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1. Introduction
In RAN1#88bis meeting, the following agreements on CSI feedback Type I were captured in the Chairman’s note as:
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
In this contribution, we discuss on CSI feedback Type I for NR MIMO and provide our simulation results according to the above agreements.

Discussion on CSI feedback Type I
1.1. Codebook design for W1
In the NR adhoc and RAN1#88 meetings, following alternatives for W1 construction were agreed as
[image: ]
Alt4: , B as Alt 3

Alt5:
In LTE, the dual stage codebook is supported for 4-, 8-, 12-, 16-, 20-, 24-, 28-, and 32-port CSI-RS. Due to the cross polarized antenna array, W1 is comprised of block diagonal structure where the two sub matrices (B) contain the same DFT beam or beam groups as 

.
By setting sub matrix B as the same matrix for both polarizations, we can maintain the low feedback overhead for W1 as in LTE. Also, in our view, Alt 1 and Alt 2 are the W1 structure for linear combining (LC)-like codebook structure which can be categorized to Type 2 CSI. Also, W1 structure in Alt 4 is more preferable in multi-panel cases. Thus, we prefer Alt 3 for W1 structure. 
Proposal 1: Support Alt 3 for W1 structure. 
  Unlike the Alt3, Alt 5 is composed of different beam groups per polarization as

.
With this alternative, we can exploit more accurate CSI feedback at the expense of an increased PMI feedback payload for both W1 and W2. Thus, careful investigation between performance benefit and feedback overhead is needed. One solution of reducing such feedback overhead is considering different beam group size for W1 as 

.
In this example, we assume L=1 for B1 and this beam is included in B2. Then, this codebook may be a super set of codebook Config 1 in LTE. 
Observation 1: If Alt 5 for W1 is supported, careful investigation on trade-off between performance and feedback bits is needed.
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Figure 1. Class A codebook beam pattern (W1) for .

Figure 1 exhibits the Class A beam group patterns with Rank 1. Config 1 allows one beam in wideband/long term manner, and perform only co-phase in subband/short term manner. On the other hands, other codebooks including Config 2-4 allow multiple beams in W1, and W2 plays a role for the beam selection and co-phase. In eFD-MIMO, codebooks with multiple beams in W1 perform better than codebook Config 1, due to the beam selector in W2. In some scenarios, the performance gap between 4 codebook Configs is not that large, but we think proper design of W1 with multiple beams as well as W2 can provide more benefits in terms of the performance. 
Proposal 2: Support multiple beam in W1, i.e., L>1 in W1 for Type I CSI. 
In this sub matrix B, for given W1 index (i1 or i11 and i12), beam groups are comprises with oversampled 1D or 2D DFT beams. More specifically, Class A codebooks except codebook Config 2 with Rank 2 and Rel.10 8Tx codebook have closely spaced beam group, and Rel.12 4Tx codebook has widely spaced beam group. The closely spaced beam group has a merit in the environment with relatively smaller angular spread, and widely spaced beam group may perform better in relatively larger angular spread. In those two cases, beam spacing is the same among the beam group, i.e., equally spaced beam in each beam group. Except codebook Config 2 with Rank 2, Rank i and i+1 (i=1, 2, 3 and 4) codebooks share the beam group pattern of W1. 
In our view, mixture of closely spaced beam and widely spaced beam in W1 (non-uniformly distributed beams in W1) may be helpful as will be shown in the evaluation section. Figure 2 shows an example of non-uniform beam pattern. As shown in the figure, for given leading beam index (, the beam group is comprised of Gaussian-like distributed beams. This pattern has a benefit that it contains both non-orthogonal beams and orthogonal beams, and therefore more degree of freedom for comprising orthogonal layers for rank 2 can be achieved. For rank 1 and 2, in order to fit within the 4-bit payload size of W2, W1 beam pattern for rank 1 can be different from the case of rank 2. Simply, we can choose 4 beams from the given Rank 2 W1 pattern. 
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Figure 2. Example of non-uniform beam pattern (W1) for .

Proposal 3: Consider non-uniform beam group (mixture of non-orthogonal and orthogonal beams) for W1 of Type I codebook. 

