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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the consideration on self evaluation for peak spectral efficiency and peak data rate is provided.
In previous contribution [1], the calculation method on peak spectral efficiency and peak data rate were provided. In RAN1#91 meeting, the data rate calculation method was adopted in NR UE category discussion, as shown in [2]. In this contribution, the peak spectral efficiency and peak data rate evaluation for NR are considered. In addition, the two frequency ranges, i.e., frequency range 1 (FR1) for sub 6 GHz, and frequency range 2 (FR2) for above 24 GHz, are taken into account. 
Peak spectral efficiency
According to Report ITU-R M.2410 (see [3]), the peak spectral efficiency is defined as in subsection 3.1. Based on the definition, the DL and UL peak spectral efficiency of NR is analyzed. 
[bookmark: _Ref129681832]Calculation of peak spectral efficiency
From the definition and [2] 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.

                                            (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 number of REs in effective bandwidth  time product.
j is the normalized scalar considering the downlink/uplink ratio; for FDD j=1 for DL and UL; and for TDD and other duplexing j for DL and UL is calculated based on the frame structure.
[bookmark: _Ref510618958]DL peak spectral efficiency 
Based on the formula provided in Eq. (1), the DL peak spectral efficiency for NR is given in this sub-section.
FDD DL peak spectral efficiency
The DL peak spectral efficiency for NR FDD for different bandwidth and sub-carrier spacing (SCS) parameters is given in Table 1. The results are according to Eq. (1) and the detailed parameters as listed in Appendix. It is noted that if the channel bandwidth is less than the bandwidth of SSB, then SSB is not transmitted and the overhead of SSB is zero. If the channel bandwidth is less than TRS bandwidth given in Table A-1, the TRS bandwidth is assumed to be equal to the channel bandwidth. The above assumptions are also used for TDD peak spectral efficiency.
[bookmark: _Ref506285716]Table 1 NR FDD DL peak spectral efficiency (bit/s/Hz)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	41.8
	45.0
	46.1
	[47.2]
	47.0
	47.1
	48.4
	48.4
	-
	-
	-
	-
	-
	30

	
	30
	36.4
	40.6
	43.9
	[46.1]
	44.7
	46.1
	47.0
	47.1
	48.4
	[48.4]
	48.6
	[48.8]
	48.9
	30

	
	60
	-
	36.4
	41.1
	[44.4]
	41.1
	43.0
	44.7
	46.1
	46.7
	[47.1]
	47.4
	[48.2]
	48.4
	30


NOTE: The square brackets are due to the tentative value of maximum number of RBs for the related bandwidths.
TDD DL peak spectral efficiency
The DL peak spectral efficiency for NR TDD for different bandwidth and SCS parameters is shown in Table 2. The results are according to Eq. (1) and the detailed parameters as listed in Appendix. In this evaluation, the DL dominant frame structure “DDDSU” is selected.
[bookmark: _Ref506285921]Table 2 NR TDD DL peak spectral efficiency (bit/s/Hz) with DL dominant frame structure (“DDDSU”)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR1
	15
	40.3
	44.0
	45.1
	[46.2]
	45.4
	46.1
	46.8
	46.8
	-
	-
	-
	-
	-
	-
	-
	30

	
	30
	35.0
	39.7
	42.9
	[44.5]
	43.7
	44.5
	45.9
	46.1
	46.8
	[46.8]
	47.5
	[47.7]
	47.8
	-
	-
	30

	
	60
	-
	35.5
	39.7
	[42.9]
	40.1
	42.0
	43.7
	44.5
	45.6
	[46.0]
	46.3
	[46.6]
	46.8
	-
	-
	30

