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1. Introduction

In RAN4 #84 meeting a WF on the NR spectrum utilization was agreed [1]:
	WF on spectral utilization for below 6GHz

[image: image1.png]SCS [kHz] | 5MHz 10MHz | 15MHz | 20MHz | 25MHz | 40MHz | 50MHz | 60MHz | 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





1. 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.
…
WF on spectral utilization for mmWave

[image: image2.png]SCS [kHz] | 50MHz | 100MHz | 200MHz | 400 MHz
NRB NRB NRB NRB
60 66 132 264 N.A
120 32 66 132 264





2. 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.
…


In addition, in RAN4 NR-AH3 the discussion on asymmetric guard bands impacts continued. However, no significant progress was reached and RAN4 decided to continue discussion in the next meeting “Companies are encouraged to bring contributions to next RAN4 meeting with different PRB alignment options to check which SCS and channel BW combinations’ PRB values can be reduced and how much.”
In RAN4 #84bis a number of agreements on the remaining details of the NR spectrum utilization were made [2]:
	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 RB values?  
· 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. 
· FFS on whether or not UE needs to get information on the reference SCS. If UE needs, FFS on 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?
· Assumption: A shift of ½ reference SCS in a channel BW is acceptable for the reference SCS and PRB reduction will not be applied.
Way forward

· Companies are encouraged to bring contributions to the next RAN4 meeting with the following analysis 
· The channel BW in this WF means both BS channel BW and UE channel BW. 
· RB grid structures with RB allocations for different SCS/CBW 
· Analysis could cover cases when reference SCS has N and N-1 PRBs, where N is number of PRBs in R4-1709075
· Estimates of the left/right guard bands for each SCS/CBW using the procedure in the next slide
· The analysis should take into account the following factors affecting guard band asymmetry
· Channel raster 
· DC subcarrier
· Subcarrier alignment across different numerologies
· PRB alignment across different numerologies
· Proposals on threshold for guard band reduction (kHz) when PRB reduction should be applied.
· Proposals on open issue 3. 
· FFS on whether the RB grid alignment impact on spectrum utilization is the same at the UE and the BS.
· Procedure for guard band calculation:
· For reference SCS
· Put all 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.
· For non-reference SCSs
· Put all RBs of non-reference SCS in 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.



In this contribution, we share out views on the remaining open issues for the single carrier spectrum utilization. In the companion paper [3] we provide analysis on the spectrum utilization for the CA and wideband operation scenarios.
2. Discussion on the remaining open issues
In this section we address the main open issue identified in the previous meetings.
2.1 Procedure for SU and PRB structure definition

First of all, it is important to clarify the procedure for the SU definition and the selection of the PRBs which can be used for the DL/UL transmission. The following generalized framework is considered based on the discussions in the last meeting for the given CC CBW (we also mark in yellow the controversial aspects, which need further discussion):
1. Reference SCS: 
· PRBs for the reference SCS are placed symmetrically relative to the middle of the channel BW.

· Number of PRBs for reference SCS is equal to N or N-1 (where N is the value in [1])

· The PRB grid may or may not include additional PRBs on the band edges to simplify the PRB grid alignment. Number of PRBs in the grid is FFS.
· Reference SCS is FFS
2. Non-Reference SCS: 
· PRBs of non-reference SCS are placed in the middle of the channel BW. 
· PRBs are placed in way to minimize the difference between the right/left guard bands (i.e. in the most symmetric way)
· PRBs should be placed in accordance to the PRB grid structure. PRB grid alignment between different numerologies is FFS (Issue #2 in [2])
· The number of PRBs is derived in way in a way to avoid tightening the minimum guard band which corresponds to the SU in [1] (GBmin(SCS,CBW))

· Number of PRBs can be equal to N or N-1 (where N is the value in [1])

· The PRB placement should satisfy the following conditions

· GBleft ≥ GBmin(SCS,CBW) + GBThreshold
· GBright ≥ GBmin(SCS,CBW) + GBThreshold
· GBleft  and GBright are the guard bands between the left/right CBW edge and the start of the first PRB / end of the last PRB.

