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1. Background
Agreements for MPR evaluations [1] from RAN4 NR AH2
RB allocation and RB numbering [R4-1706942]
· Since there is different feasible RB allocation depending on SCS and types of waveforms, RB numbering may become confusing. In the case of this WF, RB0 was chosen to be the left most RB of the minimum full RB allocation using CP-OFDM based on Spectrum Utilization agreement. 
· Since DFT-s-OFDM does not support the same number of RB than CP-OFDM, for example, a 100RB waveforms is shifted left by 3RB compared to a corresponding 106RB CP-OFDM case, as this is illustrated in Figure 1 below.
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· For CP-OFDM number of RB will be aligned to the agreement for spectrum utilisation

· For DFT-s-OFDM, number of RB for full allocation will be the closest to the CP-OFDM full allocation that satisfies number of RB=2^X*3^Y*5^Z

Agreements for SU [2] from RAN4#84
	SCS [kHz]
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

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

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

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


· Above RB values are agreed based on the assumption of symmetric guard band. 
· The RB values in the table are only meant to indicate the minimum guard band achievable for a given SCS and channel BW. The actual maximum RB allocation can be equal to or 1 RB less than the values shown in the table.
Agreements for MPR [3] from RAN4#84
Spectrum Utilization: SU are agreed in RAN4#84 for CP-OFDM and DFT-s-OFDM are deducted from:
Proposal from [9]: DFT-s-OFDM RB allocation should satisfy following rules:

1. Maximum number of RB is the lowest number closest to the max CP-OFDM number of RB satisfying equation 1.

2. RBstart possibilities follow equation 2.

number of RB=2^X*3^Y*5^Z (equation 1)
RBstart DFT-s-OFDM range = 0 to (CP-OFDM maxRB)–(DFT-s-OFDM #RB) (equation 2)
	SCS [kHz]
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	CP-OFDM full allocation based on agreed SU

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

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

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

	DFT-s-OFDM full allocation based on agreed SU - all positions within the CP-OFDM RB allocation are valid for full and partial allocations

	15
	25
	50
	75
	100
	128
	216
	270
	N.A
	N.A
	N.A

	30
	10
	24
	36
	50
	64
	100
	128
	162
	216
	270

	60
	N.A
	10
	18
	24
	30
	50
	64
	75
	100
	135


Agreements for REFSENS [4] from RAN4#84

RXBW per Channel BW: Highest RXBW is always for the lowest valid SCS, 10*Log (BW) provided in bottom rows.
	Sub-6GHz
	SCS [kHz]
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	SU_CP-OFDM [#RB]
	15
	25
	52
	79
	106
	133
	216
	270
	NA
	NA
	NA

	
	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	
	60
	NA
	11
	18
	24
	31
	51
	65
	79
	107
	135

	RXBW [MHz]
	15
	4.5
	9.4
	14.2
	19.1
	23.9
	38.9
	48.6
	NA
	NA
	NA

	
	30
	4
	8.6
	13.7
	18.4
	23.4
	38.2
	47.9
	58.3
	78.1
	98.3

	
	60
	NA
	7.9
	13
	17.3
	22.3
	36.7
	46.8
	56.9
	77
	97.2

	max RXBW [MHz]
	4.5
	9.4
	14.2
	19.1
	23.9
	38.9
	48.6
	58.3
	78.1
	98.3

	10*Log RXBW
	15
	66.5
	69.7
	71.5
	72.8
	73.8
	75.9
	76.9
	NA
	NA
	NA

	
	30
	66.0
	69.4
	71.4
	72.6
	73.7
	75.8
	76.8
	77.7
	78.9
	79.9

	
	60
	NA
	69.0
	71.1
	72.4
	73.5
	75.6
	76.7
	77.5
	78.9
	79.9

	
	lowest
	66.5
	69.7
	71.5
	72.8
	73.8
	75.9
	76.9
	77.7
	78.9
	79.9


2. Proposal

Based on the above agreements and RAN1 SCS alignment rules with DC and between SCS, the best centered allocations can be assessed and guard-band calculated. The provided text proposal below covers:

· CP-OFDM maximum RB allocation, transmit bandwidth, spectrum utilization

· DFT-s-OFDM maximum RB allocation, RB numbering and position transmit bandwidth, Spectrum Utilization
· SCS alignment to DC and between SCS and calculated guard-bands
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X.X NR UE FR1 Maximum RB Allocation, Transmission Bandwidth and Spectrum Utilization
X.X.X CP-OFDM waveform
The following maximum RB allocation defines the minimum spectrum utilization to be realized per channel bandwidths and valid sub-carrier spacing.

Table X.X.X.1: Range 1 NR UE and BS maximum RB allocation for CP-OFDM

	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

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

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

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


Table X.X.X.2: Range 1 NR UE and BS transmission bandwidths in MHz for CP-OFDM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	4.5
	9.36
	14.22
	19.08
	23.94
	38.88
	48.6
	N.A
	N.A
	N.A

	30
	3.96
	8.64
	13.68
	18.36
	23.40
	38.16
	47.88
	58.32
	78.12
	98.28

	60
	N.A
	7.92
	12.96
	17.28
	22.32
	36.72
	46.8
	56.88
	77.04
	97.20


Transmit bandwidth for CP-OFDM can be significantly different across the different sub-carrier spacing for a given channel bandwidth, this must be taken into account for UE REFSENS thermal noise integration bandwidth as it results in some cases into close to 1dB REFSENS improvement for the higher numerologies.

