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Introduction
According to Report ITU-R M.2410 [2], the peak data rate and peak spectral efficiency is defined as in subsection 4.1 and 4.2:
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The minimum requirements for peak data rate and peak spectral efficiency are provide in Report ITU‑R M.2410 [2] and summarized in  Table 1‑1.
[bookmark: _Ref505702070][bookmark: _GoBack]Table 1‑1  the requirements of peak data rate and peak spectral efficency
	Performance Measure
	DL
	UL

	Peak data rate
	20 Gb/s
	10 Gb/s

	Peak spectral efficiency
	30 bps/Hz
	15 bps/Hz



Also in Report ITU-R M.2412[3], more detailed evaluation methodologies are defined, where it is noted that proponents should demonstrate that the peak spectral efficiency requirement can be met for, at least, one of the carrier frequencies assumed in the test environments under the eMBB usage scenario, and proponents should demonstrate that the peak data rate requirement can be met for, at least, one carrier frequency or a set of aggregated carrier frequencies (where it is the case), assumed in the test environments under the eMBB usage scenario.
In this document, the peak spectrum efficiency and peak data rate evaluation for NR are considered and updated. Considering NR works on two frequency ranges, sub 6 GHz and above 24 GHz, this document presents the considerations for both frequency ranges.
Methodology
Peak spectrum efficiency
The generic formula for peak spectral efficiency for FDD and TDD for a specific component carrier (say j-th CC) is given by

                                            (1)

wherein	
· Rmax = 948/1024
· For the j-th CC,
· [image: ] is the maximum number of layers 
· [image: ] is the maximum modulation order
· [image: ]is the scaling factor 
· The scaling factor can at least take the values 1 and 0.75. 
· [image: ]is signalled per band and per band per band combination as per UE capability signalling
· [image: ] is the numerology (as defined in TS38.211)
· [image: ] is the average OFDM symbol duration in a subframe for numerology [image: ], i.e. [image: ]. Note that normal cyclic prefix is assumed.
· [image: ] is the maximum RB allocation in bandwidth [image: ] with numerology [image: ], as given in TR 38.817-01 section 4.5.1, where [image: ] is the UE supported maximum bandwidth in the given band or band combination.
· 
[image: ]is the overhead  calculated as the average ratio of the number of REs occupied by L1/L2 control, Synchronization Signal, PBCH and reference signals etc. with respect to the total REs in effective bandwidth  time product as given by .



-is the normalized scalar considering the downlink/uplink ratio; for FDD =1 for DL and UL; and for TDD and other duplexing for DL and UL is calculated based on the frame structure.
Peak data rate
The DL/UL peak data rate for FDD and TDD over Q component carriers can be calculated as below		

                                    (2)









where  and are the effective bandwidth and spectral efficiencies on component carrier , respectively, is the normalized scalar on component carrier  considering the downlink/uplink ratio on that component carrier; for FDD =1 for DL and UL; and for TDD and other duplexing for DL and UL is calculated based on the frame structure, and is the carrier bandwidth of component .
The above formulas are applied to the following sessions for calculating peak data rate and peak spectral efficiency.
Evaluation results

Considering features and supported performance of the FR1 and FR2 are different, the overhead from physical channel and physical reference signal should be considered separately . Meanwhile, there is one UE which is expected to experience good channel environment in peak spectrum/peak data rate evaluation so that the overhead will be different from that to spectrum efficiency evaluation. Overhead calculation should include SSB, TRS, PDCCH, DMRS, CSI-RS, CSI-IM and PTRS for DL and SRS, PUCCH, DMRS and PTRS for UL. Also ratio of overhead depends on bandwidth of a component carrier, which needs to be considered. for TDD, the configuration DSUUD is assumed, for DL is 0.5571 and for UL is 0.4286.
Proposal 1: Overhead for peak data rate/spectrum efficiency
· The overhead of FR1 and FR2 should be considered separately.
· The overhead for peak data rate/peak spectrum efficiency should be different from those used for spectrum efficiency
· Including SSB, TRS, PDCCH, DMRS, CSI-RS, CSI-IM and PTRS for DL and SRS, PUCCH, DMRS and PTRS for UL
DL evaluation assumption
The values of the key parameters are needed and their assumed values for DL peak data rate are provided as below:
[bookmark: _Ref504059014]Table 3‑1   Parameters for DL peak data rate
                               
	Parameters
	Values
	Remarks

	

	FR1：8
FR2：6
	NR supports up to 8 layers for a single user for DL
FR2: when PTRS is transmitted, it supports up to 6.

