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	Introduction 
In August RAN4#84 meeting R4-1709075 WF on spectrum utilization was approved for single carrier operation and single numerology case for FR1 and FR2 as below [1]: 
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In October RAN4#84bis meeting R4-1711732 WF on BS channel BW set was approved and spectrum utilization of 30, 70, and 90 MHz for BS for single carrier operation and single numerology case for 3.3-3.8 GHz and 3.3-4.2 GHz bands was approved as below [7]:
[image: ]
The RB values in the tables above are agreed based on the assumption of symmetric guard band, and they are only meant to indicate the minimum guard band achievable for a given combination of SCS and channel BW. The RAN1 agreements below for subcarrier and RB alignment between different SCSs in a channel BW [2][3][4] could result in asymmetric guard band for some combinations of channel BW and higher order SCS [5], and their actual maximum RB allocation should be 1 RB less than the values in the tables above. 
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In October RAN4#84bis meeting R4-1711736 WF on NR spectrum utilization was approved and here are the open issues have been identified and the procedure for guard band calculation for finalizing the spectrum utilization RB values for single carrier operation and single numerology case [6]:
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In this contribution, based on our view and understanding on the open issues and our assumption on channel raster design we calculate the guard band of each SCS and channel BW combination according to the above agreed procedure to find out which combinations’ RB values should be reduced by 1 RB.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK102][bookmark: OLE_LINK103]Guard band calculation results
Here are the assumptions for the guard band calculation and RB value reduction:
· Reference SCS: Minimum SCS in a channel BW (fixed value agnostic to actual set of SCS used by network), i.e. for FR1 SCS 15 kHz for channel BWs ≤ 50 MHz, and SCS 30 kHz for channel BWs > 50 MHz, and for FR2 SCS 60 kHz for channel BWs <= 200 MHz, and 120 kHz for CBWs > 200 MHz. Since at this moment for a give channel BW, it’s not clear if other working groups could support higher order SCSs as reference SCS based on network scheduling, in this contribution we did not consider higher order SCSs as the reference SCS in a give channel BW. 
· PRB grid alignment: Using the RAN1 subcarrier 0 alignment agreement. No constraints on aligning PRB #0 across different SCSs.
· Channel raster and channel raster mapping to subcarrier: the center of all RBs of the reference SCS in a channel BW will be left shifted ∆ = ½ reference SCS away from the center of the channel BW. Here’s an example for channel BW 5MHz where the center of 25 RBs is left shifted 7.5 kHz (½ reference SCS 15 kHz) away from the center of the channel BW. 
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Figure 1: 7.5 kHz left shift of the center of the 25 RBs for channel BW 5MHz
· PRB reduction: A shift of ½ reference SCS in a channel BW is acceptable for the reference SCS and PRB reduction will not be applied. For a given SCS and channel BW combination, RB value reduction will be applied when the guard band is more than ½ SCS less than the minimum guard band indicated in the approved R4-1709075 WF on spectrum utilization and R4-1711732 WF on BS channel BW set. 
According to the above assumptions and the guard band calculation procedure in [6] the left guard band and right guard band of each SCS and channel BW combination have been calculated (see Appendix A1.1 and A1.2). Table 1 and Table 2 summarize the tentative agreed RB values (numbers in black in the first row of a cell) in [1], the minimum left guard band and the minimum right guard band (numbers in green in the 2nd row of a cell) derived from [1], and the left guard band and right guard band (numbers in red in the 3rd row of a cell) calculated according to [6] for FR1 and FR2 respectively. The highly asymmetric guard bands are highlighted with yellow color in the tables, and the corresponding RB values of the SCS and channel BW combinations should be reduced with 1 RB since the left or right guard band is much smaller than the minimum left or right guard band.
Table 1: Reference SCS for FR1 is the minimum SCS in each channel BW (i.e. 15kHz for CBWs <= 50MHz, and 30kHz for CBWs > 50MHz ). Tentative agreed RB values (numbers in black in the first row of a cell) in [1], the minimum left guard band and minimum right guard band (numbers in green in the 2nd row of a cell), and the left guard band and right guard band (numbers in red in the 3rd row of a cell)
	CBW (MHz)
	5
	10
	15
	20
	25
	30(BS)
	40
	50

	SCS
	15
	25
250,250
242.5,257.5
	52
320,320
312.5,327.5
	79
390,390
382.5,397.5
	106
460,460
452.5,467.5
	133
530,530
522.5,537.5
	160
600,600
592.5,607.5
	216
560,560
552.5,567.5
	270
700,700
692.5,707.5

	
	30
	11
520,520
595,445
	24
680,680
665,695
	38
660,660
735,585
	51
820,820
805,835
	65
800,800
875,725
	78
960,960
945,975
	106
920,920
905,935
	133
1060,1060
1045,1075

