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Introduction
This contribution provides evaluation results for FR1 eMBB downlink spectral efficiency results.
Test environments and evaluation configurations
Report ITU-R M.2412 defines five test environments, each reflecting a geographic environment and usage scenario [1].  Of these five environments, the three associated with the eMBB usage scenario were simulated. These environments are summarized in Table 1.  

[bookmark: _Ref521594466]Table 1: Test environments and evaluation configurations simulated
	Test environment
	Evaluation configuration
	Carrier frequency
	ISD
	Remark

	Indoor Hotspot – eMBB
	Config. A
	4 GHz
	20 m
	

	Dense Urban – eMBB
	Config. A
	4 GHz
	200 m
	Macro layer only

	Rural - eMBB
	Config. A
	700 MHz
	1732 m
	

	
	Config. B
	4 GHz
	1732 m
	

	
	Config. C (LMLC)
	700 MHz
	6000 m
	



[bookmark: _Ref169246743]Average and 5th Percentile Spectral Efficiency Requirements
ITU-R M.2410 defines two spectral efficiency (SE) requirements for IMT-2020.  The first, defined in Sec. 4.5, is the average spectral efficiency, defined as:
Average spectral efficiency is the aggregate throughput of all users (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 of a specific band divided by the number of TRxPs and is measured in bps/Hz/TRxP. 
The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the uplink/downlink ratio.
Mathematically, the average SE can be expressed

		,
where Ri (T) is the number of correctly received bits through time T by user i (downlink) or from user i (uplink) in a system comprising a user population of N users and M TRxPs.  The channel bandwidth is denoted by W. 

The second spectral efficiency requirement, 5th percentile spectral efficiency, is defined in Section 4.4:
The 5th percentile user spectral 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. 
The channel bandwidth has the same definition as given in the definition of average spectral efficiency. The normalized user throughput of user i is defined as 

,
with Ri (Ti) denoting the number of correctly received bits of user i with active session time Ti and channel bandwidth W. 

Minimum Spectral Efficiency Requirements
The minimum requirement for downlink 5th percentile user SE and downlink average SE are given below: [2]
Table 2: Average spectral efficiency
	Test environment
	Downlink (bit/s/Hz/TRxP)

	Indoor Hotspot – eMBB
	9

	Dense Urban – eMBB (Macro layer)
	7.8

	Rural - eMBB
	3.3


Table 3: 5th percentile user spectral efficiency
	Test environment
	Downlink 
(bit/s/Hz)

	Indoor Hotspot – eMBB
	0.3

	Dense Urban – eMBB (Macro layer)
	0.225

	Rural - eMBB
	0.12


Evaluation Results
Based on RAN1 agreements in [3] and channel model email reflector discussion summarized in [4], simulations for the test environments and configurations of Table 1 were performed and the average and 5th percentile SE statistics calculated.  The results are shown in Table 4. The results for Rural eMBB 4 GHz will be add in a revision to this contribution. The simulation assumption are given in Table 5  ̶ Table 8.  It can be observed that both average and cell edge spectral efficiency exceed the IMT-2020 requirements for all three environments.
[bookmark: _GoBack]Observation 1: NR FDD in FR1 has the potential to fulfill DL spectral efficiency requirements in Indoor hotspot, Dense Urban, and Rural – eMBB Configurations A and C. 
[bookmark: _Ref521596240]Table 4: FR1 FDD Simulation Results
	Environment
	Performance Metric
	Evaluation Result
	IMT-2020 Requirement

	Indoor Hotspot – eMBB
Configuration A (12 TRP)
	Average SE
	9.18
	9.0

	
	5th Percentile SE
	0.40
	0.3

	Dense Urban –eMBB
Configuration A
	Average SE
	10.1
	7.8

	
	5th Percentile SE
	0.45
	0.225

	Rural – eMBB 700 MHz
Configuration A
	Average SE
	4.00
	3.3

	
	5th Percentile SE
	0.14
	0.12

	Rural – eMBB LMLC
Configuration C
	Average SE
	4.40
	3.3

	
	5th Percentile SE
	.21
	.12


	
	



Conclusions
This contribution presented simulated evaluation results for NR FDD downlink spectral efficiency in frequency range 1. Based on the evaluation, the following observation can be made:
Observation 1: NR FDD in FR1 has the potential to fulfill DL spectral efficiency requirements in Indoor hotspot, Dense Urban, and Rural – eMBB Configuration A. 
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Appendix
[bookmark: _Ref521680618]Table 5: FDD Indoor Hotspot Simulation Parameters
	Technical configuration Parameters 

