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Introduction
In 3GPP RAN1 #85 meeting, there are general consensuses with NR system level evaluation assumptions of eMBB[1]. This contribution provides some initial evaluation results for NR MIMO below 6GHz (4GHz).  Impact of array configurations and feedback schemes on performance for MU-MIMO are studied.
Array configurations and feedback schemes  

Array configurations
The array configuration is essential to the achievable spectrum efficiency, and the agreed BS antenna configuration assumptions [1] are as follows:
4GHz:
Dense urban and Urban macro:
- Baseline: (M,N,P,Mg,Ng) = (8,8,2,1,1).
- Note that for Urban macro, companies are also encouraged optionally to investigate larger panels, e.g. (8,16,2,1,1)
Base on the agreed evaluation assumption, the array configurations (M,N,P,Mg,Ng) = (8,4,2,1,1), (8,8,2,1,1) are used for our initial system evaluation of NR MIMO below 6GHz (4GHz).

Feedback schemes
Three feedback schemes are discussed and evaluated.
· Alt1: Beamformed CSI-RS feedback similar to class B, K > 1 feedback in LTE R13. The M antenna elements per column per polarization generate 8 beams for CSI-RS by 8 DFT vectors.
· Alt2: Non-precoded CSI-RS feedback based on class A as in LTE R13. R13 codebook is extended to 32 ports codebook for CSI feedback. Two adjacent co-polarized antenna elements per column per polarization are virtualized as one port with downtilt angle optimized for each scenario. Two adjacent co-polarized antenna elements per row per polarization are virtualized as one port with panning angle for array configuration (8,8,2,1,1).
· Alt3: Reciprocity-based feedback, where beamformed and rank are calculated by SVD method with uplink sounding.
In this contribution, MU-MIMO with above feedback schemes are evaluated for different array configurations (M,N,P,Mg,Ng). System simulation results with following assumptions are presented: 
· BS antenna array configurations (M,N,P,Mg,Ng) =( 8,4,2,1,1), (8,8,2,1,1) and antenna port mapping as given in Table I.
Table I: Array configurations and antenna port 
	BS antenna array configuration
(M,N,P,Mg,Ng) 
	Number of BS antenna elements
	Feedback scheme
	Number of CSI-RS port 
	Number of CSI-RS port for vertical dimension
	Number of CSI-RS port for horizontal dimension

	(8,4,2,1,1)
	64
	Alt1
	81)
	1
	8

	
	
	Alt2
	32
	42)
	8

	
	
	Alt3
	-
	-
	-

	(8,8,2,1,1)
	128
	Alt1
	161)
	1 
	16

	
	
	Alt2
	32
	42)
	83)

	
	
	Alt3
	-
	-
	-

	Note 1:  Number of  CSI-RS port for one beam. There are 8 beams.
Note 2: The two adjacent co-polarized antenna elements per column per polarization were virtualized as one port with downtilt angle optimized for each scenario.
Note 3: The two adjacent co-polarized antenna elements per row per polarization were virtualized as one port by panning angle



· Full-buffer traffic model
Detailed simulation assumptions are listed in appendix.
Simulation results
Figure 1 shows the results of different feedback schemes in Dense urban scenario (single layer), and Figure 2 depicts the results obtained in Urban macro scenario. In the comparison, Alt3 is taken as baseline. It can be seen that Alt1 and Alt2 show significant performance loss to Alt3 in terms of cell edge user SE and cell average SE in  both scenarios. In the case of array configuration (8,4,2,1,1), performance of Alt1 and Alt2 are similar. But in the case of array configuration (8,8,2,1,1), performance of Alt2 is significantly lower than Alt1. It can be seen that relative performance loss of Alt2 to Alt1 for cell edge user SE is up to 15%, and for cell average SE is up to 9%. For array configuration (8,8,2,1,1), performance of Alt2 is worst among the 3 alternatives given in previous section. It can be concluded that direct extension of class A codebook is not suitable for array configuration (8,8,2,1,1). Beamformed CSI-RS is more appropriate when antenna array size is large, and this is consistent with the conclusion of LTE Rel-13 FD-MIMO study.
Observation: 
· Beamformed CSI-RS is suitable for large antenna array.
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                                       Figure 1: Comparison of feedback schemes in Dense urban scenario (single layer)
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                                      Figure 2: Comparison of feedback schemes in Urban macro scenario

