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1 Introduction

In RAN1#84bis meeting, the following agreements and conclusions were made [1]:
Agreements:
· Specify at least one of the following enhancements on Rel.14 CSI reporting:

· One CSI process configured with 2 independent eMIMO-Types associated with different sets of parameters

· Each eMIMO-Type is associated with a set of K≥1 NZP CSI-RS resources

· Note that the 2 independent eMIMO-Types may be of the same Class

· Note that if it decided that the two independent eMIMO-Types are always of the same class, then only 1 eMIMO-Type with 2 different sets of parameters would be sufficient. 

· An additional mechanism for CSI calculation applied to a configuration with a pair of CSI processes each of which is configured with 1 eMIMO-Type

· Notes:

· This does not preclude the possibility of specifying a new eMIMO type in Rel-14 and the use of this new type for Hybrid CSI reporting 

· Down-selection (if any) between the two enhancements will be decided in RAN1#85

In this contribution, the schemes of joint utilization of different CSI-RS types are discussed. 
2 Discussion

In Rel-13, two types of CSI reporting, Class A and Class B, were defined to support measurement on non-precoded and beamformed CSI-RS, respectively. Hybrid CSI reporting can be achieved by configuring two CSI processes, where one CSI process is configured with Class A type reporting and another CSI process is configured with Class B type reporting. However, it will require UE to support multiple CSI processes. Even if UE has multiple CSI process capability, CSI process should be used efficiently since CSI process resources are shared for various purposes, e.g. CoMP. 
Moreover, two CSI processes will increase CSI feedback overhead with Rel-13 CSI reporting mechanism. To reduce the feedback overhead, CSI feedback for either of CSI processes should be able to be dynamically enabled or disabled. To support this, the corresponding signaling needs to be further studied.
Configuring one CSI process associated with 2 CSI-RS types can save CSI-RS process. The CSI feedback should be defined for each CSI-RS type. If only 1 CSI-RS Type with 2 different sets of parameters is configured, i.e. beamformed CSI-RS with K>1 resources and K=1 resource, the CSI feedback for each set of parameter should be defined.
In Rel-14, investigation of hybrid CSI reporting should take efficiency, overhead and CSI reporting optimization into consideration. It is proposed to configure one CSI process associated with 2 CSI-RS types. 
Proposal: One CSI process for joint use of different types of CSI-RS should be supported in Rel-14 for hybrid CSI reporting. 
During RAN1#84bis meeting, the following alternatives for hybrid CSI reporting were discussed. 
· Joint utilization of  Class A and Class B with K=1
A CSI process includes non-precoded and beamformed NZP CSI-RS resource, where non-precoded CSI-RS is configured with long period and beamformed CSI-RS is transmitted with short period or on demand. UE measures channel information based on non-precoded CSI-RS, and feedback the partial channel information, i.e. RI and/or PMI. The partial channel information is used to generate the beamforming weight for beamformed CSI-RS. Legacy RI, PMI and CQI can be measured based on beamformed CSI-RS and reported.
For the CSI reporting for Class A, there are some alternatives discussed in last meeting [1].
· Alt 1: Class A CSI with single i1 + RI

· Alt 2: Class A CSI with multiple i1 + RI

· Alt 3: Class A CSI with single i1 

· Alt 4: Class A CSI with multiple i1

· Note for the Alt 3-4 RI can be restricted to 1

· Note that any of the above alternatives may be reported with or without CQI and/or i2

· Note that the CSI measurement may be based on partial or whole set of CSI-RS ports

· Other alternatives and merging of alternatives are not precluded

The existing Class A codebook support single i1 feedback, which indicates a group of beams. If the antenna port layouts for Class A CSI-RS fall within the scope of Rel-13 or before, single i1 seems straightforward and reasonable. 
In Rel-14, the number of CSI-RS antenna ports will be extended up to 32.With the increasing number of antenna ports, the beam width will be smaller. If the existing Class A codebook is used for i1 feedback, one legacy size beam group may not be enough to cover multiple channel clusters. However, it is related to the enhanced codebook design in Rel.14. The choice of multiple i1 should be studied considering the possible conclusion of enhanced codebook design. In our opinion, single i1 should be considered with first priority in this stage. Multiple i1 can be studied further with second priority, considering the enhanced codebook design.
RI reporting on Class A CSI-RS is the main difference between Alt 1 and Alt 3. It is natural for eNB to generate beamforming weight for Class B CSI-RS based on the CSI report on Class A CSI-RS. The PMI feedback is based on the rank. The determination of beamforming weight for Class B CSI-RS can benefit from RI feedback on Class A CSI-RS. Therefore, Alt1, i.e. Class A CSI with single i1 + RI, should be considered for specification.

