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Introduction
In RAN1-NR#1, the following agreement on Type II CSI was made. 
Agreements:
· Support at least one scheme taken from Category 1, 2, and/or 3 for Type II CSI
· Possible down selection can be performed throughout Phase I WI
· If more than one schemes is supported, these schemes should be complementary
· This includes further refinement within each category
· Note: other schemes within each category are not precluded
· Descriptions for Category 1 and 2 are given in the following slides
· For the purpose of summary in TR38.802
· Category 1: precoder feedback based on linear combination codebook
· Dual-stage W = W1W2 codebook 
· W1 consists of a set of L orthogonal beams, e.g. 2D DFT beams
· The set of L beams is selected out of a basis, e.g. oversampled 2D DFT beams
· Beam selection is wideband
· W2: L beams are combined in W2 with common W1
· Subband reporting of phase quantization of beam combining coefficients
· Beam amplitude scaling quantization can be configured for wideband or subband reporting
· …
The companion contribution [2] proposes a linear combination based codebook for the Type II CSI reporting for Category 1. This contribution provides simulation results to evaluate the proposed Type II CSI codebook for Category 1, and shows that performance close to ideal CSI can be achieved with the proposed codebook. To reduce CSI payload in each CSI reporting instance, a differential CSI based Type II CSI reporting scheme is proposed in the companion contribution [3].  
Simulation Results for Type II CSI Codebook [2]
1 
A linear combination based Type II CSI codebook W = W1W2 is proposed in [2], where
· W1 is used for WB reporting of the first PMI (PMI1), which indicates L beams selected freely from up to 8 orthogonal beams, and the index of the strongest beam/coefficient (out of 2L coefficients). 
· L beam selection is common for all layers, and 
· the strongest beam selection is per layer and can correspond to any one of the two polarizations.
· W2 is used for SB reporting of the second PMI (PMI2), which indicates phase (and amplitude if reported SB) of remaining 2L – 1 linear combination coefficients (the strongest coefficient is set to 1). 
· Amplitude reporting is at least one of WB only, SB only, or WB + SB.
For performance evaluation of the proposed Type II CSI codebook, the non-full-buffer system-level evaluation is carried out for UMi channel model in medium (50% target RU) traffic loading scenario, and dynamic switching between SU-MIMO and MU-MIMO is considered in the simulation. The results are provided for 16 antenna ports with (N1, N2) = (4, 2), where we assume that the first dimension is horizontal and the second dimension is vertical. The relevant simulation parameters are enlisted in Table 1. For comparison, the Rel. 14 advanced CSI codebook is considered as reference, and ideal CSI in which dominant eigenvectors are known at gNB is considered as performance upper bound.
Evaluation 1:
In RAN1-NR#1 [1], an agreement was made in which different schemes were proposed to be studied belonging to Category 1. One of the main differences between these schemes is the structure of the W1 basis matrix. The following three types of basis matrix were proposed for further study. 
· Basis 0 (2 partitions):  where .
· Basis 1 (Hadamard-type):  where 
· Basis 2 (4 partitions):  where 
The three alternatives for the W1 basis matrix are evaluated. The simulation results for L = 4 beams are shown in Figure 1 (for unquantized amplitude and phase) and Figure 2 (for quantized amplitude and phase; 3 bit quantization is used for both), where phase reporting is SB, and amplitude reporting is either WB or SB. We can make the following observation.
Observation 1: 
· Basis 2 (four partitions) is the worst of the three basis matrices; 
· Basis 0 (2 partitions) and Basis 1 (Hadamard-type) are comparable in performance, but Basis 1 requires more W1 reporting overhead (because of independent selection of B1 and B2) and has more selection complexity than Basis 0.
· Similar observations can be made with both unquantized and quantized amplitude and phase, and both WB and SB amplitude reporting.
We therefore propose the following.
Proposal 1: For Type II CSI reporting, support Basis 0 (2 partitions) as the W1 basis matrix.
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Evaluation 2:
Assuming Proposal 1, we next evaluate the following four alternatives for the amplitude reporting types.
· Amplitude Type 0 corresponds to the case in which for each of the L beams, the reported amplitude is the same for the two polarizations, and the same for the two layers, i.e., the coefficient amplitude for two layers can be expressed as 
· Amplitude Type 1 corresponds to the case in which for each of the L beams, the reported amplitude is the same for the two polarizations, and different for the two layers, i.e., the coefficient amplitude for two layers can be expressed as 
· Amplitude Type 2 corresponds to the case in which for each of the L beams, the reported amplitude is different for the two polarizations, and the same for the two layers, i.e., the coefficient amplitude for two layers can be expressed as 
· Amplitude Type 3 corresponds to the case in which for each of the L beams, the reported amplitude is different for the two polarizations, and different for the two layers, i.e., the coefficient amplitude for two layers can be expressed as 
The simulation results for L = 4 and 8 beams are shown in Figure 3 (WB amplitude reporting) and Figure 4 (SB amplitude reporting), where amplitude and phase of coefficients are unquantized. The results for 3 bit phase and 3 bit amplitude quantization are shown in Figure 5 (WB amplitude reporting) and Figure 6 (SB amplitude reporting). We can make the following observation.
Observation 2: Between four amplitude reporting types, amplitude type 3 (different amplitude for two polarizations and two layers) shows significant performance gain over amplitude types 0, 1, and 2 for both L = 4 and 8 beams, for both WB and SB amplitude reporting, and for both unquantized and quantized amplitude and phase.
· For L = 8, performance close to the ideal CSI can be achieved.
We therefore propose the following.
Proposal 2: For amplitude reporting, amplitude type 3 (different amplitude for two polarizations and two layers) is supported.  
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[bookmark: _Ref474141961]Figure 6: Performance comparison of four amplitude types 
	


