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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 RB alignment options to check which SCS and channel BW combinations’ RB values can be reduced and how much.”
In this contribution we provide additional analysis with the emphasis on the RB grid alignment procedures and their impact on achievable spectrum utilization. This contribution is a resubmission of the last meeting tdoc [2] and includes several additional discussion points and clarifications related to RB grid structure impact on spectrum utilization.
2. Discussion

2.1 Symmetric guard band assumptions

The spectrum utilization values agreed in [1] were derived under assumption of symmetric guard bands and the exact values considered during the analysis are summarized in Table 1 and Table 2 for different CBW/SCS combinations.
Table 1. Minimum guard band, MHz (Sub-6GHz)

	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 2. Minimum guard band, MHz (mmWave)

	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


Guard band size is the one of the main factors which affects the BS and UE RF TX and RX performance (SEM, ACLR, and ACS) and substantial relaxation of guard bands comparing to the existing agreements may cause additional OOBE and is undesirable.
Observation #1:
Guard bands reduction comparing to the RAN4 #84 agreements may cause impact on achievable UE SEM/ACLR/ACS performance for the give spectrum utilization.

2.2 Asymmetric guard bands

As mentioned in the previous meetings due to different NR design assumptions symmetric guard bands may not be practically achievable. The key factors which may lead to guard bands asymmetry are 1) Channel raster, 2) DC subcarrier, 3) cross-numerology subcarrier grid alignment and 4) cross-numerology RB grid alignment.
2.2.1 Chanel raster
In accordance to the recent RAN4 agreements 100 kHz or “subcarrier-based” channel raster will be adopted for different bands. The 100 kHz raster does not lead asymmetric guard bands similar to LTE. Subcarrier-based raster may lead to small asymmetry (1/2*SCS) which is not expected to have noticeable impact on the OOBE and effectively on the spectrum utilization.
Observation #2:
Channel raster assumptions have limited impact on guard band size and do not affect spectrum utilization.
2.2.2 DC subcarrier

In accordance to RAN1 design there will be no dedicated DC subcarrier and the DC will overlap with one of the data subcarriers. Hence, the total number of subcarriers will be even which would effectively lead to 1 subcarrier asymmetry in the guard bands. In our understanding such bias has limited impact on SEM/ACLR and should not affect the spectrum utilization.
Observation #3:
DC subcarrier assumptions have limited impact on guard band size and do not affect spectrum utilization.

2.2.3 Cross-numerology subcarrier alignment

The following RAN1 agreements on the subcarrier alignment across different numerologies were made by RAN1:

	Agreements:

· Subcarrier grid in NR is Alt.1, i.e., “Assuming the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0.”




The particular agreements can be illustrated in the following way:
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The subcarrier grid alignment may result in a small asymmetry in guard bands which is limited by 1 subcarrier of the particular SCS. Similarly to the channel raster and DC subcarrier cases, the impact on spectrum utilization is not expected to be large. 
Observation #4: 
Cross-numerology subcarrier alignment assumptions have limited impact on guard band size and do not affect spectrum utilization.

2.2.4 Cross-numerology RB grid alignment

The following RAN1 agreements on the cross-numerology RB grid alignment were made by RAN1:
	Agreements:
· In one carrier when multiple numerologies are time domain multiplexed,

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

· For subcarrier spacing of 2n * 15kHz, the RB grids are defined as the subset/superset of the RB 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 RB grid alignment agreements imply the nested structure of RB allocations for different numerologies – e.g. 1 PRB of 60 kHz includes 2 PRBs of 30 kHz and 4 PRBs of 15 kHz SCS. The particular design may have more impact on the guard band asymmetry depending on the number of RBs used for different SCS. In Figure 1 we show an example of 5 MHz CBW and 15/30 kHz SCS resource block allocation. It may be observed that once SC/RB alignment is applied, one of the guard bands becomes smaller comparing to the “symmetric” guard band. The related reduction can have negative impact on SEM/ACLR and should be avoided.
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Figure 1. Guard band asymmetry due to RB alignment
Observation #5:
RB grid alignment between different numerologies has impact on the guard band size and may lead to asymmetric guard bands and guard band size may reduce comparing to the RAN4 #84 agreements
2.3 RB grid structure and impact on spectrum utilization

