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Introduction
In RAN #75, the NR WI has been approved to specify Type I CSI feedback which has been studied during NR SI [1]. The following agreements have been made during NR SI for Type I CSI feedback design [2]:
Agreements:
· For Type I for single panel case with two-stage, i.e. W1W2, codebook-based PMI feedback, 
· Bi in W1 consists of a set of L DFT beams 
· For all ranks: FFS value(s) of L 
· FFS: Orthogonal or non-orthogonal beams
· Select from following alternatives:
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     Alt 4: , B as Alt 3
· Other alternatives are not precluded
· Note: the above matrices are constructed with 2D DFT precoders
· W2 is constructed, by down-selecting from following alternatives: 
· Alt 1: co-phasing only; beam selected wideband (in W1). 
· Alt 2: basis combination coefficient based on L basis based W1
· Alt 3: beam selection and co-phasing from L-beam based W1
· Alt 4: LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook) (NOTE: W1 and W2 are derived from different set of CSI-RS resources)
· Other alternatives are not precluded
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

In this contribution, we discuss details on Type I CSI feedback design.
Codebook for Type I CSI feedback
A multi-component codebook structure has been introduced to tailor the CSI feedback overhead by exploiting the long-term and short-term channel characteristics. The multi-component codebook structure is reused for 2D rectangular array in the context of eFD-MIMO in LTE.
In NR, a new antenna model using one or more antenna panels has been agreed as shown in the Figure 1. In each panel, 2D rectangular array which has been assumed in eFD-MIMO is equipped. In the RAN1 #87 meeting, the use of two stage codebook as similar to LTE has been agreed for Type I CSI. Given that the antenna configuration within a panel is the same as in LTE, it seems to be straightforward to consider the LTE codebook structure W1W2 as a starting point at least for the antenna ports within a panel as agreed in RAN1 #NR-Adhoc meeting.
It has been agreed to consider both uniform array and non-uniform antenna array, where the antenna spacing between adjacent antennas in different panels may have a larger antenna spacing than the adjacent antennas in the same panel in non-uniform array case. If the antenna array is uniform even when multiple panels are used, it can be considered as a single panel with a larger number of antenna array in terms of channel characteristics if RF chains are calibrated across panels. On the other hand, the channel properties in non-uniform array may be different from the single panel case (i.e., LTE) as the spatial correlation between adjacent antennas in different panel will be lower than the spatial correlation between adjacent antennas in a same panel.
A simple way to extend the two stage codebook structure for the antennas with multiple panels could be introducing a new component precoder which can handle the channel properties across panels. For example, if the antenna spacing between panels is much larger than the antenna spacing between adjacent antennas in a panel, short-term co-phasing component precoder can be introduced as the spatial channel will be less correlated between panels. The figure 1 shows an example composite precoder with three stage codebook structure including a new component precoder (Wn) for the handling of multiple panels. 
Assuming that the best beam direction is the same from all panels from a UE perspective, a panel-specific precoder Wp may be common for all panels and co-phasing component precoder for multiple panels can be expressed with a Kronecker product such as . Given that Type I CSI is targeting lower CSI resolution with lower feedback overhead, a common W1 and W2 for all panels seems to be appropriate as the feedback overhead gets increased significantly if a UE reports W1 and W2 for each panel.


Figure 1. An example of multi-component codebook structure for multiple panels
Proposal-1: introduce a multi-panel component precoder for Type I CSI feedback; W1 and W2 are used commonly for all panels
In a multi-panel scenario, there is a case that the RF chains of the multiple panels are not calibrated so that a coherent joint transmission from the multiple panels couldn’t be supported. It has been agreed that RAN1 will consider the case that TXRUs in different panels are not synchronized, thus the impact should be taken into account for the codebook design.
The multi-panel component precoder can be potentially used even when the multiple panels are not synchronized. For example, if multiple panels have a timing difference, the multi-panel component precoder can be used as phase-shift matrix to correct the timing error so that coherent joint transmission across multiple panels may be supported. Alternatively, the multi-panel component precoder may be used as panel selection matrix which is similar to dynamic point selection assuming that each panel is considered as an individual TRP. Therefore, it is recommended to study potential use of a multi-panel component precoder to improve the performance when multiple panels are not synchronized.
Proposal-2: study potential use of a multi-panel component precoder when multiple panels are not synchronized
In NR, the supported antenna configurations including the number of antenna panels, antenna elements, TXRUs, and antenna ports can be different according to the frequency band and the use cases. However, it is always desirable to have a single unified codebook structure for all cases in order to minimize the standard efforts as well as implementation complexity. The three stage multi-component codebook structure seems to be general enough to support all the antenna configurations considered in NR. Therefore, it is recommended that RAN strives to design a unified codebook structure for all antenna configurations in NR irrespective of the frequency bands.
Proposal-3: strive to design a unified codebook structure irrespective of antenna configurations and frequency bands 