Evaluation 3:
Assuming Proposal 1 and Proposal 2, we next provide simulation results for amplitude and phase quantization of 2L-1 coefficients, where  bit –PSK phase codebook are considered. For amplitude quantization, the following alternatives are evaluated:
· WB only: 3 bits amplitude codebook in [0, 1] 
· SB only: 3 bits amplitude codebook in [0, 1] 
· WB + SB:  bit and  bit amplitude codebooks in [0, 1] for WB and SB amplitude reporting, respectively, where
·  and 
·  and 
The simulation results for L = 4 and 8 beams are shown in Figure 7 and Figure 8. The results for unquantized amplitude and phase (labelled as ‘Unquantized’) are also shown. We make the following observation and proposal.
Observation 3: SB amplitude reporting can achieve up to ~10% and ~23% additional gain in avg. and 5% UPT when compared with WB amplitude reporting. 
Proposal 3: SB amplitude reporting is supported in Type II CSI codebook proposed in [2], where at least one of the following is supported.
· SB only amplitude
· WB + SB amplitude.
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[bookmark: _Ref446598642]Conclusions
In this contribution, simulation results for performance evaluation of the proposed Type II CSI codebook [2] are provided. The observations and proposals made are summarized as follows. 
Observation 1: 
· Basis 2 (four partitions) is the worst of the three basis matrices; 
· Basis 0 (2 partitions) and Basis 1 (Hadamard-type) are comparable in performance, but Basis 1 requires more W1 reporting overhead (because of independent selection of B1 and B2) and has more selection complexity than Basis 0.
· Similar observations can be made with both unquantized and quantized amplitude and phase, and both WB and SB amplitude reporting.
Proposal 1: For Type II CSI reporting, support Basis 0 (2 partitions) as the W1 basis matrix.
Observation 2: Between four amplitude reporting types, amplitude type 3 (different amplitude for two polarizations and two layers) shows significant performance gain over amplitude types 0, 1, and 2 for both L = 4 and 8 beams, for both WB and SB amplitude reporting, and for both unquantized and quantized amplitude and phase.
· For L = 8, performance close to the ideal CSI can be achieved.
Proposal 2: For amplitude reporting, amplitude type 3 (different amplitude for two polarizations and two layers) is supported.  
Observation 3: SB amplitude reporting can achieve up to ~10% and ~23% additional gain in avg. and 5% UPT when compared with WB amplitude reporting. 
Proposal 3: SB amplitude reporting is supported in Type II CSI codebook proposed in [2], where at least one of the following is supported.
· SB only amplitude
· WB + SB amplitude.
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Appendix: Simulation Assumptions 
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	Parameters
	Values