	FR2
	60
	-
	-
	-
	-
	-
	-
	-
	39.9
	-
	-
	-
	-
	41.0
	41.5
	-
	30

	
	120
	-
	-
	-
	-
	-
	-
	-
	37.2
	-
	-
	-
	-
	40.5
	41.5
	41.5
	30


NOTE: The square brackets are due to the tentative value of maximum number of RBs for the related bandwidths.
[bookmark: _Ref510618955]UL peak spectral efficiency
Similarly, based on the formula provided in Eq. (1), the UL peak spectral efficiency for NR is given in this sub-section.
FDD UL peak spectral efficiency
The UL peak spectral efficiency for NR FDD for different bandwidth and SCS parameters is shown in Table 3. The results are according to Eq. (1) and the detailed parameters as listed in Appendix.
[bookmark: _Ref506286039]	Table 3 NR FDD UL peak spectral efficiency (bit/s/Hz)	
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	22.9
	23.8
	24.4
	[24.7]
	24.5
	24.6
	25.0
	25.0
	-
	-
	-
	-
	-
	15

	
	30
	20.1
	22.0
	23.5
	[24.1]
	23.6
	24.1
	24.5
	24.6
	25.0
	[25.0]
	25.1
	[25.2]
	25.3
	15

	
	60
	-
	20.1
	22.2
	[23.5]
	22.2
	23.0
	23.6
	24.1
	24.4
	[24.6]
	24.8
	[24.9]
	25.0
	15


NOTE: The square brackets are due to the tentative value of maximum number of RBs for the related bandwidths.
TDD UL peak spectral efficiency
The TDD UL peak spectral efficiency for NR TDD for different bandwidth and SCS parameters is shown in Table 4 and Table 5, respectively. In this evaluation, the DL dominant frame structure “DDDSU” and the UL dominant  frame structure (DL:UL=1:4) are selected.
[bookmark: _Ref506286152]Table 4 TDD UL peak spectral efficiency with DL dominant frame structure (“DDDSU”)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR1
	15
	20.2
	21.0
	21.2
	[21.5]
	21.4
	21.5
	21.5
	21.8
	-
	-
	-
	-
	-
	-
	-
	15

	
	30
	17.7
	19.4
	20.4
	[30.0]
	20.6
	21.0
	21.4
	21.5
	21.8
	[21.8]
	21.9
	[22.0]
	22.0
	-
	-
	15

	
	60
	-
	17.7
	19.4
	[20.4]
	19.4
	20.0
	20.6
	21.0
	21.2
	[21.4]
	21.6
	[21.7]
	21.8
	-
	-
	15

	FR2
	60
	-
	-
	-
	-
	-
	-
	-
	20.2
	-
	-
	-
	-
	20.5
	20.5
	-
	15

	
	120
	-
	-
	-
	-
	-
	-
	-
	19.6
	-
	-
	-
	-
	20.5
	20.5
	20.5
	15


NOTE: The square brackets are due to the tentative value of maximum number of RBs for the related bandwidths.
[bookmark: _Ref506286145]Table 5 NR TDD UL peak spectral efficiency  with UL dominant frame structure (DL:UL=1:4)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR1
	15
	22.9
	23.8
	24.1
	[24.7]
	24.5
	24.6
	25.0
	25.0
	-
	-
	-
	-
	-
	-
	-
	15

	
	30
	20.1
	22.0
	23.2
	[24.1]
	23.6
	24.1
	24.5
	24.6
	25.0
	[25.0]
	25.1
	[25.2]
	25.3
	-
	-
	15

	
	60
	-
	20.1
	22.0
	[23.5]
	22.2
	23.0
	23.6
	24.1
	24.4
	[24.6]
	24.8
	[24.9]
	25.0
	-
	-
	15

