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[bookmark: _Toc516617875][bookmark: _Toc516619058]5	Self evaluation of eMBB technical performance
[Editor’s note: The grouping of the technical performance requirements for eMBB usage scenario are based on Report ITU-R M.2410 “Minimum requirements related to technical performance for IMT-2020 radio interface(s)”. However, it does not imply that each of the following technical performance requirements is only related to eMBB. It is just the minimum requirement that shall be evaluated under eMBB. This should also be noted for Section 6 and 7.] 
[bookmark: _Toc516617880][bookmark: _Toc516619063]5.5	User experienced data rate
As defined in Report ITU-R M.2410, user experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time. 
5.5.1	NR
User experienced data rate for NR are evaluated under Dense Urban – eMBB test environment.
5.5.1.1	Dense Urban – eMBB 
For Dense Urban – eMBB test environment, single-band single-layer case using evaluation configuration A (carrier frequency = 4 GHz), and multi-band case using evaluation configuration C as defined in Report ITU-R M.2412 are considered in evaluation. Detailed evaluation assumptions for configuration A are based on spectral efficiency evaluation, and can be found in Annex B.z.1; detailed evaluation assumptions and results for configuration C can be found in Annex B.z.3.
5.5.1.1.1	Evaluation configuration A (CF = 4 GHz)
For evaluation configuration A (single-band case), user experienced data rate for NR is evaluated based on 5th percentile user spectral efficiency, using the analytical way as provided in Report ITU-R M.2412. 
The evaluation results of DL user experienced data rate for NR FDD and NR TDD for evaluation configuration A are provided in Table 5.5.1.1.1-1. 
It is assumed that for FDD and TDD with 15 kHz SCS, a component carrier with 40 MHz is used; and for TDD with 30 kHz SCS, a component carrier with 100 MHz is used. Multiple component carriers are aggregated to achieve the DL target user experienced data rate. The assumed DL/UL aggregated system bandwidth (for FDD) or overall aggregated system bandwidth (for TDD) is given in Table 5.5.1.1.1-1.
It is observed that both NR FDD and TDD fulfill the DL user experienced data rate requirement in evaluation configuration A.
Table 5.5.1.1.1-1 DL user experienced data rate for NR in Dense Urban – eMBB 
(Evaluation configuration A, CF=4 GHz)
 (a) NR FDD
	Scheme and antenna configuration
	Sub-carrier spacing
	ITU
Requirement [Mbps]
	Channel model A
	Channel model B

	
	
	
	Number of samples
	Assumed DL system bandwidth [MHz]
	User exp. data rate [Mbps]
	Number of samples
	Assumed DL system bandwidth [MHz]
	User exp. data rate [Mbps]

	32x4 MU-MIMO Type II Codebook; gNB Config = (8,8,2,1,1;2,8)
	15
	100
	8
	240
	108.99
	4
	240
	113.48

	32x4 MU-MIMO Type I Codebook; gNB Config = (8,8,2,1,1;2,8)
	15
	100
	2
	280
	112.86
	/
	/
	/

	32x4 MU-MIMO Type II Codebook; gNB Config = (8,16,2,1,1;1,16)
	15
	100
	1
	160
	104.66
	/
	/
	/

	32x4 MU-MIMO Type II Codebook; gNB Config = (16,8,2,1,1;2,8)
	15
	100
	1
	200
	114.75
	1
	200
	120.55

	32x4 MU-MIMO
Ideal CSI feedback; gNB Config = (8,8,2,1,1;2,8)
	15
	100
	/
	/
	/
	1
	160
	106.21

	4x4 MU-MIMO Type II Codebook; gNB Config = (8,8,2,1,1;2,1)
	15
	100
	1
	240
	112.64
	/
	/
	/

	32x8 MU-MIMO Type II Codebook; gNB Config = (16,8,2,1,1;2,8)
	15
	100
	1
	280
	110.35
	/
	/
	/



(b) NR TDD
	Scheme and antenna configuration
	Sub-carrier spacing
	Frame structure
	ITU
Requirement [Mbps]
	Channel model A
	Channel model B

	
	
	
	
