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In this contribution, the self evaluation on peak spectral efficiency of FR1 towards IMT-2020 is provided.
The peak data rate and peak spectral efficiency have been defined in subsection 4.1 and 4.2 of Report ITU M.2410 [1], respectively. In [1], the minimum requirements of peak data rate and peak spectral efficiency are presented as follows.
[bookmark: _Ref505702070]Table 1‑1 The minimum requirements of peak data rate and peak spectral efficiency.
	Performance requirements
	Downlink
	Uplink

	Peak data rate (Gbit/s)
	20
	10

	Peak spectral efficiency (bit/s/Hz)
	30
	15



Evaluation methodology of peak spectral efficiency and peak data rate
Peak data rate

If bandwidth is aggregated across  bands then the total peak data rate is defined in [1] as follows

                                    



where  and  () are the component bandwidths and spectral efficiencies, respectively.
In 3GPP, the calculation formula of peak data rate has also been discussed [2].As presented in [2], the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows. The peak data rate can be computed as the maximum of the approximate data rates computed using the below formula for each of the supported band or band combinations.

Data rate (in Mbit/s) =         
where
· 
 is the number of aggregated component carriers in a band or band combination,
· 
 is the maximum target code rate as defined in Table 5.1.3.1-2 in [3],
· 
For thecomponent carriers,
· 
 is the maximum number of layers,
· 
 is the maximum modulation order, which is set to 8 according to [3],
· 
 is the scaling factor, which is set to 1,
· 
 is the numerology, which is defined in [1],
· 


 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.
· 


is the maximum RB allocation in bandwidth  with numerology , 
· 
 is the overhead, which should be computed with the evaluation assumption.
Peak spectral efficiency
The peak spectral efficiency has been defined in subsection 4.2 of Report ITU M.2410 [1]. With the definition, the peak spectral efficiency can be obtained by

               

Analysis of overhead
The overhead should be considered with different scenarios and evaluation assumptions, which may be the most complicated in the evaluation. In this section, some examples for overhead calculation are given for clarity.
FR1 FDD
When the overhead of FDD downlink is analyzed, DMRS/CSI-RS/CSI-IM/TRS/SSB/PDCCH should be taken into account. The example of FR1 FDD downlink (15kHz, 50MHz, 10ms) is given as below.
Table 3‑1 The example for overhead analysis of FR1 FDD downlink system.
	FR1 FDD Downlink (15kHz, 50MHz, 10ms)

	Parameters
	RE Number in 1 PRB and 1 Slot
(RE/PRB/Slot)
	PRB Number
	Slot Number 
in 10ms
	Total RE Number

	Available RE
	168
	270
	10
	453600

	Overhead

	DMRS
	16
	270
	10
	43200

	CSI-RS
	8
	270
	0.5
	1080

	CSI-IM
	4
	270
	0.5
	540

	TRS
	12
	52
	0.125
	78

	SSB
	960
	0.5
	480

	PDCCH
	144
	10
	1440

	Total Overhead
	　
	46818

	Overhead ratio
	　
	10.32%

	Remarks

	DMRS
	SU transmission, maximum 8 layers, 16 RE/PRB/slot

	CSI-RS
	8 ports, 8 RE/PRB/period with 20ms period

	CSI-IM
	4 RE/PRB/period with 20ms period

	TRS
	12 RE/PRB/period with 80ms period

	SSB
	2 SSB, 960 RE/period with 20ms period

	PDCCH
	2 CCE, 144 RE/period with 1ms period



When the overhead of FDD uplink is analyzed, DMRS/SRS/PUCCH should be taken into account. The example of FR1 FDD uplink (15kHz, 50MHz, 10ms) is given as below.
Table 3‑2 The example for overhead analysis of FR1 FDD uplink system.
	FR1 FDD Uplink (15kHz, 50MHz, 10ms)

	Parameters
	RE Number in 1 PRB and 1 Slot
(RE/PRB/Slot)
	PRB Number
	Slot Number 
in 10ms
	Total RE Number

