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Introduction
In RAN1#87 [1], the following agreement about CSI acquisition was made.
Agreements:
· For Type I CSI, PMI codebook has at least two stages W = W1W2
· W1 codebook comprises of beam groups/vectors 
· FFS structure and configuration of W1 codebook, e.g. number of ports, grid of beams, orthogonal, non-orthogonal, beam broadening, etc
· FFS frequency granularity of W1 and W2 reporting
· FFS on additional support of W3 (location of W3 matrix is FFS), e.g. multi-panel support, analog beam selection
· Note multi-panel support may be captured in W1, W2 and/or W3
· For Type II CSI, 
· Study the following CSI feedback schemes
· Analog CSI feedback
· Linear combination based CSI feedback
· For example
· Projection of channel and/or covariance matrix and/or eigenvectors onto a basis
· Linear combination of a basis
· Schemes may have orthogonal and/or non-orthogonal basis
· Quantization examples
· Magnitude and phase
· Real and imaginary
· Vector quantization
· Precoder / Precoding Matrix
· Downloadable codebook
· Contents for Quantized or Unquantized CSI feedback
· Channel covariance matrix feedback
· e.g. Hermitian-form codebook, analog CSI feedback, linear combination codebook
· Channel Approximation and/or Measurement 
· e.g. analog CSI feedback, linear combination codebook
· Channel Eigen vectors
· e.g. analog CSI feedback, linear combination codebook
· Other forms of channel representation are not excluded.
The companion contribution [2] proposes a linear combination based codebook for the Type II CSI reporting. This contribution provides simulation results to evaluate the proposed Type II CSI codebook, and shows that performance close to ideal CSI can be achieved with the proposed codebook.  
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). 
· W2 is used for SB reporting of the second PMI (PMI2), which indicates amplitude and phase of remaining 2L – 1 linear combination coefficients.  
For performance evaluation of the proposed Type II CSI codebook, the non-full-buffer system-level evaluation is carried out for UMi-2GHz 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:
To start with, two alternatives (WB and SB) for coefficient amplitude reporting are evaluated. In this evaluation, the following four alternatives for the amplitude types are considered:
· 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 1 – Figure 4, where amplitude and phase of coefficients are unquantized. We can make the following observation.
Observation 1: 
· Large performance gap between Rel. 14 advanced CSI codebook and ideal CSI; the gap reduces significantly with the proposed Type II CSI codebook [2].
· [bookmark: _GoBack]Between four amplitude reporting types, amplitude type 3 (different amplitude for two polarizations and two layers) shows significant performance gain
· For L = 8, performance close to the ideal CSI can be achieved.
· SB reporting of coefficient amplitude shows significant performance gain over WB reporting; 
· For amplitude type 3, 10-12% and 20-26% additional performance gain in avg. UPT and 5% UPT, respectively. 
We therefore propose the following.
Proposal 1: The coefficient amplitude is reported SB. For each beam, different amplitude is reported for two polarizations and two layers. 
	


[bookmark: _Ref471728189]Figure 1: Avg. UPT gain, L = 4 beams

Figure 2: 5% UPT gain, L = 4 beams


Figure 3: Avg. UPT gain, L = 8 beams

[bookmark: _Ref471728191]Figure 4: 5% UPT gain, L = 8 beams

Evaluation 2:
Based on Proposal 1, we next provide simulation results for amplitude and phase quantization of 2L-1 coefficients, where  bit amplitude codebook in [0, 1] and  bit –PSK phase codebook are considered. The simulation results for L = 4 and 8 beams, and  and  are shown in Figure 5 and Figure 6. The results for unquantized amplitude and phase (labelled as ‘Unquantized’) are also shown. We make the following observation and proposal.
Observation 2: 3 bit amplitude and 3 bit phase quantization can achieve performance close to the unquantized amplitude and phase.
Proposal 2: 3 bit amplitude and 3 bit phase quantization are used in the proposed W2 codebook [2].


[bookmark: _Ref471731641]Figure 5: L = 4 beams

[bookmark: _Ref471731642]Figure 6: L = 8 beams
Evaluation 3:
We finally provide simulation results for differential CSI proposed for Type II CSI reporting overhead reduction in [2]. In this evaluation, Type II CSI corresponding to L = 4 and 8 beams are reported in T = L/2 consecutive reporting instances, i.e., in each reporting instance, Type II CSI corresponding to 2 beams is reported. The performance of the differential CSI with Type II CSI corresponding to all of L beams reported in a single reporting instance as reference is shown in Figure 7 and Figure 8, where amplitude and phase of coefficients are unquantized. We make the following observation.
Observation 3: The differential CSI, proposed for Type II CSI reporting overhead reduction in [2], shows small performance loss: ~3% loss in avg. UPT.  
	