1.2. Codebook design for W2
Regarding W2 construction, following candidates are agreed to be supported in NR as
· 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
In our view, as we mentioned above, beam selector is important due to the performance benefit. Also, W2 with linear combining can be more suitable for CSI feedback Type II. Thus, for W2 design, we prefer Alt 3 which supports both beam selection and co-phase with W2.
Proposal 4: Support Alt 3 for W2 structure. 
With beam selection and co-phase, the overall W2 structure can be defined as:


where  denotes the selection vector whose i-th element is one and other elements are zero, and  represent co-phase coefficient. In case of rank 1, 4 beam selection and QPSK co-phase can be considered with 4-bit feedback bit. 
In LTE rank 2 codebook, beam selection can be classified into two cases as () and (), and those two cases have 4 combinations each, and thus total beam selection is 8. For co-phase, {1, j} can be equally applied to all beam selection combinations, thus the resulting feedback payload size is 4. 
For SU-MIMO, in the case of same beam combination, varying co-phase does not provide significant performance gain since theoretical log-det capacity does not change according to the co-phase value. Of course, with IRC receiver, practical throughput may be varying, but not significant. Thus, for optimizing purpose of LTE rank 2, we propose applying different co-phase alphabets according to the beam combinations. More specifically, our proposed codebook is comprised of fixed co-phase for same beam combination and QPSK co-phase for different beam combinations. In addition, different beam combination can be comprised from orthogonal beams in W1. Table 1 lists the summary of W2 design. 

Table 1. Proposed W2 codebook for rank 2
	
	Beam selection, ()
	Co-phase

	Same beam combination
	(), (),
(), ()
	Fixed to 1 value

	Different beam combination
	(), (),
()
	QPSK



Proposal 5: For rank 2 codebook, consider different co-phase alphabets according to the beam combinations (i.e., same or different beam combinations).

Evaluation Results
In this section, we provide simulation results for performance of the proposed codebook design with Class A codebook Config 1, 2, 3 and 4 in case of 4, 8, 16 and 32 TXRUs. In the figures below, the percentage written in red denotes performance gain compared to Config 1, and detailed simulation parameters and assumptions are listed in Table A-1 in Annex A.

(32 Ports-1D layout) Figure 3 and Figure 4 exhibit the throughput performance for codebook Config 1, Config 4 and the proposed non-uniform codebook under the assumption of 1D 32-port layout with , where  and  are respectively considered in Figure 3 and Figure 4. Codebook Config 2 and Config 3 are applicable to 2D-port layout only, and hence the simulation results for both configurations are not included in Figure 3 and Figure 4.
Both figures clearly show that the proposed non-uniform codebook outperforms codebook Config 1 and Config 4 under the medium and high traffic load. In particular, as illustrated in Figure 3, the proposed non-uniform codebook outperforms other codebook designs and provides 4.62% and 9.39% performance gain respectively for the mean UE and 5% UE under the high traffic load. Also, codebook Config 4 outperforms codebook Config 1 due to beam selection capability. It implies that the beam selection is beneficial for codebook design.
[image: D:\work_기고문\89\result_figure\32ports_1x16_High_Med_Ov8_2nd.png]
Figure 3. Performance comparison for 1D 32 ports with .
[image: D:\work_기고문\89\result_figure\32ports_1x16_Medium_Ov4_2nd.png]
Figure 4. Performance comparison for 1D 32 ports with .
(32 Ports-2D layout) Figure 5 and Figure 6 plot the spectral efficiency performance per UE for codebook Config 1, Config 2, Config 3 and the proposed non-uniform codebook considering 32-port layout with , where  and  are respectively considered in Figure 5 and Figure 6. 
These figures illustrate that the proposed non-uniform codebook outperforms compared to codebook Config 1, Config 2 and Config 3. For the high traffic load as shown in Figure 5, the proposed non-uniform codebook provides about 4.52% mean UE throughput gain over Config 1, while Config 2 and Config 3 improve the performance 3.49% and 3.39% respectively. For 5% UE performance under the high traffic load, the proposed non-uniform codebook shows 6.9% gain over Config 1.
[image: D:\work_기고문\89\result_figure\32ports_2x8_High_Med_Ov8_2nd.png]
Figure 5. Performance comparison for 32 ports with .
[image: D:\work_기고문\89\result_figure\32ports_2x8_Medium_Ov4_2nd.png]
Figure 6. Performance comparison for 32 ports with . 
 (16 Ports) Figure 7 and Figure 8 plot the spectral efficiency performance per UE for codebook Config 1, Config 2, Config 3 and the proposed non-uniform codebook assuming 16-port layout and , where  and  are respectively considered in Figure 7 and Figure 8. Figure 7 and Figure 8 indicate that the proposed non-uniform codebook provides best performance compared to other codebook Configs. 
[image: D:\work_기고문\89\result_figure\16ports_2x4_High_Medium_Ov8_2nd.png]
Figure 7. Performance comparison for 16 ports with .
[image: D:\work_기고문\89\result_figure\16ports_2x4_Medium_Ov4_2nd.png]
Figure 8. Performance comparison for 16 ports with .

