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Introduction
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 report with hybrid CSI-RS. And during the previous meetings [2], some working assumptions and agreements are achieved as the following. 
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

Conclusion:
· Candidate mechanisms to consider in RAN1#86
· 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
· [bookmark: OLE_LINK31][bookmark: OLE_LINK30]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
· [bookmark: OLE_LINK18][bookmark: OLE_LINK17]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 
· [bookmark: OLE_LINK52][bookmark: OLE_LINK51]Mechanism 4: Hybrid CSI reporting with CSI process pair 
· UE calculates CSI for only one CSI process at a time
· [bookmark: OLE_LINK39][bookmark: OLE_LINK38]Mechanism 5: the proposal in R1-165617
· Other mechanisms are not precluded
· Down select from the above mechanisms and/or options in RAN1#86
· Each proposal should include clear description on use case(s) and specification impact
· For CLASS B K=1, proponent needs to clarify whether both codebook options are applicable for not.

In this contribution, we give our views on the open issues on CSI report with hybrid CSI-RS enhancements based on the agreements above.
Discussion
It is agreed Mechanism 1 and at least one more mechanism are supported in hybrid CSI report. We suggest mechanism 1 without RI, K>1 for the 1st eMIMO-Type in mechanism 2, and mechanism 4 are applied to CSI reporting with hybrid CSI-RS. The following sectors give our considerations for these mechanisms.
Mechanism 1
One CSI process contains CLASS A CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type. 
It is agreed that i1 of Class A CSI-RS can help eNB to generate beamforming weights for the second eMIMO-type of Class B K=1 CSI-RS. The main argument in CSI reports for Class A CSI-RS of the 1st eMIMO-Type is whether to feedback RI together with i1. 
Considering the fact that coarse beam direction information is enough for CLASS B CSI-RS beamforming and the main beam group under the different RI provide similar beam information based on R13 codebook, RI is not necessarily reported in the first Class A CSI. On the other hand, it is easier for UE to calculate and get i1 under the assumption of RI=1, so we prefer RI=1 is fixed in spec and no RI feedback is needed in the 1st eMIMO-type CSI reports.
[bookmark: OLE_LINK46]Furthermore, the CSI report of hybrid process in mechanism 1 without RI can totally reuse the CSI reporting designs of Class A CSI-RS in R13, with periodic CSI reporting using PUCCH and aperiodic CSI reporting using PUSCH. One example of PUCCH mode 1-1 is shown below.

[bookmark: _GoBack]
Proposal 1: RI is not reported for CLASS A CSI-RS in mechanism 1.
Proposal 2: RI=1 is assumed for i1 report in mechanism 1.

Mechanism 2
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK24][bookmark: OLE_LINK25]For Class B K=1 for the 1st eMIMO-Type, the overhead reduction is mainly i2. The gain is marginal compared to legacy two process mechanism. Thus we only 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. 
K>1 for the 1st eMIMO-Type
If K>1 for the 1st eMIMO-Type, there are two options provided.
Option 1: CRI is reported
Option 2: PMI/RI for each CSI-RS resource are reported 
Option 1 is suitable for the case of several cell specific beamformed CSI-RS resources are transmitted in order to provide additional long term channel information for 2nd eMIMO-type K=1 CSI-RS, so that CRI reporting can feedback the best beamforming direction for this UE. This information could assist eNB to adjust the 2nd UE-specific beamfomed CSI-RS. 
PMI/RI for each CSI-RS resource are reported in Option 2. The disadvantage is more PMI/RI feedback overhead when K increases, especially for periodic PUCCH CSI reporting.
We prefer Option 1. The potential advantage is the 1st CSI-RS is cell specific beamformed, and it can be reused for other UEs in the cell. Furthermore, the legacy CRI report is together with RI. Reusing legacy reporting mechanism of Class B K>1 would be enough for the hybrid process. One example of PUCCH mode 1-1 is shown below.