· If either left or right guard bands for the case of N PRBs is smaller than (GBmin(SCS,CBW) + GBThreshold), then the number of PRBs shall be reduced by 1. 
· GBThreshold is FFS
Note: in accordance to the discussion in [3] the procedure is actually applicable mainly for the gNB CC. The procedure to derive the UE PRBs should be based on the wideband operation framework and would be same as the procedure for gNB only in case, when the UE CC has same BW as gNB CC.

2.2 Reference SCS for PRB structure
In order to identify the PRB grid structure the assumptions on the reference SCS should be clarified. The following options are possible [1]:

· Option 1: Reference SCS is fixed value in a channel BW (i.e. agnostic to actual set of SCS used by NW)
· Option 1A: Reference SCS is the minimum SCS in a channel BW for the FR
· Option 1B: Reference SCS is the minimum SCS for the FR
· Pros: Such approach allows to have fixed number of PRBs for different network configurations. No need to adapt UE implementation for different SCS configuration. No need for additional signalling.
· Cons: May lose 1 PRB for some of the SCS/CBW combinations, however, the overall loss is not too big ( see analysis in [3])
· Option 2: Reference SCS is based on NW configuration
· Pros: May optimize spectrum utilization for the given SCS.
· Cons: Need additional signalling. Signalling feasibility should be further studied. One workaround is to use RMSI SCS as the reference SCS to avoid additional overhead. May lose 1 PRB for some of the SCS/CBW combinations. This approach would also result in variable PRB grid structure depending on the network configuration which would overcomplicate UE implementation.
The Option 2 requires additional signalling from the network side and development of corresponding mechanisms. Assuming limited time for the WI completion, we think that it is reasonable to proceed with Option 1 and assume fixed SCS value for the PRB grid definition.
Proposal #1: Reference SCS for PRB grid is fixed (non-configurable)
Option 1A: minimum SCS in a channel BW for the FR

Option 1B: minimum SCS for the FR
2.3 PRB grid alignment among different SCSs
Another issue raised in the previous meeting is related to the PRB grid alignment among different SCS. The following options were considered in [2]:

· 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 

In addition, RAN4 agreed on the LS to RAN1 to clarify the PRB grid structure assumptions. 
The following agreements on cross-numerology PRB grid alignment were made in RAN1:
	Agreements:
· In one carrier when multiple numerologies are time domain multiplexed,

· PRBs for different numerologies are located on a fixed grid relative to each other

· For subcarrier spacing of 2n * 15kHz, the PRB grids are defined as the subset/superset of the PRB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain

· Note that following numbering in the figure is just an example
· FFS: frequency domain multiplexing case
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The respective agreements are applicable to the cell center PRBs and do not take into account the facts that different SCS may have different guard bands. So, the PRB alignment at the band edges is somewhat ambiguous. In general, either approach for PRB alignment could work. However, in our understanding, Option 1A provides a more clear solution and has a number of advantages. 
· Aligning PRB0 position for different numerologies would simplify the PRB indexing for wideband operation and would allow more simple BWP configuration in case of different numerologies.

· Such approach would also allow avoiding ambiguity in the PRB structure definition. For example, in case the PRB 0 is not aligned, the PRB grid structure may depend on the order of SCS used to define the PRB structure (e.g. may differ for the cases if 30 kHz SCS PRB grid is derived before the 60 kHz grid or vice versa). In Figure 1 we illustrate the example PRB allocation. In the left figure it can be seen that depending on guard bands the PRB allocation may depend on whether 30 or 60 kHz PRB structure is derived first. In case the PRB 0 alignment across different numerologies is applied, such issues could be avoided (see figure on the right).
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Figure 1. Cross-numerology PRB alignment impact on PRB grid structure
Proposal #2: PRB grid alignment among different SCSs starts from the left/lower channel edge. Align PRB #0 across different SCSs.
2.4 PRB grid structure
One of the issue not decided in the last meeting is whether number of PRBs for the reference SCS could be adjusted or not. As shown in the previous analysis [5], for certain scenarios it may be beneficial to adjust the number of PRBs for the reference SCS in order to achieve better spectrum utilization for the non-reference SCS. In particular, the analysis in Section 3 shows the benefits of defining even number of PRBs for the 15 and 30 kHz SCS for FR1 (except 5 MHz CBW) to ensure the symmetric PRB structure. Similarly, for FR2 the number of PRBs for 60kHz can be kept as an even number.
Proposal #3: Use even number of PRBs for the 15/30 kHz SCS for FR1 and for 60 kHz SCS for FR2.

