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Abbreviations

3GPP: 3rd Generation Partnership Project
BW: Bandwidth
CCE: Control channel element
CSI-RS: Channel state information reference signal
DL: Downlink
DM-RS: Demodulation reference signal 
ITU: International Telecommunication Union
NR: New Radio
PDCCH: Physical downlink control channel
PRB: Physical resource block 
PT-RS: Phase tracking reference signal 
PUCCH: Physical uplink control channel
RAN: Radio access network
RE: Resource element
SCS: Sub-carrier spacing
SRS: Sounding reference symbol
SSB: Synchronization signal block 
TRS: Tracking reference signal
UL: Uplink
Introduction

In this paper, Ericsson demonstrates the evaluation results of NR with respect to peak data-rate, peak spectrum efficiency, and bandwidth. The ITU and 3GPP targets for these metrics as far as NR is concerned, are summarized in Table 1. 

	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
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Peak data-rate and peak spectral efficiency are to be evaluated through analysis, while bandwidth by inspection, as explained in § 6 of ITU-R Report M.2412 [1]. 
Bandwidth

3GPP RAN4 agreed on the spectrum utilisation numbers listed in Table 2 and Table 3 for below and above 6 GHz, respectively [2]. 

	
	5
MHz
	10 
MHz
	15 
MHz
	20 
MHz
	25 
MHz
	40 
MHz
	50 
MHz
	60 
MHz
	80 
MHz
	100 
MHz

	15
kHz
	25
	52
	79
	106
	133
	216
	270
	NA
	NA
	NA

	30
kHz
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60
kHz
	NA
	11
	18
	24
	31
	51
	65
	79
	107
	135


SCS 
BW

[bookmark: _Ref525229618][bookmark: _Ref525232405]Table 2: Maximum spectrum utilization (in no. of PRBs) for various bandwidth/subcarrier spacing combinations for below 6 GHz (BW in MHz, SCS in kHz)
BW

	SCS 

	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
kHz
	66
	132
	264
	NA

	120
kHz
	32
	66
	132
	264



Table 3: Maximum spectrum utilization (in no. of PRBs) for various bandwidth/subcarrier spacing combinations for above 6 GHz (BW in MHz, SCS in kHz)

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.

For example, in Table 2, row 2 has 273 PRBs. Each resource block has 12 carriers and each carrier, in turn, is 30 kHz, yielding a carrier bandwidth of 273*12*30 = 98.28 MHz. In the same table, row 3 yields a carrier bandwidth of 135*12*60 = 97.20 MHz. (Note that guard-bands and one D.C. carrier take up the rest of the ‘space’). 
In addition, NR can aggregate upto 16 such component carriers which means that other configurations could also potentially provide the requisite ITU bandwidth. 

In Table 3, 264 PRBs at 60 kHz each yields a bandwidth of 264*12*60 = 190.08 MHz. Aggregating 6 such component carriers provides a bandwidth of 1140.48 MHz – which responds to the ITU requirement of 1 GHz at higher frequencies (above 6 GHz). Other configurations are possible, meeting or exceeding the 1 GHz limit.
 
Therefore, Ericsson concludes that the ITU requirement of 100 MHz bandwidth for lower frequencies (below 6 GHz) and 1 GHz bandwidth for higher frequencies (above 6 GHz) is met by NR. 


Peak data-rate and peak spectral efficiency
Downlink

When assessing the downlink peak data-rate, the overheads due to SSB, TRS, PDCCH, DM-RS, PT-RS and CSI-RS have to be considered. These are shown in Table 4. To achieve peak data rates of 20 Gbits/s, bandwidths of the order of 400 MHz are required, so the evaluation focuses on frequencies above 6 GHz. 

	Parameter
	Setting

	SSB (synchronization signal block)
	8 SSBs per 20 ms

	TRS (tracking reference signal)
	Min(52, BW in PRBs) PRB wide, occurs every 20 ms

	PDCCH (physical downlink control channel)
	4 CCE in every slot

	DM-RS (demodulation reference signal)
	2 complete symbols per slot

	CSI-RS (channel-state information reference signal)
	8 RE per PRB, occurs every 10 ms

	PT-RS (phase-tracking reference signal)
	1 subcarrier every 4th PRB, every symbol

	Number of layers
	8

	Modulation format
	256QAM

	Code rate
	0.93
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Using the assumptions from Table 4, the achievable DL peak data-rates are shown in Table 5. This was calculated using a Matlab script, which formulation is roughly: 
DRdl = repmat(Nslots/s, Nrows, size(BWSC,2))*NRE/slot*(1-OHdl)*Nlayers*Modformat*CR
where 
DRdl = date-rate on the DL
B = repmat(A,m,n) creates a large matrix B consisting of an m-by-n tiling of copies of A
s = size(A) returns a row vector whose elements contain the length of the corresponding dimension of A
NRE = no of resource elements 
OHdl = overhead on the DL

For more details about the formula itself, the reader is referred to [4] and [5]. 

For a 400 MHz wide component carrier, the peak data rate is 17.49 Gbits/s. Aggregating two such component carriers consumes a bandwidth of 800 MHz and gives a peak data-rate of about 35 Gbits/s, well beyond the passing criterion of 20 Gbits/s. 

SCS
BW

	
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
kHz
	2.11
	4.32
	8.73
	NaN

	120
kHz
	1.98
	4.25
	8.66
	17.49
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The peak spectral efficiency is obtained by normalizing the peak data rates shown in Table 5 by the bandwidth. The resulting peak spectral efficiency values are tabulated in Table 6. All values are well above the target of 30 bits/s/Hz.

	SCS

	50BW

MHz
	100 
MHz
	200 
MHz
	400 
MHz

	60 
kHz
	42.23
	43.16
	43.63
	NaN

	120
kHz
	39.56
	42.50
	43.31
	43.72
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Uplink 

The evaluation parameters for the uplink are listed in Table 7. The overheads due to DM-RS, PT-RS, SRS, and PUCCH are considered. The ITU peak data rate targets are fulfilled for carrier aggregation of two 400 MHz wide component carriers, see Table 8. All shown combinations exceed the peak spectral efficiency target of 15 bps/Hz, see Table 9. 

	Parameter
	Setting

	DM-RS
	1 complete symbol per slot

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

	SRS
	1 complete symbol every 10 ms

	PUCCH
	Long PUCCH with 2 PRB over slot in every slot

	Number of layers
	4

	Modulation format
	256QAM

	Code rate
	0.93
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	50
MHz
	100 
MHz
	200 
MHz
	400 
MHz

	60 
kHz
	1.16
	2.35
	4.74
	NaN

	120 
kHz
	1.08
	2.31
	4.71
	9.50


BW
SCS
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SCS
BW

	
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	60
kHz
	23.12
	23.52
	23.72
	NaN

	120
kHz
	21.61
	23.14
	23.54
	23.74
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Conclusion

In this contribution, NR was evaluated with respect to peak data-rate, peak spectral efficiency as well as bandwidth and shown to fulfil all the ITU-R targets for these technical performance requirements. 
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