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Introduction
In RAN1#86b [1], the following agreement about CSI acquisition was made.
Agreements:
· NR supports CSI reporting with two types of spatial information feedback
· Type I feedback: Normal 
· Codebook-based PMI feedback with normal spatial resolution
· Type II feedback: Enhanced 
· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 
· For Type I and II, CSI feedback per subband as well as wideband feedback are supported
· For Type I and II, beam-related feedback can be included
Samsung’s high-level view on CSI acquisition for DL and UL NR MIMO is presented in companion contributions [2-3]. The companion contribution [4] proposes explicit feedback as Type II CSI reporting. This contribution provides simulation results comparing Type I (PMI codebook-based) and Type II (explicit) CSI types and shows that performance close to ideal CSI can be achieved with explicit CSI reporting, and hence makes the proposal that explicit CSI reporting should be supported as Type II CSI reporting in NR MIMO.  
Linear Combination Based Type II (Explicit) CSI Reporting 


[bookmark: _Ref465854092]Figure 1: LC based explicit feedback framework
In Figure 1, a linear combination (LC) based reduced dimensional explicit CSI reporting framework is proposed in which a form of the DL channel is represented as an LC of basis vectors: , where
·  are basis vectors that are selected from a basis set. This selection is WB. LTE Rel. 13/14 Class A W1 codebook and LTE Rel. 14 Advanced CSI W1 codebook are two alternatives for the basis set.  
·  are LC coefficients that are selected from a channel quantization codebook. This selection is SB. The quantization codebook can be a scalar codebook (magnitude and phase or real and imaginary) or a vector codebook.
A few examples of the forms of DL channel and their LC representations are as follows: 
· Channel: For a subcarrier k in SB f, the DL channel is represented as ;
· Covariance matrix: For SB f, the covariance matrix is represented as and
· Eigenvector: For SB f, the dominant eigenvector of the covariance matrix  is represented as .
Proposal 1: For Type II (explicit) CSI reporting, a form of DL channel using a LC framework is reported, where
· the form of DL channel is at least one of channel, covariance matrix, and eigenvectors; and
· the LC framework to report explicit CSI as  comprises of the following:
· Basis set: for WB selection of L basis vectors from a basis set
· LTE Rel. 13/14 Class A W1 codebook and/or Rel. 14 Advanced CSI W1 codebook can be a good starting point for designing the basis set for NR. 
· Channel quantization codebook: for SB selection of LC coefficients for the selected L basis vectors.
· The quantization codebook can be a scalar codebook (magnitude and phase or real and imaginary) or a vector codebook.
Simulation Results
1 
To illustrate the potential performance gains with explicit CSI reporting, simulation results are provided for the following CSI reporting schemes:
· Class A: CSI reporting is based on Rel. 13 Class A codebook (and its extension to > 16 antenna ports) with Codebook-Config = 1.
· LC Implicit: CSI reporting is based on linear combination (LC) codebook proposed in companion contributions [5-7], where Rel. 13 Class A W1 codebook corresponding to Codebook-Config = 3 is considered as the W1 codebook for LC codebook.
· LC Explicit: CSI reporting is based on proposed LC based reduced dimensional explicit CSI reporting. In particular, for each SB, the dominant eigenvector is represented as , where  are L = 8 DFT beams forming (4,2) beam group as shown in Figure 2 and  is the LC coefficient vector. The un-quantized LC coefficients are assumed in the simulation which are obtained as the least-squared solution: .


[bookmark: _Ref446407979][bookmark: _Ref446935097]Figure 2: LC explicit framework used in simulation
· Ideal: the dominant DL eigenvector(s) is (are) known at the gNB/TRP (performance upper bound).
The non-full-buffer system-level evaluation is carried out for UMa-200m and UMi-2GHz channel models in medium (50% target RU) traffic loading scenarios, and dynamic switching between SU-MIMO and MU-MIMO is considered in the simulation. For each scenario, three sets of results are provided for 16, 32, and 64 antenna ports with (N1,N2) = (2,4), (4,4), and (8,4), respectively, where we assume that the first dimension is horizontal and the second dimension is vertical. The detailed results are provided in Table 3 in the Appendix. The downtilt angles in the elevation domain are chosen according to [8]. In these simulations, partial-port non-precoded CSI-RS (proposed in [4]) associated with 16 antenna ports is used for CSI estimation, and the corresponding CSI-RS overhead is taken into account in the final throughput calculation. Note that the CSI-RS overhead is the same for 16, 32, and 64 antenna ports. An illustration of partial port CSI-RS is shown in Figure 3 in which the partial antenna ports carrying CSI-RS are shown in black. Cell association antenna pattern is approximated by one-TXRU pattern, and proportional fair scheduling (max 4 layers per time-frequency resource) have been used. For MU-MIMO, SLNR precoding is considered. The relevant simulation parameters are enlisted in Table 2. The rest of the simulation assumption is according to [8]. 


