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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 below 6GHz [1]: 
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The RB values in the table 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 WF on spectrum utilization above. 
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In September RAN4 AH#3 meeting some open issues have been identified for finalizing the spectrum utilization RB values for single carrier operation and single numerology case [6] and made the following agreement:
Agreement: 
Companies are encouraged to bring contributions to next RAN4 meeting with different RB alignment options to check which SCS and channel BW combinations’ RB values can be reduced and how much. 
In this contribution, we give our views on the open issues and calculate the guard band of each SCS and channel BW combination according to the RAN1 agreements and our assumption on channel raster design 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]Identified open issues and our views
1.1 Open issue 1
Open issue 1 is: Which SCS in a channel BW will be the reference SCS for subcarrier and RB alignment to finalize the RB values?  
· Option 1: determined minimum SCS in a channel BW.
· i.e. for sub 6GHz:  SCS 15kHz for channel BW ≤ 50MHz, and SCS 30KHz for channel BW > 50MHz;
· Option 2: choosing reference SCS among NW scheduling. 
Our view is that option 1 should be used. In Release 15 NR specifications we expect that there will be a single RB value specified for each SCS and channel BW combination for single carrier operation and single numerology case for sub-6GHz. Using option 2 might will result in multiple RB values for each SCS and channel BW combination which will make the standard and real implementation complicated. 
Proposal 1: In a channel BW the reference SCS for subcarrier and RB alignment is the determined minimum SCS in the channel BW, i.e. for sub 6GHz, SCS 15kHz for channel BW ≤ 50MHz, and SCS 30 kHz for channel BW > 50MHz. 
1.2 Open issue 2
Open issue 2 is: RAN1 agreements on subcarrier alignment and RB grid alignment among different SCSs in a channel BW are not clear. Here are the possible options understood in RAN4 discussions:
· 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
To maximize the spectrum utilization for a channel BW the goal is trying to make the guard band of the higher order SCSs as less asymmetric as possible meanwhile not violating RAN1 subcarrier and RB alignment agreements. Option 1A will make the guard band of the higher order SCSs more asymmetric so it’s not a good option. If the reference SCS is the determined minimum SCS in a channel BW, Option 1B might will have the same results as Option 2. We think Option 2 is more straight forward and easier to meet the goal so we will use Option 2 in this contribution to calculate the guard band of each SCS and channel BW combination. For a channel BW in sub-6GHz the procedure to do the calculation with option 2 could be: 
1) Put all RBs of the reference SCS in the middle of the channel BW. According to RAN4 future agreements such as channel raster, channel raster mapping to subcarrier, etc., left-shifting all RBs to the exact location, and calculating the guard band of the reference SCS;
2) Put all RBs of 2*(reference SCS) in the middle of the channel BW;
3) Left-shifting all RBs of 2*(reference SCS) until the subcarrier 0 is aligned with the subcarrier 0 of the reference SCS; 
4) Calculating the guard band of 2*(reference SCS);
5) Put all RBs of 4*(reference SCS) in the middle of the channel BW;
6) Left-shifting all RBs of 4*(reference SCS) until the subcarrier 0 is aligned with the subcarrier 0 of 2*(reference SCS); 
7) Calculating the guard band of 4*(reference SCS);
Observation 1: Option 2 (i.e. start from channel center and do not put constraints on aligning PRB #0 across different SCSs) is straight forward and easier to make the guard band of the higher order SCSs as less asymmetric as possible meanwhile not violating RAN1 subcarrier and RB alignment agreements.
Spectrum utilization considering RAN1 agreements
The center of all RBs of the reference SCS could be impacted by RAN4 future agreements such as 100kHz/subcarrier based channel raster, channel raster position, and channel raster mapping to subcarrier. Since RAN4 has not reached the agreements for the channel raster design, in this contribution we assume that the center of all RBs of the reference SCS in a channel BW will be left shifted Δ kHz away from the center of the channel BW. In last RAN4 meeting for frequency range 2.6GHz to 6GHz there are discussions that subcarrier based channel raster will be used and raster points to the center of the channel: SC#0 of RB# NRB/2 for even number of RBs, and SC#6 of RB# int(NRB/2) for odd number of RBs. In such a case, Δ will be half of the reference SCS. Figure 1 shows Δ = 7.5 for channel BW 5MHz. The raster (red line) is at the center of the channel BW, and the center (green line) of all 25 RBs of the reference SCS 15 kHz is left shifted 7.5 kHz so that subcarrier #6 of the center RB (#12) is aligned with the raster.
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Figure 1: Δ = 7.5 for channel BW 5MHz
Table 1 summarizes the Δ value for each channel BW.
Table 1: Δ value for each channel BW
	Channel BW [MHz]
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	
	Reference SCS = 15kHz
	7.5
	7.5
	7.5
	7.5
	7.5
	7.5
	7.5
	N.A
	N.A
	N.A