	Modulation
	Up to 256 QAM

	Coding on PDSCH
	LDPC

	Numerology
	15 kHz SCS,
14 OFDM symbol slot

	Guard band ratio on simulation bandwidth
	6.40%

	Simulation bandwidth
	10 MHz

	Transmission scheme
	closed SU/MU-MIMO adaptation

	DL CSI measurement
	Non-precoded CSI-RS  based

	DL codebook
	Type II codebook;
4beam, wb+sb, 8psk

	MU dimension
	Up to 12 layers

	SU dimension
	Up 2 layers (due to Type II feedback)

	CSI feedback
	PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based 

	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	ACK/NACK delay
	The next available UL slot

	Re-transmission delay
	The next available DL slot after receiving NACK

	Antenna configuration at TRxP
	(M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)
(dH,dV) = (0.5, 0.5)λ

	Antenna configuration at UE
	(M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Channel estimation
	Non-ideal

	System configuration parameters 

	TRxP number per site
	1

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

	Electronic tilt
	90° in LCS

	Handover margin (dB)
	1

	Other Parameters 

	Channel Model
	Channel Model A

	TRxP total transmit power
	21 dBm





Table 6: FDD Dense Urban Simulation Parameters
	Technical configuration Parameters

	Modulation
	Up to 256 QAM

	Coding on PDSCH
	LDPC

	Numerology
	15KHz 14 OFDM symbol slot

	Guard band ratio on simulation bandwidth
	6.4%

	Simulation bandwidth
	10 MHz

	Transmission scheme
	Closed SU/MU-MIMO adaptation

	DL CSI measurement
	Non-precoded CSI-RS  based

	DL codebook
	Type II codebook;
4beam, wb+sb, 8psk

	PRBs bundling per SB
	4 PRBs

	MU dimension
	Up to 12 layers

	SU dimension
	Up 2 layers (due to Type II feedback)

	Codeword (CW)-to-layer mapping
	For 1~4 layers, CW1;
For 5 layers or more, two CWs

	CSI feedback
	PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based 

	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	ACK/NACK delay
	The next available UL slot

	Re-transmission delay
	The next available DL slot after receiving NACK

	Antenna configuration at TRxP
	(8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ

	Antenna configuration at UE
	 (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Channel estimation
	Non-ideal

	System configuration parameters

	Mechanic tilt
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	105 degrees

	Handover margin (dB)
	1

	Other Parameters 

	Channel Model
	Channel Model A

	TRxP total transmit power
	21 dBm





[bookmark: _Ref521673925]Table 7: FDD Rural Simulation Parameters
	
	Rural - eMBB 700 MHz
	Rural - eMBB LMLC 

	Modulation
	Up to 256 QAM
	Up to 256 QAM

	Coding on PDSCH
	LDPC
	LDPC

	Numerology
	15 kHz/14 OFDM symbol 
	15 kHz/14 OFDM symbol

	Guard band ratio on simulation bandwidth
	6.4%
	6.4%

	Simulation bandwidth
	10 MHz
	10 MHz

	Transmission scheme
	Closed SU/MU-MIMO adaptation
	Closed SU/MU-MIMO adaptation

	DL CSI measurement
	Non-precoded CSI-RS  based
	Non-precoded CSI-RS  based

	DL codebook
	Type II codebook;
4beam, wb+sb, 8psk
	Type II codebook;
4beam, wb+sb, 8psk

	MU dimension
	Up to 8 layers
	Up to 8 layers

	SU dimension
	Up to 2 layers
	Up to 4 layers

	CSI feedback
	CQI: every 5 slot; RI: every 5 slot, CRI: every 5 slot
Subband based
	PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based

	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	ACK/NACK delay
	The next available UL slot
	The next available UL slot

	Re-transmission delay
	The next available DL slot after receiving NACK
	The next available DL slot after receiving NACK

	Antenna configuration at TRxP
	(4,8,2, 1, 1; 4, 1),
 (dH, dV)=(0.5, 0.8)λ
	(M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(dH, dV)=(0.5, 0.8)λ

	Antenna configuration at UE
	(M,N,P,Mg,Ng; Mp,Np) = (1,1,2,1,1; 1,1)
	(M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ

	Scheduling
	PF
	PF

	Receiver
	MMSE-IRC
	MMSE-IRC

	Channel estimation
	Non-ideal
	Non-ideal

	Mechanic tilt
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	100° in LCS
	96° in LCS

	Handover margin 
	1 dB
	1 dB

	Other Parameters

	Channel Model
	Channel Model A
	Channel Model A

	TRxP transmit power
	46 dBm
	46 dBm




[bookmark: _Ref521680633]Table 8: Overhead Assumptions
	PDCCH
	DMRS
	SSB
	CSI-RS (for CSI)
	CSI-RS (for IM)
	TRS

	2 complete symbols
	24 RE/PRB/slot
	1 SSB/ 20 ms
	32 ports for 32 TX
 8 ports for 8 TX
5 slot periodicity
	4 RE/PRB/10 ms
	8 RE/PRB/20ms
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