	FR2
	60
	-
	-
	-
	-
	-
	-
	-
	23.4
	-
	-
	-
	-
	23.4
	23.4
	-
	15

	
	120
	-
	-
	-
	-
	-
	-
	-
	22.7
	-
	-
	-
	-
	23.4
	23.4
	23.4
	15


NOTE: The square brackets are due to the tentative value of maximum number of RBs for the related bandwidths.Based on the above evaluation results, it is observed that,
[bookmark: _GoBack]Observation 1: NR can fulfill DL and UL peak spectral efficiency requirements for all SCS and bandwidth, for both below and above 6GHz.
Peak data rate
According to Report ITU-R M.2410, the peak data rate is defined as in subsection 4.1. Based on the definition, the DL and UL peak data rate of NR is analyzed. 
Calculation of peak data rate
The DL/UL peak data rate for FDD and TDD can be calculated as below

					(3)
where the scaling factor (j) is the value for DL or UL on band j, respectively.
It is noted that in the above equation, Wj is the effective bandwidth that takes into account the uplink/downlink ratio as defined in Report ITU-R M.2410.
DL peak data rate
The DL peak data rate for NR is shown in Table 6.
[bookmark: _Ref506286172]Table 6 NR DL peak data rate
	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
	2.42
	10
	500
	24.19
	20

	
	
	30
	100
	4.89
	5
	500
	24.46
	

	
	
	60
	100
	4.84
	5
	500
	24.19
	

	TDD 
(DL:UL=4:1)
	FR1
	15
	50
	1.89
	11
	550
	20.81
	

	
	
	30
	100
	3.83
	6
	600
	22.96
	

	
	
	60
	100
	3.78
	6
	600
	22.70
	

	
	FR2
	60
	200
	6.73
	3
	600
	20.18
	

	
	
	120
	400
	13.46
	2
	800
	26.91
	



UL peak data rate
The UL peak data rate for NR is shown in Table 7.
[bookmark: _Ref506286183]Table 7 NR UL peak data rate 
	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
	10
	500
	12.50
	10

	
	
	30
	100
	2.53
	5
	500
	12.63
	

	
	
	60
	100
	2.50
	5
	500
	12.50
	

	TDD 
(DL:UL=1:4)
	FR1
	15
	50
	1.0
	10
	500
	10.00
	

	
	
	30
	100
	2.02
	5
	500
	10.11
	

	
	
	60
	100
	2.0
	5
	500
	10.00
	

	
	FR2
	60
	200
	3.74
	3
	600
	11.22
	

	
	
	120
	400
	7.49
	2
	800
	14.97
	


Based on the above evaluation results, it is observed that,
Observation 2: NR can fulfill DL and UL peak data rate requirements for both below and above 6GHz with carrier aggregation.
Observation 3: The frequency range of below 6 GHz can achieve similar peak data rate performance to above 6GHz by using less bandwidth. 
Conclusions
In this document, the peak spectral efficiency and peak data rate of NR for the two frequency ranges are evaluated. The following observations are made.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: NR can fulfill DL and UL peak spectral efficiency requirements for all SCS and bandwidth, for both below and above 6GHz.
Observation 2: NR can fulfill DL and UL peak data rate requirements for both below and above 6GHz with carrier aggregation.
Observation 3: The frequency range of below 6 GHz can achieve similar peak data rate performance to above 6GHz by using less bandwidth. 
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Appendix       Detailed evaluation assumptions
[bookmark: _Ref506285681]Table A-1 Parameter assumptions of NR FDD DL peak spectral efficiency
	Parameters
	Values
	Remarks

	[image: ]
	8
	NR supports up to 8 layers for a single user for DL

	[image: ]
	8
	NR supports up to 256QAM for DL

	

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

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

	

	0, 1, 2, 3
	
SCS, i.e.,
· 15kHz SCS for =0
· 30kHz SCS for  =1
· 60kHz SCS for  =2
· 120kHz SCS for  =3

	

	For FR1:
· 270 for 50MHz with 15kHz SCS
· 273 for 100MHz with 30kHz SCS
· 135 for 100MHz with 60kHz SCS
· 
	See Section 5.3.2 of TS38.104 v0.5.0

	

	[image: ]
	
SCS, i.e.,
· 15kHz SCS for =0
· 30kHz SCS for  =1
· 60kHz SCS for  =2
· 120kHz SCS for  =3