Evaluation Results
The table 1 shows the performance of three stage codebook structure with a multi-panel co-phasing component precoder as compared with class-A CSI feedback as a baseline. The performance is evaluated according to the frequency granularity of the co-phasing component precoder based on SU-MIMO. Moreover, two options of W1/W2 reporting such as a panel common or a panel-specific reporting are also evaluated with feedback overhead analysis.  
In the simulation, four panels are assumed and each panel is equipped with 64 antenna elements and 8 TXRUs. Other details of simulation assumptions are listed in the table 2 in the Annex.

Table 1. Performance gain and feedback overhead over a baseline (Class-A CSI feedback)
	Scenario
	Traffic load
	Panel-specific W1/W2 and a wideband co-phasing (W3)
	Panel-specific W1/W2 and a subband co-phasing (W3)
	Panel-common W1/W2 and a wideband co-phasing (W3)
	Panel-common W1/W2 and a subband co-phasing (W3)

	A
	Low
	+17.9%
	+23.7%
	+1.6%
	+5.4%

	
	Medium
	+13.8%
	+19.5%
	+2.8%
	+7.2%

	
	High
	+13.2%
	+17.3%
	+4.0%
	+6.6%

	Feedback overhead
Baseline (34bits)
	132 bits (~3.9x)
	156bits (~4.6x)
	36bits (~1x)
	60bits (~1.8x)



From table 1, it can be observed that panel-specific reporting provides better performance over panel-common reporting. However, the panel-specific reporting requires excessive feedback overhead which may not be acceptable for Type I CSI since its feedback overhead could be similar to that of high resolution CSI feedback (e.g., Type II CSI) and the performance gain could be worse. On the other hand, the panel-common reporting provides reasonable performance gain while requiring marginal feedback overhead. Considering that the Type I CSI feedback targets lower resolution, it makes sense that feedback overhead should be kept minimum with a reasonable performance.
Therefore, it is recommended to support panel-common reporting of W1 and W2 and co-phasing across panel could be wideband or subband.
Conclusion
In this contribution, we discussed on the codebook design for Type I CSI. Based on the discussions and observations, we propose followings:
Proposal-1: introduce a multi-panel component precoder for Type I CSI feedback; W1 and W2 are used commonly for all panels
Proposal-2: study potential use of a multi-panel component precoder when multiple panels are not synchronized
Proposal-3: strive to design a unified codebook structure irrespective of antenna configurations and frequency bands
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Annex
Table 3. Simulation Assumptions
	Parameter
	Values

	Scenario
	Urban macro

	Carrier Frequency
	30 GHz

	Bandwidth
	40MHz

	BS Tx power
	43 dBm

	Noise figure
	10 dB

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (4.0, 2.0)λ

	BS port mapping
	V2H4 ports per panel, 32 ports total, 112.5 degree downtilt

	BS antenna element pattern
	TR38.802 Table A.2.1-6

	UE distribution 
	Following TR36.873 (3D dropping)

	UE attachment 
	RSRP on CRS port 0

	UE antenna configurations 
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1); (dV,dH) = (0.5, 0.5)λ. 
Notes: the polarization angles are 0 and 90 

	Number of RBs
	50

	Scheduler
	PF

	Transmission mode
	SU-MIMO only

	UE receiver
	MMSE-IRC, ideal channel estimation, ideal interference estimation

	Handover margin
	0 dB

	Panel combining
	Rel. 8 4 TX Householder

	Precoder
	Full panel cases: Rel. 13 32 TX codebook (Config 2, O1=O2=4)
Per panel cases: Rel. 10 8 TX codebook (W=W1W2)

	Feedback
	CQI/PMI reporting every 10 TTI

	Maximum number of HARQ retransmissions
	4

	Feedback delay
	5 TTI

	Link adaptation
	AMC with OLLA, 10% BLER target

	Traffic model
	FTP model 3, packet size 0.5 MB
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