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1. Peak Spectral Efficiency and Peak Data Rate
As specified in Report ITU-R M.2410-0 [1], the minimum requirements for peak spectral efficiencies for the purpose of evaluation in the eMBB usage scenario are defined as below:

	
	Antenna Configuration (No. of Spatial Layers)
	Peak Spectral Efficiency (bit/s/Hz)
	Peak Data Rate (Gbps)

	Downlink
	8
	30
	20

	Uplink
	4
	15
	10



The following outlines the results of the detailed analyses of Peak Spectral Efficiency for both NR and LTE

NR peak spectral efficiency

For the NR, the generic peak spectral efficiency per carrier component can be calculated using the formula given below:



Where  is the maximum coding rate, and

For the  CC:
·  is the maximum number of MIMO layers
· is the highest modulation order
·  is the scaling factor
·  is the numerology (as defined in TS 38.211)
·  is the average OFDM symbol duration in a subframe for numerology , that is, . (Normal cyclic prefix is assumed) 
·  is the maximum RB allocation in bandwidth
·  with numerology   is the UE supported maximum bandwidth in the given band or band combination.
·  is the overhead and takes the following values (3GPP 38.306) [2]: 
· 0.14, for frequency range FR1 for DL
· 0.18, for frequency range FR2 for DL
· 0.08, for frequency range FR1 for UL
· 0.10, for frequency range FR2 for UL
For NR FDD frequency range of FR1 (410 MHz – 7125 MHz) DL peak spectral efficiencies for different channel bandwidths are calculated and presented in Table 2. The detailed assumptions used in the evaluation are provided in Table 1:



Table 1 Assumptions for peak spectral efficiency and peak data rate

	Parameters
	Downlink
	Uplink

	
	8
	4

	
	8
	8

	
	1
	1

	
	948/1024
	948/1024

	
	FR1: 0,1,2
FR2: 2,3
	FR1: 0,1,2
FR2: 2,3

	
	We have used maximum number of RBs for the specific component carrier bandwidth and SCS 
	We have used maximum number of RBs for the specific component carrier bandwidth and SCS




Table 2 NR FDD frequency range of FR1 (410 MHz – 7125 MHz) DL peak spectral efficiency (bit/s/Hz)
8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of Rmax=0.9258

	SCS (KHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	42.80
	44.51
	45.08
	45.37
	45.54
	45.65
	46.23
	46.23
	n/a
	n/a
	n/a
	n/a

	30
	37.66
	41.09
	43.37
	43.66
	44.51
	44.51
	45.37
	45.54
	46.23
	46.44
	46.61
	46.74

	60
	n/a
	37.66
	41.09
	41.09
	42.46
	43.37
	43.66
	44.51
	45.08
	45.80
	46.04
	46.23



For NR FDD frequency range of FR1 (410 MHz – 7125 MHz) UL peak spectral efficiency is calculated and presented in Table 3. The detailed assumptions are presented in Table 1.


Table 3 NR FDD frequency range of FR1 (410 MHz – 7125 MHz) UL peak spectral efficiency (bit/s/Hz)
4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of Rmax=0.9258

	SCS (KHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	22.89
	23.81
	24.11
	24.27
	24.36
	24.42
	24.72
	24.72
	n/a
	n/a
	n/a
	n/a

	30
	20.14
	21.98
	23.20
	23.35
	23.81
	23.81
	24.27
	24.36
	24.72
	24.84
	24.93
	25.00

	60
	n/a
	20.15
	21.98
	21.98
	22.71
	23.20
	23.35
	23.81
	24.11
	24.50
	24.62
	24.72



Similarly, for NR TDD frequency range of FR1 (410 MHz – 7125 MHz) DL peak spectral efficiency is calculated and presented in Table 4. In TDD, effective bandwidth, which is the operating bandwidth normalized considering the uplink/downlink ratio, needs to be considered. The DL/UL ratio of 4:1 is evaluated.

Table 4 NR TDD frequency range of FR1 (410 MHz – 7125 MHz) DL peak spectral efficiency (bit/s/Hz)
8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	42.80
	44.51
	45.08
	45.37
	45.54
	45.65
	46.23
	46.23
	n/a
	n/a
	n/a
	n/a

	30
	37.66
	41.09
	43.37
	43.66
	44.51
	44.51
	45.37
	45.54
	46.23
	46.44
	46.61
	46.74

	60
	n/a
	37.66
	41.09
	41.09
	42.46
	43.37
	43.66
	44.51
	45.08
	45.80
	46.04
	46.23



Further, for NR TDD frequency range of FR1 (410 MHz – 7125 MHz) UL peak spectral efficiency is calculated and presented in Table 5. The DL/UL ratio of 4:1 is evaluated.


