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1. Introduction
[bookmark: _GoBack]In RAN #71, a new WID related to enhancements to FD-MIMO (eFD-MIMO) has been approved [1]. The objective of the eFD-MIMO WID as captured in [1] includes the following (copied from Section 4.1 of [1]).
The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 1D and 2D port layouts with cross-poles at eNBs. The detailed objectives are as follows. 
· Specify enhancements on reference signal in the following areas [RAN1]
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 
· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 
· 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
As highlighted above in bold, the “hybrid” CSI reporting 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 will be supported. This contribution proposes hybrid CSI reporting alternatives based on a new codebook, namely hybrid codebook.
2. Partial Port CSI-RS
An issue with ‘Class A’ eMIMO-Type or CSI reporting is the increase in non-precoded (NP) CSI-RS overhead to support large number of antenna ports, for example 32. Also, it is unclear that the increase in overhead will bring justifiable performance benefits. To achieve certain performance, it may not be necessary to transmit NP CSI-RS from all 2N1N2 ports in every CSI-RS transmission instance as is the case with Class A eMIMO-Type. As summarized in EB/FD-MIMO TR [2], the same or improved performance can be achieved by a so-called “hybrid CSI feedback scheme” in which there are two types of CSI-RS resources, 
· the first CSI-RS resource is NP and is transmitted from all 2N1N2 ports with a larger periodicity and 
· the second CSI-RS resource is beam-formed (BF) with K = 1 resource and is transmitted from fewer than 2N1N2 ports, e.g. 2, with a smaller periodicity. 
Although the overhead of the BF CSI-RS transmission is reduced, that of the NP CSI-RS is still the same as before, i.e., 2N1N2. To reduce overhead associated with the first CSI-RS, the “partial port” NP CSI-RS can be considered in which NP CSI-RS is transmitted from a subset of 2N1N2 ports. This is also desired according to the eFD-MIMO WID [1], which includes an objective to have a mechanism to reduce CSI-RS overhead for newly added number of antenna ports {20, 24, 28, 32}. 
In an alternate partial port based hybrid scheme, the first CSI-RS can be BF with K > 1 resources. . Whether it can be perceived as NP CSI-RS (hence associated with CLASS A eMIMO-Type) or BF CSI-RS (hence associated with CLASS B eMIMO-Type with K > 1) depends on the CSI calculation procedure. This is discussed in details in a companion contribution [3].
This contribution focuses on codebook design issues for partial port CSI-RS regardless of its CSI calculation procedure.
Proposal 1: Partial port CSI-RS transmission should be supported for the added number of antenna ports {20, 24, 28, 32}, where partial port CSI-RS can be perceived as either NP or BF depending on its associated CSI calculation procedure.
3. Hybrid Codebook for Partial Port CSI-RS
To report a hybrid CSI comprising of two CSIs one for each of the two CSI-RS resources in hybrid CSI feedback scheme, where CSI-RS is partial port, a “hybrid codebook” is needed. One such hybrid codebook is proposed as follows.
The proposed hybrid PMI codebook, denoted as CH, can be decomposed as a product of two PMI codebooks, CNP (associated with NP CSI-RS for example) and CBF (associated with BF CSI-RS). A hybrid PMI pre-coder p in CH is represented as

,
where
· a first PMI pre-coder is pNP in CNP and 
· a second PMI pre-coder is pBF in CBF. 
Note that the first PMI codebook can be associated with BF CSI-RS with K > 1 resources. 
An illustration of the hybrid PMI pre-coder for 32 ports is shown in Figure 1. For 1D antenna ports, pre-coders pNP and pBF are vectors (hence 1D), and for 2D antenna ports, they are either vectors (1D) or matrices (2D). As shown, there are four identical “subarray” partitions of the entire antenna array, the same first PMI pre-coder pNP of length 4 is applied to both polarizations of the antenna ports within each subarray, which results in 2 beam-formed ports in each subarray, and 8 beam-formed ports in total. The second PMI pre-coder pBF of length 8 is then applied to the 8 beam-formed ports. 


