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Introduction
In this paper we show evaluation results of NR w.r.t. peak data rate, peak spectrum efficiency, and bandwidth. The ITU and 3GPP targets for NR w.r.t. above metrics are summarized in the table below.
[bookmark: _Ref494288813]Table 1: ITU and 3GPP targets on peak data rate, peak spectral efficiency, and bandwidth	
	Performance Measure
	ITU
	3GPP

	Peak data rate
	DL: 20 Gb/s
UL: 10 Gb/s
	DL: 20 Gb/s
UL: 10 Gb/s

	Peak spectral efficiency
	DL: 30 bps/Hz
UL: 15 bps/Hz
	DL: 30 bps/Hz
UL: 15 bps/Hz

	Bandwidth
	At least 100MHz, up to 1GHz for higher frequency bands
	Reference to ITU



This contribution is a revision of R1-1806439, e.g. including results for TDD. A spread sheet containing the calculations is also included.
Bandwidth

RAN4 agreed on spectrum utilization numbers listed in Table 1 and Table 2 for below and above 6 GHz, respectively [1]. 



[bookmark: _Ref494290405]Table 2: Maximum spectrum utilization (in PRB) for various bandwidth/subcarrier spacing combinations for below 6 GHz (BW in MHz, SCS in kHz)	
	SCS\BW
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	25
	52
	79
	106
	133
	216
	270
	NA
	NA
	NA

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60
	NA
	11
	18
	24
	31
	51
	65
	79
	107
	135



[bookmark: _Ref494288830]Table 3: Maximum spectrum utilization (in PRB) for various bandwidth/subcarrier spacing combinations for above 6 GHz (BW in MHz, SCS in kHz)
	SCS\BW
		50
	100
	200
	400

	60
	66
	132
	264
	NA

	120
	32
	66
	132
	264



One can see from Table 2 and Table 3 that several configurations support bandwidths of 100 MHz and above. The largest component carrier bandwidth is 400 MHz. NR supports carrier aggregation of up to 16 component carriers in which case the supported NR carrier bandwidth exceeds 1 GHz.
Peak data rate and spectral efficiency
For the assessment of peak data rate and peak spectral efficiency overhead assumptions are assumed according to Table 4..
[bookmark: _Ref494288875]Table 4: Evaluation assumptions for peak data rate and peak spectral efficiency 
	Parameter
	Setting

	SSB
	1 and 8 SSB per 20ms for FR1 and FR2 resp.

	TRS
	24 PRB wide, occurs every 20 ms

	PDCCH
	4 CCE in every slot

	DL DM-RS
	Downlink: 2 RE per RB per MIMO layer
Uplink: 1 symbol per slot

	CSI-RS
	8 RE per PRB, occurs every 10ms

	PT-RS
	1 subcarrier every 4th PRB, every symbol for FR2

	SRS
	1 complete symbol every 10 ms

	PUCCH
	Short PUCCH with 2 PRB over slot in every slot

	Number of MIMO layers
	Downlink: 8 for FR1, 6 for FR2
Uplink: 4

	Modulation format
	256QAM

	Code rate
	0.93



The achievable peak data rates and peak spectral efficiencies for downlink and uplink, and FDD and two different TDD patterns are shown in Table 5 for FR1 and in Table 6 for FR2. To calculate the peak datarates aggregation of 16 Component Carriers (CCs) is assumed. It is seen that in all cases the peak spectral efficiencies exceed the requirements of 30bps/Hz in downlink and 15bps/Hz in uplink. The peak datarate requirements of 20Gbps downlink and 10Gbps uplink are exceeded given a sufficiently wide bandwidth.
[bookmark: _Ref494288973]Table 5: Peak data rates and peak spectral efficiencies for FR1
	CC bandwidth [MHz]
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	Number of CCs
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	Frequency range
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Subcarrier spacing [kHz]
	15
	15
	15
	15
	15
	15
	15
	30
	30
	30

	FDD DL peak datarate [Mbps]
	3 410
	7 154
	11 330
	14 929
	19 249
	30 768
	38 832
	46 168
	62 049
	78 219

	FDD DL peak spectral efficiency [bps/Hz]
	42,6
	44,7
	47,2
	46,7
	48,1
	48,1
	48,5
	48,1
	48,5
	48,9

	FDD UL peak datarate [Mbps]
	1 905
	3 821
	5 959
	7 802
	10 013
	15 910
	20 038
	23 952
	32 091
	40 379