In order to avoid tightening RF requirements, spectrum utilization (number of RBs) may need to be adjusted and reduced by 1 PRB depending on the particular scenario in order keep the guard bands larger than the ones agreed in RAN4 #84. The exact spectrum utilization modifications depend on the RB grid structure design. 
In general, the RB grid design and is not finalized in RAN1 and different approaches to define the RB grid structure can be considered. In RAN4 NR-AH3 there were rather many extensive discussions on the RB grid structure assumptions due to ambiguity of the RAN1 design. As the outcome of the discussion it was decided that RAN4 does not need to send LS to RAN1 to clarify the RAN1 design assumptions and can proceed with analysis based on its own understanding.

In our view, the following approach to define the RB grid can be considered for NR:

1) The RB grid for each supported SCS per CBW has NMAX, SCS maximum number of RBs
a. The number of PRBs is below the theoretical upper bound NMAX, SCS  ≤ (floor(CBW/SCS/12)
b. The number of PRBs is above the number of RBs corresponding to spectrum utilization NMAX, SCS  ≥ NPRB,SU
2) The RB grid for the Reference SCS is placed symmetrically relative to the CBW centre.
a. Reference SCS definition can be further discussed. We suggest to use the minimum SCS per CBW as the reference SCS.

3) The RB grids for other SCS are defined as the subset/superset of the RB grid for the reference SCS spacing in a nested manner
a. In RAN4 NR-AH3 meeting several options on how RB alignment can be done we discussed. In general, the RB alignment can be done either from the band edge (e.g. left edge) or from the centre of the CBW. In the latter case the number of RBs should be constrained to be a multiple of 2/4. In our view, the “band edge” approach is more generic and will result in same RB grid structure as the “center” approach in case the number of RBs will be a multiple of 2/4.

4) The RB grid may include “active” RBs that can be assigned for signal transmission/reception (number of RBs characterized the spectrum utilization, NPRB,SU) and “virtual” RBs located on the band edges which are used for RB indexing purposes and as the provision to enable higher spectrum utilization in the future.
Proposal #1: Use the following procedure to define the RB grid structure

· The RB grid for the Reference SCS is placed symmetrically relative to the CBW centre.

· Minimum SCS per CBW is used as the reference SCS.

· The RB grid for each supported SCS per CBW has NMAX, SCS maximum number of RBs

· The RB grids for other SCS are defined as the subset/superset of the RB grid for the reference SCS spacing in a nested manner from the left band edge
· The RB grid includes “active” RBs that can be assigned for signal transmission/reception  and “virtual” RBs located on the band edges which are used for RB indexing

An example of the RB grid is illustrated in Figure 2.
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Figure 2. RB grid structure example
One of the key parameters which characterizes the RB grid structure is the maximum number of RBs for the reference SCS. We consider different alternatives how the number of RBs for the reference SCS could be defined:
· Option 1: The maximum number of RBs in a CBW for the reference SCS is defined based on agreed spectrum utilization [1]
· Option 2: The maximum number of RBs in a CBW is equal to the mathematical maximum number of RBs for the given CBW (NMax,SCS = (floor(CBW/SCS/12))

· Option 3: The maximum number of RBs in a CBW is selected in a way to ensure nested resource allocation for different numerologies 
· Maximum number of RBs for the minimum supported SCS is selected as a multiple of 4 or 2 depending on the number of supported SCS per CBW). 
· The number of RBs for the remaining SCS can be chosen in a way to provide the nested RB structure (e.g. NMax,60 = 2 x NMax,30 = 4 x NMax,15).
In Table 3 and 4 we summarize the proposed maximum number of RBs for different SCS/CBW combinations.

