2nd eMIMO-Type. 

Proposal 3: For collision handling among multiple CSI processes and/or multiple CCs, the existing rule is reused for CSI reporting for hybrid CSI-RS. 

Proposal 4: For aperiodic CSI reporting, UE reports both CSI of the 1st eMIMO-Type and CSI of the 2nd eMIMO-Type, but update only one of the two CSIs during one report. 
Proposal 5: Hybrid Class B beamformed CSI-RS framework shall support hybrid Class B with K=1 CSI-RS resource for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type.
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