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1. Introduction
This contribution presents system-level simulation results on spectral efficiency for eMBB for downlink and uplink for the NR self-evaluation study for IMT-2020. The evaluation has been performed in accordance with the evaluation guidelines from [2]. 
2. Downlink TDD FR1 Results
Table 1 provides the simulation assumptions used to evaluate the performance of downlink for FR1. 
[bookmark: _Ref521595038]Table 1: Simulation Assumptions for Downlink TDD FR1
	Parameter
	Dense Urban (4 GHz)
	Rural (4 GHz)
	Rural (700 MHz)

	BS antenna configuration
	256 elements (M, N, P) = (8, 16, 2) 
dH = 0.5 λ, dV = 0.8 λ
128 TXRU (2 V elems combined)
	256 elements (M, N, P) = (4, 32, 2) 
dH = 0.5 λ, dV = 0.8 λ
128 TXRU (2 V elems combined)
	64 elements (M, N, P) = (4, 8, 2)
dH = 0.5 λ, dV = 0.8 λ
16 TXRU (4 V elems combined)

	UE antenna configuration
	4 elements (M,N,P) = (2,1,2) dH = 0.5 λ

	Precoder at gNB
	SRS-based with non-ideal channel estimation at gNB

	Channel Estimation
	Non-ideal estimation for both channel and interference for both CSI and Data

	TDD Config
	DDSU:
    D = 2 PDCCH, 12 PDSCH
    S = 2 PDCCH, 8 PDSCH, 2 Gap, 1 SRS, 1 PUCCH
    U = 12 PUSCH, 1 SRS, 1 PUCCH

	Processing delay
	UE Decoding Delay: 1 slot
gNB Processing Delay: 3 slots

	Scheduling
	MU-MIMO with Proportional Fair Scheduling

	UE SRS Tx Power
	23 dBm max over system BW

	Traffic 
	Full Buffer w/10 UEs/cell

	Bandwidth
	System BW = 100 MHz, Simulated BW = 20 MHz (54 RBs at 30 kHz SCS)



The results are shown in the table below. We observed that the requirements specified in the ITU Report [1] for downlink can be achieved by NR TDD (FR1).
Table 2: Downlink TDD FR1 Spectral Efficiency Results
	Scenario
	Average Cell SE (b/s/Hz/TRxP)
	5th %ile UE SE (b/s/Hz)

	
	Simulation
	Requirement
	Simulation
	Requirement

	Dense Urban (4 GHz)
	11.25
	7.8
	0.378
	0.225

	Rural (4 GHz)
	10.82
	3.3
	0.135
	0.12

	Rural (700 MHz)
	6.90
	3.3
	0.137
	0.12



Observation 1: NR can meet the IMT average cell spectral efficiency and 5th percentile UE spectral efficiency requirements for downlink in the dense-urban and rural scenarios.
3. Uplink TDD FR1 Results
Table 3 provides the simulation assumptions used to evaluate the performance of uplink for FR1. The evaluation was performed for 3 scenarios:
1. Dense urban layout over 4 GHz
2. Rural layout over 4 GHz
3. Rural layout over 700 MHz

[bookmark: _Ref521578312]Table 3: Simulation Assumptions for Uplink TDD FR1
	Parameter
	Dense Urban (4 GHz)
	Rural (4 GHz)
	Rural (700 MHz)

	BS antenna configuration
	256 elements (M, N, P) = (8, 16, 2) 
dH = 0.5 λ, dV = 0.8 λ
128 TXRU (2 V elems combined)
	256 elements (M, N, P) = (4, 32, 2) 
dH = 0.5 λ, dV = 0.8 λ
128 TXRU (2 V elems combined)
	64 elements (M, N, P) = (4, 8, 2)
dH = 0.5 λ, dV = 0.8 λ
16 TXRU (4 V elems combined)

	UE antenna configuration
	4 TX (M, N, P) = (2, 1, 2) co-pol
dH = 0.5 λ
	2 TX (M, N, P) = (1, 1, 2) co-pol

	Precoder
	NR 4 Tx codebook (fully-coherent) Selection based on SRS
	NR 2 Tx codebook (fully-coherent)
Selection based on SRS

	Power control

	P0 = 8 dB over thermal
α = 0.9
	P0 = 8 dB over thermal
α = 0.9
	P0 = 17 dB over thermal
α = 0.9

	Channel estimation
	Non-ideal estimation for both channel and interference

	TDD Config
	DDSU
    D = 2 PDCCH, 12 PDSCH
    S = 2 PDCCH, 8 PDSCH, 2 Gap, 1 SRS, 1 PUCCH
    U = 12 PUSCH, 1 SRS, 1 PUCCH

	Processing delay
	UE grant processing delay: 1 slot; 
gNB processing delay: 3 slots

	Scheduling
	MU-MIMO P-Fair with subband scheduling

	Bandwidth
	System BW = 100 MHz, Simulated BW = 20 MHz (54 RBs at 30 KHz SCS)

