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Most issues relating to spectrum utilization have been resolved in recent meetings and the UE and BS TS have been prepared according to the decisions. To date, the spectrum utilization decisions have not been fully captured in the NR TR. The reason for the lack of agreement of a TP to the TR has been lack of consensus over a couple of issues not directly related to the agreed spectrum utilization requirement; one being how the response from an LS to RAN1/RAN2 on PRB signaling is captured and the other how an earlier agreement to consider edge EVM in case of re-evaluation of spectrum utilization in a future release is captured.
Since the spectrum utilization values for the release 15, along with the minimum guards and application of the minimum guards are already agreed and captured in the BS and UE TS, it is proposed to split the TP into two parts; the already agreed information to the TS is uncontroversial and has been captured in this TP. The further description of operation with an SU Y in a proprietary manner or future release is captured in a separate TP in [7].
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TEXT PROPOSAL:
4.5
Spectrum utilization
4.5.1
Maximum RB Allocation, Transmission Bandwidth and Spectrum Utilization for FR1
4.5.1.1
CP-OFDM waveform

Spectrum Utilization refers to the proportion of the channel bandwidth that can be used for transmission.

RAN4 defined a single set spectrum utilization values in Rel-15 for Both UL and DL. 
The following maximum RB allocation defines the minimum spectrum utilization to be realized per channel bandwidths and valid sub-carrier spacing.
Table 4.5.1.1-1: Range 1 NR UE and BS maximum RB allocation for CP-OFDM

	SCS [kHz]
	
	
	
	BS / UE Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70*
	80
	90*
	100

	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 4.5.1.1-2: Range 1 NR UE and BS transmission bandwidths in MHz for CP-OFDM
	SCS [kHz]
	
	
	
	BS / UE Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70*
	80
	90*
	100

	15
	4.5
	9.36
	14.22
	19.08
	23.94
	[28.80]
	38.88
	48.6
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	3.96
	8.64
	13.68
	18.36
	23.40
	[28.08]
	38.16
	47.88
	58.32
	[68.04]
	78.12
	[88.20]
	98.28

	60
	N.A
	7.92
	12.96
	17.28
	22.32
	[27.36]
	36.72
	46.8
	56.88
	[67.04]
	77.04
	[87.12]
	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 4.5.1.1-3: Range 1 NR UE and BS spectrum utilization for CP-OFDM

	SCS [kHz]
	
	
	
	BS / UE Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70*
	80
	90*
	100

	15
	90.0%
	93.6%
	94.8%
	95.4%
	95.8%
	[96.0]%
	97.2%
	97.2%
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	79.2%
	86.4%
	91.2%
	91.8%
	93.6%
	[93.6]%
	95.4%
	95.8%
	97.2%
	[97.2]%
	97.7%
	[98.0]%
	98.3%

	60
	N.A
	79.2%
	86.4%
	86.4%
	89.3%
	[91.2]%
	91.8%
	93.6%
	94.8%
	[95.8]%
	96.3%
	[96.8]%
	97.2%


NOTE: 70MHz and 90MHz are defined only as BS channel bandwidths in release 15
The minimum requirements in RAN4 are met with the agreed spectral occupancy under the condition that the BS or UE channel bandwidth centre is placed at SC 0 or SC 6 of the PRB grid such that the PRB utilization is symmetrical around the channel centre for the SCS under test.

For the UE, both the channel bandwidth and the position of the PRB grid with respect to the UE channel bandwidth centre depend upon configuration. In some configurations, the centre of the UE channel bandwidth may not align with the PRB grid in a manner that enables symmetric PRB utilization around the centre. For the BS, when multiple SCS are transmitted then the rule that SC 0 should align over all SCS can mean that the PRB alignment with the channel centre is not ideal for some SCS and asymmetry may arise.

In these cases, the PRB utilization is the set of PRBs that fall within the UE or BS channel bandwidth and do not violate the minimum guard, as captured in the tables below, and depicted in figure 4.5-1.

The minimum guards have been calculated using the following equation: (CBW x 1000 (kHz) - RB value x SCS x 12) / 2 - SCS/2

[image: image1]
Figure 4.5-1 UE or BS utilizes all PRBs that do not overlap the minimum guard, considering the centre PRB alignment

Table 4.5.1.1-4: Range 1 NR UE and BS minimum guard sizes (kHz) for CP-OFDM

	SCS [kHz]
	
	
	
	BS / UE Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70*
	80
	90*
	100

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	[592.5]
	552.5
	692.5
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	505
	665
	645
	805
	785
	[945]
	905
	1045
	825
	[965]
	925
	[885]
	845

	60
	N.A
	1010
	990
	1330
	1310
	[1290]
	1610
	1570
	1530
	[1490]
	1450
	[1410]
	1370


4.5.1.2
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 4.5.1.2-1: Range 1 NR UE maximum RB allocation for DFT-s-OFDM

	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	100

	15
	25
	50
	75
	100
	128
	[160]
	216
	270
	N.A
	N.A
	N.A

	30
	10
	24
	36
	50
	64
	[75]
	100
	128
	162
	216
	270

	60
	N.A
	10
	18
	24
	30
	[36]
	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 4.5.1.2-2: Range 1 NR UE transmission bandwidths in MHz for DFT-s-OFDM

	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	100

	15
	4.5
	9
	13.5
	18
	23.04
	[28.80]
	38.88
	48.6
	N.A
	N.A
	N.A

	30
	3.6
	8.64
	12.96
	18
	23.04
	[27.00]
	36
	46.08
	58.32
	77.76
	97.2

	60
	N.A
	7.2
	12.96
	17.28
	21.6
	[25.92]
	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 4.5.1.2-3: Range 1 NR UE spectrum utilization for DFT-s-OFDM

	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	100

	15
	90.0%
	90.0%
	90.0%
	90.0%
	92.2%
	96.0%
	97.2%
	97.2%
	N.A
	N.A
	N.A

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

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


4.5.2 Maximum RB Allocation, Transmission Bandwidth and Spectrum Utilization for FR2
4.5.2.1 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 4.5.2.1-1: Range 2 NR UE and BS maximum RB allocation for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


Table 4.5.1.2-2: Range 2 NR UE and BS transmission bandwidths in MHz for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	47.52
	95.04
	190.08
	N.A

	120
	46.08
	95.04
	190.08
	380.16


Table 4.5.1.2-3: Range 2 NR UE and BS spectrum utilization for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	95.0%
	95.0%
	95.0%
	N.A

	120
	92.2%
	95.0%
	95.0%
	95.0%


Table 4.5.2.1-4: Range 2 NR UE and BS minimum guard sizes (kHz) for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	1210
	2450
	4930
	N.A

	120
	1900
	2420
	4900
	9860


4.5.2.2 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 4.5.2.2-1: Range 2 NR UE maximum RB allocation for DFT-S-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	64
	128
	264
	N.A

	120
	32
	64
	128
	264


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 4.5.2.2-2: Range 2 NR UE transmission bandwidths in MHz for DFT-S-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	46.08
	92.16
	190.08
	N.A

	120
	46.08
	92.16
	184.32
	380.16


Table 4.5.2.2-3: Range 2 NR UE spectrum utilization for DFT-S-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	92.2%
	92.2%
	95.0%
	N.A

	120
	92.2%
	92.2%
	92.2%
	95.0%



*********************End of change*****************
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