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1	Introduction
In this contribution, we provide the results of system simulations for the average spectral efficiency and 5th percentile user spectral efficiency for the NR IMT-2020 self-evaluation.  We report results for all three of the eMBB test environments for both downlink and uplink.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Evaluation Configurations
We evaluated the average cell spectral efficiency and 5th percentile user spectral efficiency for the Indoor Hotspot – eMBB, Dense Urban – eMBB, and Rural – eMBB test environments as described in [1] for both downlink and uplink.  The configurations used for NR generally follow the guidelines given in [2] with details given in Table 3.  For downlink, the simulations used zero-forcing MU-MIMO transmission with a maximum UE rank of one, pairing up to 12 users.  The transmissions are based on Type II CSI feedback every 5ms with a feedback delay of 5ms.  For uplink, the simulations used MU-MIMO transmission with aa maximum UE rank of two, pairing up to 6 users.  Uplink transmission is codebook-based with CSI feedback every 10ms with a delay of 5ms.  All of the environments are simulated with an FDD duplexing scheme.  The Indoor Hotspot - eMBB environment is simulated only with one TRxP per site for a total of 12 TRxP’s.
The antenna configurations used for each environment are also given in Table 3.  A single antenna panel is used is all cases and the antenna configurations are described using (M,N,P), where M is the number of rows (elevation), N is the number of columns (azimuth), and P is the number of polarizations.  These definitions apply to both antenna elements and virtualized antenna ports.  A single antenna port configuration was used for each test environment except for the Dense Urban – eMBB DL simulations, where both 4 and 8 receive antennas were simulated.
3	Results
The downlink (DL) spectral efficiency (SE) simulation results are tabulated in Table 1 and the uplink (UL) simulation results are tabulated in Table 2.  In all cases, channel estimation error is included, except for the Indoor Hotspot – eMBB results where channel estimation is ideal.  In addition, the UL channel estimation error model for the Rural – eMBB environment is not optimized.  Revised results will be submitted when these models have been updated.  The final indoor results will therefore be lower than reported here, but the rural results may not change significantly.  The results have been calculated assuming DL overhead of 4 OFDM symbols and UL overhead of 2 OFDM symbols, out of 14 symbols in each case.  These overhead assumptions require revision to more accurately account for NR overhead.
The results for all test environments show that NR is capable of satisfying the IMT-2020 requirements for spectral efficiency [3].  The indoor results have a margin which appears sufficient to allow for the incorporation of channel estimation error.  The Dense Urban DL results meet the requirements with 8 receive antennas at the UE, but are marginal with only 4 receive antennas.  Rural results meet the IMT-2020 requirements by a wide margin with the simulated configurations.  Note that the 5th percentile user spectral efficiency does not need to be satisfied in the rural environment with an inter-site distance (ISD) of 6000m.
Observation:  NR satisfies the IMT-2020 cell average and 5th percentile user spectral efficiency requirements in all three of the eMBB test environments.
[bookmark: _Ref510706426]Table 1.  DL spectral efficiency results
	Test Environment
	Average Cell SE
	5th Percentile User SE

	
	Simulated
	Required
	Units
	Simulated
	Required
	Units

	Indoor Hotspot – eMBB, 4GHz
	9.8
	9
	bits/s/Hz/TRxP
	0.35
	0.30
	bits/s/Hz

	Dense Urban – eMBB, 4GHz:
	
	
	
	
	
	

	(1,4,2) Rx antennas
	9.2
	7.8
	bits/s/Hz/TRxP
	0.33
	0.225
	bits/s/Hz

	(1,2,2) Rx antennas
	7.8
	7.8
	bits/s/Hz/TRxP
	0.23
	0.225
	bits/s/Hz

	Rural – eMBB, 4GHz/1732m
	9.7
	3.3
	bits/s/Hz/TRxP
	0.269
	0.12
	bits/s/Hz

	Rural – eMBB, 700MHz/6000m
	5.4
	3.3
	bits/s/Hz/TRxP
	0.179
	NA
	bits/s/Hz



[bookmark: _Ref510706445]Table 2.  UL spectral efficiency results
	Test Environment
	Average Cell SE
	5th Percentile User SE

