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1. [bookmark: _GoBack]Introduction
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 enhancements on CSI reporting based on non-precoded and beamformed CSI-RS will be specified if needed based on evaluation. This contribution proposes an enhancement on CSI reporting based on linear combination codebook.
2. Linear Combination Codebook
Similar to Rel. 10 8-Tx and Rel. 12 4-Tx, the Rel. 13 ‘Class A’ eMIMO-Type codebook is a double codebook: W = W1W2, where  
· W1 is for WB reporting of the first PMI pair (i1,1,i1,2), and
· W2 is for SB reporting of the second PMI i2.
If Codebook-Config = 2,3,4, then the first PMI (i1,1,i1,2) indicates 4 DFT beams, b0, b1, b2, and b3, whose location is determined by the Codebook-Config value (black squares in Table 1), and if Codebook-Config = 1, then it indicates 1 DFT beam, b0. The second PMI i2 indicates 
· for Codebook-Config = 2,3,4, a beam selection vector ek whose kth entry is 1 and rest are 0, belonging to {(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)} and 
· 
a co-phase value belonging to {1,j,-1,-j}.
[bookmark: _Ref446404226]Table 1: Codebook-Config to rank 1 beam group mapping
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The rank-1 pre-coder can be expressed as
 where  
The rank-2 pre-coder can be expressed as
 where and 



[bookmark: _Ref446407979][bookmark: _Ref446935097]Figure 1: Linear combination pre-coder
As shown in Figure 1, for enhanced CSI reporting, a new codebook, namely linear combination (LC) codebook, can be considered based on the Rel. 13 codebook framework. The LC codebook is a double codebook: W = W1W2, where W1 is for the first PMI (i1,1,i1,2), the same as in Rel. 13, and W2 is for the second PMI i2 indicating 
· for Codebook-Config = 2,3,4, a beam combination vector ck = (c0,k, c1,k, c2,k, c3,k) whose components belong to coefficient codebook Ccoeff; and 
· 
a co-phase value belonging to {1,j,-1,-j}.
Two alternatives for coefficient codebook are as follows:
· Single codebook: Ccoeff = {1,j,-1,-j}. 
· 


Double codebook:, where and . 
The rank-1 LC pre-coder can then be expressed as
; where ;  and
. 
The rank-2 PMI pre-coder can be expressed as
 where  and 
For rank > 2, the LC codebook can be the same as Class A codebook. This is because of following reasons:
· The main advantage of LC codebook is enhanced MU-MIMO performance through better channel quantization, which can be realized with max per-UE rank = 2.
· Rank > 2 codebook requires orthogonal beams, which makes rank > 2 LC codebook design complicated.
Proposal 1: For rank-1 and 2 advanced CSI reporting, consider supporting an additional precoding scheme which replaces beam selection with beam combination for Codebook-Config = 2,3,4, where beam combination coefficients belong to Ccoeff. Two alternatives for Ccoeff are:     
· Single codebook: Ccoeff = {1,j,-1,-j}. 
· 


Double codebook:, where and . 
The proposed LC codebook based CSI enhancement can also be applied to enhance Class B CSI reporting. For instance, for K =1 and P ports, the UE can report a PMI, which indicates a linear combination of L = P/2 ports. Similarly, the idea is applicable to enhance CSI based on hybrid scheme in which two types of CSI-RS resources, for example non-precoded and beamformed CSI-RS, are associated with two CSI reports. The PMI reported in one of the two CSIs reports can be the linear combination codebook based PMI. 
Observation 1: Proposal 1 can be extended to Class B and hybrid CSI enhancement in which at least one of the reported PMI indicates linear combination. 
3. Enhanced CSI Reporting
For Rel.13 implicit feedback, the enhanced CSI report comprises the following components:
· RI: it is derived based on the proposed LC codebook for RI = 1,2 and based on Class A codebook for RI = 3-8.
· 1st PMI (i1,1, i1,2): identical to the 1st PMI of Class A codebook for Codebook-Config =2,3,4;  
· 2nd PMI i2: 
· Rank 1-2: LC codebook i2 for beam combination coefficients and co-phase; 
· Rank 3-8: Class A codebook i2 for beam selection and co-phase; and
· CQI: dervied corresponding to the reported RI and PMI, i.e., based on LC codebook if reported RI = 1,2 and based on Class A codebook for reported RI = 3-8.