	Simulation Type
	Non-full-buffer (Medium load 50% Target RU, Lambda = 4)

	Channel model
	UMi-2GHz

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(N1,N2, P) 
	16 ports: (4,2,2) 

	(O1,O2) 
	(8,8)

	BS (H,V) antenna spacing
	(0.5, 0.8)λ

	BS and MS antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	Number of UE antennas
	2

	SU/MU pre-coding
	SLNR

	Scheduling
	MU, Proportional fair, up to 4 layers

	Channel estimation
	Non-ideal

	Transmission rank
	1,2

	Receiver 
	MMSE-IRC

	CSI feedback schemes
	Reference: Rel. 14 advanced CSI codebook
Type II CSI codebook: proposed in [2]
Ideal: dominant eigenvectors are known to the gNB/TRP




L = 4, 8 beams, unquantized WB amp. and SB phase

R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	L = 4, Amp. Type 0	
Avg. UPT	5% UPT	1.3432697326451315	1.6627274875915861	L = 4, Amp. Type 1	
Avg. UPT	5% UPT	1.3679174157629184	1.6379106594185771	L = 4, Amp. Type 2	
Avg. UPT	5% UPT	1.3763266252972222	1.7761758449539116	L = 4, Amp. Type 3	
Avg. UPT	5% UPT	1.4756132923505192	2.0512881115575516	L = 8, Amp. Type 0	
Avg. UPT	5% UPT	1.4621005625471206	1.95	L = 8, Amp. Type 1	
Avg. UPT	5% UPT	1.5004929536623559	1.9750000000000001	L = 8, Amp. Type 2	
Avg. UPT	5% UPT	1.4923157223221017	1.978	L = 8, Amp. Type 3	
Avg. UPT	5% UPT	1.6082468247984691	2.238	Ideal	
Avg. UPT	5% UPT	1.738	2.5259999999999998	


L = 4, 8 beams, unquantized SB amp. and SB phase

R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	L = 4, Amp. Type 0	
Avg. UPT	5% UPT	1.361	1.7490000000000001	L = 4, Amp. Type 1	
Avg. UPT	5% UPT	1.4119999999999999	1.8460000000000001	L = 4, Amp. Type 2	
Avg. UPT	5% UPT	1.409	1.883	L = 4, Amp. Type 3	
Avg. UPT	5% UPT	1.5780000000000001	2.2469999999999999	L = 8, Amp. Type 0	
Avg. UPT	5% UPT	1.476	1.88	L = 8, Amp. Type 1	
Avg. UPT	5% UPT	1.532	2.1680000000000001	L = 8, Amp. Type 2	
Avg. UPT	5% UPT	1.53	2.097	L = 8, Amp. Type 3	
Avg. UPT	5% UPT	1.7210000000000001	2.5009999999999999	Ideal	
Avg. UPT	5% UPT	1.738	2.5259999999999998	


L = 4, 8 beams, quantized WB amp. and SB phase

R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	L = 4, Amp. Type 0	
Avg. UPT	5% UPT	1.2985559357420402	1.537225242259513	L = 4, Amp. Type 1	
Avg. UPT	5% UPT	1.3211158151133795	1.6116757267785393	L = 4, Amp. Type 2	
Avg. UPT	5% UPT	1.3303369483268574	1.7014890096903805	L = 4, Amp. Type 3	
Avg. UPT	5% UPT	1.4317694136751147	1.9227133065469155	L = 8, Amp. Type 0	
Avg. UPT	5% UPT	1.396740706373601	1.8180099267312693	L = 8, Amp. Type 1	
Avg. UPT	5% UPT	1.4358290320709854	1.8338454266130939	L = 8, Amp. Type 2	
Avg. UPT	5% UPT	1.4384967813025575	1.9484755376979437	L = 8, Amp. Type 3	
Avg. UPT	5% UPT	1.5687525372614977	2.2235878043015833	Ideal	
Avg. UPT	5% UPT	1.738	2.5259999999999998	