Proposal 3: If Mechanism 2 with Class B K>1 eMIMO-type and 2nd Class B K=1 eMIMO-Type is supported, CRI is reported for the 1st CSI-RS.
Mechanism 4
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Two CSI processes are used for Hybrid CSI reporting, and UE calculates CSI for only one CSI process at a time. The advantage of this mechanism is it needs fewer specification efforts. Through linkage between two CSI processes, hybrid CSI reporting would be efficiently supported. 
Proposal 4: Hybrid CSI reporting with CSI process pair should be supported.

[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89]It is easy to achieve all the CSI reports of hybrid CSI-RS types using two CSI processes pair and each of CSI process configures an independent eMIMO-Type that has different set of parameters, there are 6 typical CSI reporting cases for joint utilization as shown in Table 1. The CSI reports of the first CSI process always reports the long term CSI information to assist the beamforming of the second CSI process. 

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

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

	Class B K>1
	Case 4
	Case 5
	Case 6



For example, in the case of 1st and 2nd eMIMO-Type are both Class B K=1 CSI-RS, two CSI processes pair is a better and easier method.
Class B K=1 CSI-RS for the 1st and 2nd eMIMO-Type
When a Class B K=1 CSI-RS is configured for the 1st eMIMO-type and 2nd eMIMO-type, its hybrid CSI reporting can be different according to whether the 1st CSI-RS is Cell-specific beamformed CSI-RS or UE-specific beamformed CSI-RS. There are three options regarding to CSI reports.
Option 1 (mechanism 2A): CQI/RI are reported. In addition, i1 is reported for Rel.12 dual-stage codebooks.
Option 2 (mechanism 2B): i1 is reported for Rel.12 codebooks (when applicable) or i2 for Rel.13 CLASS B codebooks
Option 3 (mechanism 2B): CQI/RI are reported. In addition, PMI is reported for Rel.13 CLASS B codebooks.
In option 1, it has the same reason as mechanism 1 with i1 reporting when Rel.12 codebooks are applied, such as i1 can provide the long term precoding matrix group and coarse beam directions. But the difference is Class B CSI-RS is beamformed. eNB cannot compare the coarse beam directions with the recent beams in 2nd CSI-RS and decide whether to change associated precoding weights. So UE will measure BF CSI-RS and report the CSI including at least CQI as quality indicator. RI is also useful for CQI comparison.
In option 3, when the 1st CSI-RS is UE-specific beamformed CSI-RS, a solution is to provide additional dynamic beam selections for 2nd eMIMO-Type Class B CSI-RS and provide its corresponding CQI/RI information as part of CSI reporting. The PMI (i2) and CQI/RI is used to assist eNB to determine whether to switch beams or update the precoding weight for UE specific beamformed CSI-RS resource. 
Above all, the case of R12 codebook configured in option 1, and case of R13 codebook configured in option 3 are better CSI reports solutions. 
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Considering CSI reporting types with periodic PUCCH reporting modes, if one CSI process is used in this case, independent CSI feedback periods and offsets on PUCCH for these two eMIMO-type in a CSI process should be configured, the same as CSI reporting with two CSI processes pair, and each of them is configured with 1 eMIMO-Type. So under this scenario and configuration, mechanism 4 is a better solution. Furthermore, i2 report for the first process could be configured to be in the same feedback instance as i2 report for the second process. Through priority definition in spec, it is possible to behave almost the same as option 1, while specification effort is much less,
Observation 1: Two CSI processes scheme could provide almost the same gain as other mechanisms while its specification effort is much less. 
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. 
Our proposals are:
Proposal 1: RI is not reported for CLASS A CSI-RS in mechanism 1.
Proposal 2: RI=1 is assumed for i1 report in mechanism 1.
Proposal 3: If Mechanism 2 with Class B K>1 eMIMO-type and 2nd Class B K=1 eMIMO-Type is supported, CRI is reported for the 1st CSI-RS.
Proposal 4: Hybrid CSI reporting with CSI process pair should be supported.
Observation 1: Two CSI processes scheme could provide almost the same gain as other mechanisms while its specification effort is much less. 
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