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1. Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK166][bookmark: OLE_LINK167]At RAN#75 meeting, a new Study Item on Self Evaluation towards IMT-2020 submission was approved [1] and self-evaluation should be done to test whether NR can meet the ITU-R IMT-2020 requirements or not. The key minimum technical performance requirements are provided in Report ITU‑R M.2410 [2].
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Spectrum efficiency, including average spectrum efficiency and 5th percentile user spectrum efficiency, is defined in Report ITU-R M.2410. The 5th percentile user spectrum efficiency is the 5% point of the CDF of the normalized user throughput. The normalized user throughput is defined as the number of correctly received bits, i.e., the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time, divided by the channel bandwidth and is measured in bit/s/Hz. Average spectral efficiency is the aggregate throughput of all users divided by the channel bandwidth of a specific band divided by the number of TRxPs and is measured in bit/s/Hz/TRxP. Table 1 and Table 2 below are the minimum requirements of downlink spectral efficiency in Report ITU-R M.2140.

[bookmark: OLE_LINK168][bookmark: OLE_LINK169][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK36][bookmark: OLE_LINK37]Table 1 5th percentile user spectral efficiency
	Test environment
	Downlink(bit/s/Hz)

	Indoor Hotspot-eMBB
	0.3

	Dense Urban-eMBB[footnoteRef:1] [1: This requirement will be evaluated under Macro TRxP layer of Dense Urban – eMBB test environment as described in Report ITU-R M.[IMT-2020.EVAL].] 

	0.225

	Rural-eMBB
	0.12



[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK33][bookmark: OLE_LINK34]Table 2 Average spectral efficiency
	Test environment
	Downlink(bit/s/Hz/TRxP)

	Indoor Hotspot-eMBB
	9

	Dense Urban–eMBB
	7.8

	Rural-eMBB
	3.3


2. Evaluation assumption
2.1 Test environments
Three eMBB test environments are defined in ITU-R M[IMT-2020.EVAL][3] and we use them as baseline for evaluation in this contribution. In addition, for the Rural-eMBB test environment, Report [3] points out that the average spectral efficiency value should meet the threshold values for the LMLC evaluation configuration with ISD of 6000 m and either evaluation configuration with ISD of 1732 m. Therefore, we tested four configurations in our evaluation and they are given in Table 3 below, more detailed parameters of different configurations are listed in Appendix.
Table 3 Evaluation configuration
	Test environment
	Configuration
	Antenna
	Others

	Indoor Hotspot-eMBB
	Config.A
	32T 4R
	Duplex: FDD
BW: 10M
SCS: 15KHz

	Dense Urban–eMBB
	Config.A
	32T 4R
	

	Rural-eMBB
	Config.A
	8T 2R
	

	
	Config.C(LMLC)
	8T 4R
	


2.2 Overhead assumption
It’s said in [3] that evaluations of average spectral efficiency, 5th percentile user spectral efficiency, peak spectral efficiency, user experienced data rate, area traffic capacity, peak data rate, mobility, reliability, and connection density of candidate RITs/SRITs should take into account the Layer 1 and Layer 2 overhead information provided by the proponents. 
eMBB overhead assumption had been discussed in last RAN1 meeting and companies are encouraged to report their detailed OH values. When the duplex scheme is FDD, we use the assumption below and the total overhead is about 33.407% and 30.549% for 32 Tx ports and 8 Tx ports respectively in our simulator.
Table 4 Overhead Assumption
	Item
	Value

	PDCCH
	2 complete symbols

	DMRS
	Type Ⅱ，24RE/PRB/slot

	SSB
	1 SSB/20ms

	CSI-RS (for CSI)
	FDD: 4/8/16/32 ports with 10slots period

	CSI-RS (for IM)
	4 RE/PRB/10slots

	TRS
	2(burst length)*4 RE/PRB/periodicity; 8 RE/PRB/20ms


3. Initial evaluation results
According to evaluation assumption above, we have got the initial evaluation results for different eMBB test environments:
Table 5 Initial evaluation results for FDD
	Test environment
	Configuration
	DL average spectral efficiency
(bit/s/Hz/TRxP)
	DL 5th percentile user spectral efficiency (bit/s/Hz)

	
	
	Requirement
	Simulated
	Requirement
	Simulated

	Indoor Hotspot-eMBB
	Config.A
	9
	11.5
	0.3
	0.31

	Dense Urban-eMBB
	Config.A
	7.8
	11.3
	0.225
	0.46

	Rural-eMBB
	Config.A
	3.3
	5.26
	0.12
	0.17

	
	Config.C(LMLC)
	