Another open question is whether the number of PRBs in the PRB grid should be aligned with the number of actually used PRBs. In our understanding, the number of PRBs in the grid and number of allocated PRBs should be decoupled. For the purpose of PRB indexing the number of PRBs in the grid can be selected to be larger than the number of PRBs based on spectrum utilization. In this case some of the PRBs in the PRB grid can be active and some can be inactive (i.e. used for indexing purposes only).

In particular, we see benefits to set the maximum number of PRBs in a CBW for the PRB grid in a way to ensure nested resource allocation for different numerologies and have symmetric resource allocation relative to the center of the CBW. Such symmetric nested structure would simplify alignment of PRB boundaries for the contiguous CA scenarios and for wideband operation scenarios. In particular, the maximum number of PRBs for the minimum supported SCS (NMax,SCS) can be selected as a multiple of 4 or 2 depending on the number of supported SCS per CBW.
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Figure 2. RB grid structure example
Proposal #4: Number of PRBs in the PRB grid for the given SCS is defined separately than the number of PRBs corresponding to the spectrum utilization and can be larger than number of PRBs based on SU. Number of PRBs is selected as a multiple of 4 or 2 to ensure nested PRB structure across numerologies with symmetric PRB allocation.
2.5 Guard band threshold
The decision on whether the number of PRBs should be reduced depends on whether the UE guard band is tightened comparing to the symmetric guard bands derived from agreements in [1] (see Annex A, GBmin(SCS,CBW)). As mentioned in section 2.1 if either left or right guard bands for the case of N PRBs is smaller than (GBmin(SCS,CBW) + GBThreshold), then the number of PRBs shall be reduced by 1. In accordance to the previous meeting discussion the GBThreshold value is FFS and should be at least > ½ SCS. In our view, the threshold GBThreshold = 1 SCS can be set to avoid PRB reduction due to cross-numerology SC alignment and DC subcarrier.
Proposal #5: Consider [1] SCS threshold for PRB reduction procedure.
2.6 Spec impact
In our understanding one viable way to define the spectrum utilization is to specify the minimum GBs based on the agreements in [1] and agree on the procedure for the PRB placements to satisfy the minimum GB constraints. The maximum number of PRBs can be also captured in the specification for informational purposes.
3. PRB structure and spectrum utilization proposal

In this section we provide our proposal on the PRB structure and spectrum utilization. We provide analysis for different alternatives to define the number of PRBs for the reference SCS:
· Option 1: The maximum number of PRBs in a CBW for the reference SCS is defined based on agreed spectrum utilization [1]
· Option 2: The maximum number of PRBs in a CBW is equal to the mathematical maximum number of PRBs for the given CBW (NMax,SCS = (floor(CBW/SCS/12))

· Option 3: The maximum number of PRBs in a CBW is selected in a way to ensure nested resource allocation for different numerologies
In Table 1 and 2 we summarize the proposed maximum number of PRBs for different SCS/CBW combinations.
Table 1. NMax,SCS (FR1)
	SCS, kHz 
	Channel bandwidth, MHz