	

	8
	NR supports up to 256QAM for DL

	f
	1
	The value of 1 is chosen as scaling factor for DL peak spectral efficiency evaluation.

	

	0.9258
	
NR supports highest coding rate as =948/1024.



The maximum transmission bandwidth configuration NRB for each BS channel bandwidth and subcarrier spacing is specified in table 5.3.2.-1 for FR1 and FR2 in Section 5.3.2 of TS38.104 [4]..
[bookmark: _Ref504059054]Table 3‑2  DL maximum spectrum utilization (in PRB) for various bandwidth/subcarrier spacing
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	200 MHz
	400 MHz

	FR1
	15
	25
	52
	79
	106
	133
	160
	216
	270
	-
	-
	-
	-
	-
	-

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

	
	60
	-
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135
	-
	-

	FR2
	60
	-
	-
	-
	-
	-
	-
	-
	66
	-
	-
	-
	132
	264
	-

	
	120
	-
	-
	-
	-
	-
	-
	-
	32
	-
	-
	-
	66
	132
	264



For the assessment of DL peak data rate, overhead due to control channel and reference signal must be considered. SSB, TRS, PDCCH, DM-RS, CSI-RS, CSI-IM and PTRS assumed for FR1 and FR2 are summarized in Table 3-3. It is noted that overhead assumed in this table is only for reasonable peak data rate calculation, but not meant it also applies to self evaluation for e.g. spectral efficiency.
Table 3‑3 DL evaluation assumption for peak data rate and spectral efficiency 
	Parameter
	Setting

	
	FR1
	FR2

	SSB
	1 SSB per 20 ms
	8 SSB per 20 ms

	TRS
	52 PRB wide, occurs every 80 ms
	52 PRB wide, occurs every 10 ms

	PDCCH
	4 CCE in every slot
	4 CCE in every slot

	DM-RS
	DMRS config2 16RE/slot/RB
	DMRS config1 12RE/slot/RB

	CSI-RS
	8 CSI-RS ports with 1 RE/RB/port, with periodicity of 20ms
	8 CSI-RS ports with 1 RE/RB/port,with periodicity of 2.5ms

	CSI-IM
	4 RE/RB, with periodicity of 20 ms
	4 RE/RB, with periodicity of 2.5 ms

	PTRS
	Null
	1 ports PTRS, Frequency density is 4 RB, and time domain density is 1 symbol



DL evaluation results
Based on the above assumptions and considerations, the evaluation results of peak spectral efficiency for FR1 and FR2 are provided in Table 3‑4 and Table 3‑5. For peak data rate, we assume the CC bandwidth is the maximum bandwidth of the specific sub-carrier spacing, and we use this CC bandwidth to evaluate. For example, for 15kHz SCS, we assume the CC bandwidth is 50 MHz.There are two options to calculate the peak data rate:
Option1:Take max BW per CC and max number of CC (16)to calculate the maximum peak data rate, the results are provided in Table 3‑6. 
Option2: Find certain BWs per CC and a number of CC to reach peak data rate requirement and show how much aggregated BW provided , the results are provided in Table 3‑7.
[bookmark: _Ref504058815]Table 3‑4  evaluation results of DL peak spectral efficiency(bit/s/Hz) and overhead for FR1 under a certain component carrier
	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
	Req.