	6.99
	
	0.25



Observation: In FDD, NR can fulfill the IMT-2020 requirements on DL spectral efficiency, including average spectral efficiency and 5th percentile user spectral efficiency, for all the eMBB test environments.
4. Conclusion
In this contribution, we provide our assumptions for the spectrum efficiency evaluation and initial evaluation results for downlink average spectral efficiency and downlink 5th percentile user spectral efficiency. As we can see, the simulation results are obviously larger than ITU requirements and we get an observation that,
Observation: In FDD, NR can fulfill the IMT-2020 requirements on DL spectral efficiency, including average spectral efficiency and 5th percentile user spectral efficiency, for all the eMBB test environments.
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6. Appendix

Table 6 Parameters for spectrum efficiency evaluation
	Parameter
	Value

	Test environment
	Indoor Hotspot-eMBB
	Dense Urban–eMBB
	Rural–eMBB
	Rural–eMBB (LMLC)

	System bandwidth
	FDD: 10MHz
	FDD: 10MHz
	FDD: 10MHz
	FDD: 10MHz

	Subcarrier spacing
	FDD: 15kHz
	FDD: 15kHz
	FDD: 15kHz
	FDD: 15kHz

	Symbols number per slot
	14
	14
	14
	14

	Scheduling
	MU-PF
	MU-PF
	MU-PF
	MU-PF

	Carrier frequency for evaluation
	4 GHz
	4 GHz
	700 MHz
	700 MHz

	BS antenna height
	3 m
	25 m
	35 m
	35 m

	Total transmit power per TRxP
	21 dBm for 10MHz bandwdith
	41 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type
	
	20% high loss, 80% low loss (applies to Channel model B)
	100% low loss (applies to Channel model B)
	100% low loss (applies to Channel model B)

	Inter-site distance
	20m
	200 m
	1732 m
	6000 m

	Number of antenna elements per TRxP
	32Tx/Rx, (M,N,P,Mg,Ng) = (4,4,2,1,1), (dH,dV) = (0.5, 0.5)λ

+45°, -45° polarization
	128Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	32TXRU, (Mp,Np,P,Mg,Ng) = (4,4,2,1,1)
(1-to-1 mapping)
	32TXRU, (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)

	Number of UE antenna elements
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°,90° polarization
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°,90° polarization
	2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)

0°,90° polarization
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°,90° polarization

	Number of TXRU per UE
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)
	2TXRU (1-to-1 mapping)
	4TXRU (1-to-1 mapping)

	Device deployment
	100% indoor
Randomly and uniformly distributed over the area
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area
	40% indoor,
40% outdoor (pedestrian), 20% outdoor (in-car)
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
	Indoor users: 3 km/h;
Outdoor users (pedestrian): 3 km/h;
Outdoor users (in-car): 30 km/h

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB
	7 dB
	7 dB

	BS antenna element gain
	5dBi
	8 dBi
	8 dBi
	8 dBi

	BS antenna element pattern
	See 8.5 in [3]
	See 8.5 in [3]
	See 8.5 in [3]
	See 8.5 in [3]

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional
	Omni-directional
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	10MHz
	10 MHz
	10 MHz
	10 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5m
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)
	1.5 m
	1.5 m

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B

	TRxP number per site
	1
	3
	3
	3

	Mechanic tilt
	180° in GCS (pointing to the ground)

Top view: 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	90° in LCS
	(According to Zenith angle in "Beam set at TRxP")
	[100°] in LCS
	[96°] in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	-
	30 / 150 / 270 degrees
[image: cid:image004.png@01D19614.C45E6D10]
	30 / 150 / 270 degrees
[image: cid:image004.png@01D19614.C45E6D10]
	30 / 150 / 270 degrees
[image: cid:image004.png@01D19614.C45E6D10]

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	No wrapping around
	Geographical distance based wrapping
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=0m
	d2D_min=10m
	d2D_min=10m
	d2D_min=10m

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873
	Model-2 in TR36.873
	Model-2 in TR36.873

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	-
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16] 
Zenith angle θj = [5*pi/8, 7*pi/8]

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam)
	
	

	Beam set at UE
(Constraints for the range of selective analog beams for UE)
	-
	-
	
	

	Criteria for selection for serving TRxP
	-
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered
	
	

	Criteria for analog beam selection for serving TRxP
	-
	Select the best beam pair among the limited set of DFT analog beams, based on the criteria of maximizing receive power after beamforming.
	
	

	Criteria for analog beam selection for interfering TRxP
	-
	Random selecting the random beams for non-serving TRxP
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