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Introduction
It is expected that MIMO will be one of the key enablers to meet the high system throughput requirements for NR. Samsung’s view on NR MIMO is presented in companion contributions [1-2]. In RAN1#85, the following agreement about CSI acquisition was made.
Agreements:
· In NR multi-antenna schemes, studies on CSI acquisition framework include
· CSI reporting schemes
· Implicit CSI feedback
· Parameters indicating channel quality based on a set of transmission and receiving hypotheses associated with one particular UE, e.g. CQI, PMI, RI, CRI
· Explicit CSI feedback: for both quantized and unquantized/analog CSI feedback
· Parameters representing channel coefficients or some reduced-space representation thereof
· Reciprocity-based feedback
· For example, take into account interference and/or receiver hypothesis can be included
· Note: including aperiodic, periodic and semi-persistent, and single/wide band and sub-band feedback
· Mixed feedback is not precluded
· Interference measurement
· FFS: CSI measurement and/or reporting and/or triggering can be ‘self-contained’ in at least time domain
The companion contribution [3] proposes the CSI acquisition based on a dual-mode CSI feedback framework where the two CSI modes correspond to implicit and explicit CSIs. This contribution provides simulation results for two modes (implicit and explicit), shows that performance close to ideal CSI can be achieved with explicit CSI feedback, and hence makes the proposal that explicit CSI feedback should be supported in NR MIMO. 
Simulation Results for Explicit CSI Feedback
1 
To illustrate the potential performance gains with explicit feedback, simulation results are provided for the following schemes:
· Implicit feedback: CSI feedback is based on Rel. 13 Class A codebook with Codebook-Config = 3.
· Explicit feedback: CSI feedback is based on linear combination (LC) based explicit CSI feedback proposed in [4], and illustrated in Figure 1. For each SB, the dominant eigenvector is represented as , where  belongs to {1,j,-1,-j};  are L = 8 DFT beams forming (4,2) beam group (as shown in Figure 1); and the (un-quantized) coefficients  where .


[bookmark: _Ref446407979][bookmark: _Ref446935097]Figure 1: LC based explicit CSI feedback
· Ideal feedback: the dominant DL eigenvector(s) is (are) known at the eNB (which serves as an upperbound).
The non-full-buffer system-level evaluation is carried out for UMa-200m and UMi-2GHz channel models in heavy (70% target RU) traffic loading scenarios, and dynamic switching between SU-MIMO and MU-MIMO is considered in the simulation. Two sets of results are provided for rank 1 and rank 2, respectively and the detailed results are provided in Table 2 and Table 3 in the Appendix. The results are provided for 16 antenna ports with (N1,N2) = (2,4), where we assume that the first dimension is horizontal and the second dimension is vertical. The downtilt angles in the elevation domain are chosen according to [5]. In these simulations, full-port non-precoded CSI-RS is used for CSI estimation, and the corresponding CSI-RS overhead is taken into account in the final throughput calculation. 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 1. The rest of the simulation assumption is according to [5].
Rank 1 Results
The first simulation results are for rank 1 in which UEs report rank 1 CSI and eNB performs SU/MU scheduling with rank 1. The performance gains with “Implicit feedback” as reference are shown in Figure 2 and Figure 3 for UMa-200m and UMi-2GHz, respectively. From these results, we can make the following observation.
Observation 1: For rank 1, 
· Performance gap between implicit and ideal CSI feedback is large: 
· Avg. UPT gap: approximately 25% for both UMa-200m and UMi-2GHz; and 
· 5% UPT gap: 90% for UMa-200m and 70% for UMi-2GHz.
· Performance gap between explicit and ideal CSI feedback is small: 
· Avg. UPT gap: approximately 3% for both UMa-200m and UMi-2GHz; and 
· 5% UPT gap: 15% for UMa-200m and 10% for UMi-2GHz.

	


[bookmark: _Ref447193894]Figure 2: Performance gain: UMa-200m, Rank 1

[bookmark: _Ref450660279]Figure 3: Performance gain: UMi-2GHz, Rank 1

Rank 2 Results
The second simulation results are for rank 2 in which UEs report either rank 1 or rank 2 CSI and eNB performs SU/MU scheduling with rank 1 and 2 switching if reported CSI is rank 2. The performance gains with “Implicit feedback” as reference are shown in Figure 4 for UMi-2GHz. From these results, we can make the following observation.
Observation 2: For rank 2 and UMi-2GHz, 
· Performance gap between implicit and ideal CSI feedback is large: 
· Avg. UPT gap: 56%; and 
· 5% UPT gap: 70%.
· Performance gap between explicit and ideal CSI feedback is small: 
· Avg. UPT gap: 7%; and 
· 5% UPT gap: 8%.


[bookmark: _Ref458582219]Figure 4: Performance gain: UMi-2GHz, Rank 2
We finally compare the performance of rank 1 and rank 2 simulation results. The comparison is shown in Figure 5 with rank 1 implicit scheme as reference. We can make the following observation.
Observation 3: Comparing rank 1 and rank 2 performance for UMi-2GHz, 
· Avg. UPT: Implicit CSI scheme shows small performance gain of 6%; whereas explicit CSI scheme shows significant performance gain of 58%.
· 5% UPT: Implicit CSI scheme shows performance loss of 9%; whereas explicit CSI scheme shows performance gain of 49%.

