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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN4#93, discussions about guard band for NR-U were captured in [1]. In particular, when a large bandwidth channel is divided into subchannels, how to define the subchannels in terms of RBs was proposed. This contribution analyzes the proposal and provides enhancements to account for the guard bands of various subchannel combinations.
Discussion
Background
In [1], the WF listed how 20 MHz subchannels can placed in channels of 40, 60, 80 MHz as a function of SCS. The following table from [1] captured the combinations. For 60 kHz SCS, the current release 15 standard sets the guard band for 20 MHz channels to 1330 kHz (alt. 1). A working agreement for release 16 is to reduce the guard band to 970 kHz (alt. 2).
[bookmark: _Ref31035423]Table 1. WF table
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With this design, point A is fixed for the channel, and a BWP spans the entire bandwidth. Subchannels are allocated as part of the BWP grid with guard bands which are aligned to the grid. In general, the actual intra-carrier guard bands are larger than the minimum guard band for the subchannel.
Although the base station expects the UE to meet the RF requirements associated with the channel, in NR-U, the UE should also meet the RF requirements for the subchannel. 
There are two perspectives to be consider:
· Base station: since the gNB schedules one or more UEs in the slot, the gNB must be aware of guard bands for each subchannel transmitted and received
· In general, each UE only receives scheduling information for itself. It needs to determine the correct guard band size for the allocation
General procedure
The proposed table in Table 1 is applicable for all channels and subcarrier spacings when every subchannel is 20 MHz. 
Observation 1: The proposed RB allocations for 20 MHz subchannels meet the minimum guard band sizes.
However, when subchannel combinations include either 40 or 60 MHz, there is some uncertainty whether the RB allocations in Table 1 are applicable given the guard band constraints. In Table 2, all combinations are highlighted with yellow, blue, and green indicating 2, 3, and 4 subchannels in channel, respectively.
[bookmark: _Ref31012047]Table 2. Combinations of subchannels as function of channel bandwidth and SCS
	SCS (kHz)
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	15
	{20}
	{40}, {20,20}
	N/A
	N/A

	30
	{20}
	{40}, {20,20}
	{60}, {40,20}, {20,40}, {20,20,20}
	{80}, {60,20}, {20,60}, {40,40}, {40,20,20}, {20,40,20}, {20,20,40}, {20,20,20,20}

	60
	{20}
	{40}, {20,20}
	{60}, {40,20}, {20,40}, {20,20,20}
	{80}, {60,20}, {20,60}, {40,40}, {40,20,20}, {20,40,20}, {20,20,40}, {20,20,20,20}



In the next section, analysis of Table 1 for different subchannel size combinations is presented.
Analysis
To determine whether the RB allocations are adequate, a numerical analysis is performed for the SCS / channel bandwidth / subchannel combination. Using a 60 MHz channel with 30 kHz SCS as an example:
· With allocation listed in Table 1 for a subchannel configuration {40 MHz, 20 MHz}:
· Determine the number of RBs for the 40 MHz subchannel (50+6+50)
· Determine the number of RBs for the intra-carrier guard band between the 40 MHz and 20 MHz subchannels (6)
· Determine the number of RBs for 20 MHz (50)
· Determine the guard band size for 
· Channel 60 MHz (825 kHz)
· Determine the guard band for 40 MHz subchannel (905 kHz)
· Determine the guard band for 20 MHz subchannel (805 kHz)
· Compare guard band sizes needed according to subchannel location
· Case 1: guard band of the first subchannel compared to inter-channel guard band when the first subchannel is placed on RB#0 of the channel
Example: RB#0 starts at 825 kHz. With the guard band for 40 MHz at 905 kHz, if the first RB of the subchannel is placed on RB#0, there would be insufficient guard band for the 40 MHz subchannel
· Case 2: guard band of the subchannel compared to the frequency difference between the starting location of the RBs containing the intra-carrier guard band and the bandwidth of the subchannel
Example: RE#0 of RB#106 starts at 825 kHz + 106 RB×12 RE/RB×30 kHz/RE = 38985 kHz. There is 1015 kHz of guard band (40-38.985 MHz). Minimum needed is 905 kHz.
· Case 3: guard band of the subchannel compared to the frequency difference between the starting location of the first RB after the intra-carrier guard
Example: RB#112 starts at 825 kHz + 112 RB×12 RE/RB×30 kHz/RE = 41145 kHz. There is 1145 kHz of guard band (41.145-40 MHz). Minimum needed is 805 kHz
· Case 4: guard band of the last subchannel compared to the inter-channel guard band
Example: RB#162 begins at 825 kHz + 162 RB×12 RE/RB×30 kHz/RE = 59145 kHz. There is 855 kHz of guard band (60-59.145 MHz). Minimum needed is 825 kHz.
The analysis is applied to the allocations as suggested by Table 1 to the subchannel combinations listed in Table 2. Table 3 captures the potential issues for the allocations as suggested by Table 1. In the table, the colors: red correspond to note 1 while green corresponds to note 2. Purple refers to note 3.
[bookmark: _Ref31035303]Table 3. Comparison of allocations. 
	BW, MHz
	SCS, kHz
	Subchan, MHz
	Proposed by Table 1
	Computed sizes of [guard band, subchannel, guard band] in kHz
	Comments
(x: y)  (bandwidth MHz, Guard kHz)

