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1. Introduction
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK82]In 3GPP RAN #71 meeting, a new Work Item on Enhancements on Full-Dimension (FD) MIMO was approved. According to the WID [1], one of the objectives is related to CSI reporting mechanism to support joint utilization of different CSI-RS types. And during RAN1 84bis meeting [2][3], some agreements and observations are achieved as the following.
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
Observations:
The following alternatives have been discussed and may be studied: 
· Study the following alternatives for the CSI reporting for hybrid Class A and Class B K=1 FD-MIMO and compare with the baseline of Alt 1 including i2 and CQI
· 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
· Study the following alternatives for the CSI reporting for hybrid Class B and Class B FD-MIMO and compare with the baseline of both Class Bs with full CSI
· 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
In this contribution, we present our views on the opening parts of CSI reporting for hybrid CSI-RS for R14 enhancement of FD-MIMO based on the agreements above.
2. One process or two process
According to the agreements in the last meeting, RAN1 decides to specify at least one of the following options:
· [bookmark: OLE_LINK83][bookmark: OLE_LINK84]Alt. 1: One CSI process configured with 2 independent eMIMO-Types associated with different sets of parameters
· [bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK74][bookmark: OLE_LINK75]Alt. 2: CSI calculation applied to a configuration with two CSI processes each of which is configured with 1 eMIMO-Type
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]We think Alt. 2 can be considered as a method to support hybrid CSI report. Alt2 needs fewer specification efforts. Through linkage between two CSI processes and defining novel UE CSI calculation behavior, hybrid CSI-RS would be efficiently supported. Compared with Alt 2, Alt 1 has to define novel kind of CSI process associated with multiple eMIMO-Types and needs more standardization effort. The seemingly possible advantage of less computation complexity and fewer CSI feedback overhead for Alt. 1 is not a problem for Alt. 2 due to the fact that novel CSI calculation behaviour could be defined.
Thus we have this proposal:
Proposal 1:  Two processes hybrid CSI report should be specified.
3. CSI report
[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89]When CSI calculation is based on two associated CSI processes and each of CSI process configures an independent eMIMO-Type that has different set of parameters, there are 5 typical CSI reporting cases for  joint utilization as shown in Table 1. First CSI process which named reference process always plays as long term CSI reporter or provides assistant information for second CSI process. CSI reports in reference process can be configured to feedback only partial legacy CSI reports. One or more CSI reports for second CSI process can be configured to use the same value as reference process and feedback or omit their feedback.

Table 1 typical CSI reporting cases for joint utilization of different CSI-RS types with two CSI processes
	        First
Second    
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Class A
	[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Class B K>1
	[bookmark: OLE_LINK13][bookmark: OLE_LINK16]Class B K=1

	Class B K=1
	Case 1
	[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Case 2
	[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Case 3

	Class B K>1
	
	[bookmark: OLE_LINK46][bookmark: OLE_LINK47]Case 4
	Case 5


3.1  Case 1
UE can be configured with a single or more i1, or with or without RI, and may report with or without CQI and/or i2 for CSI feedback procedures of reference process for the case CSI process 1 with Class A eMIMO-Type and CSI process 2 with Class B K=1 eMIMO-Type. In the subframe where RI is reported in CSI process 1, RI is calculated based on Class A CSI-RS, the same procedure as i1. In the subframe where CQI+PMI for CSI process 2 is reported, the RI value is the same as CSI process 1 and only used in CQI+PMI calculation and not to feedback.


Figure 1: Class A CSI with single i1 + RI
Alt 2: Class A CSI with multiple i1 + RI in CSI process 1, and Class B K=1 CSI with PMI + CQI in CSI process 2
In the subframe where RI is reported in CSI process 1, RI is calculated based on non-precoded CSI-RS. In the subframe where i1 is reported, UE will provide several value of i1 for eNB for enough information of beamforming directions. In the subframe where CQI+PMI for CSI process 2 is reported, the RI value is the same as CSI process 1 and only used in CQI+PMI calculation and not to feedback.
Alt 3: Class A with single i1 with the assumption of RI = 1 in CSI process 1, and Class B K=1 CSI with legacy CSI feedback in CSI process 2, contains RI+ PMI + CQI 


Figure 2: Class A CSI with single i1
Alt 4: Class A with multiple i1 with the assumption of RI = 1 in CSI process 1, and Class B K=1 CSI with legacy CSI feedback in CSI process 2, contains RI+ PMI + CQI.
3.2  Case 2 
UE can be configured to feedback either CRI (optionally i1) or K independent CSI reports in case 2, which is CSI process 1 with Class B K>1 eMIMO-Type and CSI process 2 with Class B K=1 eMIMO-Type.
Alt 1: CSI reports in CSI process 1 contain CRI and optionally i1, and Class B K=1 CSI with legacy CSI feedback in CSI process 2, contains RI+ PMI + CQI 


Figure 3: CSI reports in CSI process 1 with CRI and without i1

Alt 2: CSI reports in CSI process 1 contain K independent CSI reports (CQI+PMI+RI), and Class B K=1 CSI with legacy CSI feedback in CSI process 2, contains RI+ PMI + CQI 


Figure 4: CSI reports in CSI process 1 with K independent CSI reports

3.3  Case 3
UE can be configured to feedback with PMI both in Class B K=1 CSI process 1 and 2 in case 3. In this Case 3, beam directions in CSI process 1 and 2 will be different. Different information of Beam selection and co-phasing in different beam groups is an assistant to adjust for suitable beams in Class B K=1 CSI process.

 
Figure 5: CSI process 1&2 with PMI report

3.4  Case 4
Alt 1: The first Class B has K>1 with CRI and optionally i1, second Class B has K >1
UE can be configured to feedback with CRI both in Class B K>1 CSI process 1 and 2 in case 4. In this Case 4, beam directions in CSI process 1 and 2 will be different. Different information of Beam selection in different beam groups is an assistant to adjust suitable beams in Class B K>1 CSI process. 


Figure 6: CSI process 1&2 with CRI report
Alt 2: The first Class B has K>1 with K independent CSI reports, second Class B has K >1
UE is configured to feedback all the CSI reports in CSI process 1, which is also a method to provide CSI information of different beams. 
In a summary, UE CSI reporting behaviors in case 1 ~ case 5 could be to feedback partial CSI reports. This not only would lower UE complexity. So, we have the following observation and proposal. 
Observation：For two process hybrid CSI report, UE complexity could be lowered through turning off CSI report through RRC signaling.
Proposal 2：Turning off part of CSI reports per process should be supported．
4. Conclusions
In this contribution, we have presented our view on open items of CSI reporting mechanism to support joint utilization of different CSI-RS types for Rel.14 FD-MIMO. 
Observation：For two process hybrid CSI report, UE complexity could be lowered through turning off CSI report through RRC signaling.
Our proposals are:
Proposal 1: Two processes hybrid CSI report should be specified. 
Proposal 2: Turning off part of CSI reports per process should be supported．
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