	
	Simulated
	Required
	Units
	Simulated
	Required
	Units

	Indoor Hotspot – eMBB, 4GHz
	7.4
	6.75
	bits/s/Hz/TRxP
	0.40
	0.21
	bits/s/Hz

	Dense Urban – eMBB, 4GHz
	6.8
	5.4
	bits/s/Hz/TRxP
	0.28
	0.15
	bits/s/Hz

	Rural – eMBB, 4GHz/1732m
	9.0
	1.6
	bits/s/Hz/TRxP
	0.124
	0.045
	bits/s/Hz

	Rural – eMBB, 700MHz/6000m
	4.8
	1.6
	bits/s/Hz/TRxP
	0.120
	NA
	bits/s/Hz



4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have presented system simulation results for the average spectral efficiency and 5th percentile spectral efficiency performance indicators for IMT-2020.  The observation in this contribution is:
Observation:  NR satisfies the IMT-2020 cell average and 5th percentile user spectral efficiency requirements in all three of the eMBB test environments.
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[bookmark: _Ref471471514]Table 3.  Simulation Parameters
	Parameter
	Value

	Environments
	1. Indoor Hotspot – eMBB, Configuration A (4GHz), Channel model A, 12 TRxP’s
2. Dense Urban – eMBB, Configuration A (4GHz), Channel model A
3. Rural – eMBB, Configuration B (4GHz/1732m), Channel model A
4. Rural – eMBB, Configuration C (700MHz/6000m), Channel model A

	System bandwidth
	10MHz

	Subcarrier spacing
	15kHz

	Duplex mode
	FDD

	Traffic model
	Full buffer

	gNB transmit power
	1. 21 dBm
2. 41 dBm
3. 46 dBm
4. 46 dBm

	UE transmit power
	23 dBm for all environments

	gNB antenna element configuration
	1. (M,N,P) = (4,4,2). (dV,dH) = ( 0.5, 0.5 ) λ, 180° mechanical tilt
2. (M,N,P) = (16,8,2), (dV,dH) = ( 0.8, 0.5 ) λ
3. (M,N,P) = (8,16,2), (dV,dH) = ( 0.8, 0.5 ) λ
4. (M,N,P) = (4,8,2), (dV,dH) = ( 0.8, 0.5 ) λ
+45°, -45° polarization in all cases

	gNB antenna virtualization
	1. (M,N,P) = (4,4,2)
2. (M,N,P) = (2,8,2), Electrical tilt = 100°
3. (M,N,P) = (1,16,2), Electrical tilt = 100°
4. (M,N,P) = (1,8,2), Electrical tilt = 96°

	UE Rx antenna config.
	1. (M,N,P) = (1,4,2), dH = 0.5 λ
2. (M,N,P) = (1,2,2) and (1,4,2), dH = 0.5 λ
3. (M,N,P) = (1,4,2), dH = 0.5 λ
4. (M,N,P) = (1,2,2), dH = 0.5 λ
0°, 90° polarization in all cases

	[bookmark: _Hlk510687315]UE Tx antenna config.
	(M,N,P) = (1,2,2), dH = 0.5 λ, 0°, 90° polarization for all environments

	UE antenna pattern
	Omni

	Receiver
	MMSE with channel estimation error and interference modeling.
Indoor Hotspot channel estimation was ideal.

	DL CSI feedback
	CQI, PMI, RI reporting every 5ms with a delay of 5ms.
Type II codebook, 4 beams, 3 phase bits, subband amplitudes

	DL MIMO transmission scheme
	MU-MIMO with zero-forcing transmission, maximum rank of 1, maximum number of paired users is 12

	DL scheduler
	PF with frequency selective scheduling

	[bookmark: _Hlk510688392]UL CSI feedback
	Codebook-based transmission, CSI feedback period is 10ms, CSI feedback delay is 5 ms

	UL MIMO transmission scheme
	MU-MIMO with maximum UE rank of 2, maximum number of paired users is 6

	UL scheduler
	PF with wideband scheduling