	Number of samples
	Assumed system bandwidth [MHz]
	User exp. data rate [Mbps]
	Number of samples
	Assumed system bandwidth [MHz]
	User exp. data rate [Mbps]

	32x4 MU-MIMO, Reciprocity based; 4T SRS; gNB Config = (8,8,2,1,1;2,8)
	30
	DDDSU,
S slot =10DL:2GP:2UL
	100
	1
	300
	110.78
	2
	300
	129.73

	32x4 MU-MIMO, Reciprocity based; 4T SRS; gNB Config = (8,8,2,1,1;2,8)
	30
	DDDSU,
S slot =11DL:1GP:2UL
	100
	1
	300
	137.16
	/
	/
	/

	32x4 MU-MIMO, Reciprocity based; 4T SRS; gNB Config = (8,8,2,1,1;2,8)
	15
	DDDSU,
S slot =10DL:2GP:2UL
	100
	1
	320
	107.33
	1
	320
	111.28

	64x4 MU-MIMO, Reciprocity based; 4T SRS; gNB Config = (12,8,2,1,1;4,8)
	30
	DDDSU,
S slot =10DL:2GP:2UL
	100
	1
	300
	144.34
	2
	200
	102.80

	64x4 MU-MIMO, Reciprocity based; 4T SRS; gNB Config = (12,8,2,1,1;4,8)
	15
	DDDSU,
S slot =10DL:2GP:2UL
	100
	1
	240
	100.87
	1
	240
	102.57

	32x4 MU-MIMO,  Type II Codebook; gNB Config = (8,16,2,1,1;1,16)
	15
	DSUUD
S slot =6DL:2GP:6UL
	100
	1
	400
	105.37
	/
	/
	/

	32x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (16,8,2,1,1;2,8)
	15
	DSUUD
S slot =11DL:1GP:2UL
	100
	1
	320
	112.20
	1
	320
	111.78

	32x4 MU-MIMO, Reciprocity based; 4T SRS; gNB Config = (8,8,2,1,1;2,8)
	15
	DSUUD
S slot =11DL:1GP:2UL
	100
	2
	440
	101.81
	1
	400
	106.75

	32x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (16,8,2,1,1;2,8)
	30
	DSUUD
S slot =11DL:1GP:2UL
	100
	1
	300
	111.50
	1
	300
	112.58

	64x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (12,8,2,1,1;4,8)
	15
	DSUUD
S slot =11DL:1GP:2UL
	100
	1
	240
	110.65
	1
	240
	111.12

	64x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (16,8,2,1,1;4,8)
	15
	DSUUD
S slot =11DL:1GP:2UL
	100
	1
	240
	117.95
	1
	200
	105.27

	64x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (12,8,2,1,1;4,8)
	30
	DSUUD
S slot =11DL:1GP:2UL
	100
	1
	200
	101.60
	1
	200
	103.77

	64x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (12,8,2,1,1;4,8)
	30
	DSUUD
S slot =6DL:2GP:6UL
	100
	1
	300
	114.97
	1
	300
	109.22

	64x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (16,8,2,1,1;4,8)
	30
	DSUUD
S slot =11DL:1GP:2UL
	100
	1
	200
	108.41
	1
	200
	114.06

	64x8 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (4,32,2,1,1;1,32)
	15
	DDDSU
S slot =10DL:2GP:2UL
	100
	1
	400
	108.73
	/
	/
	/

	64x4 MU-MIMO,  Reciprocity based; 4T SRS; gNB Config = (12,8,2,1,1;4,8)
	30
	DDDDD DDSUU
S slot =6DL:4GP:4UL
	100
	1
	300
	124.58
	/
	/
	/

	128x4, MU-MIMO, Reciprocity based; 4T SRS; gNB Config = (8,16,2,1,1;4,16)
	30
	DDSU
S slot =10DL:2GP:2UL
	100
	/
	/
	/
	1
	360
	111.91