[bookmark: _Ref458584334]Figure 5: Performance gain: UMi-2GHz, Rank 1 vs. Rank 2 
Since the gap between implicit and ideal CSI feedback schemes is large, which can be reduced significantly with LC based explicit CSI feedback, we propose that NR MIMO should support advanced CSI feedback schemes belonging to the category of explicit feedback.   
[bookmark: _Ref446598642]Proposal 1: NR MIMO supports explicit feedback.
Conclusions
In this contribution, the need for advanced CSI feedback based on explicit CSI feedback for NR MIMO is presented. The observations and proposals made are summarized as follows. 
Observation: 
· Performance gap between implicit and ideal CSI feedback is large: 
· ~25-56% gap in Avg. UPT, 70-90% gap in 5% UPT.
· Performance gap between explicit and ideal CSI feedback is small: 
· ~3-7% gap in Avg. UPT, 8-15% gap in 5% UPT.
· Performance of rank 2 CSI over rank 1 CSI for 
· Implicit feedback shows ~6% gain in avg. UPT and ~9% loss in 5% UPT; and
· Explicit feedback shows ~58% gain in avg. UPT and ~49% gain in 5% UPT. 
Proposal: NR MIMO supports explicit feedback.
References
[1] [bookmark: _Ref449999046]R1-166781, DL MIMO for NR, Samsung.
[2] R1-166782, DL MIMO for NR, Samsung.
[3] R1-166783, Advanced CSI feedback for NR, Samsung.
[4] R1-166735, LC based explicit CSI feedback and simulation results, Samsung.
[5] [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 1: Simulation Parameters
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Heavy load 70% Target RU)

	Channel model
	UMi-2GHz, UMa-200m

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

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

	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
	Ideal

	Transmission rank
	1,2

	Receiver 
	MMSE-IRC

	CSI feedback schemes
	Implicit: Rel. 13 Class A Codebook-Config = 3
Explicit: Linear combination using 8 beams with (4,2) beam group [4]
Co-phase: QPSK
Coefficient: Un-quantized
Ideal: dominant eigenvectors are known to the eNB



[bookmark: _Ref447191541]Table 2: Summary of non-full-buffer simulation results – Rank 1
	(N1,N2)
	(O1,O2)
	Channel
	Lambda
	Scheme
	Avg UPT
	50% UPT
	5% UPT
	RU
	Avg UPT gain
	50% UPT gain
	5% UPT gain

	(2,4)
	(8,8)
	UMa-200m
	4
	Implicit
	17.20
	17.24
	5.78
	57.6%
	100.0%
	100.0%
	100.0%

	
	
	
	
	Explicit
	21.09
	22.47
	10.06
	50.3%
	122.6%
	130.3%
	174.1%

	
	
	
	
	Ideal
	21.59
	22.99
	10.97
	49.8%
	125.6%
	133.3%
	189.9%

	(2,4)
	(8,8)
	UMi-2GHz
	4
	Implicit
	17.37
	17.49
	6.49
	58.9%
	100.0%
	100.0%
	100.0%

	
	
	
	
	Explicit
	21.41
	22.86
	10.41
	51.3%
	123.3%
	130.7%
	160.3%

	
	
	
	
	Ideal
	21.95
	23.53
	11.05
	50.6%
	126.4%
	134.5%
	170.3%



[bookmark: _Ref458528101]Table 3: Summary of non-full-buffer simulation results – Rank 2
	(N1,N2)
	(O1,O2)
	Channel
	Lambda
	Scheme
	Avg UPT
	50% UPT
	5% UPT
	RU
	Avg UPT gain
	50% UPT gain
	5% UPT gain

	(2,4)
	(8,8)
	UMi-2GHz
	4
	Implicit
	18.36
	15.29
	5.91
	61.2%
	100.0%
	100.0%
	100.0%

	
	
	
	
	Explicit
	27.46
	24.17
	9.67
	48.4%
	149.5%
	158.0%
	163.6%

	
	
	
	
	Ideal
	28.80
	25.89
	10.11
	47.1%
	156.9%
	169.3%
	171.1%



Implicit	Avg UPT	50% UPT	5% UPT	1	1	1	Explicit	Avg UPT	50% UPT	5% UPT	1.2263053843470171	1.3034046749028481	1.7405227626795914	Ideal	Avg UPT	50% UPT	5% UPT	1.2555529712757296	1.3333333333333333	1.8994287692574001	



Implicit	Avg UPT	50% UPT	5% UPT	1	1	1	Explicit	Avg UPT	50% UPT	5% UPT	1.2327576280944157	1.3070105215004575	1.6034828170750499	Ideal	Avg UPT	50% UPT	5% UPT	1.2635002878526194	1.3454368709972553	1.7034982277700725	



Implicit	Avg UPT	50% UPT	5% UPT	1	1	1	Explicit	Avg UPT	50% UPT	5% UPT	1.4953983553885533	1.5804996076379807	1.6361482484345913	Ideal	Avg UPT	50% UPT	5% UPT	1.5685890105102651	1.6930421135234111	1.7109493992215263	



Implicit (Rank 1)	Avg UPT	50% UPT	5% UPT	1	1	1	Explicit (Rank 1)	Avg UPT	50% UPT	5% UPT	1.2327576280944157	1.3070105215004575	1.6034828170750499	Ideal (Rank 1)	Avg UPT	50% UPT	5% UPT	1.2635002878526194	1.3454368709972553	1.7034982277700725	Implicit (Rank 2)	Avg UPT	50% UPT	5% UPT	1.0569948186528497	0.87431381518755713	0.91077207582061959	Explicit (Rank 2)	Avg UPT	50% UPT	5% UPT	1.5808865860679331	1.3820905763952427	1.4902142086608106	Ideal (Rank 2)	Avg UPT	50% UPT	5% UPT	1.6580310880829014	1.4804437328453797	1.5580212667591309	
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