	FDD UL peak spectral efficiency [bps/Hz]
	23,8
	23,9
	24,8
	24,4
	25,0
	24,9
	25,0
	24,9
	25,1
	25,2

	TDD pattern
	DDDSU
	DDDSU
	DDDSU
	DDDSU
	DDDSU
	DDDSU
	DDDSU
	DDDSU
	DDDSU
	DDDSU

	Special slot configuration
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u

	TDD DL peak datarate [Mbps]
	2 504
	5 287
	8 391
	11 067
	14 279
	22 842
	28 836
	34 306
	46 123
	58 154

	TDD DL peak spectral efficiency [bps/Hz]
	41,0
	43,2
	45,7
	45,3
	46,7
	46,7
	47,2
	46,8
	47,1
	47,6

	TDD UL peak datarate [Mbps]
	382
	768
	1 199
	1 570
	2 016
	3 204
	4 036
	4 897
	6 562
	8 258

	TDD UL peak spectral efficiency [bps/Hz]
	20,2
	20,4
	21,2
	20,8
	21,4
	21,2
	21,4
	21,6
	21,8
	21,9

	TDD pattern
	DSUUD
	DSUUD
	DSUUD
	DSUUD
	DSUUD
	DSUUD
	DSUUD
	DSUUD
	DSUUD
	DSUUD

	Special slot configuration
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u

	TDD DL peak datarate [Mbps]
	1 480
	3 183
	5 083
	6 721
	8 687
	13 928
	17 597
	20 963
	28 212
	35 593

	TDD DL peak spectral efficiency [bps/Hz]
	37,0
	39,8
	42,4
	42,0
	43,4
	43,5
	44,0
	43,7
	44,1
	44,5

	TDD UL peak datarate [Mbps]
	870
	1 746
	2 724
	3 567
	4 578
	7 275
	9 163
	11 002
	14 741
	18 549

	TDD UL peak spectral efficiency [bps/Hz]
	21,7
	21,8
	22,7
	22,3
	22,9
	22,7
	22,9
	22,9
	23,0
	23,2



[bookmark: _Ref494289500]Table 6: Peak data rates and peak spectral efficiencies for FR2
	CC bandwidth [MHz]
	50
	100
	150
	200
	400

	Number of CCs
	16
	16
	16
	16
	16

	Frequency range
	2
	2
	2
	2
	2

	Subcarrier spacing [kHz]
	60
	60
	60
	120
	120

	FDD DL peak datarate [Mbps]
	28 045
	58 068
	87 656
	117 370
	237 540

	FDD DL peak spectral efficiency [bps/Hz]
	35,1
	36,3
	36,5
	36,7
	37,1

	FDD UL peak datarate [Mbps]
	19 377
	39 379
	59 091
	79 416
	159 503

	FDD UL peak spectral efficiency [bps/Hz]
	24,2
	24,6
	24,6
	24,8
	24,9

	TDD pattern
	DDDSU
	DDDSU
	DDDSU
	DDDSU
	DDDSU

	Special slot configuration
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u
	11d 1g 2u

	TDD DL peak datarate [Mbps]
	20 630
	42 846
	64 741
	86 700
	175 645

	TDD DL peak spectral efficiency [bps/Hz]
	33,7
	35,0
	35,3
	35,4
	35,9

	TDD UL peak datarate [Mbps]
	3 631
	7 390
	11 094
	14 967
	30 081

	TDD UL peak spectral efficiency [bps/Hz]
	19,3
	19,6
	19,6
	19,8
	19,9

	TDD pattern
	DSUUD
	DSUUD
	DSUUD
	DSUUD
	DSUUD

	Special slot configuration
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u
	6d 2g 6u

	TDD DL peak datarate [Mbps]
	12 295
	25 759
	39 028
	52 272
	106 207

	TDD DL peak spectral efficiency [bps/Hz]
	30,7
	32,2
	32,5
	32,7
	33,2

	TDD UL peak datarate [Mbps]
	8 676
	17 638
	26 471
	35 615
	71 545

	TDD UL peak spectral efficiency [bps/Hz]
	21,7
	22,0
	22,1
	22,3
	22,4





Conclusion
In this contribution, we evaluate NR w.r.t. supported bandwidth, peak data rate, and peak spectral efficiency. It is shown that NR fulfills ITU and 3GPP targets w.r.t. to these three metrics.
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