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1. Introduction
[bookmark: _GoBack]In RAN1#88bis meeting, the following agreements for Type I CSI feedback design have been made in NR MIMO [1]. 
Agreements:
Companies are encouraged to simulate the following to compare L=1, L=4 (at least for rank 1)
· 4,8,16,32 ports
· CSI-RS channel estimation impairments modeled
· {Umi, UMa}
· (M,N)=[(4,2) (8,2) (8,4) (8,8) (8,16)] for Q=4,8,16,32 ports; dual polarized array (P=2) 
· Nh,Nv=(2,1),(2,2),(4,2),(8,2),(16,1)
· Nh=# of ports in horizontal domain
· Nv=# of ports in vertical domain
· O1,O2=(4,4), (8,8), [(4, 8)], [non-uniform sampling]
· At least RU=50%, 70%; other RU values are not precluded
· 2 UE receive antennas
Besides, the following agreements have been made during NR SI for multi-panel Type I CSI feedback design [2]
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 first discuss some detailed designs on multi-level codebook to support Type I codebook based feedback. Then we give our views on Type I codebook for multi-panel scenario.  
2.  Multi-level codebook construction for single panel
In LTE, the accuracy of the beam selection in PMI-based codebook depends on the configuration of oversampling factors. In order to achieve finer beam through the DFT-based codebook, a large oversampling factor is required. Then the PMI associated with W1 beam would cost larger feedback overhead, which means W1 costs large feedback overhead in one report instance. This would lead to a burst burden of the CSI feedback. Especially in the case that the number of antenna ports is large, this burst burden may touch the limit of the periodic CSI reporting on physical control channel. Therefore, we propose the following multi-level DFT-based codebook to solve this issue. This also provides the flexibility on obtaining different CSI resolution based on the depth of codebook levels. The basic design principle of the multi-level codebook is that the search space of the k-th level codebook is decided by the outcome of the previous levels, and the beam can be refined level-by-level.
The proposed codebook has the following structure 






where  contains beam selection and co-phasing, andindicates the multi-level construction of the beam group. Specifically, is the basic or coarse beam group. Take 1D layout as an example,  is a fixed oversampled DFT matrix  for N antenna ports


The total number of levels K is configured by gNB. For each k={2,…,K}, the k-th level beam construction matrix indicates the phase rotation of the beams in the (k-1)-th level, which is given as 











In the above equation, implies the phase rotation, which can be further expressed as . is the smallest phase rotation unit of the k-th level, which can be decided by gNB configuration. is an integer which is the feedback content of the k-th level. According to the motivation of introducing multi-level beam group construction, beam selection should be more and more accurate as the level increases. Hence we have , where A>1 is a constant configured by gNB, and . Then  for k={2,…,K}. The value range for can be configured by the gNB through CSR, or it can be decided by the UE itself based on some specified principles, e.g., . The entire procedure of this codebook-based multi-level beam search is shown in Fig. 3. Based on this multi-level codebook, gNB can achieve flexible accuracy on beam selection. For each codebook level, the PMI overhead is not large, i.e., the burst burden of PMI feedback is avoided. Moreover, number of levels can be flexibly configured by gNB according to its requirement on CSI resolution.  


Fig. 3 Description of the multi-level codebook
Proposal 5: NR can consider the proposed multi-level configurable codebook.













Based on above multi-level codebook structure, we design a detailed dual-level codebook as follows. The basic beam group  is the same as  of LTE Class A codebook config1 which contains a beam picked from a  2-D DFT beam grid, i.e. Alt3 in [6] with one beam. Moreover,  and  can be fixed in codebook to avoid too many configurations. The smallest phase rotation units of the first level are  and  for 1-st dimension and 2-nd dimension, respectively. Set  and  as phase rotation units for the second level, then the rotation is and for 1-st and 2-nd dimension respectively. We have  and . Then the second rotation matrix can be expressed as:


where

.
The final codebook is 







From above discussion, initial beam selection  can be fed back in wideband while the rotation matrix  and co-phasing  can be fed back in sub-band. It can be inferred that overhead of wideband and sub-band is and  bits respectively. 



We conduct simulations to compare the performance of proposed codebook with LTE Rel.13 Class A codebook with codebook-config 1(L=1) and codebook-config 3(L=4). In the simulation we apply antenna layout,  and for proposed codebook. Other simulation parameters are listed in appendix.
Table II Subband overhead of simulated codebooks
	
	Subband 
overhead

	LTE Config1
	2

	LTE Config3
	4

	Proposed CB with M=2
	4


[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Table III Performance evaluation of multi-level codebook

As shown in Table II, the proposed codebook provides considerable mean UE and edge UE performance gain over LTE config1. Note that with the same feedback overhead, proposed codebook also outperforms config3 in most simulation scenarios. In such a configurable multi-level codebook scheme, overhead of the k-th level and angle range can be configured by parameter M and A which is quite flexible. Thus various codebook configurations on beam selection patterns used in legacy Rel-13 codebook can be avoided. 






