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1 Introduction
In RAN1 #85, the evaluation assumptions for NR were agreed [1]. In this contribution, we provide initial DL spectral efficiency simulation results for NR in the full buffer traffic model. Two scenarios corresponding to dense urban and urban macro deployment were considered. As a main technology to achieve the high spectral efficiency value higher order MU-MIMO with FD-MIMO antenna architecture was used. We also provide calibration results for the below 6GHz scenarios.
2 Simulation assumptions 
In this contribution NR performance in homogeneous scenario and sub-6GHz carrier frequency have been evaluated. The simulation assumptions used in the evaluation are provided in Table 1 and are based on the NR agreements in [1]. 
Table 1: Simulation assumptions for NR evaluations
	Parameter
	Value

	Scenario
	Dense urban
	Urban macro

	Layout
	Single layer:

Macro layer: Hex. Grid

	Channel model
	3D UMa, ISD = 200 m
	3D UMa, ISD = 500m

	Carrier frequency
	4 GHz
	4 GHz

	Aggregated system bandwidth
	200 MHz (UL + DL)

	Simulation bandwidth
	20 MHz per CC

	Tx power
	BS: 44 dBm 


	BS: 49 dBm 



	UE distribution
	Uniform (10 users per TRP) -80% indoor (3 kmph) -20% outdoor (30 kmph)

	BS antenna configuration
	8x8x2 URA X-pol, slants -45/+45 degree, 32 and 64 TXRUs

0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	4 Rx X-pol, slant 0/90 degrees 

	Traffic model
	Full buffer

	TRP association
	RSRP based
Handover margin = 3dB

	Channel estimation 
	Ideal 

	Interference covariance estimation
	Ideal

	CSI feedback
	Sub-band PMI/CQI, codebook and SVD based

	Transmission mode
	DM-RS based MU-MIMO

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4



To maximize the spectral efficiency performance of NR high order MU-MIMO transmission scheme was considered for simulations. Two precoding schemes were considered in the evaluations: codebook-based precoding and SVD-based precoding, with one spatial layer per UE for both schemes. The MU-MIMO beamforming was obtained using SLNR technique. Greedy proportional fair scheduling algorithm was considered for MU-MIMO user scheduling and grouping. The grouping of the UEs was based on the SU-MIMO CQI feedback, while the link adaption was based on the MU-MIMO CQIs calculated based on the MU-MIMO scheduling assumptions.
The following subframe structure was assumed in the evaluations, where 1 OFDM symbol was used for DL control information transmission, followed by 11 OFDM symbol of data channel and one-symbol DM-RS, followed by 2 OFDM symbols for guard period and uplink control information transmission (CSI, ACK/NACK reports). So, the overall overhead was ~28%.
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Figure 1: Subframe structure assumed for evaluations
3 Simulation Results
Table 2 and Table 3 shows DL spectral efficiency result for Dense Urban and Urban Macro scenarios with 32 and 64 antenna ports: 32 TXRUs (2x8x2 port layout), 64 TXRUs (4x8x2 port layout). Two preoding schemes based on the codebook-based precoding and ideal (SVD) precoding are provided, were SVD based scheme is mainly used as reference. Also 3x IMT-Advanced spectral efficiency requirements for Microcellural test enviroment [2] are provided in the tables.  
Table 2: Spectral efficiency for Dense Urban scenario
	
	32 TXRU, Codebook
	32 TXRU, SVD
	64 TXRU, Codebook
	64 TXRU, SVD
	3x IMT-A requirements

	SE [b/s/Hz/BS]
	11.80
	14.95
	14.88
	17.94
	7.8

	cell-edge SE [b/s/Hz/UE]
	0.386
	0.493
	0.508
	0.671
	0.255


Table 3: Spectral efficiency for Urban Macro scenario 
	
	32 TXRU, Codebook
	32 TXRU, SVD
	64 TXRU, Codebook
	64 TXRU, SVD
	3x IMT-A requirements

	SE [b/s/Hz/BS]
	10.46
	13.20
	11.55
	14.36
	7.8

	cell-edge SE [b/s/Hz/UE]
	0.317
	0.335
	0.331
	0.377
	0.255


It can be seen that usage of the high order MU-MIMO with FD-MIMO can provide high spectral efficiency values of NR that could meet 3x IMT-Advanced requirements.
Observation: NR DL MU-MIMO with more than 32 TXRU could meet 3x IMT-Advanced spectral efficiency requirements.
Figures 2 and 3 show total rank at BS distribution for Dense Urban and Urban Macro scenarios respectively with 32 TXRU and different precoding schemes. It can be observed from the figures that rank of MU-MIMO transmission varies in large range and basically limited by the number of serving UEs on BS. Median rank value is around 9. Total rank at BS distributions for scenarios with 64 TXRU antenna on BS provides similar distribution and not shown.
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Figure 2: CDF of Total Rank at BS (Dense Urban), 32 TXRU
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Figure 3: CDF of Total Rank at BS (Urban Macro), 32 TXRU
Summary
In this contribution evaluation results of DL spectral efficiency have been provided for NR sub-6GHz network with 128 antenna elements (32 and 64 TXRU) on BS, 4 antenna elements on UE and different precoding schemes: codebook-based and ideal (SVD). Two scenarios corresponding to Dense Urban and Urban Macro deployments were considered. It has been observed that NR network with MU-MIMO and FD-MIMO provides high values of DL spectral efficiency in both scenarios NR and could meet 3x IMT-Advanced requirements. 
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Appendix


Phase 1 calibration results for system level simulations of macro layer Dense Urban scenario is provided below (fig. 4). Simulation assumptions considered following [86-20] email discussion on MIMO calibration for NR.
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Figure 4: CDF of wideband SINR with and without beamforming.

Evaluation results of DL spectral efficiency for phase 2 calibration of macro layer Dense Urban scenario is shown in figure 5 as CDF of spectral efficiency. 
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Figure 5: CDF of DL spectral efficiency.

Average cell and cell-edge DL spectral efficiency for macro layer Dense Urban scenario are represented in table 4.
Table 4: Spectral efficiency for macro layer Dense Urban scenario

	Average cell SE [b/s/Hz]
	2.30

	Average cell-edge SE [b/s/Hz/user]
	0.095
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