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Introduction
The following agreements on NR Type I CSI feedback were reached in RAN1 NR Ad-Hoc meeting:
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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        Alt4: , 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
In the last meeting, some candidate beam group patterns have been agreed as follows:
Agreements:
· For 2D port layout, candidate beam group patterns for Alt.b for L=2 (if supported) are as follows.
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· FFS: the value of d1 and d2
· For 2D port layout, candidate beam group patterns for Alt.b for L=4 (if supported) are as follows.
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· FFS: the value of d1 and d2
· Other patterns are not precluded.

In this contribution we provide our views on Type I CSI feedback for single panel case. 
Discussion


In LTE Rel-13/14, the class A codebook adopts the two-stage structure, i.e. W1W2, where W1 is a block diagonal matrix with each block composed of a group of beams (Alt 3 of the above agreements), and W2 targets for beam selection and co-phasing (Alt 3 of the above agreements). The codebook is configured with 5 RRC parameters. Besides the antenna port number values  and the oversampling factors , there are four configurations according to the parameter Codebook-Config. These four configurations correspond to four beam group patterns. Such codebook design achieves a compromise between the system performance and feedback overhead. In NR MIMO, as Type I supports normal spatial information feedback, it is reasonable to reuse the class A codebook structure.
Proposal:
· Alt-3 of W1 and Alt-3 of W2 are supported for the two-stage codebook structure for Type I CSI feedback.
In NR, the number of antennas used in gNB tends to be larger than that in LTE FD-MIMO. As mentioned in [1-3], with the increasing antenna number, the beam width of each polarization becomes narrower. Therefore the range of the DOA covered by the beams in W1 is reduced, which may impact the system performance. Antenna port grouping is a possible candidate to deal with such issue. This scheme divides the antenna array into multiple antenna port groups. Due to the antenna port grouping, the beam generated by each antenna port group becomes wider. Therefore, the beam coverage issue can be solved. Beam(s) are selected for each antenna port group and co-phasing factor is used to adjust the phases of different antenna port groups. In addition, larger number of antenna port groups (4 in Alt 4) facilitates the generation of multiple orthogonal beams with a single beam selected per port group, which is expected to be beneficial to high rank codebook.
For single panel antenna, the antenna port grouping codebook is represented by







where Alt 4 of the above agreements is used as , which is associated with beam grouping.  is associated with beam selection and co-phasing (Alt 3 of the above agreements). is a unit vector for beam selection, and is the co-phasing factor with  layers. If the same beam(s) is selected for each antenna port group, the codebook structure could be rewritten as 


Figure 1 illustrates the antenna port grouping scheme assuming 32 antenna ports. The antenna ports of each polarization are divided into two groups, which results in a total of four groups.
[image: ]
Figure 1: Alt 4 of W1


Proposal:
· Alt 4 of W1 should also be supported for Type I CSI feedback. 
Simulation results
In this section, we compare the performance of the following two codebook schemes for 32 ports through system level simulations:
· Scheme-1: Alt 3 of W1 + Alt 3 of W2
· Scheme-2: Alt 4 of W1 + Alt 3 of W2


The configured codebook parameters are shown in Table 1, where  denotes the antenna port number of each dimension in an antenna group, and different oversampling factor values are set to guarantee the same W1 codebook size. For Scheme-2, the legacy Rel-10 4Tx codebook is used as the co-phasing factor . The rank 1/2 codebook performance and rank 3/4 codebook performance are analyzed in the following, respectively.
Table 1: Codebook parameters
	Scheme-1
	Scheme-2

	





	









2.1 Rank 1/2 codebook performance

For rank 1/2 codebook, the four patterns defined in the agreements for L=2,4 and the L=1 case are evaluated for Scheme-1. The four patterns for L=4 and the L=1 case are evaluated for Scheme-2. The performance evaluation results are given in Table 2, where ‘Config 1’ denotes the L=1 case. FTP traffic with the user arrival rate  is simulated. The detailed simulation parameters are given in the appendix Table A1.