[bookmark: _Ref462307627]Figure 3: Partial port CSI-RS
The performance gains for 16 antenna ports with “Class A” as reference are shown in Figure 4 and Figure 5 for UMa-200m and UMi-2GHz, respectively. Similar results for 32 and 64 antenna ports are shown in Figure 6 – Figure 9. From these results, we can make the following observation.
Observation 1: 
· Large performance gap between Rel. 13 Class A codebook based implicit and ideal CSI schemes; the gap reduces with LC codebook [5-7] based implicit CSI scheme; however, the performance gap is still large.
· LC based explicit CSI scheme, on the other hand, can reduce this gap significantly.

	


[bookmark: _Ref447193894]Figure 4: Performance gain: 16 ports, UMa-200m

[bookmark: _Ref450660279]Figure 5: Performance gain: 16 ports, UMi-2GHz

	


[bookmark: _Ref462308018]Figure 6: Performance gain: 32 ports, UMa-200m

[bookmark: _Ref462308020]Figure 7: Performance gain: 32 ports, UMi-2GHz



[bookmark: _Ref462308021]Figure 8: Performance gain: 64 ports, UMa-200m

[bookmark: _Ref462308022]Figure 9: Performance gain: 64 ports, UMi-2GHz

We also compare the performance of increasing number of antenna ports from 16 to 64 with Class A for 16 ports as reference. The comparison is shown in Figure 10 and Figure 11. We can make the following observation.
Observation 2: The performance gain with LC based explicit CSI scheme is maintained as number of antenna ports increases from 16 to 64. 

[bookmark: _Ref462308339]Figure 10: Performance gain: UMa-200m

[bookmark: _Ref462308340]Figure 11: Performance gain: UMi-2GHz
[bookmark: _Ref446598642]Conclusions
In this contribution, simulation results comparing implicit and explicit CSI reporting schemes for NR MIMO are presented. The observations and proposals made are summarized as follows. 
Observation: 
· Large performance gap between Rel. 13 Class A codebook based implicit and ideal CSI schemes; the gap reduces with LC codebook [5-7] based implicit CSI scheme; however, the performance gap is still large.
· LC based explicit CSI scheme, on the other hand, can reduce this gap significantly.
· The performance gain with LC based explicit CSI scheme is maintained as number of antenna ports increases from 16 to 64. 
Proposal 1: For Type II (explicit) CSI reporting, a form of DL channel using a LC framework is reported, where
· the form of DL channel is at least one of channel, covariance matrix, and eigenvectors; and
· the LC framework to report explicit CSI as  comprises of the following:
· Basis set: for WB selection of L basis vectors from a basis set
· LTE Rel. 13/14 Class A W1 codebook and/or Rel. 14 Advanced CSI W1 codebook can be a good starting point for designing the basis set for NR. 
· Channel quantization codebook: for SB selection of LC coefficients for the selected L basis vectors.
· The quantization codebook can be a scalar codebook (magnitude and phase or real and imaginary) or a vector codebook.
References
[1] [bookmark: _Ref449999046]RAN1#86b, Chairman’s notes
[2] R1-1612500, “CSI acquisition for DL NR MIMO,” Samsung.
[3] R1-1612501, “CSI acquisition for DL NR MIMO,” Samsung.
[4] R1-1612502, “Advanced CSI feedback for NR,” Samsung. 
[5] R1-1612415, “Linear combination codebook design framework,” Samsung.
[6] [bookmark: _GoBack]R1-1612416, “Rank 1 linear combination codebook and simulation results,” Samsung.
[7] R1-1612417, “Rank 2 linear combination codebook and simulation results,” Samsung.
[8] [bookmark: _Ref446972587]3GPP, TR36.897v1.0.1, “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”
Appendix: Simulation Assumptions 
[bookmark: _Ref427254851][bookmark: _Ref458526226]Table 2: Simulation Parameters
	Parameters
	Values