Table 5 NR TDD frequency range of FR1 (410 MHz – 7125 MHz) UL peak spectral efficiency (bit/s/Hz)
4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	22.89
	23.81
	24.11
	24.27
	24.36
	24.42
	24.72
	24.72
	n/a
	n/a
	n/a
	n/a

	30
	20.14
	21.98
	23.20
	23.35
	23.81
	23.81
	24.27
	24.36
	24.72
	24.84
	24.93
	25.00

	60
	n/a
	20.15
	21.98
	21.98
	22.71
	23.20
	23.35
	23.81
	24.11
	24.50
	24.62
	24.72



For NR TDD frequency range of FR2 (24250 MHz – 52600 MHz), UL and DL peak spectral efficiencies are calculated and presented in Table 6 and 7, respectively. In TDD mode, effective bandwidth, which is the operating bandwidth normalized by the uplink/downlink duty cycle ratio, needs to be considered. Again, the detailed assumptions are presented in Table 1. The DL/UL ratio of 4:1 is evaluated.

Table 6 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) DL peak spectral efficiency (bit/s/Hz)
8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	43.20
	45.20
	45.20
	n/a

	120
	43.83
	45.20
	45.20
	45.20



Table 7 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) UL peak spectral efficiency (bit/s/Hz)
4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	23.65
	23.65
	23.65
	n/a

	120
	22.93
	23.65
	23.65
	23.65



Similar tables for the FR2 range can be calculated assuming a lower modulation order of 64 QAM. 

Table 8 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) DL peak spectral efficiency (bit/s/Hz)
8-layer downlink transmission, with 64QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	32.4
	33.9
	33.9
	n/a

	120
	32.9
	33.9
	33.9
	33.9



Table 9 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) UL peak spectral efficiency (bit/s/Hz)
4-layer uplink transmission, with 64QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	17.74
	17.74
	17.74
	n/a

	120
	17.20
	17.74
	17.74
	17.74



Evidently, all the values in the tables 2 to 9 meet the peak spectral efficiency requirements outlined in ITU-R M.2410-0 evaluation criteria. For the 256QAM modulation order, spectral efficiency values exceed the target for instance 30 b/s/Hz in the DL by a wide margin, thus leaving a significant margin for larger overheads than the values used in the analysis herein (e.g., OH=0.14 in the DL). Even in 64QAM modulation order scenario, which applies to FR2 range only, there is still some room left for a higher overhead both in the DL and in the UL, but in general, spectral efficiency calculated in tables 8 and 9 meets the ITU-R requirements. 

Peak data rate calculation for the NR RIT

In what follows, the peak data rate is calculated following the methodology specified in § 4.1 of Report ITU-R M.2410-0 [1], using peak spectral efficiency and maximum assignable channel bandwidth.

Table 10 NR FDD frequency range of FR1 (410 MHz – 7125 MHz) DL peak data rate (Gbps)
8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258

	SCS (KHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	0.214
	0.445
	0.676
	0.907
	1.14
	1.37
	1.85
	2.31
	n/a
	n/a
	n/a
	n/a

	30
	0.188
	0.411
	0.650
	0.873
	1.11
	1.33
	1.81
	2.28
	2.77
	3.71
	4.19
	4.67

	60
	n/a
	0.377
	0.616
	0.822
	1.06
	1.30
	1.75
	2.22
	2.70
	3.66
	4.14
	4.62




Table 11 NR FDD frequency range of FR1 (410 MHz – 7125 MHz) UL peak data rate (Gbps)
4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258

	SCS (KHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	0.114
	0.238
	0.362
	0.485
	0.609
	0.733
	0.989
	1.23
	n/a
	n/a
	n/a
	n/a

	30
	0.100
	0.220
	0.348
	0.467
	0.595
	0.714
	0.970
	1.22
	1.48
	1.99
	2.24
	2.5

	60
	n/a
	0.201
	0.330
	0.439
	0.568
	0.696
	0.934
	1.19
	1.45
	1.96
	1.22
	2.47




Table 12 NR TDD frequency range of FR1 (410 MHz – 7125 MHz) DL peak data rate (Gbps)
8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	0.171
	0.356
	0.541
	0.726
	0.911
	1.09
	1.48
	1.85
	n/a
	n/a
	n/a
	n/a

	30
	0.151
	0.329
	0.520
	0.698
	0.890
	1.07
	1.45
	1.82
	2.22
	2.97
	3.35
	3.74

	60
	n/a
	0.301
	0.493
	0.657
	0.849
	1.04
	1.40
	1.78
	2.16
	2.93
	3.31
	3.70




Table 13 NR TDD frequency range of FR1 (410 MHz – 7125 MHz) UL peak data rate (Gbps)
4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	0.023
	0.048
	0.072
	0.097
	0.122
	0.146
	0.198
	0.247
	n/a
	n/a
	n/a
	n/a

	30
	0.020
	0.044
	0.069
	0.093
	0.119
	0.143
	0.194
	0.243
	0.297
	0.397
	0.449
	0.500

	60
	n/a
	0.040
	0.066
	0.088
	0.113
	0.139
	0.187
	0.238
	0.289
	0.392
	0.443
	0.494



Table 14 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) DL peak data rate (Gbps)
8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	1.81
	3.61
	7.23
	n/a

	120
	1.75
	3.61
	7.23
	14.46



If we assume %100 transmission in the downlink instead of %80 evaluation shown in Table 6, we get:

Table 15 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) DL peak data rate (Gbps)
8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, DL only

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	2.26
	4.52
	9.04
	n/a

	120
	2.19
	4.52
	9.04
	18.08



Considering the possibility of aggregating minimum two FR2 carriers with 400 BW each (800 MHz in total), we can get a peak data rate of almost 36 Gbps. This would fulfil the minimum requirement of 20 Gbps.