	40
	15
	{20,20}
	105-6-105
	552.5	18900	547.5
532.5	18900	567.5
	(40: 552.5) (20: 452.5)

	
	30
	{20,20}
	50-6-50
	905	18000	1095
1065	18000	935
	(40: 905) (20: 805)

	
	60 Alt1
	{20,20}
	23-5-23
	1610	16560	1830
1770	16560	1670
	(40: 1610) (20: 1330)

	
	60 Alt2
	{20,20}
	24-3-24
	1610	17280	1110
1050	17280	1670
	(40: 1610) (20: 970)

	60
	30
	{20,20,20}
	50-6-50-6-50
	825	18000	1175
985	18000	1015
1145	18000	855
	(60: 825) (20: 805)

	
	
	{40,20}
	106-6-50
	825	38160	1015
1145	18000	855
	Note 1 (should be ≥905)

	
	
	{20,40}
	50-6-106
	825	18000	1175
985	38160	855
	Note 1 (should be ≥905)

	
	60 Alt1
	{20,20,20}
	23-5-23-5-23
	1530	16560	1910
1690	16560	1750
1850	16560	1590
	(60: 1530) (20: 1330)

	
	
	{40,20}
	51-5-23
	1530	36720	1750
1850	16560	1590
	Note 1 (should be ≥1610)

	
	
	{20,40}
	23-5-51
	1530	16560	1910
1690	36720	1590
	Note 1 (should be ≥1610)

	
	60 Alt2
	{20,20,20}
	24-3-25-3-24
	1530	17280	1190
970	18000	1030
1130	17280	1590
	(60: 1530) (20: 970)
Note 3 (should be >970)

	
	
	{40,20}
	52-3-24
	1530	37440	1030
1130	17280	1590
	Note 1: (should be ≥1610)
Note 2: (should be ≥1610)

	
	
	{20,40}
	24-3-52
	1530	17280	1190
970	37440	1590
	Note 1: (should be ≥1610)
Note 2: (should be ≥1610)

	80
	30
	{20,20,20,20}
	50-6-50-5-50-6-50
	925	18000	1075
1085	18000	915
885	18000	1115
1045	18000	955
	(80: 925) (20: 805)

	
	
	{40,40}
	106-5-106
	925	38160	915
885	38160	955
	Note 2 (should be ≥905)
Note 3 (should be >905

	
	
	{40,20,20}
	106-5-50-6-50
	925	38160	915
885	18000	1115
1045	18000	955
	(80: 925) (20: 805) (40: 905)
Note 3 (should be >905)

	
	
	{20,40,20}
	50-6-105-6-50
	925	18000	1075
1085	37800	1115
1045	18000	955
	(80: 925) (20: 805) (40: 905)

	
	
	{20,20,40}
	50-6-50-5-106
	925	18000	1075
1085	18000	915
885	38160	955
	Note 2 (should be ≥905)

	
	