	FDD
	15
	OH
	18.07%
	13.82%
	12.47%
	11.81%
	11.4
2%
	11.16%
	10.83%
	10.64%
	-
	-
	-
	-
	30


	
	
	SE
	40.96
	44.81
	46.10
	46.74
	47.12
	47.38
	48.15
	48.25
	-
	-
	-
	-
	

	
	30
	OH
	26.80%
	17.54%
	14.65%
	13.39%
	12.60%
	12.11%
	11.48%
	11.12%
	10.86%
	10.57%
	10.47%
	10.39%
	

	
	
	SE
	32.21
	39.58
	43.24
	44.17
	45.44
	45.70
	46.91
	47.28
	48.13
	48.51
	48.74
	48.92
	

	
	60
	OH
	-
	25.95%
	19.60%
	17.10%
	15.41%
	14.34%
	13.14%
	12.38%
	11.89%
	11.29%
	11.10%
	10.94%
	

	
	
	SE
	-
	32.58
	38.59
	39.79
	41.95
	43.40
	44.30
	45.56
	46.40
	47.46
	47.81
	48.09
	

	TDD
	15
	OH
	20.67%
	15.59%
	13.99%
	13.20%
	12.73%
	12.42%
	12.03
	11.80%
	-
	-
	-
	-
	

	
	
	SE
	39.66
	43.88
	45.29
	46.00
	46.42
	46.70
	47.50
	47.62
	-
	-
	-
	-
	

	
	30
	OH
	30.07%
	19.51%
	16.22%
	14.78%
	13.88%
	13.33%
	12.60%
	12.19%
	11.90%
	11.57%
	11.45%
	11.36%
	

	
	
	SE
	30.77
	38.63
	42.44
	43.46
	44.78
	45.07
	46.32
	46.71
	47.57
	47.97
	48.21
	48.39
	

	
	60
	OH
	-
	28.55%
	21.50%
	18.73%
	16.85%
	15.67%
	14.33%
	13.49%
	12.94%
	12.28%
	12.07%
	11.89%
	

	
	
	SE
	-
	31.43
	37.67
	39.00
	41.24
	42.73
	43.69
	44.98
	45.85
	46.93
	47.29
	47.57
	



[bookmark: _Ref505085526]Table 3‑5 evaluation results of DL peak spectral efficiency(bit/s/Hz) and overhead(%) for FR2 under a certain component carrier
	SCS [kHz]
	
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	TDD
	60
	OH
	15.50%
	13.20%
	12.05%
	-
	30

	
	
	SE
	33.46
	34.37
	34.84
	-
	

	
	120
	OH
	17.89%
	13.96%
	12.11%
	11.18%
	

	
	
	SE
	31.53
	34.07
	34.80
	35.17
	


[bookmark: _Ref504058946]
Table 3‑6 evaluation results of DL peak data rate of option 1
	Duplexing
	SCS(kHz)
	Per CC BW (MHz)
	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
	2.41
	16
	800
	38.60
	20

	
	
	30
	100
	4.89
	16
	1600
	78.28
	

	
	
	60
	100
	4.81
	16
	1600
	76.94
	

	TDD 
	FR1
	15
	50
	1.33
	16
	800
	21.23
	

	
	
	30
	100
	2.70
	16
	1600
	43.14
	

	
	
	60
	100
	2.65
	16
	1600
	42.41
	

	
	FR2
	60
	200
	3.88
	16
	3200
	62.10
	

	
	
	120
	400
	7.84
	16
	6400
	125.41
	



[bookmark: _Ref520808649]Table 3‑7 evaluation results of DL peak data rate of option 2
. 
	Duplexing
	SCS(kHz)
	Per CC BW (MHz)
	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
	2.41
	9
	450
	21.69
	20

	
	
	30
	100
	4.89
	5
	500
	24.45
	

	
	
	60
	100
	4.81
	5
	500
	24.05
	

	TDD 
	FR1
	15
	50
	1.33
	16
	800
	21.28
	

	
	
	30
	100
	2.70
	8
	800
	21.60
	

	
	
	60
	100
	2.65
	8
	800
	21.20
	

	
	FR2
	60
	200
	3.88
	6
	1200
	23.28
	

	
	
