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1 Introduction

In 3GPP RAN1#85 meeting, the following agreements were made for CSI reporting for hybrid CSI-RS [1]:
Working assumption:
· Mechanism 1: Hybrid CSI is realized by with one CSI process, support at least CLASS A for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type

· i1 is reported while CQI and i2 are not reported for the 1st eMIMO-Type (CLASS A)

· FFS: whether RI is reported for CLASS A 

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

· At least one more mechanism is supported, to be discussed in RAN1#86

In this contribution, we further discuss CSI reporting for hybrid CSI-RS, including hybrid Class A non-precoded and Class B beamformed CSI-RS and hybrid Class B of different types of beamformed CSI-RS. 

2 Discussion
2.1 Discussion on hybrid Class A and Class B 
In RAN1#85 meeting, the Mechanism 1 using single CSI process configured with two eMIMO-Types was agreed as the working assumption for hybrid Class A and Class B operation. Compared to the other alternative utilizing a pair of CSI processes, Mechanism 1 has the benefit on saving CSI feedback overhead since CQI and i2 for the Class A are not to be reported. This also reduces CSI calculation complexity at the UE side. Therefore, we prefer to utilize one CSI process for hybrid Class A and Class B. 

Proposal 1: Confirm the working assumption utilizing Mechanism 1 for hybrid Class A and Class B operation. 
One issue with Mechanism 1 is whether to report RI for Class A. If RI is not reported for Class A then i1 can be reported with a rank restriction. Since the reported W1 is utilized for determining beamforming coefficients for Class B beamformed CSI-RS, the rank restriction for W1 reporting may also have restriction on the RI report for Class B. For example, if the rank 1 restriction is used for W1 reporting, only non-orthogonal weights from the reported W1 can be applied on Class B beamformed CSI-RS and it is likely that only rank 1-2 is reported for Class B. Therefore, we prefer to report also RI for Class A and thus both orthogonal and non-orthogonal weights can be applied on Class B beamformed CSI-RS. 
Proposal 2: Both RI and i1 are reported for Class A non-precoded 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 periodic CSI reporting, the periodicity of W1 reporting for Class A non-precoded CSI-RS can be an integer multiple of the W2/CQI reporting periodicity for Class B beamformed CSI-RS. The same reporting subframe offset is assumed for Class A and Class B. Therefore, W1 reporting for Class A will always collide with W2/CQI reporting for Class B, and the UE is only required to update CSI for either Class A or Class B but not both per reporting instance. For collision handling, since it is likely that W1 for Class A is more important than W2/CQI for Class B due to relatively longer reporting periodicity, the W2//CQI reporting for Class B will be dropped when colliding with W1 reporting for Class A. 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. Detailed CSI relaxation can be further studied. 
Proposal 3: CSI relaxation can 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. 
2.2 Discussion on hybrid Class B and Class B
Multiple possible reporting combinations of single CSI process for hybrid Class B have been proposed and summarized in the [1] and copied below. 
· Mechanism 2A: 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, depending on the value of K

· K=1: CQI/RI are reported. In addition, i1 is reported for Rel.12 dual-stage codebooks 

· K>1: two options

· Option 1: CRI is reported

· Option 2: PMI/RI for each CSI-RS resource are reported 

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Mechanism 2B: 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, depending on the value of K

· K=1: 

· Option 1: i1 is reported for Rel.12 codebooks (when applicable) or i2 for Rel.13 CLASS B codebooks

· Option 2: CQI/RI are reported. In addition, PMI is reported for Rel.13 CLASS B codebooks 

· K>1: two options

· Option 1: CRI is reported

· Option 2: PMI/RI for each CSI-RS resource are reported 

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Mechanism 3:  for hybrid CSI with one CSI process, CLASS A or CLASS B K=1 for the 1st eMIMO-Type and CLASS B K>1 for the 2nd eMIMO-Type

· For the 1st eMIMO-Type: i1 is reported 

· For the 2nd eMIMO-Type:  two options

· Option 1: CRI and CQI/PMI/RI for the recommended CSI-RS resource are reported

· Option 2: CQI/PMI/RI for a CSI-RS resource 

From the above, we can see that in all cases one CSI report is split into two parts where the first is reported less frequently than the second. The first may carry only a partial CSI such as CRI or CQI/RI dependent on the number of CSI-RS resources configured for the first eMIMO-Type, and the second part will be a full CSI report including RI/CQI/PMI. The first part will provide information to assist the eNB to refine the precoding weight for the beamformed CSI-RS of the second eMIMO-Type. 
As discussed in [2], the purpose to configure K=1 CSI-RS resource for the first 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. 
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Figure 1. Example of Hybrid Class B K=1 and Class B K=1

Observation 1: Hybrid Class B with one cell common BF CSI-RS for beam sweeping and one UE specific BF CSI-RS can reduce CSI measurement complexity . 
Proposal 4: Consider Hybrid Class B with K=1 CSI-RS resource for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for CSI reporting for hybrid CSI-RS.
For the above reporting combinations of the hybrid Class B, the difference between Mechanism 2A and 2B is the CSI reporting for the first eMIMO-Type for which K=1 CSI-RS resource is configured. For Option 1 in Mechanism 2B, i1 or i2 is reported depending on codebook configuration. It is noted that i1 reporting according to Option 1 has been covered by RI/CQI/i1 reporting in Mechanism 2A. The i2 reporting for the first eMIMO-Type is used when Rel-13 Class B codebook is configured. It is similar to CRI reporting for the first eMIMO-Type for which K>1 CSI-RS resources are configured. Therefore, i2 reporting for the first eMIMO-Type is likely to be replaced by CRI reporting for K>1 CSI-RS resources, and Mechanism 2B can be fully supported by Mechanism 2A. 
For Mechanism 3, K>1 CSI-RS resources are configured for the second eMIMO-Type and UE is required to report CSI for each CSI-RS resource. Since the CSI for the second eMIMO-Type is reported more frequently, there is no benefit for UE complexity reduction if Mechanism 3 is supported for hybrid Class B.

Proposal 5: Support Mechanism 2A based CSI reporting for hybrid Class B.
3
Conclusion

In this contribution, we discuss the hybrid CSI-RS operation for FD-MIMO and examine potential enhancements. For hybrid Class A and Class B we propose:
Proposal 1: Confirm the working assumption utilizing Mechanism 1 for hybrid Class A and Class B operation. 
Proposal 2: Both RI and i1 are reported for Class A non-precoded CSI-RS. 
Proposal 3: CSI relaxation can 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. 

For hybrid Class B of different types of beamformed CSI-RS we have the following observations and proposals:

Observation 1: Hybrid Class B with one cell common BF CSI-RS for beam sweeping and one UE specific BF CSI-RS can reduce CSI measurement complexity . 
Proposal 4: Consider Hybrid Class B with K=1 CSI-RS resource for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for CSI reporting for hybrid CSI-RS.

Proposal 5: Support Mechanism 2A based CSI reporting for hybrid Class B.
4
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