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Introduction
One of the objectives for Rel.14 WI on enhanced FD_MIMO (eFD-MIMO) is to specify the following three enhancements on CSI reporting [1]:
· Extend specification support for CSI reporting in the following areas [RAN1]
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
· 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
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded
This contribution presents Samsung’s view on the second CSI reporting enhancement, that is, joint utilization of different CSI-RS types (also termed hybrid CSI-RS in [2]). In particular, possible options and specification enhancements on this item utilizing one CSI process will be discussed.  
Hybrid CSI-RS
Hybrid CSI-RS is largely motivated by the need for enabling UE-specific beamformed (BF) CSI-RS when sufficiently accurate CSI is not available at the eNB. For TDD, UL-DL short-term reciprocity can be exploited by the eNB to derive UE-specific beamforming for CSI-RS. But this is not applicable for FDD except when UL-DL duplexing distance is sufficiently small to allow long-term reciprocity. To facilitate UE-specific BF CSI-RS for FDD regardless of the eNB capability, the UE can also be configured with non-precoded (NP) CSI-RS in conjunction with BF CSI-RS. The CSI reports associated with NP CSI-RS can be used by the eNB to derive UE-specific beamforming for CSI-RS. 
It is known that as the number of TXRUs at the eNB and/or the number of CSI-RS ports increase, BF CSI-RS starts outperforming NP CSI-RS not only due to overhead, but also due to increased CSI-RS penetration from UE-specific beamforming gain (see, e.g. [2]). Therefore,   
In Rel.13, this joint usage of NP and UE-specific BF CSI-RS can be implemented with 2 CSI processes where one CSI process is configured with CLASS A eMIMO-Type and the other CSI process with CLASS B eMIMO-Type with 1 CSI-RS resource. However, such an implementation is inefficient for the following reasons:
· Unnecessary CSI reporting overhead: The use of 2 CSI processes imply that the CSI reporting for CLASS A and CLASS B are performed independently. Thus, CQI and RI are to be reported for both CSI processes. Since the purpose of CLASS A is to facilitate eNB UE-specific CSI-RS beamforming, CQI is not needed. The 4- to 7-bit unnecessary payload (which is large considering the 11-bit capacity of PUCCH format 2/2a/2b) degrades coverage. In addition, a complete CLASS A P-CSI reporting requires 3 subframes which makes it susceptible to error propagation and droppings. 
· Unnecessary usage of multiple CSI processes: As the number of supportable CSI processes P (per band per band-combination) is a UE capability, CSI process is a limited resource. Since CSI processes are used for various other purposes (e.g. COMP, eCA), the use of multiple CSI processes should be avoided when necessary.   
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In light of the above drawback of using two CSI processes for hybrid CSI-RS, it is proposed that for Rel.14 eFD-MIMO, one CSI process can be configured with both CLASS A (‘nonPrecoded’) and CLASS B (‘beamformed’) with K=1 NZP CSI-RS resource. To avoid unnecessary CSI reporting overhead, CSI calculation for CLASS B is conditioned on that for CLASS A. Therefore, CSI reporting for CLASS A can be ‘partial’. An example is given in Figure 1 for P-CSI mode 1-1. Here the UE reports only  (which can consist of ) and RI as it measures the NZP CSI-RS resource associated with CLASS A eMIMO-Type. When the UE measures the NZP CSI-RS resource associated with CLASS B (K=1) eMIMO-Type, the UE reports CQI and  conditioned on the last reported value of RI associated with CLASS A reporting. Since the CLASS A CSI is intended to provide UE-specific beamforming information to the eNB, it is reported less frequently compared to the CLASS B CSI. 
Therefore, a UE shall measure two CSI-RS resources (or resource configurations) within one CSI process and calculate the second CSI report conditioned upon the first CSI report.   
[bookmark: _Ref446632390][bookmark: _Ref446632384]Note that the CLASS A CSI used in this example requires, e.g. format 3 PUCCH since its payload is likely to exceed 11 bits. 
For A-CSI, a capability to trigger CLASS A CSI and CLASS B CSI separately can also be beneficial.


[bookmark: _Ref447138086]Figure 1 Combination 1 of hybrid CSI-RS: CLASS A and CLASS B K=1 (P-CSI mode 1-1)

However, other possible combinations of two eMIMO-Types within one CSI process can be beneficial as well. Two other possibilities, referred as combinations 2 and 3, are listed in Table 1. 
In combination 2, the first eMIMO-Type configuration is CLASS B with K>1 CSI-RS resources for implementing cell-specific BF CSI-RS. As the UE measures these K CSI-RS resources, it reports only CRI to the eNB. The CSI-RS resource assigned to the UE (selected based on the CRI feedback) is associated with CLASS B K=1 eMIMO-Type where the UE reports CQI+PMI+RI.
In combination 3, the first eMIMO-Type configuration is CLASS B with K>1 CSI-RS resources for implementing partial-port CSI-RS (see [3]). In this case, CRI feedback is not configured. This use case is useful to support a large number of CSI-RS ports. In principle, it supports a similar CLASS B K=1 operation to combination 1 except that the CSI calculation procedure associated with partial-port CSI-RS quite differs from CLASS A. 

[bookmark: _Ref446672980]Table 1 Possible combinations for hybrid CSI-RS using one CSI process with two eMIMO-Type configs
	Combination
	First eMIMO-Type
	Second eMIMO-Type

	1
	CLASS A
	CLASS B K=1

	2
	CLASS B K>1 (with CRI reporting, cell-specific BF CSI-RS)
	CLASS B K=1

	3
	CLASS B K>1 (without CRI reporting, partial-port CSI-RS [3])
	CLASS B K=1



Proposal: 
· One CSI process can be configured with both CLASS A (‘nonPrecoded’) and CLASS B (‘beamformed’) K=1 NZP CSI-RS resource
· P-CSI: CLASS B CSI (CQI+) is calculated conditioned on CLASS A CSI (RI+)
· A-CSI: capability to trigger CLASS A CSI and CLASS B CSI separately
· Other combinations between two eMIMO-Type configurations should also be studied. Examples are:
· CLASS B K>1 (with CRI reporting, cell-specific BF CSI-RS) + CLASS B K=1 (UE-specific BF CSI-RS)
· CLASS B K>1 (without CRI reporting, partial-port CSI-RS) + CLASS B K=1 (UE-specific BF CSI-RS)
[bookmark: _Ref446598642]Conclusions
In this contribution, the motivation for efficiently supporting hybrid CSI-RS (a combination of two eMIMO-Type configurations) is given. Potential specification impacts are also discussed. The proposal can be summarized as follows:
· For Rel.14 eFD-MIMO, one CSI process can be configured with both CLASS A (‘nonPrecoded’) and CLASS B (‘beamformed’) K=1 NZP CSI-RS resource
· P-CSI: CLASS B CSI (CQI+) is calculated conditioned on CLASS A CSI (RI+)
· A-CSI: capability to trigger CLASS A CSI and CLASS B CSI separately
· Other combinations between two eMIMO-Type configurations should also be studied. Examples are:
· [bookmark: _GoBack]CLASS B K>1 (with CRI reporting, cell-specific BF CSI-RS) + CLASS B K=1 (UE-specific BF CSI-RS)
· CLASS B K>1 (without CRI reporting, partial-port CSI-RS) + CLASS B K=1 (UE-specific BF CSI-RS)
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