In some deployment scenario, coarse beam direction information is enough for CLASS B CSI-RS beamforming, such as beamforming weight for Class B CSI-RS with K=1 and PMI-config=2. It is sufficient to map Class A CSI-RS to partial TxRU of eNB, and CSI-RS resource is saved. In this case, RI on Class A CSI-RS will be inaccurate and useless. Hence, RI reporting on Class A CSI-RS is not necessary. We propose Alt3, i.e. Class A CSI with single i1, should be considered for specification.
 As discussed above, Alt 1 and Alt 3 are slightly preferred. Alt 2 and Alt 4 should be studied further.
· Alt 1: Class A CSI with single i1 + RI
· Alt 3: Class A CSI with single i1 
· RI can be restricted to 1 for Alt 3
· Class A CSI is reported without CQI and i2
· Joint utilization of  Class B and Class B
The beamformed CSI-RS of first Class B is configured with long period. The beamforming weight for beamformed CSI-RS of second Class B is determined by reporting for first Class B CSI-RS. 
The following alternatives for the CSI reporting for hybrid Class B and Class B are discussed in last meeting [1].
· Alt 1: The first Class B has K>1 with CRI, and optionally i1, second Class B has K =1

· Alt 2: The first Class B has K>1 with K independent CSI reports, second Class B has K =1

· Alt 3: The first Class B has K=1 with PMI, second Class B has K =1

· Alt 4: The first Class B has K>1 with CRI, and optionally i1, second Class B has K >1

· Alt 5: The first Class B has K>1 with K independent CSI reports, second Class B has K >1

· Alt 6: The first Class B has K=1 with PMI, second Class B has K >1

· Other alternatives and merging of alternatives are not precluded

LTE Rel-13 defines Class B CSI reporting. For Class B CSI-RS with K>1, K beams are configured by the eNB for K beamformed CSI-RS resource. It is straightforward to use CRI reporting to determine the beamforming for Class B CSI-RS with K=1. That is, Alt1 is an effective way to hybrid use different CSI-RS types in one process, and should be considered for specification.. 
For Alt2, the first Class B has K>1 with K independent CSI reports. More accurate precoding for second Class B CSI-RS may be determined by eNB based on K independent CSI reports. The feedback overhead is relatively large compared with Alt1. A trade-off between precoding accuracy and overhead/complexity has to be considered. 

Generally, the first Class B CSI-RS is cell specific CSI-RS for first stage feedback. In this stage, Class B CSI-RS with K>1 can be configured by eNB for measurement. Legacy CRI or PMI based on K Class B CSI-RS can be reused for first stage CSI feedback. The second Class B CSI-RS is UE specific CSI-RS for CSI reporting. In this stage, Class B CSI-RS with K=1 can be configured for a UE for legacy CSI reporting. Therefore, Alt 1 and Alt 2 are typical configurations for CSI-RS. In our opinion, Alt 1 and Alt 2 should be considered with first priority. Further study is needed to investigate the benefits of Alt3-Alt6.
In summary, the following alternative can be firstly considered:
· Alt 1: The first Class B has K>1 with CRI, and optionally i1, second Class B has K =1

· Alt 2: The first Class B has K>1 with K independent CSI reports, second Class B has K =1

3 Conclusion
In this contribution, the joint utilization of different CSI-RS types was discussed. The following is proposed.
Proposal: One CSI process for joint use of different types of CSI-RS should be supported in Rel-14 for hybrid CSI reporting. 

The following alternatives are slightly preferred.
· Joint utilization of  Class A and Class B with K=1
· Alt 1: Class A CSI with single i1 + RI
· Alt 3: Class A CSI with single i1 
· RI can be restricted to 1 for Alt 3
· Class A CSI is reported without CQI and i2
· Joint utilization of  Class B and Class B
· Alt 1: The first Class B has K>1 with CRI, and optionally i1, second Class B has K =1

· Alt 2: The first Class B has K>1 with K independent CSI reports, second Class B has K =1
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