	Available RE
	168
	270
	10
	453600

	Overhead

	DMRS
	8
	270
	10
	21600

	SRS
	12
	270
	0.5
	1620

	PUCCH
	12
	1
	10
	120

	Total Overhead
	　
	23340

	Overhead ratio
	　
	5.15%

	Remarks

	DMRS
	SU transmission, maximum 4 layers, 8 RE/PRB/slot

	SRS
	1 symbols,  12 RE/PRB/period with 20ms period

	PUCCH
	1 symbols and 1 PRB,  12 RE/period with 1ms period



FR1 TDD
When the overhead of TDD downlink is analyzed, besides DMRS/CSI-RS/CSI-IM/TRS/SSB/PDCCH, the frame structure and the downlink/uplink ratio should be taken into account. In our opinion, the GP needs to be taken into account. The example of FR1 TDD downlink (DDDSU, S (11D, 1G, 2U)) (15kHz, 50MHz, 10ms) is given as below.
Table 3‑3 The example for overhead analysis of FR1 TDD downlink system.
	FR1 TDD Downlink (DDDSU, S(11D,1G,2U), 15kHz, 50MHz, 10ms)

	Parameters
	RE Number in 1 PRB and 1 Slot
(RE/PRB/Slot)
	PRB Number
	Slot Number 
in 10ms
	Total RE Number

	Downlink RE
	168
	270
	6
	272160

	Special RE
	144
	270
	2
	77760

	Available RE
	　
	349920

	Overhead

	GP
	12
	270
	2
	6480

	DMRS
	16
	270
	8
	34560

	CSI-RS
	8
	270
	0.5
	1080

	CSI-IM
	4
	270
	0.5
	540

	TRS
	12
	52
	0.125
	78

	SSB
	960
	0.5
	480

	PDCCH
	144
	8
	1152

	Total Overhead
	　
	44370

	Overhead ratio
	　
	12.68%

	Remarks

	DMRS
	SU transmission, maximum 8 layers, 16 RE/PRB/slot

	CSI-RS
	8 ports, 8 RE/PRB/period with 20ms period

	CSI-IM
	4 RE/PRB/period with 20ms period

	TRS
	12 RE/PRB/period with 80ms period

	SSB
	2 SSB, 960 RE/period with 20ms period

	PDCCH
	2 CCE, 144 RE/period with 1ms period



When the overhead of TDD uplink is analyzed, besides DMRS/SRS/PUCCH, the frame structure and the downlink/uplink ratio should be taken into account. In our opinion, the GP needs to be taken into account. The example of FR1 TDD uplink (DDDSU, S (11D, 1G, 2U)) (15kHz, 50MHz, 10ms) is given as below.
Table 3‑4 The example for overhead analysis of FR1 TDD uplink system.
	FR1 TDD Uplink (DDDSU, S(11D,1G,2U), (15kHz, 50MHz, 10ms)

	Parameters
	RE Number in 1 PRB and 1 Slot
(RE/PRB/Slot)
	PRB Number
	Slot Number 
in 10ms
	Total RE Number

	Available RE
	168
	270
	2
	90720

	Special RE
	24
	270
	2
	12960

	Available RE
	　
	103680

	Overhead

	DMRS
	8
	270
	4
	8640

	SRS
	12
	270
	0.5
	1620

	PUCCH
	12
	1
	2
	24

	Total Overhead
	　
	10284

	Overhead ratio
	　
	9.92%

	Remarks

	DMRS
	SU transmission, maximum 4 layers, 8 RE/PRB/slot

	SRS
	1 symbols,  12 RE/PRB/period with 20ms period

	PUCCH
	1 symbols and 1 PRB,  12 RE/period with 1ms period



Evaluation assumption and results
The values of the common parameters for peak spectral efficiency evaluation are presented as below. 
Table 4‑1 Common parameters value of FR1 peak spectral efficiency evaluation.
	Parameters
	DL
	UL

	
	Values
	Values

	

	8
	4

	

	8
	8

	

	1
	1

	

	0.9258
	0.9285



For the convenience of the results discussion, the overhead results are listed.
Table 4‑2 Overhead results of FR1.
	SCS
	BW
	FDD
	TDD

	
	
	DL
	UL
	DL
	UL

	
	