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

	Channel model
	UMi-2GHz, UMa-200m

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

	(N1,N2, P) 
	16, 32, 64 ports: (4,2,2), (4,4,2), (8,4,2), 

	(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. 13 Class A Codebook-Config = 1
LC codebook: proposed in [5-7], Codebook-Config = 3
LC Explicit: 8 beams, (4,2) beam group
Co-phase: QPSK for each beam
Coefficient: Unquantized
Ideal: dominant eigenvectors are known to the gNB/TRP



[bookmark: _Ref447191541]Table 3: Summary of non-full-buffer simulation results
	Channel
	#ports
	Scheme
	Avg. UPT
	50% UPT
	5% UPT
	Avg. UPT
gain
	50% UPT
gain
	5% UPT
gain
	RU

	UMa-200m
	16
	Class A
	18.84
	16.00
	5.56
	100.0%
	100.0%
	100.0%
	59.6%

	
	
	LC Implicit
	20.80
	18.23
	6.82
	110.4%
	113.9%
	122.7%
	55.7%

	
	
	LC Explicit
	25.87
	22.73
	9.47
	137.3%
	142.0%
	170.3%
	48.9%

	
	
	Ideal
	26.97
	23.15
	10.16
	143.1%
	144.7%
	182.9%
	47.6%

	
	32
	Class A
	20.58
	17.70
	7.07
	109.2%
	110.6%
	127.2%
	56.0%

	
	
	LC Implicit
	22.30
	20.10
	8.27
	118.3%
	125.6%
	148.7%
	52.8%

	
	
	LC Explicit
	26.93
	24.10
	10.19
	142.9%
	150.6%
	183.4%
	46.8%

	
	
	Ideal
	29.56
	27.03
	11.45
	156.8%
	168.9%
	206.0%
	43.9%

	
	64
	Class A
	20.83
	17.89
	6.76
	110.5%
	111.8%
	121.7%
	55.4%

	
	
	LC Implicit
	22.44
	20.16
	8.12
	119.1%
	126.0%
	146.2%
	52.5%

	
	
	LC Explicit
	26.79
	24.26
	10.15
	142.2%
	151.6%
	182.6%
	47.2%

	
	
	Ideal
	30.69
	28.19
	11.77
	162.8%
	176.2%
	211.7%
	43.1%

	UMi-2GHz
	16
	Class A
	18.69
	15.81
	5.91
	100.0%
	100.0%
	100.0%
	60.6%

	
	
	LC Implicit
	20.87
	18.27
	7.09
	111.7%
	115.5%
	120.0%
	56.6%

	
	
	LC Explicit
	27.41
	24.67
	9.46
	146.7%
	156.1%
	160.1%
	48.6%

	
	
	Ideal
	28.88
	26.14
	10.13
	154.6%
	165.4%
	171.4%
	47.2%

	
	32
	Class A
	21.51
	18.38
	7.29
	115.1%
	116.2%
	123.3%
	55.3%

	
	
	LC Implicit
	23.33
	21.02
	8.54
	124.8%
	132.9%
	144.5%
	52.6%

	
	
	LC Explicit
	29.45
	27.21
	10.69
	157.6%
	172.1%
	180.9%
	45.6%

	
	
	Ideal
	32.67
	32.13
	12.08
	174.8%
	203.2%
	204.3%
	42.6%

	
	64
	Class A
	21.74
	18.86
	7.20
	116.3%
	119.3%
	121.9%
	54.7%

	
	
	LC Implicit
	23.37
	21.38
	8.48
	125.0%
	135.2%
	143.6%
	52.0%

	
	
	LC Explicit
	29.23
	27.21
	10.80
	156.4%
	172.1%
	182.8%
	45.2%

	
	
	Ideal
	34.24
	34.78
	13.21
	183.2%
	220.0%
	223.5%
	40.2%



Class A	Avg UPT	5% UPT	1	1	LC implicit	Avg UPT	5% UPT	1.103640416	1.226561094	LC explicit	Avg UPT	5% UPT	1.373063044	1.703257153	Ideal	Avg UPT	5% UPT	1.4310655910000001	1.828684542	