Table 16 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) UL peak data rate (Gbps)
4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	0.236
	0.473
	0.946
	n/a

	120
	0.229
	0.473
	0.946
	1.89



If we assume %100 transmission in the uplink instead of %20 evaluation shown in Table 8, we get:

Table 17 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) UL peak data rate (Gbps)
4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, UL only

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	1.18
	2.36
	4.73
	n/a

	120
	1.15
	2.36
	4.73
	9.46



Following the same methodology, but assuming 64QAM modulation order, the peak speeds in FR2 frequency range are calculated and the values are shown below. 

Table 18 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) DL peak data rate (Gbps)
8-layer downlink transmission, with 6QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	1.36
	2.71
	5.42
	n/a

	120
	1.31
	2.71
	5.42
	10.85



If we assume %100 transmission in the downlink instead of %80 evaluation shown in Table 6, we get:

Table 19 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) DL peak data rate (Gbps)
8-layer downlink transmission, with 64QAM modulation, and a maximum coding rate of 0.9258, DL only

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	1.70
	3.39
	6.78
	n/a

	120
	1.64
	3.39
	6.78
	13.56



Considering the possibility of aggregating at least two FR2 carriers with 400 BW each (800 MHz in total), we can get a peak data rate of almost 27 Gbps. This would fulfil the minimum requirement of 20 Gbps even if 64QAM is used. 

Table 20 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) UL peak data rate (Gbps)
4-layer uplink transmission, with 64QAM modulation, and a maximum coding rate of 0.9258, DL/UL 4:1

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	0.18
	0.35
	0.71
	n/a

	120
	0.17
	0.35
	0.71
	1.42



If we assume %100 transmission in the uplink instead of %20 evaluation shown in Table 8, we get:

Table 21 NR TDD frequency range of FR2 (24250 MHz – 52600 MHz) UL peak data rate (Gbps)
4-layer uplink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258, UL only

	SCS (KHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
	0.89
	1.77
	3.55
	n/a

	120
	0.86
	1.77
	3.55
	7.10



LTE peak data rates and spectral efficiencies

In order to evaluate the LTE peak spectral efficiencies for different bandwidths, we first calculate the peak speeds for the channel bandwidths listed in Table 22: 


Table 22 LTE channel bandwidths and associated number of resource blocks

	Channel bandwidths
	5
MHz
	10
MHz
	15 
MHz
	20
MHz

	NRB
	25
	50
	75
	100



To determine maximally supported peak LTE data rates assuming 8 spatial layers of transmission, we have relied on transport block sizes specified in TS 36.213, section 7.1.7. 

Assuming 1024QAM in the downlink(Qm=10), and using the number of resource blocks listed in Table 22 (above), maximal transport block sizes for a single spatial (MIMO) layer from TS 36.213 are listed below: 

Table 23 LTE transport block sizes for given channel bandwidths

	Channel bandwidths
	5
MHz
	10
MHz
	15 
MHz
	20
MHz

	NRB
	25
	50
	75
	100

	TBS
	30576
	61664
	93800
	125808




After mapping from one to four layers and accounting for 2 codewords (for 8 layer transmission), the peak data rates and spectral efficiency for the DL components are: 

Table 24 LTE peak data rates and spectral efficiencies in the DL for 1024QAM

	Channel bandwidths
	5
MHz
	10
MHz
	15 
MHz
	20
MHz

	Rpeak (Gbps)
	0.25
	0.49
	0.75
	1.00

	SE
	49.78
	49.12
	50.05
	50.26



[bookmark: _GoBack]Given that LTE allows up to 32 component carriers in carrier aggregation, the peak DL data arte can be as high as 32 Gbps assuming 20 MHz channels. At the same time, the peak spectral efficiency values of around 50 b/s/Hz leave more than sufficient room for any overhead variation that would account for a mix of MBSFN and non-MBSFN subframes for example. 

Similarly, for the UL, using the transport block size index of ITBS=34, a 20 MHz channel can have transport block size of 105528 bits per transmit time interval, which is mapped onto 422232 bits for a 4 layer UL transmission. This corresponds to about 420 Mb/s of peak data rates for a single 20 MHz channel, or to SEUL = 21 b/s/Hz. 

Conclusion
Observation 1: The Peak Spectral Efficiency values computed in this paper, for both NR and LTE, fulfill the ITU-R targets for these technical performance requirements.

Observation 2: The Peak Data Rate values computed in this paper, for both NR and LTE, fulfill the ITU-R targets for these technical performance requirements. 
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