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In RAN meeting #75, the work item on NR was agreed. One of the key objective in WID [1] is Type I codebook-based CSI acquisition. In RAN1 ad hoc and RAN1#88 meeting, following several alternative codebook designs for Type I CSI feedback have been agreed [2,3]:
	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
Agreements:
· For Type I single panel codebook,
· For W1, also consider:
· Alt 5:  , ;
· At least for rank 1 and rank 2, candidate DFT beam number in B (or Bi) in W1 is L=1, 2, 4 and/or 7 (other values are not precluded), if applicable
· FFS: whether or not down-selection of the L values
· FFS: configurability of L value
· For L>1, if supported:
· Alt. a: free selection of L beams by UE
· Alt. b: at least one beam group pattern is defined
· FFS: whether or not down selection of the patterns
· FFS: configurability of the patterns
· FFS: beam pattern is reported by UE
· Alt. c: selection of L beams by gNB
· FFS: signaling details
· For L>1, if supported:
· FFS: whether L beam selection is the same for rank 1 and rank 2 (nested property) or it is different
· For L=1, if supported:
· 
· 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  and .
· 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  and .
· Other patterns are not precluded.
· For 1D port layout, a beam group pattern for Alt. b contains a row of L>1 (if supported) beams uniformly and/or non-uniformly separated by d.
· FFS value of d.
· FFS: for L>1 (if supported), whether a single (d1,d2) or multiple (d1,d2) values are supported



In RAN1#88b, the agreement of simulation parameters for performance evaluation also has been achieved [4].
	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 provide our initial simulation results on Type I CSI feedback. 


Performance Evaluation
In this section, we provide initial system level simulation results to show the performance benefits of type I CSI feedback among alternatives. The codebook structure of both W1 Alt.3 and W2 Alt.3 basically is the same as legacy LTE-A codebook design which is adopted for low-frequency operation. Now, in NR, diagonal block matrix in W1 could be different as shown in Alt.1, Alt.2, and Alt.5 of W1 matrix design, which means that there is more flexibility for precoder selection in different polarization. To address this flexibility effect, we evaluate the performance of W1 Alt.5 and compare it with W1 Alt.3 in UMi channel. In Alt.5, we adopt cluster1 and cluster2 as described in [5], where the beam group of B2 is shift version of B1 with oversampling factor according to the corresponding cluster patterns. For baseline Alt. 3 design, we follow the same design rule of LTE R13 precoder that four beams (L=4) can be selected by W2 and beam group patterns 4-1, 4-2 and 4-3 are considered. The cophasing term of W2 design also follows the same rule of LTE R13. For Alt. 5 design, the beam group B1 is wideband reported and B2 can be differently selected for each subband. The simulation results as shown in Figure 1 where Alt. 3 method is considered as a baseline performance for comparison.

[image: ]Figure 1. Relative Cell Edge Spectral Efficiency and Spectral Efficiency

As shown in Figure 1, the beam group pattern 4-2 has better performance than pattern 4-1 and 4-3 for both Alt. 3 and Alt. 5 schemes. For the comparison of Alt. 3 and Alt. 5, it is observed that up to 12.7% gains for average spectral efficiency at Pattern 4-2, cluster 1, and 70% loading. In most cases, Alt.5 only provides a similar performance than the baseline. Alt. 3 outperforms Alt. 5 in some cases for cell edge in some cases. According the simulation results, we have the following observations:
Observation 1: Beam group pattern 4-2 outperforms patterns 4-1 and 4-3 for both Alt. 3 and Alt. 5 designs.
Observation 2: The benefit of W1 Alt. 5 is slightly better than W1 Alt.3 in some cases.
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Appendix
	Table 4. Simulation Parameters

	Parameter
	Value

	Channel model
	SCM-3D-UMi with 200m

	Scenario
	TR36897UMi

	Carrier frequency
	2GHz

	Simulation bandwidth
	10MHz

	BS Tx power
	41dBm

	BS antenna configuration
	16 ports；
(M, N, P, ,) = (8, 4, 2, 4, 4)；
(,) = (0.8, 0.5)λ

	UE antenna configuration
	2 Rx, cross-polar(+90/0)

	UE receiver noise figure
	9dB

	Feedback
	CQI and RI reporting every 5ms

	
	CQI Feedback delay is 5 ms

	Traffic model
	FTP model 1

	Traffic load (Resource utilization)
	RU=50％,70％

	MIMO mode
	SU-MIMO

	UE receiver type
	MMSE-IRC






Table 1. Simulation results for Pattern 4-1
	 
	Alt.3
	Alt.5
	
	Alt.3
	Alt.5

	
	
	Cluster1
	Cluster2
	
	
	Cluster1
	Cluster2

	Spectral Efficiency
(RU≃50％)
	1.01811
	0.985623
(-3％)
	1.02631
(0.8％)
	Cell Edge Spectral Efficiency (RU≃50％)
	0.103511

	0.104858
(1.3％)
	0.126894
(22.6％)

	Cell Spectral Efficiency
(RU≃70％)
	1.2621
	1.23742
(-2％)
	1.23644
(-2％)
	Cell Edge Spectral Efficiency
(RU≃70％)
	0.081782

	0.062024
(-24％)
	0.060698
(-26％)


Table 2. Simulation results for Pattern 4-2
	
	Alt.3
	Alt.5
	
	Alt.3
	Alt.5

	[bookmark: _GoBack]
	
	Cluster1
	Cluster2
	
	
	Cluster1
	Cluster2

	Spectral Efficiency
(RU≃50％)
	 1.00945
	1.05446
(4.5％)
	0.900739  
(-11％)
	Cell Edge Spectral Efficiency
(RU≃50％)
	0.08585
	0.0676932
(-21％)
	0.069969 
(-18％)

	Spectral Efficiency
(RU≃70％)
	1.14463
	 1.29016
(12.7％)
	1.23179 
(7.6％)
	Cell Edge Spectral Efficiency
(RU≃70％)
	0.083064
	0.0817032
(-2％)
	0.066182
(-20％)


Table 3. Simulation results for Pattern 4-3
	
	Alt.3
	Alt.5
	
	Alt.3
	Alt.5

	
	
	Cluster1
	Cluster2
	
	
	Cluster1
	Cluster2

	Spectral Efficiency
(RU≃50％)
	 0.942712
	0.966978
(2.5％)
	0.984492   
(4.3％)
	Cell Edge Spectral Efficiency
(RU≃50％)
	0.107909
	0.0944922
(-12％)
	0.069141
(-36％)

	Spectral Efficiency
(RU≃70％)
	1.13716
	1.2489
(9.8％)
	1.18704 
(4.3％)
	Cell Edge Spectral Efficiency
(RU≃70％)
	0.0726086
	0.0833156 
(14.7％)
	0.076065
(4.7％)
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