	120
	400
	7.84
	3
	1200
	23.52
	



[bookmark: OLE_LINK288][bookmark: OLE_LINK289]Observation 1:  NR can fulfill the peak spectral efficiency requirements of DL for both below and above 6GHz.
Observation 2: NR can fulfill the peak data rate requirements of DL for both below and above 6GHz.
Observation 3: The DL max peak data rate of FDD is greater than that of TDD. To reach the requirements of peak data rate ,TDD need more component carriers.
UL evaluation assumption

The values of the key parameters are the same compared to DL in Table 3‑1 except the maxim number of layer  is 4.
The maximum transmission bandwidth configurations NRB are the same as those for DL in Table 3‑2.
For the assessment of UL peak data rate, overhead due to control channel and reference signal must be considered. SRS, PUCCH, DM-RS and PTRS assumed for FR1 and FR2 are summarized in Table 3‑8. It is noted that overhead assumed in this table is only for reasonable peak data rate calculation, but it does not meant that it also applies to self evaluation for e.g. spectral efficiency. 
[bookmark: _Ref505267600][bookmark: _Ref505267583]Table 3‑8 UL evaluation assumption for peak data rate and spectral efficiency 
	Parameter
	Setting

	
	FR1
	FR2

	SRS
	Resources ensuring the whole bandwidth measured within 20ms
	Resources ensuring the whole bandwidth measured within 2.5ms

	PUCCH
	Short PUCCH with 1 PRB over 1 symbol every slot
	Short PUCCH with 1 PRB over 1 symbol every slot

	DM-RS
	DMRS config2 8RE/slot/RB
	1 complete symbol per slot (config.1)

	PTRS
	Null
	2 ports PTRS, Frequency density is 4 RB, and time domain density is 1 symbol



UL evaluation results
Based on the above assumptions and considerations, the evaluation results of peak spectral efficiency for FR1 and FR2 are provided in Table 3‑9 and Table 3‑10. For peak data rate, we assume the CC bandwidth is the maximum bandwidth of the specific sub-carrier spacing, and we use this CC bandwidth to evaluate. For example, for 15kHz SCS, we assume the CC bandwidth is 50 MHz.There are two options to calculate the peak data rate:
Option1:Take max BW per CC and max number of CC(16) to calculate the maximum peak data rate, the results are provided inTable 3‑11. 
Option2: Find certain BWs per CC and a number of CC to reach peak data rate requirement and show how much aggregated BW provided  , the results are provided in Table 3‑12.
Table 3‑9  evaluation results of UL peak spectral efficiency(bit/s/Hz) and overhead for FR1 under a certain component carrier
	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
	Req.

	FDD
	15
	OH
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	-
	-
	-
	-
	15


	
	
	SE
	23.21
	24.14
	24.45
	24.61
	24.70
	24.76
	25.07
	25.07
	-
	-
	-
	-
	

	
	30
	OH
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	

	
	
	SE
	20.43
	22.28
	23.52
	23.68
	24.14
	24.14
	24.61
	24.70
	25.07
	25.19
	25.28
	25.35
	

	
	60
	OH
	-
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	

	
	
	SE
	-
	20.43
	22.28
	22.28
	23.03
	23.52
	23.68
	24.14
	24.46
	24.84
	24.97
	25.07
	

	TDD
	15
	OH
	7.90%
	7.69%
	7.63%
	7.59%
	7.58%
	7.56%
	7.55%
	7.54%
	-
	-
	-
	-
	

	
	
	SE
	24.67
	25.71
	26.06
	26.23
	26.34
	26.41
	26.74
	26.75
	-
	-
	-
	-
	

	
	30
	OH
	7.99%
	7.50%
	7.35%
	7.28%
	7.24%
	7.21%
	7.18%
	7.16%
	7.15%
	7.14%
	7.14%
	7.14%
	

	
	
