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Introduction
This contribution contains results on average spectral efficiency and 5th percentile user spectral efficiency for NR for eMBB. 
The results show that the IMT-2020 requirements [1] can be met.
Model and assumptions
Models and assumptions are aligned with the guidelines in [2]. For the Dense Urban scenario, in addition to the default setting with 80% low-loss buildings and 20% high-loss buildings, for the 30GHz case a scenario with 100% low-loss buildings is studied.

Simulation results
Simulation results are presented in the tables below.

Indoor Hotspot


Table 1: Indoor Hotspot – eMBB TDD DL
(Evaluation configuration B, CF=30 GHz, for 12TRxP)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	ITU
Requirement
	BW=
80MHz 
[OH 34.5%]
	BW=
200MHz
[OH 26.8%]
	BW=
400MHz
[OH 23.2%]

	32x8 MU-MIMO,  Reciprocity based; 4T SRS (2 panel@UE)
gNB Config = (4,4,2,1,1;4,4);
UE Config =  (2,4,2,1,2; 1,2)
	120
	DDDSU
	Average [bit/s/Hz/TRxP]
	9
	13.86
	15.49
	16.25

	
	
	
	5th-tile [bit/s/Hz]
	0.3
	0.48
	0.53
	0.56

	32x8 MU-MIMO,  Reciprocity based; 4T SRS (2 panel@UE)
gNB Config = (4,4,2,1,1;4,4);
UE Config =  (2,4,2,1,2; 1,2)
	60
	DDDSU
	Average [bit/s/Hz/TRxP]
	9
	13.76
	15.38
	16.13

	
	
	
	5th-tile [bit/s/Hz]
	0.3
	0.49
	0.55
	0.58



Table 2: Indoor Hotspot – eMBB FDD DL
(Evaluation configuration B, CF=30 GHz, for 12TRxP)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	ITU
Requirement
	BW=
40 MHz
[OH 32.2%]

	32x8 MU-MIMO Type II Codebook; (2 panel@UE)
gNB Config = (4,4,2,1,1;4,4);
UE Config =  (2,4,2,1,2; 1,2)
	120
	Average [bit/s/Hz/TRxP]
	9
	12.27

	
	
	5th-tile [bit/s/Hz]
	0.3
	0.44



Table 3: Indoor Hotspot – eMBB TDD DL
(Evaluation configuration C, CF=70 GHz, for 12TRxP)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	ITU
Requirement
	BW=
80MHz 
[OH 34.5%]
	BW=
200MHz
[OH 26.8%]
	BW=
400MHz
[OH 23.2%]

	32x8 MU-MIMO,  Reciprocity based; 4T SRS (2 panel@UE)
gNB Config = (4,4,2,1,1;4,4);
UE Config =  (2,4,2,1,2; 1,2)
	120
	DDDSU
	Average
[bit/s/Hz/TRxP]
	9
	12.77
	14.27
	14.97

	
	
	
	5th-tile [bit/s/Hz]
	0.3
	0.45
	0.50
	0,53

	32x8 MU-MIMO,  Reciprocity based; 4T SRS (2 panel@UE)
gNB Config = (4,4,2,1,1;4,4);
UE Config =  (2,4,2,1,2; 1,2)
	60
	DDDSU
	Average
[bit/s/Hz/TRxP]
	9
	12.63
	14.11
	14.81

	
	
	
	5th-tile [bit/s/Hz]
	0.3
	0.44
	0.50
	0.52



Table 4: Indoor Hotspot – eMBB FDD DL
(Evaluation configuration C, CF=70 GHz, for 12TRxP)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	ITU
Requirement
	BW=
40 MHz
[OH 32.2%]

	32x8 MU-MIMO Type II Codebook; (2 panel@UE)
gNB Config = (4,4,2,1,1;4,4);
UE Config =  (2,4,2,1,2; 1,2)
	120
	Average [bit/s/Hz/TRxP]
	9
	11.42

	
	
