[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #88                                                                           R1-1701810
Athens, Greece, 13th - 17th February 2017
Source: 	ZTE, ZTE Microelectronics
Title:	Linear combination codebook design for multiple panels
[bookmark: Source]Agenda Item:	8.1.2.3.3
Document for: 	Discussion and Decision
1. Introduction
In last RAN1 NR Ad Hoc meeting, the following agreement is achieved on codebook design for multi-panel [1].
Agreements:
· At least Type I CSI feedback should support multi-panel scenarios by choosing one of the two following alternatives:
· Alt1: only wideband co-phasing factor across panels
· Alt2: wideband and subband co-phasing factor across panels 
· At least the following criteria should be used:
· Performance-overhead tradeoff
· Description of design goal, e.g. for channel compensation or hardware impairments  
· FFS: How to capture this feature (co-phasing factor across panels) in codebook design
· Examples: in W3 with W1W2W3, W1W3W2 or W3W1W2 structure, W1W2 where multi-panel co-phasing is included in either W1 or W2
· Other examples are not precluded
Moreover, linear combination codebook has been candidate for both Type I and Type II CSI feedback. In this contribution, we discuss some detailed design aspects on linear combination codebook in terms of multi-panel design.
2. Discussion on linear combination based CSI feedback for multi-panel
Linear combination based CSI feedback has drawn much recent attention due to its potential to enhance the beamforming gain. The linear combination of K beams for l-th layer can be represented as

where  denotes the n-th 2D-beam selected for l-th layer and r-th polarization direction, and  denotes the coefficients associated with , including both amplitude and phase. From the analysis on channel property, the beams selected for different layers and pols in the same panel can be identical to reduce feedback overhead. Then the precoder for L layers is 

where W1 contains the selected beams, and in W2,  denotes the vector containing coefficients for each lay and pol. In this section, we discuss the design of linear codebook based on the above structure. 
In NR, antenna elements are distributed in several rectangular panels as shown in Fig.2. For uniform antenna array, the distance between the adjacent antennas of two neighboring panels is the same as the distance between two adjacent antennas within a panel. Otherwise, it is a non-uniform antenna array. It can be observed that even for non-uniform antenna array, the sub-array in each panel is uniformly distributed. Hence for each panel in the non-uniform array, 1D/2D DFT vectors can be used to model the intra-panel spatial correlation. On the other hand, TXRU virtualization can be one or more TXRU for one pol in each panel. If gNB maps more than one TXRUs to one pol in each panel, non-uniform port distribution occurs. In fact, TXRU virtualization is a gNB implementation issue eventually. Hence, in order to support flexible gNB implementation on TXRU virtualization, non-uniform port distribution should be considered. Moreover, good support for coherent JT in CoMP scenarios also requires investigation on non-uniform port distribution. 
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Fig.2 Antenna array in NR
One codebook design approach for the non-uniform array is gNB configures the port grouping pattern for each UE. If the gNB configures only one port group, UE calculates and feeds back CSI based on linear combination codebook. If gNB configures more than one port groups, linear combination of DFT vectors is employed to model the correlation for each port group. Additionally, the detailed signaling of port grouping can reuse or be associated with QCL signaling. Another approach to accomplish port grouping is through UE measurement. In this case, UE needs to report the port grouping results as well as the CSI. Specifically, UE measures the RS ports configured by the gNB and perform the detection/estimation of all the ports. Then UE groups the ports with tight correlation into one group and uses DFT vectors to quantize the correlation. For the inter-group CSI feedback, the following two options can be adopted. 
Option 1: Independent beam selection for each group, and explicit feedback for inter-group correlation
In this option, beam selection for each group is operated independently, i.e., beams are selected for each port group independently. Then the channel can be virtualized based on linear combination of the selected beams. Explicit feedback for the amplitudes and phases of the virtualized channel is used to quantize the inter-group correlation.
Option 2: Joint beam selection for each group
For this option, the inter-group correlation is quantized through the joint selection of beams in W1 for each port group. For example, the beams selected in port group k are rotated from of the beams in port group 1. Then independent beam selection or combination can be performed within each port group. Specifically, for the first panel, N beams  are selected. For beams selected k-th panel, the following model is built

where  is the rotation matrix for beams with the following structure


In the above equations,  is the unit matrix and  is the rotation angle. Then the general structure for multi-panel precoders becomes


Among the above options, Option 2 has lower overhead and UE complexity compared with Option 1, as only one rotation angle is required to be calculated and reported for the beams in W1 of each port group. However, Option 2 brings constraints on the beam selection of each port, and the impact on performance needs to be further studied.
Based on the above discussion, we have the following proposals.
Proposal 1: Use port-grouping based configurable LC codebook framework to support spatial information feedback in NR
	- Port-grouping can be performed by gNB or UE.
	- Use DFT-based LC codebook to quantize intra-group CSI.
Proposal 2: For inter-group CSI feedback, study the following options
· Option 1: Independent beam selection for each group, and explicit feedback for inter-group correlation.
· Option 2: Joint beam selection for each group.
3. Conclusions
In this contribution, we discuss the multi-panel CSI measurement and feedback mechanism for NR using LC based CSI feedback.  Based on the above discussion and simulations, we have the following proposal.
Proposal 1: Use port-grouping based configurable LC codebook framework to support spatial information feedback in NR
	- Port-grouping can be performed by gNB or UE.
	- Use DFT-based LC codebook to quantize intra-group CSI.
Proposal 2: For inter-group CSI feedback, study the following options
· Option 1: Independent beam selection for each group, and explicit feedback for inter-group correlation.
· Option 2: Joint beam selection for each group. 
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