The evaluation results of UL user experienced data rate for NR FDD and NR TDD for evaluation configuration A are provided in Table 5.5.1.1.1-2. 
It is assumed that for FDD with 15 kHz SCS, a component carrier with 40 MHz is used; for TDD with 15 kHz SCS, a component carrier with 50 MHz is used; and for TDD with 30 kHz SCS, a component carrier with 100 MHz is used. Multiple component carriers are aggregated to achieve the UL target user experienced data rate. The assumed aggregated system bandwidth is given in Table 5.5.1.1.1-2.
It is observed that both NR FDD and TDD fulfill the UL user experienced data rate requirement in evaluation configuration A.
Table 5.5.1.1.1-2 UL user experienced data rate for NR in Dense Urban – eMBB 
(Evaluation configuration A, CF=4 GHz)
 (a) NR FDD
	Scheme and antenna configuration
	Sub-carrier spacing
	ITU
Requirement [Mbps]
	Channel model A
	Channel model B

	
	
	
	Number of samples
	Assumed UL system bandwidth [MHz]
	User exp. data rate [Mbps]
	Number of samples
	Assumed UL system bandwidth [MHz]
	User exp. data rate [Mbps]

	2x16 SU-MIMO, OFDMA; gNB Config = (8,8,2,1,1;1,8)
	15
	50
	4
	240
	59.78
	1
	240
	52.46

	2x32 SU-MIMO, OFDMA; gNB Config = (8,8,2,1,1;2,8)
	15
	50
	2
	160
	58.49
	2
	160
	50.68

	4x32 SU-MIMO, OFDMA; gNB Config = (8,8,2,1,1;2,8)
	15
	50
	1
	120
	54.18
	1
	160
	59.93

	4x32 MU-MIMO, OFDMA; gNB Config = (8,16,2,1,1;1,16)
	15
	50
	1
	120
	63.33
	/
	/
	/

	4x32 MU-MIMO, OFDMA; gNB Config = (16,8,2,1,1;2,8)
	15
	50
	1
	200
	55.46
	/
	/
	/

	4x16 SU-MIMO, OFDMA; gNB Config = (8,8,2,1,1;1,8)
	15
	50
	1
	160
	52.80
	1
	160
	55.84

	16x16 SU-MIMO, OFDMA; gNB Config = (8,8,2,1,1;1,8)
	15
	50
	/
	/
	/
	1
	240
	58.49

	4x4 SU-MIMO, OFDMA; gNB Config = (8,8,2,1,1;2,1)
	15
	50
	1
	280
	54.50
	/
	/
	/



(b) NR TDD
	Scheme and antenna configuration
	Sub-carrier spacing
	Frame structure
	ITU
Requirement [Mbps]
	Channel model A
	Channel model B

	
	
	
	
	Number of samples
	Assumed system bandwidth [MHz]
	User exp. data rate [Mbps]
	Number of samples
	Assumed system bandwidth [MHz]
	User exp. data rate [Mbps]

	2x32 SU-MIMO, Codebook based, OFDMA; gNB Config = (8,8,2,1,1;2,8)
	30
	DDDSU
S slot =10DL:2GP:2UL
	50
	1
	800
	53.68
	2
	600
	54.77

	2x32 SU-MIMO, Codebook based, OFDMA; gNB Config = (8,8,2,1,1;2,8)
	15
	DDDSU
S slot =10DL:2GP:2UL
	50
	1
	800
	53.94
	/
	/
	/

	2x64 SU-MIMO, Codebook based, OFDMA; gNB Config = (12,8,2,1,1;4,8)
	30
	DDDSU
S slot =10DL:2GP:2UL
	50
	1
	600
	51.80
	1
	700
	55.27

	2x64 SU-MIMO, Codebook based, OFDMA; gNB Config = (12,8,2,1,1;4,8)
	15
	DDDSU
S slot =10DL:2GP:2UL
	50
	1
	600
	52.24
	1
	700
	50.11

	4x32 SU-MIMO, Codebook based, OFDMA; gNB Config = (8,8,2,1,1;2,8) 
	30
	DDDSU
S slot =10DL:2GP:2UL
	50
	1
	700
	56.21
	1
	700
	52.61

	4x32 SU-MIMO, Codebook based, OFDMA; gNB Config = (8,8,2,1,1;2,8)
	15
	DDDSU
S slot =10DL:2GP:2UL
	50
	1
	700
	54.96
	1
	800
	55.98