Class A	Avg UPT	5% UPT	1	1	LC implicit	Avg UPT	5% UPT	1.1168726920000001	1.1996615909999999	LC explicit	Avg UPT	5% UPT	1.4670091510000001	1.601184433	Ideal	Avg UPT	5% UPT	1.545512923	1.7143824030000001	



Class A	Avg UPT	5% UPT	1	1	LC implicit	Avg UPT	5% UPT	1.0837424058323206	1.1696618084052639	LC explicit	Avg UPT	5% UPT	1.3090157958687729	1.4421961228243951	Ideal	Avg UPT	5% UPT	1.4364520048602674	1.6199235885099759	



Class A	Avg UPT	5% UPT	1	1	LC implicit	Avg UPT	5% UPT	1.0847126650000001	1.1721108979999999	LC explicit	Avg UPT	5% UPT	1.3692114559999999	1.467609113	Ideal	Avg UPT	5% UPT	1.518783708	1.657425199	



Class A	Avg UPT	5% UPT	1	1	LC implicit	Avg UPT	5% UPT	1.077399529	1.2009166170000001	LC explicit	Avg UPT	5% UPT	1.2863110390000001	1.4998521579999999	Ideal	Avg UPT	5% UPT	1.473375906	1.7395032530000001	



Class A	Avg UPT	5% UPT	1	1	LC implicit	Avg UPT	5% UPT	1.0748458919999999	1.178006109	LC explicit	Avg UPT	5% UPT	1.344465912	1.5001388499999999	Ideal	Avg UPT	5% UPT	1.5749378970000001	1.8340738679999999	



Class A (16Tx)	Avg UPT	5% UPT	1	1	LC implicit (16Tx)	Avg UPT	5% UPT	1.1036404160475481	1.2265610941155298	LC explicit (16Tx)	Avg UPT	5% UPT	1.3730630439397153	1.7032571531401834	Ideal (16Tx)	Avg UPT	5% UPT	1.4310655911696029	1.8286845420190752	Class A (32Tx)	Avg UPT	5% UPT	1.091859477817873	1.271729350368904	LC implicit (32Tx)	Avg UPT	5% UPT	1.183294417321163	1.4874932517545436	LC explicit (32Tx)	Avg UPT	5% UPT	1.4292613033326256	1.8340831383840202	Ideal (32Tx)	Avg UPT	5% UPT	1.5684037359371683	2.0601043728630555	Class A (64Tx)	Avg UPT	5% UPT	1.10523243472723	1.2172035270829584	LC implicit (64Tx)	Avg UPT	5% UPT	1.1907769051156867	1.4617599424149719	LC explicit (64Tx)	Avg UPT	5% UPT	1.4216726809594564	1.8256253374122726	Ideal (64Tx)	Avg UPT	5% UPT	1.6284228401613245	2.1173294943314738	



Class A (16Tx)	Avg UPT	5% UPT	1	1	LC implicit (16Tx)	Avg UPT	5% UPT	1.1168726922459462	1.1996615905245347	LC explicit (16Tx)	Avg UPT	5% UPT	1.4670091507465082	1.6011844331641285	Ideal (16Tx)	Avg UPT	5% UPT	1.5455129234227001	1.7143824027072756	Class A (32Tx)	Avg UPT	5% UPT	1.1509605608176807	1.2328257191201353	LC implicit (32Tx)	Avg UPT	5% UPT	1.2484614972975865	1.4450084602368864	LC explicit (32Tx)	Avg UPT	5% UPT	1.5759083855086424	1.8093062605752961	Ideal (32Tx)	Avg UPT	5% UPT	1.7480601487665219	2.0433164128595602	Class A (64Tx)	Avg UPT	5% UPT	1.1632685824369882	1.2186125211505923	LC implicit (64Tx)	Avg UPT	5% UPT	1.2503344571092201	1.4355329949238578	LC explicit (64Tx)	Avg UPT	5% UPT	1.5639749558516614	1.828087986463621	Ideal (64Tx)	Avg UPT	5% UPT	1.8320757746026646	2.2350253807106597	
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