[bookmark: _Ref443897133]Figure 1: Hybrid PMI pre-coder
It is evident that the two PMI codebooks CNP and CBF depend on the subarray partition type, which can be configurable. For each subarray type configuration, there are two possible codebook design alternatives for CNP and CBF:
· Alt 0: CNP and CBF are legacy (up to Rel. 13) codebooks; and
· Alt 1: one or both of CNP and CBF are new codebooks.
Comparing the two alternatives, Alt 0 is preferred if the objective is to minimize codebook design efforts and spec changes. To maximize performance benefits, however, we may need new codebooks; hence Alt 1 should also be considered.
Proposal 2: The proposed hybrid codebook based on subarray partitions of antenna ports for partial port CSI-RS should be considered, where the subarray type is configurable, and the two component codebooks CNP and CBF are based on one of the two alternatives:
· Alt 0: CNP and CBF are legacy (up to Rel. 13) codebooks; and
· Alt 1: one or both of CNP and CBF are new codebooks.
4. Hybrid CSI Reporting
A few alternatives for hybrid CSI reporting (Alt 0-3) are shown in Table 1 depending on the eMIMO-Type combinations for the two CSI reports associated with the first and the second CSI-RS resources, where 
· Class A eMIMO-Type is associated with CSI reporting which includes either one of these two possibilities (which can be differentiated via higher layer signaling):
· A pair of 1st PMI (i1,1,i1,2) and a single 2nd PMI i2,
· A pair of 1st PMI (i1,1,i1,2)
· Class B eMIMO-Type is associated with CSI reporting which includes a single 2nd PMI i2.
The subscripts A and B are used to distinguish the PMIs reporting in eMIMO-Types A and B,  respectively. In these alternatives, the CQI and RI are always reported with the second CSI.  
[bookmark: _Ref443918489]Table 1: eMIMO-Type alternatives for hybrid CSI reporting
	Alt
	First CSI derived with the first CSI-RS resource
	Second CSI derived with the second CSI-RS resource

	
	eMIMO-Type
	1st PMI
(WB)
	2nd PMI
(WB or SB)
	MIMO-Type
	1st PMI
(WB)
	2nd PMI
(WB or SB)

	0
	Class A
	(i1A,1, i1A,2)
	-
	Class B
	-
	i2B

	1
	Class A
	(i1A,1, i1A,2)
	i2A
	Class A
	(i1A,1, i1A,2)
	i2A



For Alt 0, since the purpose of the first eMIMO-Type is to enable beamforming on CSI-RS, there is no strong reason to report i2A. For Alt 1, two Class A eMIMO-Types are configured but possibly with different number of ports. Other combinations where one of the eMIMO-Types can be assigned K > 1 CSI-RS resources are discussed in a companion contribution [4].

[image: ]
[bookmark: _Ref447270781]Figure 2: Illustration of hybrid CSI reporting - Alt 0
An example of Alt 0 of hybrid CSI reporting alternative Alt 0 is shown in Figure 2. As shown,
· The first CSI-RS corresponds to “Class A eMIMO-Type” in which NP CSI-RS is transmitted from a subset (one row or one column) of antenna ports. There are two components to this CSI-RS: first CSI-RS 1 is for the row and first CSI-RS 2 is for the column.
· Note: Instead of using “Class A eMIMO-Type,” this first CSI-RS can also be implemented using “Class B eMIMO-Type” with K > 1 as discussed in [4]. The MIMO-Type to be used in this example depends on the CSI calculation/reporting procedure.
· The second CSI-RS corresponds to “Class B eMIMO-Type” in which BF CSI-RS is transmitted from two beam-formed ports which are beam-formed using the beams associated with the first PMI.  
· The UE derives
· 1st CSI: i1,1 of the first PMI pair (i1,1,i1,2) using the NP CSI-RS corresponding to the row and a 16 port codebook CNP, and i1,2 of the first PMI pair (i1,1,i1,2) using the NP CSI-RS corresponding to the column and a 4 port codebook CNP; and
· 2nd CSI: the second PMI i2, CQI and RI using BF CSI-RS and a 2 port codebook CBF.
In periodic hybrid CSI reporting, the periodicity (T1) of 1st CSI reporting is much longer than that (T2) of 2nd CSI reporting, for example T1 = 100 ×T2. In aperiodic hybrid CSI reporting, at least one of two CSI reports can be aperiodic. For instance, the 1st CSI reporting is aperiodic.
Proposal 3: When one CSI-RS resource is assigned to each of the eMIMO-Types, Alt 0 and Alt 1 in Table 1 should be considered for hybrid CSI reporting associated with the proposed hybrid codebook.
To enhance hybrid CSI reporting, the 2nd PMI reported in the 2nd CSI report can be based on a linear combination codebook (i.e. CBF can be a linear combination codebook), as proposed in companion contribution [5] for enhanced CSI reporting.
5. Conclusion
This document proposes a hybrid CSI reporting based on a hybrid codebook. The proposals made can be summarized as follows.
Proposal 1: Partial port CSI-RS transmission should be supported for the added number of antenna ports {20, 24, 28, 32}, where partial port CSI-RS can be perceived as either NP or BF depending on its associated CSI calculation procedure.
Proposal 2: The proposed hybrid codebook based on subarray partitions of antenna ports for partial port CSI-RS should be considered, where the subarray type is configurable, and the two component codebooks CNP and CBF are based on one of the two alternatives:
· Alt 0: CNP and CBF are legacy (up to Rel. 13) codebooks; and
· Alt 1: one or both of CNP and CBF are new codebooks.
Proposal 3: When one CSI-RS resource is assigned to each of the eMIMO-Types, Alt 0 and Alt 1 in Table 1 should be considered for hybrid CSI reporting associated with the proposed hybrid codebook.
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