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1 Introduction
There was an approved Study Item on Self Evaluation towards IMT-2020 submission in the RAN#75 meeting, which mainly focuses on evaluated RAN technologies based on Rel-15 and beyond to satisfy all ITU-R IMT-2020 requirements. Then 3GPP RAN#81 has finished working on the finalization of the updated submission of 3GPP “5G” technology to ITU-R WP5D.

Based on ITU-R report M.2410 and M.2412, it is common opinion that both Peak data rate and Peak spectral efficiency, as two Technical Performance Requirements (TPRs) of eMBB usage scenario, should be evaluated under analysis, respectively. 

In this contribution, both methodologies and analysis of Peak data rate and Peak spectral efficiency on eMBB usage scenario are shown, respectively.
1.1 Peak spectral efficiency

Peak spectral efficiency is the maximum data rate under ideal conditions normalised by channel bandwidth (in bit/s/Hz), where the maximum data rate is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times). 
This requirement is defined for the purpose of evaluation in the eMBB usage scenario.

The minimum requirements for peak spectral efficiencies are as follows: 

–
Downlink peak spectral efficiency is 30 bit/s/Hz. 
–
Uplink peak spectral efficiency is 15 bit/s/Hz.

These values were defined assuming an antenna configuration to enable 8 spatial layers (streams) in the downlink and 4 spatial layers (streams) in the uplink [1].
1.2 Peak data rate
Peak data rate is the maximum achievable data rate under ideal conditions (in bit/s), which is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e., excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times). 
Peak data rate is defined for a single mobile station. In a single band, it is related to the peak spectral efficiency in that band. Let W denote the channel bandwidth and 

SEp denote the peak spectral efficiency in that band. Then the user peak data rate Rp is given by:
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Peak spectral efficiency and available bandwidth may have different values in different frequency ranges. In case bandwidth is aggregated across multiple bands, the peak data rate will be summed over the bands. Therefore, if bandwidth is aggregated across Q bands then the total peak data rate R is
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Where Wi and SEpi (i = 1,…Q) are the component bandwidths and spectral efficiencies respectively.

This requirement is defined for the purpose of evaluation in the eMBB usage scenario. 

The minimum requirements for peak data rate are as follows:

–
Downlink peak data rate is 20 Gbit/s.

–
Uplink peak data rate is 10 Gbit/s[1].

2 Methodology  
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.[2]
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Where in

J is the number of aggregated component carriers in a band or band combination

Rmax = 948/1024

For the j-th CC,
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is the scaling factor

The scaling factor can take the values 1, 0.8, 0.75, and 0.4.
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is signaled per band and per band per band combination
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 is the numerology (as defined in TS 38.211 [6])
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[image: image10.wmf]m

, i.e. 
[image: image11.wmf]m

m

2

14

10

3

×

=

-

s

T

. Note that normal cyclic prefix is assumed.


[image: image12.wmf](

)

m

,

j

BW

PRB

N

 is the maximum RB allocation in bandwidth 
[image: image13.wmf](

)

j

BW

 with numerology 
[image: image14.wmf]m

, as defined in 5.3 TS 38.101-1 and 5.3 TS 38.101-2 , where 
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We can derive the generic formula for peak spectral efficiency for FDD and TDD for a specific component carrier (say j-th CC) as below.
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3 Evaluation Assumptions

The transmission bandwidth configuration NRB for each BS channel bandwidth and subcarrier spacing is specified in table 3-1 for FR1 and table 3-2 for FR2. [3]

Table 3-1: Transmission bandwidth configuration NRB for FR1

	SCS [kHz]
	5

MHz
	10

MHz
	15

MHz
	20 MHz
	25 MHz
	30

MHz
	40 MHz
	50 MHz
	60 MHz
	70

MHz
	80 MHz
	90

MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N.A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135


Table 3-2: Transmission bandwidth configuration NRB for FR2

	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


NOTE:
All Tx and Rx requirements are defined based on transmission bandwidth configuration specified in table 3-1 for FR1 and table 3-2 for FR2.
Other parameters mentioned in Section 2 assumed values for DL and UL peak data rate are provided in Table3:

Table 3-3  Parameters for DL peak data rate
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	15kHz SCS for =0

30kHz SCS for  =1

60kHz SCS for  =2

120kHz SCS for  =3
	15kHz SCS for =0

30kHz SCS for  =1

60kHz SCS for  =2

120kHz SCS for  =3
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	For FR1:

270 for 50MHz with 15kHz SCS

273 for 100MHz with 30kHz SCS

135 for 100MHz with 60kHz SCS

For FR2:

264 for 200MHz with 60kHz SCS

264 for 400MHz with 120kHz SCS
	For FR1:

270 for 50MHz with 15kHz SCS

273 for 100MHz with 30kHz SCS

135 for 100MHz with 60kHz SCS

For FR2:

264 for 200MHz with 60kHz SCS

264 for 400MHz with 120kHz SCS
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	FDD
	For FR1:

10.66% for 50MHz with 15kHz SCS

10.40% for 100MHz with 30kHz SCS

10.95% for 100MHz with 60kHz SCS
	FDD
	For FR1:

5.83% for 50MHz with 15kHz SCS

5.47% for 100MHz with 30kHz SCS

5.65% for 100MHz with 60kHz SCS

	
	TDD
	For FR1:

12.74% for 50MHz with 15kHz SCS

11.47% for 100MHz with 30kHz SCS

11.81% for 100MHz with 60kHz SCS

For FR2:

10.15% for 200MHz with 60kHz SCS

9.92% for 400MHz with 120kHz SCS
	TDD
	For FR1:

8.37% for 50MHz with 15kHz SCS

7.66% for 100MHz with 30kHz SCS

7.58% for 100MHz with 60kHz SCS

For FR2:

10.50% for 200MHz with 60kHz SCS

9.80% for 400MHz with 120kHz SCS


The overhead in the table were derived from the follow assumptions: 

For downlink, PDCCH, DM-RS, CSI-RS, CSI-IM, SSB, TRS and PTRS are considered.

FR1:

· PDCCH:24 PRBs (4 CCE)/slot in every slot 

· DM-RS:16 RE/PRB/slot 

· CSI-RS: 8 ports with 1 RE/PRB/port with periodicity of 10ms in every PRB

· CSI-IM: 4 RE/RB with periodicity of 10 ms

· SSB：1 SSB per 20 ms

· TRS：maximal bandwidth with 52 PRB; burst length with 2 slots,6 RE/PRB/20ms

FR2:

· PDCCH:24 PRBs (4 CCE) /slot in every slot 

· DM-RS:12 RE/PRB/slot 

· CSI-RS: 8 ports with 1 RE/PRB/port with periodicity of 20ms in every PRB

· CSI-IM: 4 RE/RB with periodicity of 20 ms

· SSB：8 SSB per 20 ms

· TRS：maximal bandwidth with 52 PRB; burst length with 2 slots,6 RE/PRB/10ms

· PTRS: 2 ports PTRS with 1/4 frequency domain density and every symbol time domain density

For uplink, PUCCH, DM-RS, SRS and PTRS are considered.

FR1:

· PUCCH:  1PRB per slot 

· DM-RS:  8RE/PRB/slot

· SRS: 1 symbols/slot  with periodicity of 10ms

FR2:

· PUCCH:  1PRB per slot 

· DM-RS:  12RE/PRB/slot

· SRS: 1 symbols/slot  with periodicity of 2.5ms

· PTRS: 2 ports PTRS with 1/4 frequency domain density and every symbol time domain density

In TDD evaluation, the frame structure “DSUUD” is selected, and in the ‘S’ subframe ‘6D 2G 6U’configuration can be considered. The overhead of ‘gap’ were assumed 50% both in DL and UL.

4 Evaluation Results 

4.1 Peak Spectral Efficiency

Based on the approach in Section 2 and 3, the analytical peak spectral efficiency for NR in FR1 and FR2 for DL and UL are shown in Tables 4-1 to 4-4 respectively:

Table 4-1 DL Peak Spectral Efficiency (bit/s/Hz) for NR in FR1

	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz  
	40 MHz
	50MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz
	Req. (bit/s/Hz)

	FDD
	15
	44.46 
	46.24 
	46.84 
	47.13 
	47.31 
	47.43 
	48.02 
	48.02 
	
	
	
	
	
	30

	
	30
	39.24 
	42.81 
	45.19 
	45.49 
	46.38 
	46.38 
	47.27 
	47.45 
	48.16 
	48.16 
	48.38 
	48.56 
	48.70 
	

	
	60
	
	39.00 
	42.55 
	42.55 
	43.97 
	44.91 
	45.21 
	46.09 
	46.68 
	47.11 
	47.42 
	47.67 
	47.87 
	

	TDD
	15
	46.87 
	45.17 
	45.75 
	46.04 
	46.21 
	46.32 
	46.90 
	46.90 
	
	
	
	
	
	30

	
	30
	41.40 
	42.30 
	44.65 
	44.94 
	45.82 
	45.82 
	46.71 
	46.88 
	47.59 
	47.59 
	47.81 
	47.98 
	48.12 
	

	
	60
	
	38.63 
	42.14 
	42.14 
	43.54 
	44.48 
	44.77 
	45.65 
	46.23 
	46.65 
	46.96 
	47.21 
	47.40 
	


Table 4-2: DL Peak Spectral Efficiency (bit/s/Hz) for NR in FR2

	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz
	Req. (bit/s/Hz)