(8 Ports) Figure 9 and Figure 10 show the spectral efficiency performance per UE for codebook Config 1, Config 2 and Config 3 assuming 8-port layout and , where  and  are respectively considered in Figure 9 and Figure 10. 
In Figure 9, the codebook Config 2 and Config 3 show the better performance compared to codebook Config 1, and this figure also represents the performance gain by codebook Config 3 compared to codebook Config 2. Even if there exists a slight 5% UE performance loss of codebook Config 3 compared to codebook Config 1, which is shown in Figure 10, codebook Config 2 and Config 3 generally show the performance gain than codebook Config 1.
[image: D:\work_기고문\89\result_figure\8ports_2x2_High_Medium_Ov8.png]
Figure 9. Performance comparison for 8 ports with .
 [image: D:\work_기고문\89\result_figure\8ports_2x2_Medium_Ov4_2nd.png]
Figure 10. Performance comparison for 8 ports with .


(4 Ports) Figure 11 and Figure 12 show the spectral efficiency performance per UE for codebook Config 1 and Config 4 assuming 4-port layout and , where  and  are respectively considered in Figure 11 and Figure 12. These results represent the performance gain of codebook Config 4 over codebook Config 1.
[image: D:\work_기고문\89\result_figure\4ports_1x2_High_Medium_Ov8.png]
Figure 11. Performance comparison for 4 ports with .
[image: D:\work_기고문\89\result_figure\4ports_1x2_Medium_Ov4.png]
Figure 12. Performance comparison for 4 ports with .
So far, we have provided our simulation results for 3D-UMi environments. Performance results for the 3D-UMa scenario can be found in Annex B and the similar performance trend can be observed. Based on the discussion of evaluation results, our observation and proposals are as follows: 
Observation2: Proposed non-uniform codebook design outperforms LTE Class A codebook Config 1, 2, 3 and 4, and performance gain increases as the number of port and traffic load grows.
Proposal6: Adopt proposed non-uniform codebook for Type I CSI feedback of NR-MIMO.
Observation3: Proposed codebook design can be applied to both 1D and 2D port layout.
Observation4: Codebooks with beam selection functionality provides better performance compared to the codebook Config 1 which performs co-phase in W2 only.
Proposal7: Support beam selection functionality in W2 for Type I CSI feedback of NR-MIMO. 

Conclusion
This contribution discussed CSI feedback for NR MIMO. Following observations and proposals are given, based on the discussion:
Observation 1: If Alt 5 for W1 is supported, careful investigation on trade-off between performance and feedback bits is needed.
Observation2: Proposed non-uniform codebook design outperforms LTE Class A codebook Config 1, 2, 3 and 4, and performance gain increases as the number of port and traffic load grows.
Observation3: Proposed codebook design can be applied to both 1D and 2D port layout.
Observation4: Codebooks with beam selection functionality provides better performance compared to the codebook Config 1 which performs co-phase in W2 only.
Proposal 1: Support Alt 3 for W1 structure. 
Proposal 2: Support multiple beam in W1, i.e., L>1 in W1 for Type I CSI. 
Proposal 3: Consider non-uniform beam group (mixture of non-orthogonal and orthogonal beams) for W1 of Type I codebook. 
Proposal 4: Support Alt 3 for W2 structure. 
Proposal 5: For rank 2 codebook, consider different co-phase alphabets according to the beam combinations (i.e., same or different beam combinations).
Proposal6: Adopt proposed non-uniform codebook for Type I CSI feedback of NR-MIMO.
Proposal7: Support beam selection functionality in W2 for Type I CSI feedback of NR-MIMO. 


Annex A: Simulation Parameters and Assumptions
Table A-1. Simulation assumptions 
	Scenarios 
	3D-UMi with ISD = 200m in 4GHz, 3D-UMa with ISD = 500m in 4GHz

	BS antenna configurations 
	Antenna elements config: (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU) 

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, SU -MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.




Annex B: Additional simulation results
In this section, simulation results for 3D-UMa scenario are presented.
[image: D:\work_기고문\89\result_figure\UMa_32ports_1x16_High_Med_Ov8.png]
Figure B-1. Performance comparison for 1D 32 ports in UMa with .
[image: D:\work_기고문\89\result_figure\UMa_32ports_1x16_Med_Ov4.png]
Figure B-2. Performance comparison for 1D 32 ports in UMa with .

  [image: D:\work_기고문\89\result_figure\UMa_16ports_2x4_High_Medium_Ov8.png]
Figure B-3. Performance comparison for 16 ports in UMa with .
[image: D:\work_기고문\89\result_figure\UMa_16ports_2x4_Medium_Ov4.png]
Figure B-4. Performance comparison for 16 ports in UMa with .
[image: D:\work_기고문\89\result_figure\UMa_4ports_1x2_Medium_Ov8.png]
Figure B-5. Performance comparison for 4 ports in UMa with .
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