Figures 3 and 4 present the results in a different perspective. The performance of different array configuration are compared assuming the same feedback scheme. In the case of feedback scheme Alt1, array configuration (8,8,2,1,1) achieves significant SE gain (up to 24% for cell edge user SE, and up to 17% for cell average SE) over array configuration (8,4,2,1,1). In the case of feedback scheme Alt3, array configuration (8,8,2,1,1) achieves significant SE gain (up to 33% for cell edge user SE, and up to 22% for cell average SE) over array configuration (8,4,2,1,1). In Dense urban (single layer) scenario, the cell edge user SE is up to 0.202 bps/Hz/user and the cell average SE is up to 7.448 bps/Hz. And in Urban macro scenario, the cell edge user SE is up to 0.136 bps/Hz/user and the cell average SE is up to 6.843bps/Hz. It can be expected that with larger array such as (8,16, 2,1,1) and up to 8 receiving antennas, higher SE can be achieved.
But in the case of feedback scheme Alt2, array configuration (8,8,2,1,1) gives no gain and even loss over configuration (8,4,2,1,1). Codebook for large antenna array needs careful design.

Observation: 
· Direct extension of class A codebook is not appropriate for large antenna array, and the codebook for large antenna array needs careful study.
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Figure 3: Comparison of different array configurations in Dense urban(single layer) scenario
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Figure 4: Comparison of different array configurations in Urban macro scenario

Conclusions
In this contribution, initial evaluation results for NR MIMO are provided. Simulation results show that with array configuration (8,8,2,1,1), high spectral efficiency can be achieved. In Dense urban(single layer) scenario, the cell edge user SE  is up to 0.202 bps/Hz/user and  the cell average SE is up to 7.448 bps/Hz. And in Urban macro scenario, the cell edge user SE is up to 0.136 bps/Hz/user and the cell average SE is up to 6.843bps/Hz. 
From the evaluation results, we have the following observations:

Observations:

· Beamformed CSI-RS is suitable for large antenna array.
· Direct extension of class A codebook is not appropriate for large antenna array, and the codebook for large antenna array needs careful study.
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Appendix

Table A1: Simulation assumptions
	Parameter
	Value

	Scenario
	Dense urban(single layer)/ Urban macro

	Macro layer
	Hex. Grid

	Number of BS antenna elements across all panels
	64,128

	BS Antenna Array configuration
(M,N,P,Mg,Ng)
	(M,N,P,Mg,Ng) = (8,4,2,1,1) ,
(M,N,P,Mg,Ng) = (8,8,2,1,1) ,

	BS antenna Spacing (dH,dV,dHg,dVg)
	(dH,dV,dHg,dVg) =(0.5, 0.8,N/A,N/A)λ.

	BS polarization
	X-pol (+/-45)

	BS antenna element gain pattern
	According to TR36.873

	Number of MS antenna elements across all panels
	2

	MS Antenna Array configuration
(M,N,P,Mg,Ng)
	(M,N,P,Mg,Ng) = (1,1,2,1,1) 

	MS antenna Spacing (dH,dV,dHg,dVg)
	(dH,dV,dHg,dVg) =(0.5, N/A,N/A,N/A)λ.

	MS polarization
	X-pol (0/90)

	BS antenna element gain pattern
	Omnidirectional, 0dBi

	Downtilt angle
	104 degree

	Panning angle
	0 degree

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	BS Tx power
	41dBm/46dBm

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	UE  distribution
	Follows 36.873 3D-UMa

	UE speed
	20% of users are outdoors (3km/h)
80% of users are indoor (3km/h) 

	Model of cross polarization
	36.814

	Traffic model
	Full buffer

	Scheduling algorithm
	PF

	Receiver
	Realistic interference estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	Codebook Parameters 
	Config4 and (O1,O2)=(8,4) for Alt2

	CSI feedback
	PUSCH 3-2

	
	CQI, PMI reporting triggered per 5ms
RI triggered per 120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB

	Channel estimation
	Ideal

	Metrics 
	Cell average SE, and cell edge user SE
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