The above codebook construction can be specified in a simple way for dual-stage codebook. The core idea of the multi-level structure is that the spatial resolution of the  beam selection is higher than  beam selection. Then the beam spacing for  beam selection is A times of the beam spacing for  beam selection, where A can be configured as mentioned above. Meanwhile the number of beam for  beam selection is . If only L=4 is supported for L>1 case, M can be a fixed value 2. This approach can be used to enhance Type I codebook performance for the L=4. From the perspective of performance, we have the following proposal.
Proposal 1: If L=4 is supported, W2 beam selection should have higher resolution than W1 beam selection.
3.  Type I CSI for Multi-panel codebook
For multi-panel scenario, both uniform and non-uniform array should be considered. For uniform array, it is a simple way to extend the dual stage codebook structure for the antennas with multiple panels. As to non-uniform array, an inter-panel phase shift is introduced since distance between panels is no longer the same with distance between antenna elements. This phase shift can be easily compensated by a wideband co-phasing factor. On the other hand, when distance between panels is relatively large, angle of beam for each panel may have slight difference. In this case, a same DFT beam for all panels would not be sufficient.  For such beam difference across panels, the following two options can be identified.
Option 1: Independent beam selection for each panel.

In this option, beam in  is selected independently for each panel so that the full coverage of angles can be achieved. However, it costs multiple times the overhead of common beam selection depending on the number of panels. 
Option 2: Differential beam selection for each panel



In this option, beams in  are selected jointly for each panel. For example, the beam selected for panel k is rotated from the beam in panel 1. Specifically, for the first panel, beam  is selected. Beam selected for k-th panel can be modeled as, where  is the rotation matrix for beams with the following structure



	

In the above equations,  is the unit matrix, and  is the rotation angle of horizontal and vertical direction. Then the general structure for multi-panel precoder becomes

,


where  and is the inter-panel and intra-panel co-phase factor for k-th panel respectively. 
Between the above options, Option 2 has lower overhead and UE complexity compared with Option 1, since rotation angle would be quantized by fewer values. Moreover, the rotation resolution can be flexibly configured to adapt to different scenarios. Thus, if selected beam of panels are rotated in a small range, Option 2 would be a more cost-effective scheme. 
Proposal 2: For NR multi-panel codebook, differential beam selection among panels should be considered.
4. Conclusions
In this contribution, we discuss some detailed designs on spatial information feedback framework for NR.  Based on the above discussion and simulations, we have the following proposals.


Proposal 1: If L=4 is supported, beam selection should have a higher resolution than  beam selection.
Proposal 2: For NR multi-panel codebook, differential beam selection among panels should be considered.
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Appendix 
Table A Simulation parameters for Macro cell Scenario
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi and 3D UMa ISD 200

	Operating bandwidth (BW)
	10 MHz

	UE Speed
	3km/h

	Antenna configuration
	Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	5ms, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 
PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 
With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 
(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 

is used, 
 based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 




Umi-Mean 

8 ports-cfg1	8 ports-cfg3	8 ports-proposal	16 ports-cfg1	16 ports-cfg3	16 ports-proposal	32 ports-cfg1	32 ports-cfg3	32 ports-proposal	0	7.2401349194835801E-3	2.8017554040330614E-2	0	1.1526504583499443E-2	1.5261060183339959E-2	0	1.6874129245580443E-2	2.2891113464758705E-3	
Umi-Edge

8 ports-cfg1	8 ports-cfg3	8 ports-proposal	16 ports-cfg1	16 ports-cfg3	16 ports-proposal	32 ports-cfg1	32 ports-cfg3	32 ports-proposal	0	-7.0112506114463633E-3	7.0954943203434942E-2	0	2.4003189792663492E-2	5.0542264752791194E-2	0	2.513621586107688E-2	2.118284076620815E-3	
Uma-Mean

8 ports-cfg1	8 ports-cfg3	8 ports-proposal	16 ports-cfg1	16 ports-cfg3	16 ports-proposal	32 ports-cfg1	32 ports-cfg3	32 ports-proposal	0	-7.0748540679355055E-3	2.1237233584226876E-2	0	3.6639344262295744E-3	2.7618852459016487E-2	0	8.3711336883746674E-3	8.7336948202099765E-3	
Uma-Edge

8 ports-cfg1	8 ports-cfg3	8 ports-proposal	16 ports-cfg1	16 ports-cfg3	16 ports-proposal	32 ports-cfg1	32 ports-cfg3	32 ports-proposal	0	-2.8994287692574072E-2	5.9546477410420837E-2	0	-1.7188872620790621E-2	0.16696925329428991	0	9.5718851283441167E-2	8.0304005601292278E-2	
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