	5th-tile [bit/s/Hz]
	0.3
	0.41



Dense Urban
Table 5: Dense Urban – eMBB TDD DL
(Evaluation configuration A, CF=4 GHz)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	ITU
Requirement
	Channel model A
	Channel model B

	
	
	
	
	BW=
20MHz
[OH 36.2%]
	BW=
40MHz
[OH 28.0%]
	BW=
100MHz
[OH 23.2%]
	BW=
20MHz
[OH 36.2%]
	BW=
40MHz
[OH 28.0%]
	BW=
100MHz
[OH 23.2%]

	32x4 MU-MIMO, Reciprocity based; 4T SRS; gNB Config = (8,8,2,1,1;2,8)
	30
	DDDSU
	Average [bit/s/Hz/TRxP]
	7.8
	13.34
	15.05
	16.05
	13.45
	15.17
	16.19

	
	
	
	5th-tile [bit/s/Hz]
	0.225
	0.48
	0.54
	0.58
	0.49
	0.55
	0.59

	
	
	
	
	
	BW=
20MHz
[OH 38.8%]
	BW=
40MHz
[OH 30.8%]
	
	BW=
20MHz
[OH 38.8%]
	BW=
40MHz
[OH 30.8%]
	

	32x4 MU-MIMO, Reciprocity based; 4T SRS; gNB Config = (8,8,2,1,1;2,8)
	15
	DDDSU
	Average [bit/s/Hz/TRxP]
	7.8
	13.58
	15.36
	
	13.82
	15.62
	

	
	
	
	5th-tile [bit/s/Hz]
	0.225
	0.49
	0.55
	
	0.49
	0.55
	



Table 6: Dense Urban – eMBB FDD DL
(Evaluation configuration A, CF=4 GHz)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	ITU
Requirement
	Channel model A
	Channel model B

	
	
	
	BW=
10MHz
[OH 33.8%]
	BW=
20MHz
[OH 26.0%]
	BW=
40MHz
[OH 22.2%]
	BW=
10MHz
[OH 33.8%]
	BW=
20MHz
[OH 26.0%]
	BW=
40MHz
[OH 22.2%]

	32x4 MU-MIMO Type II Codebook; gNB Config = (8,8,2,1,1;2,8)
	15
	Average [bit/s/Hz/TRxP]
	7.8
	10.49
	11.72
	12.32
	10.18
	11.38
	11.97

	
	
	5th-tile [bit/s/Hz]
	0.225
	0.40
	0.45
	0.47
	0.38
	0.43
	0.45



Table 7: Dense Urban – eMBB TDD DL
(Evaluation configuration B, CF=30 GHz)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	ITU
Requirement
	BW=
80MHz 
[OH 34.5%]
	BW=
200MHz
[OH 26.8%]
	BW=
400MHz
[OH 23.2%]

	32x8 MU-MIMO,  Reciprocity based; 4T SRS (2 panel@UE)
gNB Config = (8,16,2,1,1;4,16);
UE Config =  (2,4,2,1,2; 1,2)
	120
	DDDSU
	Average [bit/s/Hz/TRxP]
	7.8
	19.3
	21.5
	22.6

	
	
	
	5th-tile [bit/s/Hz]
	0.225
	0.05
	0.06
	0.06

	32x8 MU-MIMO,  ‘wideband’; / type I 
(2 panel@UE)
gNB Config = (8,16,2,1,1;4,16);
UE Config =  (2,4,2,1,2; 1,2)
	120
	DDDSU
	Average [bit/s/Hz/TRxP]
	7.8
	15.3
	17.1
	18.0

	
	
	
	5th-tile [bit/s/Hz]
	0.225
	0.05
	0.06
	0.06




Table 8: Dense Urban – eMBB TDD DL
(Evaluation configuration B, CF=30 GHz, 100% low-loss buildings)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	ITU
Requirement
	BW=
80MHz 
[OH 34.5%]
	BW=
200MHz
[OH 26.8%]
	BW=
400MHz
[OH 23.2%]