	UE Tx Power
	23 dBm max over system BW

	Traffic
	Full buffer, 10 UEs / cell



The power control operating points were chosen such that the average effective interference-over-thermal was within the 10 dB limit specified in the IMT evaluation guidelines [2]. The spectral efficiency results are shown in the table below. We observe that the requirements specified in the ITU Report [1] for uplink can be achieved by NR TDD (FR1).
Table 4: Uplink TDD FR1 Spectral Efficiency Results
	Scenario
	Average Cell SE (b/s/Hz/TRxP)
	5th %ile UE SE (b/s/Hz)

	
	Simulation
	Requirement
	Simulation
	Requirement

	Dense Urban (4 GHz)
	6.097
	5.4
	0.193
	0.15

	Rural (4 GHz)
	10.18
	1.6
	0.122
	0.045

	Rural (700 MHz)
	4.635
	1.6
	0.247
	0.045



Observation 2: NR can meet the IMT average cell spectral efficiency and 5th percentile UE spectral efficiency requirements for uplink in the dense-urban and rural scenarios for TDD FR1 scenario.
4. Downlink TDD FR2 Results
Table 5 provides the simulation assumptions used to evaluate the performance of downlink for FR2. 
Table 5: Simulation Assumptions for Downlink TDD FR2
	Parameter
	Dense Urban (30 GHz)
	Indoor HotSpot (30 GHz)

	BS antenna configuration
	256 elements per pol (M, N, P) = (8, 32, 2) 
dH = 0.5 λ, dV = 0.8 λ
	128 elements per pol (M, N, P) = (8, 16, 2)
dH = 0.5 λ, dV = 0.8 λ

	UE antenna configuration
	16 elements per pol (M,N,P) = (4,4,2) dH = 0.5 λ

	Precoder at gNB
	CSI-RS based with non-ideal channel estimation at gNB

	Channel Estimation
	Non-ideal estimation for both channel and interference for both CSI and Data

	TDD Config
	DDDU:
    D = 1 PDCCH, 13 DMRS+PDSCH+CSI-RS
    2 symbol gap for transition from D to U
    U = 12 PUSCH+DMRS, 1 SRS, 1 PUCCH

	Processing delay
	UE Decoding Delay: 1 slot
gNB Processing Delay: 1 slot

	Scheduling
	SU-MIMO / MU-MIMO with Proportional Fair Scheduling

	Traffic 
	Full Buffer w/10 UEs/cell

	Bandwidth
	System BW = 80 MHz at 95% efficiency



The results are to be updated in the table below.
Table 6: Downlink TDD FR2 Spectral Efficiency Results
	Scenario
	Average Cell SE (b/s/Hz/TRxP)
	5th %ile UE SE (b/s/Hz)

	
	Simulation
	Requirement
	Simulation
	Requirement

	Dense Urban (30 GHz)
	
	To be updated

	
	

	Indoor HotSpot (30 GHz)
	
	
	
	



Observation: TBD.  
5. Uplink TDD FR2 Results
Table 7 provides the simulation assumptions used to evaluate the performance of uplink for FR2. The evaluation was performed for the following scenarios:
Table 7: Simulation Assumptions for Uplink TDD FR2
	Parameter
	Dense Urban (30 GHz)
	Indoor HotSpot (30 GHz)

	BS antenna configuration
	256 elements per pol (M, N, P) = (8, 32, 2) 
dH = 0.5 λ, dV = 0.8 λ
	128 elements per pol (M, N, P) = (8, 16, 2)
dH = 0.5 λ, dV = 0.8 λ

	UE antenna configuration
	16 elements per pol (M,N,P) = (4,4,2) dH = 0.5 λ

	Precoder at gNB
	SRS based with non-ideal channel estimation at gNB

	Channel Estimation
	Non-ideal estimation for both channel and interference for both CSI and Data

	TDD Config
	DDDU:
    D = 1 PDCCH, 13 DMRS+PDSCH+CSI-RS
    2 symbol gap for transition from D to U
    U = 12 PUSCH+DMRS, 1 SRS, 1 PUCCH

	Processing delay
	UE Decoding Delay: 1 slot
gNB Processing Delay: 1 slot

	Scheduling
	SU-MIMO with Proportional Fair Scheduling

	Traffic 
	Full Buffer w/10 UEs/cell

	Bandwidth
	System BW = 80 MHz at 95% efficiency



The results are to be updated in the table below.
Table 8: Uplink TDD FR2 Spectral Efficiency Results
	Scenario
	Average Cell SE (b/s/Hz/TRxP)
	5th %ile UE SE (b/s/Hz)

	
	Simulation
	Requirement
	Simulation
	Requirement

	Dense Urban (30 GHz)
	
	To be updated

	
	

	Indoor HotSpot (30 GHz)
	
	
	
	



Observation: TBD.  
6. [bookmark: _GoBack]Conclusion
Observation 1: NR can meet the IMT average cell spectral efficiency and 5th percentile UE spectral efficiency requirements for both downlink and uplink in the dense-urban and rural scenarios for TDD FR1.
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