	

	For FR1:
· 0.10 for 50MHz with 15kHz SCS
· 0.10 for 100MHz with 30kHz SCS
· 0.10 for 100MHz with 60kHz SCS
	For FR1:
· 1 single symbol CORESET of 12 RB (2 CCE) in every slot 
· 12 RE/RB/slot
· TRS burst of 2 slots with periodicity of 20ms and occupies 24RB
· 6 RE/RB/slot
· DMRS: 16 RE/RB/slot in every slot and RB
· CSI-RS: 8 CSI-RS ports with 8 RE/RB/slot with periodicity of 20ms in every RB
· 2 SS/PBCH blocks per 20ms; one SS/PBCH block occupies 960REs = 4 OFDM symbols × 20 RB × 12 REs/RB 
NOTE1: if the channel bandwidth is less than the bandwidth of SS/PBCH block, then SS/PBCH block is not transmitted and the overhead of SS/PBCH block is zero.
NOTE2: If the channel bandwidth is less than TRS bandwidth, the TRS bandwidth is assumed to be equal to the channel bandwidth.

	

	See Section 2.2.
	See Section 5.3.2 of TS38.104



[bookmark: _Ref506285857]Table A-2 Parameter assumptions of NR TDD DL peak spectral efficiency 
for DL dominant frame structure (DDDSU)
	Parameters
	Values
	Remarks

	

	0.7714
	This value corresponds to DL:UL=4:1, where 3 DL slots, 1 S slot mixing DL/UL symbols, and 1 UL slot are configured in every 5 slots; S slot includes 11 DL symbols , one symbol for GP, and two UL symbols.

	[image: ]
	For FR1:
· 0.12 for 50MHz with 15kHz SCS
· 0.12 for 100MHz with 30kHz SCS
· 0.12 for 100MHz with 60kHz SCS
For FR2:
· 0.20 for 200MHz with 60kHz SCS
· 0.20 for 400MHz with 120kHz SCS
	GP overhead is included in DL slot.
For FR1:
· 1 single symbol CORESET of 12 RB (2 CCE) in every slot 
· 12 RE/RB/slot
· TRS burst of 2 slots with periodicity of 20ms and occupies 24RB
· 6 RE/RB/slot
· DMRS: 16 RE/RB/slot in every slot and RB
· CSI-RS: 8 CSI-RS ports with 8 RE/RB/slot with periodicity of 20ms in every RB
· 2 SS/PBCH blocks per 20ms; one SS/PBCH block occupies 960REs = 4 OFDM symbols × 20 RB × 12 REs/RB
NOTE1: if the channel bandwidth is less than the bandwidth of SS/PBCH block, then SS/PBCH block is not transmitted and the overhead of SS/PBCH block is zero.
NOTE2: If the channel bandwidth is less than TRS bandwidth, the TRS bandwidth is assumed to be equal to the channel bandwidth.
For FR2:
· 1 single symbol CORESET of 24 RB (4 CCE) in every slot
· 12 RE/RB/slot
· TRS burst of 2 slots with periodicity of 10ms and occupies 24RB
· 6 RE/RB/slot
· DMRS: 24 RE/RB/slot in every slot and RB 
· PTRS: 5 RE/RB/slot (2 port PT-RS, with 25% frequency domain density) in every slot and RB
· CSI-RS: 8 CSI-RS ports with 8 RE/RB/slot with periodicity of 10ms in every RB
· CSI-RS for BM: 1 CSI-RS port with 2 RE/RB/slot with periodicity of 10ms in every RB
· 8 SS/PBCH blocks per 20ms; one SS/PBCH block occupies 960REs = 4 OFDM symbols × 20 RB × 12 REs/RB

	NOTE: Other parameters are the same as NR FDD DL (Table A-1).