There are multiple alternatives to report the 2nd PMI for the LC codebook. A few alternatives are as follows: 
· Alt 0: The coefficients are reported WB using the single coefficient codebook mentioned in Section 2 and the co-phase is reported SB.
· Alt 1: Both coefficients and co-phase are reported SB and coefficients are reported using the single coefficient codebook mentioned in Section 2.
· Alt 2: The coefficients are reported using the double codebook mentioned in Section 2. One component of the coefficients are reported WB and the other component is reported SB together with co-phase.
The feedback overhead to report i2 according to these alternatives is shown in Table 2.
[bookmark: _Ref447033931]Table 2: i2 reporting alternatives and feedback overhead
	Alt
	Coefficient codebook
	WB component
	Number of bits
	SB component
	Number of bits

	0
	Single
	i2 (Coefficient)
	2*3 = 6
	i2 (Co-phase)
	2 + 0 = 2

	1
	
	-
	0
	i2 (Co-phase, Coefficient)
	2 + 2*3 = 8

	2
	Double
	i2 (Coefficient)
	2*4 = 8
	i2 (Co-phase, Coefficient)
	2 + 4*1 = 6



In addition, LC codebook offers a natural support for explicit feedback paradigm discussed in [2]. That is, the 1st and 2nd PMI can be used to report a form of quantized DL channel to the eNB. Upon measuring the DL channel from CSI-RS, the UE calculates and reports 1st and 2nd PMI where the 1st PMI represents a set of basis vectors and the 2nd PMI combining coefficients relative to the set of basis vectors. 

Proposal 2: For the legacy implicit feedback paradigm, the enhanced CSI report comprises of the following components:
· RI (based on LC codebook for RI = 1,2 and based on Class A codebook for RI = 3-8) 
· 1st PMI (i1,1, i1,2): identical to Class A codebook for Codebook-Config =2,3,4;
· 2nd PMI i2: based on one of Alt 0 - 2 in Table 2 if RI = 1,2; and based on Class A codebook otherwise; and 
· CQI.
Observation 2: Proposal 2 can be applied to the enhanced CSI reporting for Class B and hybrid CSI reporting.
Observation 3: The 1st and the 2nd PMI can also be utilized for supporting explicit channel feedback.
4. Conclusion
This document proposes an enhanced CSI reporting based on linear combination codebook. The proposals and observations made can be summarized as follows.
Proposal 1: For rank-1 and 2 advanced CSI reporting, consider supporting an additional precoding scheme which replaces beam selection with beam combination for Codebook-Config = 2,3,4, where beam combination coefficients belong to Ccoeff. Two alternatives for Ccoeff are:     
· Single codebook: Ccoeff = {1,j,-1,-j}. 
· 


Double codebook:, where and . 
Observation 1: Proposal 1 can be extended to Class B and hybrid CSI enhancement in which at least one of the reported PMI indicates linear combination. 
Proposal 2: For the legacy implicit feedback paradigm, the enhanced CSI report comprises of the following components:
· RI (based on LC codebook for RI = 1,2 and based on Class A codebook for RI = 3-8) 
· 1st PMI (i1,1, i1,2): identical to Class A codebook for Codebook-Config =2,3,4;
· 2nd PMI i2: based on one of Alt 0 - 2 in Table 2 if RI = 1,2; and based on Class A codebook otherwise; and 
· CQI.
Observation 2: Proposal 2 can be applied to the enhanced CSI reporting for Class B and hybrid CSI reporting.
Observation 3: The 1st and the 2nd PMI can also be utilized for supporting explicit channel feedback.
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