	
	60
	N.A
	11
1040,1040
1010,1070
	18
1020,1020
1080,960
	24
1360,1360
1510,1210
	31
1340,1340
1580,1100
	38
1320,1320
1290,1350
	51
1640,1640
1610,1670
	65
1600,1600
1750,1450

	


	CBW
(MHz)
	60
	70(BS)
	80
	90(BS)
	100
	
	
	

	SCS
	15
	N.A
	N.A
	N.A
	N.A
	N.A
	
	
	

	
	30
	162
840,840
825,855
	189
980,980
965,995
	217
940,940
925,955
	[245]
[900,900]
[885,915]
	273
860,860
845,875
	
	
	

	
	60
	79
1560,1560
1530,1590
	[93]
[1520,1520]
[1670,1370]
	107
[1480,1480]
[1630,1330]
	[121]
[1440,1440]
[1590,1290]
	135
1400,1400
1550,1250
	
	
	





Table 2: Reference SCS for FR2 is the minimum SCS in each channel BW (i.e. 60kHz for CBWs <= 200MHz, and 120kHz for CBWs > 200MHz ). Tentative agreed RB values (numbers in black in the first row of a cell) in [1], the minimum left guard band and minimum right guard band (numbers in green in the 2nd row of a cell), and the left guard band and right guard band (numbers in red in the 3rd row of a cell)
	CBW
(MHz)
	50
	100
	200
	400

	SCS
	60
	66
1240,1240
1210,1270
	132
2480,2480
2450,2510
	264
4960,4960
4930,4990
	N.A

	
	120
	32
1960,1960
1900,2020
	66
2480,2480
2420,2540
	132
4960,4960
4900,5020
	264
9920,9920
9860,9980


Based on the discussions and calculations above, we have the following two proposals:
Proposal 1: For a given SCS and channel BW combination, RB value reduction will be applied when the guard band is more than ½ SCS less than the minimum guard band indicated in the approved R4-1709075 WF on spectrum utilization and R4-1711732 WF on BS channel BW set. 
Proposal 2: For the NR spectrum utilization of single carrier operation and single numerology case for FR1, the tentative agreed RB values in R4-1709075 and R4-1711732 of the following SCS and channel BW combinations (highlighted with yellow colour) should be reduced to the values shown in the table below in order to meet the minimum guard band requirement. 
	CBW 
[MHz]
	5
	10
	15
	20
	25
	30(BS)
	40
	50
	60
	70(BS)
	80
	90(BS)
	100

	SCS
	15
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	
	30
	10
	24
	37
	51
	64
	78
	106
	133
	162
	189
	217
	[245]
	273

	
	60
	N.A
	11
	18
	23
	30
	38
	51
	64
	79
	[92]
	106
	[120]
	134


Note 1: Assume the reference SCS is 15 kHz for channel BWs ≤ 50 MHz, and 30 kHz for channel BWs > 50 MHz.
Note 2: Assume the center of all RBs of the reference SCS will be left shifted ∆ ≤ ½ reference SCS away from the center of the channel BW.
Note 3: Assume RAN1 subcarrier 0 alignment agreement across different SCSs in a channel BW. No constraints on aligning PRB #0 across different SCSs.
Conclusions
Based on the discussions in this contribution, we have the following Observation and Proposal:
Proposal 1: For a given SCS and channel BW combination, RB value reduction will be applied when the guard band is more than ½ SCS less than the minimum guard band indicated in the approved R4-1709075 WF on spectrum utilization and R4-1711732 WF on BS channel BW set. 
Proposal 2: For the NR spectrum utilization of single carrier operation and single numerology case for FR1, the tentative agreed RB values in R4-1709075 and R4-1711732 of the following SCS and channel BW combinations (highlighted with yellow colour) should be reduced to the values shown in the table below in order to meet the minimum guard band requirement. 
	CBW 
[MHz]
	5
	10
	15
	20
	25
	30(BS)
	40
	50
	60
	70(BS)
	80
	90(BS)
	100

	SCS
	15
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	
	30
	10
	24
	37
	51
	64
	78
	106
	133
	162
	189
	217
	[245]
	273

	
	60
	N.A
	11
	18
	23
	30
	38
	51
	64
	79
	[92]
	106
	[120]
	134


    Note 1: Assume the reference SCS is 15 kHz for channel BWs ≤ 50 MHz, and 30 kHz for channel BWs > 50 MHz.
Note 2: Assume the center of all RBs of the reference SCS will be left shifted ∆ ≤ ½ reference SCS away from the center of the channel BW.
Note 3: Assume RAN1 subcarrier 0 alignment agreement across different SCSs in a channel BW. No constraints on aligning PRB #0 across different SCSs.
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Appendix
A1.1 Subcarrier 0 alignment for FR1
[image: ]

[image: ]
[image: ]


[image: ]


[image: ]



[image: ]

[image: ]



[image: ]

[image: ]



[image: ]

[image: ]


[image: ]


[image: ]





A1.2 Subcarrier 0 alignment for FR2
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At RAN1#88bis meeting

+  Subcarrier grid in NRis Alt.1, i.e., “Assuming the subcarriers in a PRB are numbered from O to 11, for a
given SCS Fo, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than Fo.”
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Open issues

+ Companies have different understanding on RAN1 nested RB grid alignment agreements

* Issue 1: Which SCS in a channel BW will be the reference SCS for subcarrier and RB alignment to finalize
the RBvalues?