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	Option 1

	15 KHz
	25
	52
	79
	106
	133
	216
	270
	NA

	30 KHz
	12
	26
	39
	53
	66
	108
	135
	162
	217
	273

	60 KHz
	NA
	13
	19
	26
	33
	54
	67
	81
	108
	136

	Option 2

	15 KHz
	27
	55
	83
	111
	138
	222
	277
	NA

	30 KHz
	13
	27
	41
	55
	69
	111
	138
	166
	222
	277

	60 KHz
	NA
	13
	20
	27
	34
	55
	69
	83
	111
	138

	Option 3

	15 KHz
	26
	52
	80
	108
	136
	220
	276
	NA

	30 KHz
	13
	26
	40
	54
	68
	110
	138
	166
	222
	276

	60 KHz
	NA
	13
	20
	27
	34
	55
	69
	83
	111
	138


Table 2. NMax,SCS (FR2)
	SCS, kHz 
	Channel bandwidth, MHz

	
	50
	100
	200
	400

	Option 1

	60 KHz
	66
	132
	264
	NA

	120 KHz
	33
	76
	132
	264

	Option 2

	60 KHz
	69
	138
	277
	NA

	120 KHz
	34
	69
	138
	277

	Option 3

	60 KHz
	68
	136
	276
	NA

	120 KHz
	34
	69
	138
	276


Example resource allocations fare illustrated in the Annex B. In the Annex C we provide the estimates of left / right guard bands for different options (taking into account PRB and SC alignment procedures). The problematic guard bands are marked in red. The achievable spectrum utilization (maximum number of PRBs) for different PRB grid structures is summarized in Table 3 and 4 (in yellow we highlight the SU values adjusted by 1PRB comparing to [1]).

Table 3. Spectrum utilization – Maximum number of PRBs (FR1)
	SCS
	Channel bandwidth, MHz

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	Option 1

	15 KHz
	25
	52
	79
	106
	133
	216
	270
	

	30 KHz
	10
	24
	37
	51
	64
	106
	133
	162
	217
	273

	60 KHz
	NA
	11
	17
	23
	30
	50
	64
	79
	106
	134

	Option 2

	15 KHz
	25
	51
	79
	105
	132
	216
	269
	NA

	30 KHz
	10
	23
	37
	50
	65
	105
	132
	162
	216
	273

	60 KHz
	NA
	10
	17
	23
	30
	50
	64
	79
	107
	134

	Option 3

	15 KHz
	24
	52
	78
	106
	132
	216
	270
	NA

	30 KHz
	11
	24
	38
	50
	64
	106
	132
	162
	216
	272

	60 KHz
	NA
	11
	18
	23
	30
	51
	65
	79
	107
	134


Table 4. Spectrum utilization – Maximum number of PRBs (FR2)

	SCS
	Channel bandwidth, MHz

	
	50
	100
	200
	400

	Option 1

	60 KHz
	66
	132
	264
	NA

	120 KHz
	31
	66
	132
	264

	Option 2

	60 KHz
	65
	132
	263
	NA

	120 KHz
	31
	65
	131
	263

	Option 3

	60 KHz
	66
	132
	264
	NA

	120 KHz
	32
	66
	132
	264


Proposal #6: Adopt the PRB grid structure and spectrum utilization parameters based on proposed Option 3
4. Conclusions
In this contribution we provided analysis of the remaining issues related to the spectrum utilization definition. In summary, we make the following proposals:

Proposal #1: Reference SCS for PRB grid is fixed (non-configurable)
Option 1A: minimum SCS in a channel BW for the FR

Option 1B: minimum SCS for the FR
Proposal #2: PRB grid alignment among different SCSs starts from the left/lower channel edge. Align PRB #0 across different SCSs.
Proposal #3: Use even number of PRBs for the 15/30 kHz SCS for FR1 and for 60 kHz SCS for FR2.

Proposal #4: Number of PRBs in the PRB grid for the given SCS is defined separately than the number of PRBs corresponding to the spectrum utilization and can be larger than number of PRBs based on SU. Number of PRBs is selected as a multiple of 4 or 2 to ensure nested PRB structure across numerologies with symmetric PRB allocation.
Proposal #5: Consider [1] SCS threshold for PRB reduction procedure.
Proposal #6: Adopt the PRB grid structure and spectrum utilization parameters based on proposed Option 3
Maximum number of PRBs (FR1)
	SCS
	Channel bandwidth, MHz

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15 KHz
	24
	52
	78
	106
	132
	216
	270
	NA

	30 KHz
	11
	24
	38
	50
	64
	106
	132
	162
	216
	272

	60 KHz
	NA
	11
	18
	23
	30
	51
	65
	79
	107
	134


Maximum number of PRBs (FR2)

