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1. Introduction
FD-MIMO was standardized in Rel.13 through two eMIMO-types, namely Class A and Class B.  
· For Class A, a CSI-process is associated with one non-precoded CSI-RS resource of 8/12/16 ports. From the eNB perspective, the CSI-RS resource is non-precoded and wide-beam. From 3GPP specification perspective, the attribute of “non-precoded” is reflected by the lack of channel measurement restriction.
· For Class B, a CSI-process is associated with K>= 1 CSI-RS resources, where each CSI-RS has 1 to 8 antenna ports. From eNB perspective, CSI-RS resources are beamformed and narrow-beam. From 3GPP specification perspective, the attribute of “beamformed” is reflected by channel measurement restriction. 
Full-dimension MIMO (FD-MIMO) enhancement (c.f. [1]) has the following objective: 

· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS

Discussion in RAN1#84bis led to the following conclusions. 
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

This contribution provided our views on this issue. 
2. Discussion
2.1. Hybrid CSI with one CSI-process

For hybrid CSI with one CSI-process, two independent eMIMO-types of the same or different classes are used to generate the hybrid CSI report. A few examples are provided in [2]. These examples can be categories into three high-level groups, which are analyzed in the following.  
	CLASS A or Class B K1 = 1
	Class B K2 = 1


· Case  1

The 1st CSI report is Class A or Class B K1 = 1, which feeds back the beamforming virtualization to be applied to the 2nd CSI report of class B K2 = 1. Exemplary diagrams are provided in Figure 1 and Figure 2. 
If the 1st CSI report is Class A, each TXRU in the full TXRU array is mapped to an antenna port in the Class A CSI-RS resource. Class A CSI feedback therefore provides the 2-D beamforming weight on the full TXRU array, in both horizontal and vertical domain. After the CSI report of Class A eMIMO-type is received by the eNB, it is used to virtualize the full TXRU array to generate the 2nd CSI-RS resource (e.g. Class B K2 =1). The 2nd CSI-RS resource provides the hybrid CSI.
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Fig 1: Class A for the 1st eMIMO-type, Class B K2=1 for the 2nd eMIMO-type

If the 1st CSI report is Class B K1 = 1, each TXRU in the first column TXRU array is mapped to an antenna port in Class B K 1= 1 CSI-RS resource. The 1st CSI therefore provides the 1-D beamforming weight on the TXRU column, in the vertical domain. After the CSI report of the 1st eMIMO-type is received, it is used to virtualize each column of TXRU array to generate the second CSI-RS resource (e.g. Class B K2 = 1). The 2nd CSI-RS resource provides the hybrid CSI.  
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Fig 2: Class B K1= 1 for the 1st eMIMO-type, Class B K2=1 for the 2nd eMIMO-type

Summary:

· CSI measurement:   2 CSI-RS resources are measured.

· CSI calculation:       CSI complexity and overhead is equal to 2 CSI feedback (both Class B K = 1, or one Class B K = 1 plus one Class A)
	CLASS B K1>1
	Class B K2 = 1


· Case  2:   
For the 1st eMIMO-type, each of the K1 CSI-RS resources is virtualized with a different beamforming vector. By CRI feedback from the UE, the eNB derives the optimal virtualization vector for the 2nd eMIMO type. The optimal beamforming vector is then applied to the 2nd eMIMO-type, enabling hybrid CSI information. 
Summary:

· CSI measurement:   K1+1 CSI-RS resources are measured.

· CSI calculation:       CSI complexity and overhead is equal to K1+1 CSI feedback.
	CLASS A or Class B K1 = 1
	Class B K2 >1 


· Case  3:  

For the 2nd eMIMO-type, each of the K2 CSI-RS resources is beamformed with a different virtualization vector from codebook 
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{V1, V2, …VK2}. The precoding vector codebook 
[image: image4.wmf]W

 is known to the eNB. 

For the 1st eMIMO type (Class A or Class B K1 = 1), PMI feedback is restricted to the codebook subset 
[image: image5.wmf]W

 by CSR, and PMI feedback of the 1st eMIMO type indicates which virtualization vector V1, V2, …VK2 is optimal for the 2nd eMIMO-type. 
· If 
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 is known to the eNB but not known to the UE, eNB derives the optimal virtualization matrix Vi (1<=i<=K2) for the 2nd eMIMO type, from the PMI feedback of the 1st eMIMO-type. Then eNB can trigger CSI feedback of the i-th CSI-RS resource of 2nd eMIMO-type. For the 2nd eMIMO-type, UE only needs to compute CSI of 1 CSI-RS resource, not from of K2 CSI-RS resources. Compared to case 2, UE only needs to measure at most two CSI-RS resources, instead of K1 + 1 CSI-RS resource.
· If 
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 is also known to the UE, the above eNB-triggered hybrid CSI feedback is still valid. Furthermore, UE may choose to report CSI of the i-th CSI-RS resource of the 2nd eMIMO-type, without eNB indicating the index of the CSI-RS within the 2nd eMIMO-type. Likewise, UE only needs to measure at most two CSI-RS resources.
Summary:

· CSI measurement:   2 CSI-RS resources are measured.

· CSI calculation:       CSI complexity and overhead is equal to 2 CSI feedback.
In summary, Case 1 and Case 3 are advantageous in terms of CSI-RS measurement complexity and CSI complexity/overhead.
2.2. Hybrid CSI with two CSI-processes

Rel.13 already supports hybrid CSI with two independently configured CSI-processes, based on eNB implementation. Hence, the motivation to introduce specification enhancements for hybrid CSI with two CSI-processes needs to be clarified. From discussion in the last meeting, our understanding of the motivation is to introduce CSI measurement/feedback restriction such that at any time instance, the UE is only required to measure and/or feedback one CSI-process, aiming to reduce UE complexity. 
However with Rel.13 specification, it is already possible to restrict UE to measure and/or feedback one CSI-process at any subframe, although the UE is configured with multiple CSI-processes. For periodic feedback, UE will only report one CSI-process of the highest-priority, and drop all other CSI-processes. For aperiodic feedback, the triggering field in the UL grant can be RRC configured such that the UE reports at most one CSI-process at any time. Hence, the benefits to introduce specification enhancement for hybrid CSI with two CSI-processes should be further clarified.  
3. Conclusions
In this contribution we presented our initial views on CSI report with joint utilization of different types of CSI-RS and different types of beamformed CSI-RS. 

Proposal:
· For one CSI-process, support at least the following two cases

· Case 1: 1st eMIMO type is Class A or Class B K1 = 1, and  2nd eMIMO type is Class B K2 = 1

· Case 3: 1st eMIMO type is Class  A or Class B K1 = 1, and 2nd eMIMO type is Class B K2 > 1

· For two CSI-processes, further clarify the benefits compared to Rel.13 implementation-based scheme.
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