	{60,20}
	161-6-50
	925	57960	1115
1045	18000	955
	(80: 925) (20: 805) (60: 825)

	
	
	{20,60}
	50-6-161
	925	18000	1075
1085	57960	955
	(80: 925) (20: 805) (60: 825)

	
	60 Alt1
	{20,20,20,20}
	23-5-23-5-23-5-23
	1450	16560	1990
1610	16560	1830
1770	16560	1670
1930	16560	1510
	(80: 1450) (20: 1330)

	
	
	{40,40}
	51-5-51
	1450	36720	1830
1770	36720	1510
	Note 1 (should be ≥1610)

	
	
	{40,20,20}
	51-5-23-5-23
	1450	36720	1830
1770	16560	1670
1930	16560	1510
	Note 1 (should be ≥1610)

	
	
	{20,40,20}
	23-5-51-5-23
	1450	16560	1990
1610	36720	1670
1930	16560	1510
	(80: 1450) (20: 1330) (40: 1610)
Note 3 (should be >1610)

	
	
	{20,20,40}
	23-5-23-5-51
	1450	16560	1990
1610	16560	1830
1770	36720	1510
	Note 1 (should be ≥1610)

	
	
	{60,20}
	79-5-23
	1450	56880	1670
1930	16560	1510
	Note 1 (should be ≥1530)

	
	
	{20,60}
	23-5-79
	1450	16560	1990
1610	56880	1510
	Note 1 (should be ≥1530)

	
	60 Alt2
	{20,20,20,20}
	24-4-24-3-24-4-24
	1450	17280	1270
1610	17280	1110
1050	17280	1670
1210	17280	1510
	(80: 1450) (20: 970)

	
	
	{40,40}
	52-3-52
	1450	37440	1110
1050	37440	1510
	[bookmark: _Hlk31119409]Note 1: (should be ≥1610)
Note 2: (should be ≥1610)

	
	
	{40,20,20}
	52-3-24-4-24
	1450	37440	1110
1050	17280	1670
1210	17280	1510
	Note 1: (should be ≥1610)
Note 2: (should be ≥1610)

	
	
	{20,40,20}
	24-4-51-4-24
	1450	17280	1270
1610	36720	1670
1210	17280	1510
	(80: 1450) (20: 970) (40: 1610)
Note 3 (should be >1610)

	
	
	{20,20,40}
	24-4-24-3-52
	1450	17280	1270
1610	17280	1110
1050	37440	1510
	Note 1: (should be ≥1610)
Note 2: (should be ≥1610)

	
	
	{60,20}
	79-4-24
	1450	56880	1670
1210	17280	1510
	Note 1 (should be ≥1530)

	
	
	{20,60}
	24-4-79
	1450	17280	1270
1610	56880	1510
	Note 1 (should be ≥1530)



Notes:
1) Issue arises when the guard band for subchannel larger than guard band for channel (inter-channel guard band). 
2) Issue arises when the actual guard band needed between subchannels is larger than the guard band proposed in Table 1.
3) The RE position can vary by up SCS due to the channel roster. The guard band may not be adequate depending on the channel raster.
Observation 2: the proposed table does not provide guard band for some combinations with 40 MHz and some combinations with 60 MHz subchannels.
For subchannel combinations indicated by note 1, decreasing the number of RBs while increasing the guard band via allocation (scheduling) can resolve the issue. Another possible way is to modify the table to capture the condition of when the guard band of the subchannel is greater than the guard band of the channel, an adjusting the entries of the table is needed.
For subchannel combinations indicated by note 2, the issue happens when the subchannel is greater than 20 MHz and the middle guard band is smaller in RBs when compared to the other guard bands.
To correct issue 1 (red), one RB of the subchannel in question is allocated as the inter-channel guard band. To correct the second issue (green), one RB of the subchannel in question is used for the intra-channel guard band. Table 4 captures those corrections.
[bookmark: _Ref31187931]Table 4. After corrections
	BW, MHz
	SCS, kHz
	Subchan, MHz
	Proposed by Table 1 and with modifications
	Computed sizes of [guard band, subchannel, guard band] in kHz