	TDD 
	60
	35.42 
	35.42 
	35.42 
	
	30

	
	120
	34.43 
	35.51 
	35.51 
	35.51 
	


Table 4-3: UL Peak Spectral Efficiency (bit/s/Hz) for NR in FR1

	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz  
	40 MHz
	50MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz
	Req. (bit/s/Hz)

	FDD
	15
	23.43 
	24.37 
	24.68 
	24.84 
	24.93 
	25.00 
	25.31 
	25.31 
	
	
	
	
	
	15

	
	30
	20.70 
	22.58 
	23.84 
	23.99 
	24.46 
	24.46 
	24.94 
	25.03 
	25.41 
	25.41 
	25.52 
	25.61 
	25.69 
	

	
	60
	
	20.66 
	22.54 
	22.54 
	23.29 
	23.79 
	23.95 
	24.42 
	24.73 
	24.95 
	25.12 
	25.25 
	25.36 
	

	TDD
	15
	22.80 
	23.71 
	24.02 
	24.17 
	24.26 
	24.32 
	24.63 
	24.63 
	
	
	
	
	
	15

	
	30
	20.22 
	22.06 
	23.29 
	23.44 
	23.90 
	23.90 
	24.36 
	24.45 
	24.82 
	24.82 
	24.93 
	25.02 
	25.09 
	

	
	60
	
	20.24 
	22.08 
	22.08 
	22.81 
	23.31 
	23.46 
	23.92 
	24.23 
	24.44 
	24.61 
	24.74 
	24.84 
	


Table 4-4: UL Peak Spectral Efficiency (bit/s/Hz) for NR in FR2

	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz
	Req. (bit/s/Hz)

	TDD
	60
	23.52
	23.52
	23.52
	
	        15
15

	
	120
	22.98
	23.70
	23.70
	23.70
	


Observation 1: NR can fulfill the IMT-2020 minimum requirements for peak spectral efficiency for both DL and UL.

4.2 Peak Data rata
For peak data rate, we use the maximum bandwidth of each sub-carrier spacing to evaluate,and the result are provided in Table 4-5 and Table 4-6.
Table 4-5 NR DL peak data rate

	Duplexing
	SCS [kHz]
	Per CC BW (MHz)
	Peak Spectral Efficiency (bit/s)
	Peak data rate per CC (Gbit/s)
	Number of CC
	Total bandwidth (MHz)
	Aggregated peak data rate (Gbit/s)
	Req. (Gbit/s)

	FDD
	FR1
	15
	50
	48.02
	2.40
	9
	450
	21.61
	20

	
	
	30
	100
	48.7
	4.87
	5
	500
	24.35
	

	
	
	60
	100
	47.87
	4.79
	5
	500
	23.94
	

	TDD
(DSUUD)
	FR1
	15
	50
	46.9
	1.17
	18
	900
	21.11
	

	
	
	30
	100
	48.12
	2.41
	9
	900
	21.65
	

	
	
	60
	100
	47.4
	2.37
	9
	900
	21.33
	

	
	FR2
	60
	200
	35.42
	3.54
	6
	1200
	21.25
	

	
	
	120
	400
	35.51
	7.10
	3
	1200
	21.31
	


Table 4-6 NR UL peak data rate

	Duplexing
	SCS [kHz]
	Per CC BW (MHz)
	Peak Spectral Efficiency (bit/s)
	Peak data rate per CC (Gbit/s)
	Number of CC
	Total bandwidth (MHz)
	Aggregated peak data rate (Gbit/s)
	Req. (Gbit/s)

	FDD
	FR1
	15
	50
	25.31
	1.27
	8
	400
	10.12
	10

	
	
	30
	100
	25.69
	2.57
	4
	400
	10.28
	

	
	
	60
	100
	25.36
	2.54
	4
	400
	10.14
	

	TDD
(DSUUD)
	FR1
	15
	50
	24.63
	0.62
	17
	850
	10.47
	

	
	
	30
	100
	25.09
	1.25
	8
	800
	10.04
	

	
	
	60
	100
	24.84
	1.24
	9
	900
	11.18
	

	
	FR2
	60
	200
	23.52
	2.35
	5
	1000
	11.76
	

	
	
	120
	400
	23.7
	4.47
	3
	1200
	14.22
	


Observation 2: NR can fulfill the IMT-2020 minimum requirements for peak data rate for both DL and UL by carrier aggregation, precluding 15kHz SCS under 50MHz component carrier in TDD.
5 Conclusions

Observation 1: NR can fulfill the IMT-2020 minimum requirements for peak spectral efficiency for both DL and UL.

Observation 2: NR can fulfill the IMT-2020 minimum requirements for peak data rate for both DL and UL by carrier aggregation, precluding 15kHz SCS under 50MHz component carrier in TDD.
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