	SCS
	Channel bandwidth, MHz

	
	50
	100
	200
	400

	60 KHz
	66
	132
	264
	NA

	120 KHz
	32
	66
	132
	264
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Annex A – Minimum guard band
Table 5. Minimum guard band, MHz (FR1)

	SCS
	Channel bandwidth, MHz

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15 KHz
	0.25
	0.32
	0.39
	0.46
	0.53
	0.56
	0.70
	NA

	30 KHz
	0.52
	0.68
	0.66
	0.82
	0.80
	0.92
	1.06
	0.84
	0.94
	0.86

	60 KHz
	NA
	1.04
	1.02
	1.36
	1.34
	1.64
	1.60
	1.56
	1.48
	1.40


Table 6. Minimum guard band, MHz (FR2)

	SCS
	Channel bandwidth, MHz

	
	50
	100
	200
	400

	60 KHz
	1.24
	2.48
	4.96
	NA

	120 KHz
	1.96
	2.48
	4.96
	9.92


Annex B – Example resource allocation
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Figure 3. Example of PRB grid structure for 5 MHz BW
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Figure 4. Example of PRB grid structure for 10 MHz BW
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Figure 5. Example of PRB grid structure for 15 MHz BW
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Figure 6. Example of PRB grid structure for 20 MHz BW
Annex C – Guard band analysis
Table 7. Left/Right guard band, kHz (FR1)

	SCS
	Channel bandwidth, MHz

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	Option 1

	15 KHz
	242.5 / 257.5
	312.5 / 327.5
	382.5 / 397.5
	452.5 / 467.5
	522.5 / 537.5
	552.5 / 567.5
	692.5 / 707.5
	NA

	30 KHz
	595 / 445
	665 / 695
	735 / 585
	805 / 835
	875 / 725
	905 / 935
	1045 / 1075
	825 / 855
	925 / 955
	845 / 875

	60 KHz
	NA
	1010 / 1070
	1080 / 960
	1150 / 1570
	1220 / 1460
	1970 / 1310
	1390 / 1810
	1530 / 1590
	1630 / 1330
	1550 / 1250

	Option 2

	15 KHz
	242.5 / 257.5
	402.5 /  237.5
	382.5 / 397.5
	542.5 / 377.5
	612.5 /  447.5
	552.5 / 567.5
	782.5 / 617.5
	NA

	30 KHz
	415 / 625
	755 / 605
	735 / 585
	715 / 925
	785 / 815
	1085 / 755
	1135 / 985
	825 / 855
	1105 / 775
	845 / 875

	60 KHz
	NA
	740 / 1340
	720 / 1320
	1420 / 1300
	1490 / 1190
	1430 / 1850
	1480 / 1720
	1530 / 1590
	1450 / 1510
	1550 / 1250

	Option 3

	15 KHz
	332.5 / 167.5
	312.5 / 327.5
	472.5 / 307.5
	452.5 / 467.5
	612.5 / 447.5
	552.5 / 567.5
	692.5 / 707.5
	NA

	30 KHz
	505 / 535
	665 / 695
	645 / 675
	985 / 655
	965 / 635
	905 / 935
	1225 / 895
	825 / 855
	1105 / 775
	1025 / 695

	60 KHz
	NA
	1010 / 1070
	990 / 1050
	1690 / 1030
	1670 / 1010
	1610 / 1670
	1570 / 1630
	1530 / 1590
	1450 / 1510
	1730 / 1070


Table 8. Left/Right guard band, kHz (FR2)
	SCS
	Channel bandwidth, MHz

	
	50
	100
	200
	400

	Option 1

	60 KHz
	1210 / 1270
	2450 / 2510
	4930 / 4990
	NA

	120 KHz
	2620 / 1300
	2420 / 2540
	4900 / 5020
	9860 / 9980

	Option 2

	60 KHz
	1570 / 910
	2450 / 2510
	5290 / 4630
	NA

	120 KHz
	1540 / 2380
	3140 / 1820
	4540 / 5380
	10580 / 9260

	Option 3

	60 KHz
	1210 / 1270
	2450 / 2510
	4930 / 4990
	NA

	120 KHz
	1900 / 2020
	2420 / 2540
	4900 / 5020
	9860 / 9980
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SCS = 15kHz
(reference)
SCS = 30kHz
SCS = 60kHz
0
1