[bookmark: _Ref471735913]Figure 7: Differential CSI, L = 4 beams

[bookmark: _Ref471735911]Figure 8: Differential CSI, L = 8 beams

[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: 
· Large performance gap between Rel. 14 advanced CSI codebook and ideal CSI; the gap reduces significantly with the proposed Type II CSI codebook [2].
· Between four amplitude reporting types, amplitude type 3 (different amplitude for two polarizations and two layers) shows significant performance gain
· For L = 8, performance close to the ideal CSI can be achieved.
· SB reporting of coefficient amplitude shows significant performance gain over WB reporting; 
· For amplitude type 3, 10-12% and 20-26% additional performance gain in avg. UPT and 5% UPT, respectively. 
Proposal 1: The coefficient amplitude is reported SB. For each beam, different amplitude is reported for two polarizations and two layers. 
Observation 2: 3 bit amplitude and 3 bit phase quantization can achieve performance close to the unquantized amplitude and phase.
Proposal 2: 3 bit amplitude and 3 bit phase quantization are used in the proposed W2 codebook [2].
Observation 3: The differential CSI, proposed for Type II CSI reporting overhead reduction in [2], shows small performance loss: ~3% loss in avg. UPT.
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Appendix: Simulation Assumptions 
[bookmark: _Ref427254851][bookmark: _Ref458526226]Table 1: Simulation Parameters
	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




R14 Adv. CSI CB	5% UPT	1	Amp. Type 0, WB	5% UPT	1.6627274875915861	Amp. Type 0, SB	5% UPT	1.7485228078468447	Amp. Type 1, WB	5% UPT	1.6379106594185771	Amp. Type 1, SB	5% UPT	1.8463720160718506	Amp. Type 2, WB	5% UPT	1.7761758449539116	Amp. Type 2, SB	5% UPT	1.8825336799810919	Amp. Type 3, WB	5% UPT	2.0512881115575516	Amp. Type 3, SB	5% UPT	2.247459229496573	Ideal	5% UPT	2.5261167572677854	



R14 Adv. CSI CB	Avg. UPT	1	Amp. Type 0, WB	Avg. UPT	1.4621005625471206	Amp. Type 0, SB	Avg. UPT	1.4764832105782058	Amp. Type 1, WB	Avg. UPT	1.5004929536623559	Amp. Type 1, SB	Avg. UPT	1.5317520153105608	Amp. Type 2, WB	Avg. UPT	1.4923157223221017	Amp. Type 2, SB	Avg. UPT	1.5295482224670882	Amp. Type 3, WB	Avg. UPT	1.6082468247984691	Amp. Type 3, SB	Avg. UPT	1.7206402598155774	Ideal	Avg. UPT	1.7383865916603842	



R14 Adv. CSI CB	5% UPT	1	Amp. Type 0, WB	5% UPT	1.95	Amp. Type 0, SB	5% UPT	1.88	Amp. Type 1, WB	5% UPT	1.9750000000000001	Amp. Type 1, SB	5% UPT	2.1680000000000001	Amp. Type 2, WB	5% UPT	1.978	Amp. Type 2, SB	5% UPT	2.097	Amp. Type 3, WB	5% UPT	2.238	Amp. Type 3, SB	5% UPT	2.5009999999999999	Ideal	5% UPT	2.5259999999999998	



R14 Adv. CSI CB	Avg. UPT	5% UPT	1	1	2 bit amp., 2 bit phase	Avg. UPT	5% UPT	1.32778518819231	1.609312219333491	2 bit amp., 3 bit phase	Avg. UPT	5% UPT	1.4154149509946066	1.9019144410304893	3 bit amp., 2 bit phase	Avg. UPT	5% UPT	1.4006263411239344	1.8536988891515009	3 bit amp., 3 bit phase	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	2 bit amp., 2 bit phase	Avg. UPT	5% UPT	1.3705851649944907	1.7714488300638147	2 bit amp., 3 bit phase	Avg. UPT	5% UPT	1.4690019138201009	2.0371070668872608	3 bit amp., 2 bit phase	Avg. UPT	5% UPT	1.5294902279185758	2.0605057905932402	3 bit amp., 3 bit phase	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	Avg. UPT	5% UPT	1	1	Diff CSI	Avg. UPT	5% UPT	0.99668123004537068	1.0346063527376099	



L = 8 beams	Avg. UPT	5% UPT	1	1	Diff CSI	Avg. UPT	5% UPT	0.97125921304059581	1.0046088259016015	



R14 Adv. CSI CB	Avg. UPT	1	Amp. Type 0, WB	Avg. UPT	1.3432697326451315	Amp. Type 0, SB	Avg. UPT	1.3610740590384505	Amp. Type 1, WB	Avg. UPT	1.3679174157629184	Amp. Type 1, SB	Avg. UPT	1.4121672562779102	Amp. Type 2, WB	Avg. UPT	1.3763266252972222	Amp. Type 2, SB	Avg. UPT	1.4088035724641885	Amp. Type 3, WB	Avg. UPT	1.4756132923505192	Amp. Type 3, SB	Avg. UPT	1.5775677086353885	Ideal	Avg. UPT	1.7383865916603842	