	40
	15
	{20,20}
	105-6-105
	

	
	30
	{20,20}
	50-6-50
	

	
	60 Alt1
	{20,20}
	23-5-23
	

	
	60 Alt2
	{20,20}
	24-3-24
	

	60
	30
	{20,20,20}
	50-6-50-6-50
	

	
	
	{40,20}
	105-6-50
	1185	37800	1015 (now GB ≥905)
1145	18000	855

	
	
	{20,40}
	50-6-105
	825	18000	1175
985	37800	1215 (now GB ≥905)

	
	60 Alt1
	{20,20,20}
	23-5-23-5-23
	

	
	
	{40,20}
	50-5-23
	2250	36000	1750 (GB ≥1610)
1850	16560	1590

	
	
	{20,40}
	23-5-50
	1530	16560	1910
1690	36000	2310 (GB ≥1610)

	
	60 Alt2
	{20,20,20}
	24-3-25-3-24
	

	
	
	{40,20}
	50-4-24
	2250	36000	1750 (GB ≥1610)
1130	17280	1590 (GB ≥1610)

	
	
	{20,40}
	24-4-50
	1530	17280	1190 (GB ≥1610)
1690	36000	2310 (GB ≥1610)

	80
	30
	{20,20,20,20}
	50-6-50-5-50-6-50
	

	
	
	{40,40}
	106-6-105
	925	38160	915
1245	37800	955 (now GB ≥905)

	
	
	{40,20,20}
	106-5-50-6-50
	

	
	
	{20,40,20}
	50-6-105-6-50
	

	
	
	{20,20,40}
	50-6-50-6-105
	925	18000	1075
1085	18000	915
1245	37800	955 (now GB ≥905)

	
	
	{60,20}
	161-6-50
	

	
	
	{20,60}
	50-6-161
	

	[bookmark: _Hlk31975997]
	60 Alt1
	{20,20,20,20}
	23-5-23-5-23-5-23
	

	
	
	{40,40}
	50-5-50
	2170	36000	1830 (GB ≥1610)
1770	36000	2230 (GB ≥1610)

	
	
	{40,20,20}
	50-5-23-5-23
	2170	36000	1830
1770	16560	1670
1930	16560	1510

	
	
	{20,40,20}
	23-5-51-5-23
	

	
	
	{20,20,40}
	23-5-23-5-50
	1450	16560	1990
1610	16560	1830
1770	36000	2230  (GB ≥1610)

	
	
	{60,20}
	78-5-23
	2170	56160	1670 (GB ≥1530)
1930	16560	1510

	
	
	{20,60}
	23-5-78
	1450	16560	1990
1610	56160	2230 (GB ≥1530)

	
	60 Alt2
	{20,20,20,20}
	24-4-24-3-24-4-24
	

	
	
	{40,40}
	50-5-50
	2170	36000	1830 (GB ≥1610)
1770	36000	2230 (GB ≥1610)

	
	
	{40,20,20}
	50-4-24-4-24
	2170	36000	1830 (GB ≥1610)
1050	17280	1670 (GB ≥1610)
1210	17280	1510

	
	
	{20,40,20}
	24-4-51-4-24
	

	
	
	{20,20,40}
	24-4-24-4-50
	1450	17280	1270
1610	17280	1110 (GB ≥1610)
1770	36000	2230 (GB ≥1610)

	
	
	{60,20}
	78-4-24
	2170	56160	1670 (GB ≥1530)
1210	17280	1510

	
	
	{20,60}
	24-4-78
	1450	17280	1270
1610	56160	2230 (GB ≥1530)



Proposal 1: Table 4 provides sufficient minimum guard band for the various subchannels.
Discussion
The table from the WF (Table 1) and the corrections listed in Table 4 provide the basis for capturing the RB allocations for the various subchannel combinations.
Table 5 and Table 6 summarize the allocations for the guard band and the subchannels for 60 and 80 MHz channels, respectively. The color coding indicates the differences between from Table 1. Some general rules are captured below.
[bookmark: _Ref32217779]Table 5. Summary of the allocations for 60 MHz channel. When the prefix / suffix is 1, one RB is used for guard).
	Subchannel, MHz
	30 kHz SCS
	60 kHz SCS Alt 1
	60 kHz SCS Alt 2