Table 2: FTP traffic model, 
	Scenarios / Codebook
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	UMi
	Scheme-1
	Config 1
	8.76
	0.00%
	25.59
	0.00%
	28.33
	0.00%
	37%

	
	
	Pattern 2-1
	8.85
	1.00%
	25.99
	1.56%
	28.54
	0.75%
	37%

	
	
	Pattern 2-2
	8.80
	0.47%
	25.40
	-0.76%
	28.17
	-0.56%
	38%

	
	
	Pattern 2-3
	8.99
	2.64%
	25.79
	0.77%
	28.38
	0.16%
	38%

	
	
	Pattern 2-4
	8.97
	2.36%
	25.79
	0.77%
	28.54
	0.73%
	38%

	
	
	Pattern 4-1
	8.77
	0.09%
	25.40
	-0.76%
	28.27
	-0.22%
	38%

	
	
	Pattern 4-2
	8.57
	-2.12%
	25.20
	-1.52%
	27.95
	-1.36%
	38%

	
	
	Pattern 4-3
	9.11
	3.94%
	25.79
	0.78%
	28.51
	0.64%
	37%

	
	
	Pattern 4-4
	8.99
	2.62%
	25.79
	0.77%
	28.48
	0.54%
	38%

	
	Scheme-2
	Config 1
	8.66
	-1.17%
	25.59
	0.00%
	28.30
	-0.11%
	38%

	
	
	Pattern 4-1
	8.57
	-2.18%
	26.20
	2.36%
	28.76
	1.52%
	37%

	
	
	Pattern 4-2
	8.28
	-5.53%
	25.99
	1.56%
	28.49
	0.58%
	38%

	
	
	Pattern 4-3
	8.82
	0.74%
	25.79
	0.77%
	28.54
	0.73%
	38%

	
	
	Pattern 4-4
	8.33
	-4.92%
	25.40
	-0.76%
	28.13
	-0.72%
	39%


It can be observed that for Scheme-1, most patterns of L=2 and L=4 provide throughput gain over the L=1 case, with up to 4% cell-edge throughput gain and up to 2% cell-average throughput gain. In addition, comparing the corresponding patterns of Scheme-1 and Scheme-2, Scheme-2 achieves slightly better cell-average performance and worse cell-edge performance in most cases. In general, the performance differences among all these codebook options are marginal. Considering the codebook size, Config-1 is slightly preferred.  
Observation:
· Performance differences among all these codebook options are marginal for rank 1/2. 
2.2 Rank 3/4 codebook performance
For rank 3/4, we compare the channel capacities of the two schemes. In order to maintain the same W2 codebook size, ‘pattern 4-1’ is used for Scheme-1 and ‘Config 1’ is used for Scheme-2. The corresponding codebook sizes are summarized in Table 3. Note that the Scheme-1 evaluated here is namely the LTE Rel-13/14 class A rank 3/4 codebook with  Codebook-Config=2.
Table 3: Rank3/4 codebook size
	Codebook
	W1/bits
	W2/bits

	Rank-3
	Scheme-1
	7
	4

	
	Scheme-2
	9
	4

	Rank-4
	Scheme-1
	7
	3

	
	Scheme-2
	9
	4



Figure 2 depicts the CDF of the spectral efficiency of all the UEs for rank 3 and rank 4. There is remarkable spectral efficiency gain of Scheme-2 against Scheme-1 for either rank 3 or rank 4. At 50% CDF, Scheme-2 achieves about 17% and 14% gain for rank 3 and rank 4, respectively. These results demonstrate that for high rank, the Scheme-2 codebook better matches the MIMO channel and is more suitable to be used for Type I CSI feedback.
[image: ] [image: ]
Figure 2: Rank 3/4 codebook performance
Proposal:
· The antenna port grouping based codebook should be supported at least for high rank. 
Conclusions
In this contribution we discussed codebook design for Type I CSI feedback in NR. Based on the simulation results our views are summarized below.
Observation:
· Performance differences among all these codebook options are marginal for rank 1/2. 

Proposals: 
· Alt-3 of W1 and Alt-3 of W2 are supported for the two-stage codebook structure for Type I CSI feedback.
· Alt 4 of W1 should also be supported for Type I CSI feedback.
· The antenna port grouping based codebook should be supported at least for high rank.  
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Appendix
Table A1: Simulation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal: X-pol (+/-45),  0.5λ space
Vertical: 0.8λ space
(M,N,P,Q)=(8,4,2,32) for 8H4V

	Scenario
	3D-UMi with 200m ISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	4GHz

	UE  distribution
	Follows 36.873 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	FTP traffic model 1, lamda=4

	Rank adaptive
	MU-MIMO, rank adaptive

	Scheduling algorithm
	PF

	Receiver
	Ideal channel estimation
Ideal interference estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	CSI feedback
	PUSCH 3-2

	
	CQI, PMI reporting triggered per 5 ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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