[bookmark: _Ref506286010]Table A-3 Parameter assumptions of NR FDD UL peak spectral efficiency
	Parameters
	Values
	Remarks

	[image: ]
	4
	NR supports up to 4 layers for a single user for UL

	[image: ]
	8
	NR supports up to 256QAM for UL

	[image: ]
	1
	The value of 1 is chosen as scaling factor for UL peak spectral efficiency evaluation.

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

	[image: ]
	0, 1, 2, 3
	SCS[image: ], i.e.,
· 15kHz SCS for =0
· 30kHz SCS for  =1
· 60kHz SCS for  =2
· 120kHz SCS for  =3

	[image: ]
	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
	See Section 5.3.2 of TS38.104

	[image: ]
	[image: ]
	
SCS, i.e.,
· 15kHz SCS for =0
· 30kHz SCS for  =1
· 60kHz SCS for  =2
· 120kHz SCS for  =3

	[image: ]
	For FR1:
· 0.07 for 50MHz with 15kHz SCS
· 0.07 for 100MHz with 30kHz SCS
· 0.07 for 100MHz with 60kHz SCS
	For FR1:
· DM-RS: 1 symbol per slot
· SRS: 2 symbols per slot with periodicity of 5ms and SRS BW of 8 PRB

	[image: ]
	See Section 2.3.
	See Section 5.3.2 of TS38.104



[bookmark: _Ref506286128]Table A-4 Parameter assumptions of NR TDD UL peak spectral efficiency 
for UL dominant DL/UL configuration
	Parameters
	Values
	Remarks

	

	0.8
	This value corresponds to DL:UL=1:4, where 1 DL slot and 4 UL slots are configured in every 5 slots; one symbol for GP is assumed in DL slot when the slot switches from DL to UL.


	[image: ]
	For FR1:
· 0.07 for 50MHz with 15kHz SCS
· 0.07 for 100MHz with 30kHz SCS
· 0.07 for 100MHz with 60kHz SCS
For FR2:
· 0.11for 200MHz with 60kHz SCS
· 0.11 for 400MHz with 120kHz SCS
	GP overhead is included in DL.
For FR1:
· DM-RS: 1 symbol per slot
· SRS: 2 symbols per slot with periodicity of 5ms and SRS BW of 8 PRB
For FR2:
· DM-RS: 1 symbol per slot
· SRS: 4 symbols per slot with periodicity of 5ms and SRS BW of 16 PRB
· PTRS: 6 RE/RB/slot (2 port PT-RS, with 25% frequency domain density) in every slot and RB

	NOTE: Other parameters are the same as NR FDD UL (Table A-3).



[bookmark: _Ref506286136]Table A-5 Parameter assumptions of NR TDD UL peak spectral efficiency 
for DL dominant DL/UL configuration (“DDDSU”)
	Parameters
	Values
	Remarks

	

	0.2286
	This value corresponds to DL:UL=4:1, where 3 DL slots, 1 S slot mixing DL/UL symbols, and 1 UL slot are configured in every 5 slots; S slot includes 11 DL symbols , one symbol for GP, and two UL symbols.

	[image: ]
	For FR1:
· 0.08 for 50MHz with 15kHz SCS
· 0.07 for 100MHz with 30kHz SCS
· 0.07 for 100MHz with 60kHz SCS
For FR2:
· 0.11 for 200MHz with 60kHz SCS
· 0.11 for 400MHz with 120kHz SCS
	GP overhead is included in DL.
For FR1:
· DM-RS: 1 symbol per slot
· SRS: 2 symbols per slot with periodicity of 5ms and SRS BW of 8 PRB
For FR2:
· DM-RS: 1 symbol per slot
· SRS: 4 symbols per slot with periodicity of 5ms and SRS BW of 16 PRB
· PTRS: 6 RE/RB/slot (2 port PT-RS, with 25% frequency domain density) in every slot and RB

	NOTE: Other parameters are the same as NR FDD UL (Table A-3).
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