Table 3. NMax,SCS (sub-6GHz)
	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 4. NMax,SCS (mmWave)
	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


In Figures 3 - 6 below we illustrate the example resource allocations for 5/10/15/20 MHz cases taking into account the fact that spectrum utilization is reduced by 1 PRB in order to avoid reduction of guard band durations. In red we highlight the configurations which are reduced by 1 PRB.
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Figure 3. Example of RB grid structure for 5 MHz BW
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Figure 4. Example of RB grid structure for 10 MHz BW
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Figure 5. Example of RB grid structure for 15 MHz BW
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Figure 6. Example of RB grid structure for 20 MHz BW
The achievable spectrum utilization for different RB grid structures is summarized in Table 5 (in yellow, we highlight the SU values adjusted by 1PRB comparing to the RAN4 #84 agreements).

Table 5. Spectrum utilization (sub-6GHz)
	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 6. Spectrum utilization (mmWave)

	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


Based on the results in Table 4 and 5 it may be observed all options result in reduced spectrum utilization for some of the CBW/SCS combinations. Among the considered alternative Options 1 and 3 provide approximately same amount of reductions of spectrum utilization. Meantime, Option 3 has certain additional benefits including nested RB grid structure and possibility of further extension of spectrum utilization in the future releases. Hence, Option 3 RB grid structure and related spectrum utilization parameters are recommended. 
Observation #5: 
RB grid structure assumptions (e.g. maximum number of RBs per CBW) have impact on the achievable spectrum utilization.
Proposal #2: Adopt the RB grid structure and spectrum utilization parameters based on proposed Option 3
3. Conclusions
In this contribution we provided analysis of the channel raster, DC subcarrier and Subcarrier/RB grid alignment procedures impacts on the achievable spectrum utilization. In summary, we make the following observations and proposal:

Observation #1:
Guard bands reduction comparing to the RAN4 #84 agreements may cause impact on achievable UE SEM/ACLR/ACS performance for the give spectrum utilization.

Observation #2:
Channel raster assumptions have limited impact on guard band size and do not affect spectrum utilization.
Observation #3:
DC subcarrier assumptions have limited impact on guard band size and do not affect spectrum utilization.

Observation #4: 
Cross-numerology subcarrier alignment assumptions have limited impact on guard band size and do not affect spectrum utilization.

Observation #5:
RB grid alignment between different numerologies has impact on the guard band size and may lead to asymmetric guard bands and guard band size may reduce comparing to the RAN4 #84 agreements
Proposal #1: Use the following procedure to define the RB grid structure

· The RB grid for the Reference SCS is placed symmetrically relative to the CBW centre.

· Minimum SCS per CBW is used as the reference SCS.

· The RB grid for each supported SCS per CBW has NMAX, SCS maximum number of RBs

· The RB grids for other SCS are defined as the subset/superset of the RB grid for the reference SCS spacing in a nested manner from the left band edge
· The RB grid includes “active” RBs that can be assigned for signal transmission/reception  and “virtual” RBs located on the band edges which are used for RB indexing

Proposal #2: Adopt the RB grid structure and spectrum utilization parameters based on proposed Option 3
Maximum number of RBs per CBW (sub-6GHz)
	SCS, kHz 
	Channel bandwidth, MHz

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	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


Maximum number of RBs per CBW (mmWave)
	SCS, kHz 
	Channel bandwidth, MHz

	
	50
	100
	200
	400

	60 KHz
	68
	136
	276
	NA

	120 KHz
	34
	69
	138
	276


Spectrum utilization (sub-6GHz)
	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


Spectrum utilization (mmWave)

	SCS
	Channel bandwidth, MHz

	
	50
	100
	200
	400

	60 KHz
	66
	132
	264
	NA

	120 KHz
	32
	66
	132
	264
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