	4x32 MU-MIMO, Codebook based, OFDMA; gNB Config = (8,16,2,1,1;1,16)
	15
	DSUUD
S slot =6DL:2GP:6UL
	50
	1
	300
	73.15
	/
	/
	/

	4x16 SU-MIMO, Non-codebook based,OFDMA; gNB Config = (8,8,2,1,1;1,8)
	15
	DSUUD
S slot =11DL:1GP:2UL
	50
	1
	500
	58.82
	1
	400
	55.07

	4x16 SU-MIMO, Non-codebook based,OFDMA; gNB Config = (8,8,2,1,1;1,8)
	30
	DSUUD
S slot =11DL:1GP:2UL
	50
	1
	500
	57.08
	1
	400
	61.35

	4x16 SU-MIMO, codebook based,OFDMA; gNB Config = (8,8,2,1,1;1,8)
	15
	DSUUD
S slot =11DL:1GP:2UL
	50
	1
	500
	54.90
	1
	500
	60.35

	4x16 SU-MIMO, codebook based,OFDMA; gNB Config = (8,8,2,1,1;1,8)
	30
	DSUUD
S slot =11DL:1GP:2UL
	50
	1
	500
	50.11
	1
	400
	50.89

	2x32 SU-MIMO, Codebook based, OFDMA; gNB Config = (12,8,2,1,1;4,4)
	30
	DSUUD
S slot =6DL:2GP:6UL
	50
	/
	/
	/
	1
	200
	55.44

	2x64 SU-MIMO, Codebook based, OFDMA; gNB Config = (12,8,2,1,1;4,8)
	30
	DSUUD
S slot =6DL:2GP:6UL
	50
	1
	200
	59.63
	1
	200
	57.54

	4x128, MU-MIMO, Codebook based, OFDMA; gNB Config = (8,16,2,1,1;4,16)
	30
	DDSU
S slot =10DL:2GP:2UL
	50
	/
	/
	/
	1
	900
	50.50


5.5.1.1.2	Evaluation configuration B (CF = 30 GHz)
TBD
5.5.1.1.3	Evaluation configuration C
For evaluation configuration C (multi-band), the UL user experienced data rate is evaluated using a TDD band (on 30 GHz) and a supplementary uplink (SUL) band (on 4 GHz). System level simulation is used. The “cell edge” users on TDD band are offloaded to SUL band. The evaluation results of NR TDD+SUL are provided in Table 5.5.1.1.3-1. 
In the evaluation, it is assumed that for FDD with 15 kHz SCS, a component carrier with 20 MHz is used; for TDD with 60 kHz SCS, a component carrier with 200 MHz is used. Multiple component carriers on either TDD band or SUL band are aggregated to achieve the UL target user experienced data rate. The assumed aggregated system bandwidth is given in Table 5.5.1.1.3-1.
Table 5.5.1.1.3-1 UL user experienced data rate for NR in Dense Urban – eMBB 
(Evaluation configuration C)
 (a) NR TDD+SUL, Macro layer only
	Scheme and antenna configuration
	Sub-carrier spacing
	Frame structure 
	ITU
Requirement [Mbps]
	Channel model A
	Channel model B

	
	
	
	
	Number of samples
	Assumed system bandwidth [MHz]
	User exp. data rate [Mbps]
	Number of samples
	Assumed system bandwidth [MHz]
	User exp. data rate [Mbps]

	4 GHz (SUL band): 2x32 SU-MIMO, Codebook based OFDMA
gNB Config = (8,8,2,1,1; 2,8)

30 GHz (TDD band): 8x32 SU-MIMO, Codebook based, OFDMA (2 panel@UE)
gNB Config = (4,8,2,2,2; 1,4)
UE Config = (2,4,2,1,2; 1,2)

50% offload to SUL band
	4 GHz: 15 

30 GHz: 60 
	4 GHz: full uplink;

30 GHz: DDDSU
S slot =10DL:2GP:2UL
	50
	1
	4 GHz: 100 (for UL)

30 GHz: 1200
	53.13
	1
	4 GHz: 100 (for UL)

30 GHz: 1200
	51.39
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