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1 Introduction
At the previous meeting (RAN1#86bis), the following agreements were achieved [1]
· NR supports CSI reporting with two types of spatial information feedback
· Type I feedback: Normal 

· Codebook-based PMI feedback with normal spatial resolution

· Type II feedback: Enhanced 

· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 

· For Type I and II, CSI feedback per subband as well as wideband feedback are supported

· For Type I and II, beam-related feedback can be included
And also agreed the following issues, 

· Study at least the following different multi-panel structures at both TRP and UE

–
Uniform array: antenna elements with the same polarization from multiple panels are uniformly distributed in horizontal and vertical dimensions respectively (see Fig.1(a) in R1-1610893 as an example)

–
Non-uniform array: antenna elements with same polarization from multiple panels are not uniformly distributed in horizontal or vertical dimension (see Fig.1(b) in R1-1610893 as an example)

· Study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE

–
E.g., Codebook design, calibration accuracy, interference measurement, advanced receiver design, interference hypothesis

In this contribution, we discuss codebook design principles for multi-panel structured MIMO in NR.
2 Codebook considerations for coherent MIMO transmission
Codebook design in NR should be more flexible and extensible for various antenna array structures. For uniform panel array (UPA), the codebook designed for FD-MIMO in LTE/LTE-A can be easily implemented.  However, for non-uniform panel array (NUPA), as the space between two adjacent antennas from different panels is larger than the space between antenna antennas in the same panel, legacy codebook designed in LTE/LTE-A is not suitable, which may cause beam distortion and beam gain reduction. Thus, legacy codebook structure should be enhanced to support NUPA better.
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Figure 1. Codebook design for coherent MIMO transmission
As shown in Figure 1, a potential codebook structure for NUPA consists of three components: a precoding vector and a co-phasing factor for the antenna ports of each panel, and compensation factors among the blocks.  For the compensation factors in the codebook, three candidates are listed as follows:
Alt.1 Phase compensation factors to capture multi-panel properties
From the whole panel array’s perspective, the antenna elements in horizontal/vertical dimension cannot be viewed as a uniform array. Thus, array response vector is not in DFT form and additional phase difference exists between the panels. Thus the uniformly distributed in phase vector, e.g. DFT vector, could not capture the actual channel response. A straightforward method is to compensate the phase difference between panels to match the array response. Also, panels at one TRP are not easily calibrated in implementation, where a fixed or random phase may exist among different panels. There would possibly be a phase difference from calibration error of panels. Considering the two factors, we propose to add a phase compensation factor in the codebook.
Alt.2 Amplitude compensation factors to capture multi-panel properties
Moreover, the virtualization for the antenna ports of different panels may be different. When a single antenna port in one panel is connected to more antenna elements compared to another panel, the average gain observed by the UE will also be larger. As a consequence, eigen-vectors of the channel matrix will be ill conditioned. In this case, adding an amplitude compensation factor among panels in the codebook could characterize the eigen-vector better.
Alt.3 Independent weights selection for different panels
The panels can be spaced with relatively large distance.  From the receiver’s perspective, the signals from different panels would arrive with slightly different angles. This property can be exploited in the codebook design. For example, if two layer codebook structure W1W2 is used, the same wideband/long-term W1 could be used for all the panels of one TRP, with independent sub-band/short-term W2 used for different panels. In this way, different beams in the same wideband/long-term W1 could be selected for different panels. 
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Figure 2. Performance comparison of different codebook
In Figure 2, we give some initial simulation results on the codebook performance.  Simulation parameters are attached in the appendix. In the simulation, class A codebook for FD-MIMO with 16 antenna ports is evaluated. It is observed that when a phase/amplitude compensation factor is added in the codebook, system performance will be improved. 
Proposal 1: A phase/amplitude compensation factor should be considered in codebook design for multiple panels structured MIMO.
3 Codebook considerations for non-coherent MIMO transmission
As pointed in [2], multiple panels can also be used for non-coherent MIMO transmission. As shown in Figure 3, each panel could use one CSI-RS resource for CSI measurement and different layers can be transmitted from different panels independently.  

In this case, legacy codebook structure or the so-called beam space codebook structure could be used. Typically, a beam space codebook consists of a group of beam basis and combination coefficients. However, this codebook structure has obvious drawback in the multi-panel structured MIMO transmission:  the feedback PMI overhead for a beam-space codebook is considerable and the total feedback bits increase quickly with the number of antenna panels. Thus, a more suitable codebook may have a decoupled structure for beam basis selection and beam combination. For example, one codebook can be used to select beam basis for multiple panels of the same TRP and another codebook can be used to combine the selected beam basis for each panel independently. Correspondingly, a multi-stage PMI reporting can be used. In the first stage, UE only feeds back a single PMI for the beam basis selection for the panels of the same TRP. In the second stage, UE could feedback multiple PMIs for independent beam combinations of the panels.
Note that this structure can also be used in coherent MIMO transmission schemes. As mentioned in the previous section, a phase/amplitude compensation factor should be considered in this case. Three component codebooks can be used for PMI feedback: one codebook for beam basis selection for each antenna panel/TRP, one codebook for beam combination/selection for each panel/TRP, and another codebook for selecting compensation factors among different panels. Flexible selection and combination from the 3 elements can be used to form a multi-stage PMI reporting. TRP could decide the final precoder by combining the precoding vectors in the component codebooks.
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Figure 3 codebook design for non-coherent MIMO transmission
Proposal 2: Consider a multi-stage PMI feedback scheme with independent component codebook for each stage, e.g.  beam basis selection, beam combination and beam compensation factors.
4 Conclusion

In this contribution, we investigate codebook considerations for panel-like antenna structures in NR. We have the following proposals:
Proposal 1: A phase/amplitude compensation factor should be involved in codebook to combine multiple CSI measurements of multiple panels.
Proposal 2: Consider a multi-stage PMI feedback scheme with independent component codebook for each stage, e.g.  beam basis selection, beam combination and beam compensation factors.
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Appendix
Table 1 Link-level simulation assumptions for codebook performance
	Scheme
	Parameter
	Value

	Antenna configurations
	BS antenna
	Non-uniform panel array: TXRU = 16, M=1,N=2,P=2, Mg=2, Ng =2, dH = dV = 0.5lambda, dH,g=8lambda, dV,g=4lambda.
A fixed phase error is considered among the panels.

	
	UE antenna
	4RX: M=1, N=2, P=2, Mg=1, Ng =1, dH = dV = 0.5lambda

	System
	Transmission mode
	TM9

	
	System bandwidth
	10MHz

	
	Simulation interval
	20000 TTIs

	Channel model
	Model
	Rays

	
	Environment
	TDL-A

	
	Correlation
	High

	
	Carrier frequency
	30GHz

	
	Polarization
	Cross-polarized

	Receiver
	UE receiver
	MMSE

	
	Noise estimation
	Real

	
	Channel estimation
	Real(DMRS)

	
	Interference estimation
	Real

	HARQ
	Max. trans. num.
	4

	
	Retransmission
	independent

	
	Rank
	1:2 Adaptive

	
	MCS
	AMC

	
	Report mode
	PUSCH 3-1

	
	Link adaption
	Soft OLLA, target 10% BLER

	
	Scheduled RB
	50PRB

	RS configuration
	CRS
	2

	
	CSI-RS
	8-port NZP CSI-RS with 5ms period

	
	DMRS
	4-port

	Metric
	Metric
	Throughput [Mbps/Hz]


2