	OH
	OH
	OH
	OH

	15
	5
	13.40%
	5.40%
	15.86%
	10.15%

	
	10
	12.17%
	5.26%
	14.73%
	10.02%

	
	15
	11.39%
	5.21%
	13.86%
	9.97%

	
	20
	11.00%
	5.19%
	13.44%
	9.95%

	
	25
	10.78%
	5.17%
	13.18%
	9.94%

	
	30
	10.62%
	5.16%
	13.02%
	9.93%

	
	40
	10.43%
	5.15%
	12.80%
	9.92%

	
	50
	10.32%
	5.15%
	12.68%
	9.92%

	
	60
	-
	-
	-
	-

	
	80
	-
	-
	-
	-

	
	100
	-
	-
	-
	-

	30
	5
	17.54%
	5.59%
	18.25%
	9.68%

	
	10
	13.32%
	5.24%
	13.87%
	9.38%

	
	15
	12.00%
	5.13%
	12.51%
	9.28%

	
	20
	11.71%
	5.08%
	12.27%
	9.24%

	
	25
	11.28%
	5.05%
	11.81%
	9.21%

	
	30
	11.01%
	5.03%
	11.52%
	9.19%

	
	40
	10.67%
	5.01%
	11.15%
	9.17%

	
	50
	10.47%
	4.99%
	10.94%
	9.16%

	
	60
	10.33%
	4.98%
	10.79%
	9.15%

	
	80
	10.17%
	4.97%
	10.62%
	9.14%

	
	100
	10.08%
	4.97%
	10.51%
	9.14%

	60
	5
	-
	-
	-
	-

	
	10
	17.43%
	5.50%
	18.10%
	9.29%

	
	15
	14.40%
	5.25%
	14.96%
	9.07%

	
	20
	13.21%
	5.15%
	13.72%
	8.98%

	
	25
	12.40%
	5.08%
	12.89%
	8.93%

	
	30
	11.89%
	5.04%
	12.36%
	8.89%

	
	40
	11.46%
	4.99%
	11.95%
	8.85%

	
	50
	11.06%
	4.96%
	11.53%
	8.82%

	
	60
	10.80%
	4.94%
	11.25%
	8.80%

	
	80
	10.49%
	4.92%
	10.92%
	8.78%

	
	100
	10.31%
	4.90%
	10.73%
	8.77%



FR1 downlink results
With the evaluation assumption above, the FR1 downlink peak spectral efficiency is presented as below.
Table 4‑3 FR1 Downlink peak spectral efficiency (bit/s/Hz).
	SCS[kHz]
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	100
MHz

	FR1

DL
	FDD
	15
	43.1
	45.5
	46.5
	47
	47.2
	47.4
	48.1
	48.2
	-
	-
	-

	
	
	30
	36.1
	41.4
	44.4
	44.8
	45.9
	46.1
	47.1
	47.4
	48.2
	48.5
	48.9

	
	
	60
	-
	36.2
	40.9
	41.5
	43.2
	44.4
	44.9
	46
	46.8
	47.7
	48.2

	
	TDD
	15
	41.9
	44.1
	45.2
	45.7
	46
	46.2
	46.9
	46.9
	-
	-
	-

	
	
	30
	35.8
	41.2
	44.1
	44.5
	45.6
	45.8
	46.9
	47.2
	48
	48.3
	48.6

	
	
	60
	-
	35.9
	40.6
	41.2
	43
	44.2
	44.7
	45.8
	46.5
	47.4
	48



FR1 uplink results
With the evaluation assumption above, the FR1 uplink peak spectral efficiency is presented as below.
Table 4‑4 FR1 Uplink peak spectral efficiency (bit/s/Hz).
	SCS[kHz]
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	100
MHz

	FR1

UL
	FDD
	15
	23.5
	24.5
	24.8
	25
	25.1
	25.2
	25.5
	25.5
	-
	-
	-

	
	
	30
	20.7
	22.6
	23.9
	24.1
	24.6
	24.6
	25.1
	25.2
	25.5
	25.7
	25.8

	
	
	60
	-
	20.7
	22.6
	22.7
	23.4
	23.9
	24.1
	24.6
	24.9
	25.3
	25.6

	
	TDD
	15
	22.4
	23.3
	23.6
	23.8
	23.8
	23.9
	24.2
	24.2
	-
	-
	-

	
	
	30
	19.8
	21.6
	22.9
	23
	23.5
	23.5
	24
	24.1
	24.4
	24.5
	24.7

	
	
	60
	-
	19.9
	21.7
	21.7
	22.5
	23
	23.1
	23.6
	23.9
	24.3
	24.5



Conclusions
In this document, the peak spectral efficiency of NR FR1 is evaluated. According to the evaluation results, the following observations are made.
Observation 1: NR FR1 can fulfill the peak spectral efficiency requirements of DL and UL.
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