L = 4, 8 beams, quantized SB amp. and SB phase

R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	L = 4, Amp. Type 0	
Avg. UPT	5% UPT	1.3040654178507223	1.5670054360671237	L = 4, Amp. Type 1	
Avg. UPT	5% UPT	1.3663515629530825	1.7466320018908059	L = 4, Amp. Type 2	
Avg. UPT	5% UPT	1.3527808386011717	1.7218151737177974	L = 4, Amp. Type 3	
Avg. UPT	5% UPT	1.5307661079858494	2.2039706925076814	L = 8, Amp. Type 0	
Avg. UPT	5% UPT	1.4144290436698952	1.8425904041597732	L = 8, Amp. Type 1	
Avg. UPT	5% UPT	1.485356376500609	2.0033089104230681	L = 8, Amp. Type 2	
Avg. UPT	5% UPT	1.4702197993388622	1.9553297092885842	L = 8, Amp. Type 3	
Avg. UPT	5% UPT	1.6727947572928148	2.3540534152682584	Ideal	
Avg. UPT	5% UPT	1.738	2.5259999999999998	


R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	3 bit WB amp.	
Avg. UPT	5% UPT	1.4305515281563534	1.9669108957693215	3 bit WB + 1 bit SB amp.	
Avg. UPT	5% UPT	1.4826306327205245	2.1340108721342474	3 bit WB + 2 bit SB amp.	
Avg. UPT	5% UPT	1.5287942933364265	2.2157882297329237	3 bit SB amp.	
Avg. UPT	5% UPT	1.5307661079858494	2.2039706925076814	Unquantized	
Avg. UPT	5% UPT	1.5775677086353885	2.247459229496573	Ideal	
Avg. UPT	5% UPT	1.7383865916603842	2.5261167572677854	


R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	3 bit WB amp.	
Avg. UPT	5% UPT	1.5644029461230646	2.2441503190735048	3 bit WB + 1 bit SB amp.	
Avg. UPT	5% UPT	1.6225714782810419	2.3110375797683766	3 bit WB + 2 bit SB amp.	
Avg. UPT	5% UPT	1.6617177985269385	2.4568659891278659	3 bit SB amp.	
Avg. UPT	5% UPT	1.6727947572928148	2.3540534152682584	Unquantized	
Avg. UPT	5% UPT	1.7206402598155774	2.5012999290947766	Ideal	
Avg. UPT	5% UPT	1.7383865916603842	2.5261167572677854	


L = 4 beams, unquantized amp. and phase
R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	WB amp., Basis 0	
Avg. UPT	5% UPT	1.4888255915863278	2.0346385542168677	WB amp., Basis 1	
Avg. UPT	5% UPT	1.4780893952673095	2.0262478485370052	WB amp., Basis 2	
Avg. UPT	5% UPT	1.3308501314636283	1.5770223752151464	SB amp., Basis 0	
Avg. UPT	5% UPT	1.5913124452234881	2.3450946643717732	SB amp., Basis 1	
Avg. UPT	5% UPT	1.5976665205959686	2.2506454388984514	SB amp., Basis 2	
Avg. UPT	5% UPT	1.4320771253286591	1.7775387263339073	Ideal	
Avg. UPT	5% UPT	1.7682953549517963	2.6230636833046472	


L = 4 beams, quantized amp. and phase
R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	WB amp., Basis 0	
Avg. UPT	5% UPT	1.4517418930762489	1.9186746987951806	WB amp., Basis 1	
Avg. UPT	5% UPT	1.4418821209465382	1.9003872633390708	WB amp., Basis 2	
Avg. UPT	5% UPT	1.2788124452234881	1.4249139414802068	SB amp., Basis 0	
Avg. UPT	5% UPT	1.525635407537248	2.168674698795181	SB amp., Basis 1	
Avg. UPT	5% UPT	1.5239921121822961	2.1417814113597249	SB amp., Basis 2	
Avg. UPT	5% UPT	1.3603198948290973	1.6792168674698795	Ideal	
Avg. UPT	5% UPT	1.7682953549517963	2.6230636833046472	