	{60}
	162
	79
	79

	{20,20,20}
	0-50-6-50-6-50-0
	0-23-5-23-5-23-0
	0-24-3-25-3-24-0

	{40,20}
	1-105-6-50-0
	1-50-5-23-0
	1-50-4-24-1

	{20,40}
	0-50-6-105-1
	0-23-5-50-1
	0-24-4-50-1



[bookmark: _Ref32217781]Table 6. Summary of the allocations for 80 MHz channel. When the prefix / suffix is 1, one RB is used for guard).
	Subchannel, MHz
	30 kHz SCS
	60 kHz SCS Alt 1
	60 kHz SCS Alt 2

	{80}
	217
	107
	107

	{20,20,20,20}
	0-50-6-50-5-50-6-50
	0-23-5-23-5-23-5-23-0
	0-24-4-24-3-24-4-24-0

	{40,40}
	0-106-6-105-0
	1-50-5-50-1
	1-50-5-50-1

	{40,20,20}
	0-106-5-50-6-50-0
	1-50-5-23-5-23-0
	1-50-4-24-4-24-0

	{20,40,20}
	0-50-6-105-6-50-0
	0-23-5-51-5-23-0
	0-24-4-51-4-24-0

	{20,20,40}
	0-50-6-50-6-105-0
	0-23-5-23-5-50-1
	0-24-4-24-4-50-1

	{60,20}
	0-161-6-50-0
	1-78-5-23-0
	1-78-4-24-0

	{20,60}
	0-50-6-161-0
	0-23-5-78-1
	0-24-4-78-1



Rule 1: When subchannel placed at channel edge and if guard band of channel < guard band of subchannel, an extra RB is needed for guard band. (If true, one RB for the subchannel is used for guard (as noted with the prefix / suffix of 1)
· For example: a channel of 60 MHz has a 1530 kHz guard band while a subchannel of 40 MHz needs a guard band of 1610 kHz. 
Rule 2: For intra-band guard for subchannel A and subchannel B, the sum of the guard bands for subchannel A and subchannel B should exceed the RB allocations for the intra-band guard. 
· For example: two 40 MHz subchannels require 2×1610= 3220 kHz. With 60 kHz SCS, nearly 5 RBs are needed.
Note that rule 2 depends on how the RB alignment of the BWP is near the intra-band guard.

However, because the base station provides resource allocations on a UE-specific basis, the UE can only determine the subchannel bandwidth from resource allocation in the DCI. Specifically, the UE must determine the bandwidth according to SCS and resource allocation.
When comparing the channel bandwidth, SCS, and resource block allocation listed in Table 5.3.2-1 of 38.104 to the used allocations in Table 4, as shown in Table 7, the used allocations are the same or one less than what is specified.
[bookmark: _Ref31189479]Table 7. Comparison of allocations.
	
	Table 5.3.2-1 of 38.104
	Allocations in Table 4

	
	20 MHz
	40 MHz
	60 MHz
	20 MHz
	40 MHz
	60 MHz

	SCS, kHz
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	106
	216
	N/A
	105
	
	

	30
	51
	106
	162
	50
	105, 106
	161

	60 Alt 1
	24
	51
	79
	23
	50
	78

	60 Alt 2
	25
	51
	79
	24, 25
	50, 51
	78



Observation 3: It may not be necessary to capture subchannel bandwidths in the standards since the allocations are already specified.

[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution examines the guard bands for various subchannel combinations for a channel bandwidth and SCS.
Observation 1: The proposed RB allocations for 20 MHz subchannels meet the minimum guard band sizes.
There are some inconsistencies in the allocation.
Observation 2: the proposed table does not provide guard band for some combinations with 40 MHz and some combinations with 60 MHz subchannels.
Analysis provided some corrections to the table.
Proposal 1: Table 4 provides sufficient minimum guard band for the various subchannels.
In general, a table is not needed because the base station provides the allocations.
Observation 3: It may not be necessary to capture subchannel bandwidths in the standards since the allocations are already specified.
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