0


0
SCS = 15kHz
(reference)
SCS = 30kHz
SCS = 60kHz
0
1






0


0
SCS = 15kHz
(reference)
SCS = 30kHz
SCS = 60kHz
0
1






1


1
0
0
SCS = 15kHz
(reference)
SCS = 30kHz
SCS = 60kHz
0
1






1


1
0
0
RB allocation depends on the order of SCS in case PRB0 is not aligned
RB allocation is agnostic to the SCS order in case of PRB 0 alignment



0
1




CBW
CBW/2
-CBW/2
Guard  band
Guard  band
0
Frequency
0
1

0
1



SCS = 15kHz
SCS = 30kHz
SCS = 60kHz
Active RBs
Virtual RBs



10 MHz BW
Option 1: SU = 52/24/11 PRBs
SCS = 15kHz
SCS = 30kHz
SCS = 60kHz
Option 2: SU = 51/23/10 PRBs
SCS = 15kHz
SCS = 30kHz
SCS = 60kHz
CBW/2
-CBW/2
0
Option 3: SU = 52/24/11 PRBs
SCS = 15kHz
SCS = 30kHz
SCS = 60kHz
0
1






1


24
25


50
51
11
12
24
1
6
11
0
25
12
0
...
...
...
...
...
...
0
1






1


24
25


50
51
11
12
24
1
6
11
0
25
12
0
...
...
...
...
...
...
1
2






1
2

25
26


51
52
11
12
24
25
1
2
6
11
0
26
12
0
...
...
...
...
...
...
0
53
54



15 MHz BW
Option 1: SU = 79/37/17
SCS = 15kHz
SCS = 30kHz
SCS = 60kHz
0
1






1





77
78


37
38
1

17
18
0
0
...
...
...
...

Option 2: SU = 79/37/17 PRBs
...
...
SCS = 15kHz
SCS = 30kHz
SCS = 60kHz
CBW/2
-CBW/2
0
Option 3: SU = 78/38/18 PRBs
0
1






1






78
79


38
1

18
0
39
19
0
...
...
...
...
...

...
SCS = 15kHz
SCS = 30kHz
SCS = 60kHz
3









79
80
...
...
2
1
81
0
82
2




38
39
1
2

18
19
1
0
...
...

...
...
0
40




20 MHz BW
Option 1: SU = 106/51/23 PRBs
SCS = 15kHz
SCS = 30kHz
SCS = 60kHz
Option 2: SU = 105/50/23 PRBs
SCS = 15kHz
SCS = 30kHz
SCS = 60kHz
CBW/2
-CBW/2
0
Option 3: SU = 106/50/23 PRBs
SCS = 15kHz
SCS = 30kHz
SCS = 60kHz
0
1






1
2

53
54


106
107
26
27
51
52
1
2
13
24
25
0
53
26
0
...
...
...
...
...
...
0
1





1


52
53

104
105
25
26
51
1
2
13
24
0
52
25
0
...
...
...
...
...
...
1
2
3





1
2
3
54
55


107
108
27
28
52
53
1
2
13
24
25
0
54
26
0
...
...
...
...
...
...
0
109
110
27
26



5 MHz BW
0
1
2
3
20
21
22
23
0
1
2
3
4
5
6
7
8
9
10
11
24
Option 1: SU = 25/10 PRBs
Option 2: SU = 25/10 PRBs
SCS = 15kHz
SCS = 30kHz
SCS = 15kHz
SCS = 30kHz
1
2
3
4
21
22
23
24
0
1
2
3
4
5
6
7
8
9
10
12
Option 3:  SU = 24/11 PRBs
SCS = 15kHz
SCS = 30kHz
CBW/2
-CBW/2
0
1
2
3
4




25
0
26
2
3
4
5
6
7
8
9
10
11
12
0
1
0
25
11