	
	Reference SCS = 30kHz
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A
	
15

	15
	15



Table 2 summarizes the tentative agreed RB values (numbers in black in the first row of a cell) in the latest WF on spectrum utilization [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) considering the RAN1 subcarrier 0 alignment agreement and Δ kHz left shift for the center of all RBs of the reference SCS of a channel BW. The highly asymmetric guard bands are highlighted with yellow color in Table 2, and the corresponding RB values of the SCS and channel BW combinations should be reduced with 1 RB since the left guard band is much smaller than the minimum left guard band. The asymmetric guard bands with guard band difference ≤ 15 kHz are highlighted with light green color in Table 2, and RAN4 should decide if the corresponding RB values of thees combinations of SCS and channel BW should be reduced with 1 RB or not.
Table 2: Tentative agreed RB values (numbers in black in the first row of a cell) in the latest WF on spectrum utilization [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) considering the RAN1 agreements
	Channel BW [MHz]
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	
	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
	216
560,560
552.5,567.5
	270
700,700
692.5,707.5
	N.A
	N.A
	N.A

	
	SCS 30
	11
520,520
415,625
	24
680,680
665,695
	38
660,660
555,765
	51
820,820
805,835
	65
800,800
695,905
	106
920,920
905,935
	133
1060,1060
1045,1075
	162
840,840
825,855

	217
940,940
925,955
	273
860,860
845,875

	
	SCS 60
	N.A
	11
1040,1040
1010,1070

	18
1020,1020
900,1140
	24
1360,1360
1150,1570
	31
1340,1340
1040,1640
	51
1640,1640
1610,1670
	65
1600,1600
1390,1810
	79
1560,1560
1530,1590
	107
1480,1480
1270,1690
	135
1400,1400
1190,1610



Table 3 shows the reduced RB values (highlighted with yellow colour), and the RB values in square bracket which RAN4 should make a decision if they should be reduced by 1 RB.
Table 3: The reduced RB values (highlighted with yellow colour), and the RB values in square bracket which RAN4 should make a decision if they should be reduced by 1 RB. 
	Channel BW [MHz]
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

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

	
	SCS 30
	10
	23
	37
	50
	64
	105
	132
	161
	216
	272

	
	SCS 60
	N.A
	10
	17
	23
	30
	50
	64
	78
	106
	134



Based on the discussions above, we have the following proposals:
Proposal 2: For the NR spectrum utilization of single carrier operation and single numerology case for 2.6GHz to 6GHz, considering the RAN1 agreements in R1-1706756 LS on subcarrier grid in NR, the tentative agreed RB values in R4-1709075 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. 
	Channel BW [MHz]
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

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

	
	SCS 30
	10
	23
	37
	50
	64
	105
	132
	161
	216
	272

	
	SCS 60
	N.A
	10
	17
	23
	30
	50
	64
	78
	106
	134



Proposal 3: For the NR spectrum utilization of single carrier operation and single numerology case for 2.6GHz to 6GHz, for the RB values in square bracket in the table above, RAN4 should make a decision if the RB values should be reduced by 1 RB. 
Conclusions
Based on the discussions in this contribution, we have the following Observation and Proposal:
Proposal 1: In a channel BW the reference SCS for subcarrier and RB alignment is the determined minimum SCS in the channel BW, i.e. for sub 6GHz, SCS 15kHz for channel BW ≤ 50MHz, and SCS 30 kHz for channel BW > 50MHz. 
Observation 1: Option 2 (i.e. start from channel center and do not put constraints on aligning PRB #0 across different SCSs) is straight forward and easier to make the guard band of the higher order SCSs as less asymmetric as possible meanwhile not violating RAN1 subcarrier and RB alignment agreements.
Proposal 2: For the NR spectrum utilization of single carrier operation and single numerology case for 2.6GHz to 6GHz, considering the RAN1 agreements in R1-1706756 LS on subcarrier grid in NR, the tentative agreed RB values in R4-1709075 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. 
	Channel BW [MHz]
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

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

	
	SCS 30
	10
	23
	37
	50
	64
	105
	132
	161
	216
	272

	
	SCS 60
	N.A
	10
	17
	23
	30
	50
	64
	78
	106
	134



Proposal 3: For the NR spectrum utilization of single carrier operation and single numerology case for 2.6GHz to 6GHz, for the RB values in square bracket in the table above, RAN4 should make a decision if the RB values should be reduced by 1 RB. 
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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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+  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.”