	32x8 MU-MIMO,  Reciprocity based; 4T SRS (2 panel@UE)
gNB Config = (8,16,2,1,1;4,16);
UE Config =  (2,4,2,1,2; 1,2)
	120
	DDDSU
	Average [bit/s/Hz/TRxP]
	7.8
	21.6
	24.2
	25.4

	
	
	
	5th-tile [bit/s/Hz]
	0.225
	0.58
	0.65
	0.68

	32x8 MU-MIMO,  ‘wideband’; / type I 
(2 panel@UE)
gNB Config = (8,16,2,1,1;4,16);
UE Config =  (2,4,2,1,2; 1,2)
	120
	DDDSU
	Average [bit/s/Hz/TRxP]
	7.8
	16.9
	18.9
	19.8

	
	
	
	5th-tile [bit/s/Hz]
	0.225
	0.44
	0.49
	0.51



Table 9: Dense Urban – eMBB TDD UL
(Evaluation configuration B, CF=30 GHz)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	ITU
Requirement
	BW=
80MHz 
[OH 19.4%]
	BW=
200MHz
[OH 19.1%]
	BW=
400MHz
[OH 19.0%]

	8x32 MU-MIMO,  Reciprocity based; 4T SRS (2 panel@UE)
gNB Config = (8,16,2,1,1;4,16);
UE Config =  (2,4,2,1,2; 1,2)
	120
	DDDSU
	Average [bit/s/Hz/TRxP]
	5.4
	10.1
	10.2
	10.2

	
	
	
	5th-tile [bit/s/Hz]
	0.15
	0.06
	0.06
	0.06



Table 10: Dense Urban – eMBB TDD UL
(Evaluation configuration B, CF=30 GHz, 100% low-loss buildings)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	ITU
Requirement
	BW=
80MHz 
[OH 19.4%]
	BW=
200MHz
[OH 19.1%]
	BW=
400MHz
[OH 19.0%]

	8x32 MU-MIMO,  Reciprocity based; 4T SRS (2 panel@UE)
gNB Config = (8,16,2,1,1;4,16);
UE Config =  (2,4,2,1,2; 1,2)
	120
	DDDSU
	Average [bit/s/Hz/TRxP]
	5.4
	11.3
	11.4
	11.4

	
	
	
	5th-tile [bit/s/Hz]
	0.15
	0.41
	0.41
	0.42


Rural

Table 11: Rural – eMBB TDD DL
(Evaluation configuration A, CF=700 MHz)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	ITU
Requirement
	Channel model B

	
	
	
	
	BW=
20MHz
[OH = 34.0%]
	BW=
40MHz
[OH = 26.0%]

	8x2 MU-MIMO,  Reciprocity based; 2T SRS; gNB Config = (8,4,2,1,1;1,4)
	30
	DDDSU
	Average [bit/s/Hz/TRxP]
	3.3
	6,61
	7.41

	
	
	
	5th-tile [bit/s/Hz]
	0.12
	0,19
	0.21

	
	
	
	
	
	BW=
20MHz
[OH = 34.9%]
	BW=
40MHz
[OH = 26.9%]

	8x2 MU-MIMO,  Reciprocity based; 2T SRS; gNB Config = (8,4,2,1,1;1,4)
	15
	DDDSU
	Average [bit/s/Hz/TRxP]
	3.3
	6,25
	7.02

	
	
	
	5th-tile [bit/s/Hz]
	0.12
	0,16
	0.18



Table 12: Rural – eMBB FDD DL
(Evaluation configuration A, CF=700 MHz)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	ITU
Requirement
	Channel model B

	
	
	
	BW=
10MHz
[OH = 30.9%]
	BW=
20MHz
[OH = 23.2%]
	BW=
40MHz
[OH = 19.4%]

	8x2 MU-MIMO Type II Codebook; gNB Config = (8,4,2,1,1;1,4)
	15
	Average [bit/s/Hz/TRxP]
	3.3
	5,16
	5.74
	6.02

	
	