« Option 1: Minimum SCS in a channel BW (fixed value agnostic to actual set of SCS used by NW)
+ Option 2: Reference SCS is based on NW scheduling.

* FFSonwhether or not UE needs to get information on the reference SCS. If UE needs, FFSon
details how UE gets information on the reference SCS.

+ Other options not precluded
+ Issue 2: RB grid alignment among different SCSs
+ Option 1: Start from left channel edge
« Option 1A: Align PRB #0 across different SCSs.
+ Option 1B: Do not put constraints on aligning PRB #0 across different SCSs.

« Option 2: Start from channel center and do not put constraints on aligning PRB #0 across different
SCSs

« Other options not precluded
+ Issue 3: Assuming that some way of arranging PRBs are decided, in which specification will this PRB
arrangement be captured, and how it will be captured?

* Assumpti shift of % reference SCSina channel BW is acceptable for the reference SCS and PRB
reduction will not be applied.
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Way forward (2)

* Procedure for guard band calculation:
* Forreference SCS
* Putall RBs of the reference SCS in the middle of the channel BW.

* According to RAN4 agreements such as channel raster, channel raster mapping to
subcarrier, etc., shift the center of all RBs to the required location.

« Calculate the guard band of each SCS and channel BW combination of the
reference SCS.

* Fornon-reference SCSs
* Putall RBs of non-reference SCSin the middle of the channel BW.
« Shift the RBs of non-reference SCS to left/right to ensure that
* Subcarrier 0 is aligned with the subcarrier 0 of the reference SCS

+ The difference between right/left guard bands is minimized

* Calculate the right and left guard band of each SCS and channel BW combination
of the non-reference SCS.
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WF on spectral utilization for below 6GHz

SCS[kHz] | 5MHz 10MHz | 15MHz | 20MHz | 25MHz | 40MHz | 50MHz | 60MHz | 80MHz | 100 MHz
Nre Nre Nre Nre Nre Nre Nre Nre Nre Nre
15 25 52 79 106 133 216 270 NA NA NA
30 1 24 38 51 65 106 133 162 217 273
60 NA 1 18 24 31 51 65 79 107 135

Above RB values are agreed based on the assumption of symmetric guard band.

+ The RB valuesin the table are only meantto indicate the minimum guard band achievable fora given SCS and
channel BW . The actual maximum RB allocation can be equalto or 1 RB less than the values shown in the table

Note1: Above RB values are agreed based on the assumptions of below requirements for sub 6GHz:

+  BSrequirements: output power limit (R4-1706960), ALCR/ACS requirements (R4-1706971),EVM requirements (R4-1706969)
,SEM requirements (R4-1706973);

*  UE requirements: Power Class (PC3 and PC2), ALCR/ACS requirements (R4-1706525),EVM requirements (R4-1706612),SEM
requirements; (R4-1706692)

* Companies can further check above RB values based on further agreements for above requirements and agreements for
channel raster.

Above RBvalues are agreed based on the assumption of no edge PRB EVM requirements in Rel-15.

Note2: Above RB values are derived based on RAN4 perspective, which can be further check by other working

groupsi.e. sub-carrier and RB alignment, and RB allocation restriction for DFT-OF DM waveform
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WEF on spectral utilization for mmWave

SCS[kHz] | 50MHz | 100MHz | 200MHz | 400 MHz

Nes Nes. Neg Nes
60 66 132 264 NA
120 EF) 66 132 264

Note 1: Above RB values are agreed based on the assumption of symmetric guard band. If asymmetric guard-

band agreed, potential 1 RB reduced may be considered

+ 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

Note1: Above RB values are agreed based on the assumptions of below requirements for mm Wave:

+ BS requirements: output power limit (R4-1706960), ALCR/ACS requirements (R4-1706954),SEM requirements
(R4-1706964);

+ UE requirements: Power Class definition (R4-1706945), ALCRIACS requirements (R4-1706063), SEM
requirements (R4-1706073);

Companies can further check and bring analysis for above RB values based on further agreements for above

requirements and agreements for channel raster, BS EVM and UE EVM requirements.

Above RB values are agreed based on the assumption of no edge PRB EVM requirements in Rel-15.

Note2: Above RB values are derived based on RAN4 perspective, which can be further check by other working

groups Le. sub-carrier and RB alignment, and RB allocation restriction for DFT-OFDM waveform