	SE
	21.69
	23.78
	25.15
	25.33
	25.84
	25.85
	26.35
	26.46
	26.86
	26.99
	27.08
	27.16
	

	
	60
	OH
	-
	7.78%
	7.43%
	7.29%
	7.20%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	7.14%
	

	
	
	SE
	-
	21.74
	23.80
	23.84
	24.66
	25.20
	25.37
	25.87
	26.20
	26.61
	26.75
	26.86
	



Table 3‑10 evaluation results of UL peak spectral efficiency(bit/s/Hz) and overhead for FR2 under a certain component carrier
	SCS(kHz)
	
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	TDD
	60
	OH
	15.15%
	15.08%
	15.04%
	-
	15

	
	
	SE
	22.40
	22.42
	22.43
	
	

	
	120
	OH
	14.48%
	14.32%
	14.24%
	14.20%
	

	
	
	SE
	21.89
	22.62
	22.64
	22.65
	



Table 3‑11 evaluation results of UL peak data rate of option 1
	Duplexing
	SCS(kHz)
	Per CC BW (MHz)
	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
	1.25
	16
	800
	20.06
	10

	
	
	30
	100
	2.53
	16
	1600
	40.56
	

	
	
	60
	100
	2.51
	16
	1 600
	40.11
	

	TDD 
	FR1
	15
	50
	0.57
	16
	800
	9.17
	

	
	
	30
	100
	1.16
	16
	1 600
	18.62
	

	
	
	60
	100
	1.15
	16
	1 600
	18.42
	

	
	FR2
	60
	200
	1.92
	16
	3 200
	30.76
	

	
	
	120
	400
	3.88
	16
	6 400
	62.12
	



Table 3‑12 evaluation results of UL peak data rate of option 2
	Duplexing
	SCS(kHz) 
	Per CC BW (MHz)
	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
	1.25
	8
	400
	10.00
	10

	
	
	30
	100
	2.53
	4
	400
	10.12
	

	
	
	60
	100
	2.51
	4
	400
	10.04
	

	TDD 
	FR1
	15
	50
	0.57
	18
	900
	10.26
	

	
	
	30
	100
	1.16
	9
	900
	10.44
	

	
	
	60
	100
	1.15
	9
	900
	10.35
	

	
	FR2
	60
	200
	1.92
	6
	1200
	11.52
	

	
	
	120
	400
	3.88
	3
	1200
	11.64
	



Observation 4:  NR can fulfill the peak spectral efficiency requirements of UL for both below and above 6GHz.
Observation 5: NR can fulfill the peak data rate requirements of UL for both below and above 6GHz except for TDD mode with 15kHz SCS under 50MHz component carrier..
Observation 6: The UL max peak data rate of FDD is greater than that of TDD. To reach the requirements of peak data rate ,TDD need more component carriers.
Conclusion
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]In this document, the peak spectral efficiency and peak data rate of NR for the two frequency ranges are analysed and we have the following proposals:
Proposal 1: Overhead for peak data rate/spectrum efficiency
· The overhead of FR1 and FR2 should be considered separately.
· The overhead for peak data rate/peak spectrum efficiency should be different from those used for spectrum efficiency
· Including SSB, TRS, PDCCH, DMRS, CSI-RS, CSI-IM and PTRS for DL and SRS, PUCCH, DMRS and PTRS for UL
According to the initial evaluation results, the following observations are made.
Observation 1:  NR can fulfill the peak spectral efficiency requirements of DL for both below and above 6GHz.
Observation 2: NR can fulfill the peak data rate requirements of DL for both below and above 6GHz.
Observation 3: The DL max peak data rate of FDD is greater than that of TDD. To reach the requirements of peak data rate ,TDD need more component carriers.
Observation 4:  NR can fulfill the peak spectral efficiency requirements of UL for both below and above 6GHz.
Observation 5: NR can fulfill the peak data rate requirements of UL for both below and above 6GHz except TDD mode with 15kHz SCS under 50MHz component carrier..
Observation 6: The UL max peak data rate of FDD is greater than that of TDD. To reach the requirements of peak data rate ,TDD need more component carriers.
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