	5th-tile [bit/s/Hz]
	0.12
	0,15
	0.17
	0.17



Table 13: Rural – eMBB TDD DL
(Evaluation configuration B, CF=4 GHz)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	ITU
Requirement
	Channel model B

	
	
	
	
	BW=
20MHz
[OH 36.2%]
	BW=
40MHz
[OH 28.0%]
	BW=
100MHz
[OH 23.2%]

	32x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (8,8,2,1,1;2,8)
	30
	DDDSU
	Average [bit/s/Hz/TRxP]
	3.3
	15.02
	16.95
	18.08

	
	
	
	5th-tile [bit/s/Hz]
	0.12
	0,45
	0,51
	0.54

	
	
	
	
	BW=
20MHz
[OH 38.8%]
	BW=
40MHz
[OH 30.8%]
	

	32x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (8,8,2,1,1;2,8)
	15
	DDDSU
	Average [bit/s/Hz/TRxP]
	3.3
	14.44
	16.32
	

	
	
	
	5th-tile [bit/s/Hz]
	0.12
	0.42
	0.47
	



Table 14: Rural – eMBB FDD DL
(Evaluation configuration B, CF=4 GHz)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	ITU
Requirement
	Channel model B

	
	
	
	BW=
10MHz
[OH 33.8%]
	BW=
20MHz
[OH 26.0%]
	BW=
40MHz
[OH 22.2%]

	32x4 MU-MIMO Type II Codebook; gNB Config = (8,8,2,1,1;2,8)
	15
	Average [bit/s/Hz/TRxP]
	3.3
	12.17
	13.60
	14.30

	
	
	5th-tile [bit/s/Hz]
	0.12
	0.39
	0.44
	0.46



Table 15: Rural – eMBB TDD DL
(Evaluation configuration C, LMLC)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	ITU
Requirement
	Channel model B

	
	
	
	
	BW=
20MHz
[OH = 34.0%]
	BW=
40MHz
[OH = 26.0%]

	8x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (8,4,2,1,1;1,4)
	30
	DDDSU
	Average [bit/s/Hz/TRxP]
	3.3
	6.22
	6.97

	
	
	
	5th-tile [bit/s/Hz]
	(0.12)
	0.19
	0.21

	
	
	
	
	
	BW=
20MHz
[OH = 34.9%]
	BW=
40MHz
[OH = 26.9%]

	8x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (8,4,2,1,1;1,4)
	15
	DDDSU
	Average [bit/s/Hz/TRxP]
	3.3
	6.26
	7.02

	
	
	
	5th-tile [bit/s/Hz]
	(0.12)
	0.19
	0.22




Table 16: Rural – eMBB FDD DL
(Evaluation configuration C, LMLC)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	ITU
Requirement
	Channel model B

	
	
	
	BW=
10MHz
[OH = 30.9%]
	BW=
20MHz
[OH = 23.2%]
	BW=
40MHz
[OH = 19.4%]

	8x4 MU-MIMO Type II Codebook; gNB Config = (8,4,2,1,1;1,4)
	15
	Average [bit/s/Hz/TRxP]
	3.3
	5.56
	6.18
	6.49

	
	
	5th-tile [bit/s/Hz]
	(0.12)
	0.18
	0.20
	0.21




As it can be seen from the tables, for all the three scenarios the IMT-2020 requirements are fulfilled. This holds for both average and 5th percentile SE. For 30GHz in the Dense Urban scenario, the average requirements are reached but not the 5th percentile requirements if 80% low-loss and 20% high-loss buildings are assumed. If 100% low-loss buildings are assumed, also the 5th percentile requrements are reached.

IMT-2020 requirements on spectral efficiency can be fulfilled.

Conclusion
In this contribution, we have provided input to the Study Item on Self Evaluation towards IMT-2020 Submission. It has been shown that for both downlink and uplink the IMT-2020 requirements can be fulfilled in terms of both average and 5th percentile spectral efficiency for the test environments specified by ITU-R. 
The following observations have been made:
Observation 1	IMT-2020 requirements on spectral efficiency can be fulfilled.
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