Table X.X.X.3: Range 1 NR UE and BS spectrum utilization for CP-OFDM

	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	90.0%
	93.6%
	94.8%
	95.4%
	95.8%
	97.2%
	97.2%
	N.A
	N.A
	N.A

	30
	79.2%
	86.4%
	91.2%
	91.8%
	93.6%
	95.4%
	95.8%
	97.2%
	97.7%
	98.3%

	60
	N.A
	79.2%
	86.4%
	86.4%
	89.3%
	91.8%
	93.6%
	94.8%
	96.3%
	97.2%


X.X.Y DFT-s-OFDM waveform

The following RB allocation is the closest number lower or equal to CP-OFDM maximum RB allocation satisfying the following equation, partial RB allocations shall also conform to this equation: 

number of RB=2^X*3^Y*5^Z
Table X.X.Y.1: Range 1 NR UE maximum RB allocation for DFT-s-OFDM

	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	25
	50
	75
	100
	128
	216
	270
	N.A
	N.A
	N.A

	30
	10
	24
	36
	50
	64
	100
	128
	162
	216
	270

	60
	N.A
	10
	18
	24
	30
	50
	64
	75
	100
	135


RB numbering for DFT-s-OFDM waveforms is the same than the RB number for CP-OFDM it is aligned with. In the case where DFT-s-OFDM maximum RB allocation is smaller than the CP-OFDM maximum allocation, all positions within the CP-OFDM allocation are valid. This implies that RBstart values can be higher than the maximum allocation for DFT-s-OFDM. The valid RB start values follow the following equation:

RBstart DFT-s-OFDM range = 0 to (CP-OFDM maxRB) – (DFT-s-OFDM #RB)
Table X.X.Y.3: Range 1 NR UE transmission bandwidths in MHz for DFT-s-OFDM

	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	4.5
	9
	13.5
	18
	23.04
	38.88
	48.6
	N.A
	N.A
	N.A

	30
	3.6
	8.64
	12.96
	18
	23.04
	36
	46.08
	58.32
	77.76
	97.2

	60
	N.A
	7.2
	12.96
	17.28
	21.6
	36
	46.08
	54
	72
	97.2


For DFT-s-OFDM, when the maximum allocation is smaller than for CP-OFDM the transmit bandwidth is smaller, as a consequence the UE spectrum utilization can be smaller for DFT-s-OFDM than for CP-OFDM and in most cases equivalent to LTE.
Table X.X.Y.4: Range 1 NR UE spectrum utilization for DFT-s-OFDM

	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	90.0%
	90.0%
	90.0%
	90.0%
	92.2%
	97.2%
	97.2%
	N.A
	N.A
	N.A

	30
	72.0%
	86.4%
	86.4%
	90.0%
	92.2%
	90.0%
	92.2%
	97.2%
	97.2%
	97.2%

	60
	N.A
	72.0%
	86.4%
	86.4%
	86.4%
	90.0%
	92.2%
	90.0%
	90.0%
	97.2%


X.Y NR UE FR1 Sub-carrier alignment with DC and between numerologies and their impact to guard bands.

From RAN1 agreement, the lowest valid SCS allocation must be such that one sub-carrier is aligned with DC (channel center). This results in a shift of ½ SCS for the lowest valid SCS for a given channel bandwidth. Similarly, the different SCS in a given channel bandwidth, must have their sub-carrier 0 aligned for all numerologies. The following table provides the lowest numerology RB number for which the RB0 sub carrier 0 aligns with the lowest numerology sub carrier 0.
Table X.Y.1: Lowest SCS RB number for which the first SC0 are aligned
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	RB0
	RB0
	RB0
	RB0
	RB0
	RB0
	RB0
	N.A
	N.A
	N.A

	30
	RB2
	RB2
	RB2
	RB2
	RB2
	RB2
	RB2
	RB0
	RB0
	RB0

	60
	N.A
	RB4
	RB4
	RB6
	RB4
	RB6
	RB6
	RB2
	RB2
	RB2


The following table provides the frequency shift for all the numerologies based on lowest SCS alignment with DC and the SC0 alignment rule between SCS.
Table X.Y.2: allocation shift in KHz
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	-7.5
	NA
	NA
	NA

	30
	75
	-15
	75
	-15
	75
	-15
	-15
	-15
	-15
	-15

	60
	NA
	-30
	60
	150
	-120
	-30
	150
	-30
	150
	150


From these alignments, the lower and upper guard-bands can be calculated and are provided in the table below.

Table X.Y.3: Lower and upper channel guard-bands in kHz
	
	SCS [kHz]
	Channel bandwidths [MHz]

	
	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	Lower

Guard

Band
	15
	242.5
	312.5
	382.5
	452.5
	522.5
	552.5
	692.5
	N.A
	N.A
	N.A

	
	30
	595
	665
	735
	805
	875
	905
	1045
	825
	925
	845

	
	60
	N.A
	1010
	1080
	1510
	1220
	1610
	1750
	1530
	1630
	1550

	Upper

Guard

Band
	15
	257.5
	327.5
	397.5
	467.5
	537.5
	567.5
	707.5
	N.A
	N.A
	N.A

	
	30
	445
	695
	585
	835
	725
	935
	1075
	855
	955
	875

	
	60
	N.A
	1070
	960
	1210
	1460
	1670
	1450
	1590
	1330
	1250
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