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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For RAN4#92B, WF [1] listed two options for the design of the guard band between sub-bands (intra-band guard band). This contribution examines option 1 in detail and concludes that the current standards can achieve the goal of integer number of RBs as guard bands when bandwidth parts are considered.
Discussion
Background
In [2], the following definitions of the bands were agreed
Carrier guard bands (inter-carrier guard bands)
In-carrier guard bands (intra-carrier guards)
Further agreements
Intra-carrier guards for a carrier configured by a serving cell are defined as an integer number of full PRBs. 
These are defined on a common RB grid which reference point is configured by the gNB as specified in section 5.3.4 of 38.101-1. 
No intra-carrier guards are defined for 20 MHz carriers
In [1], two options were listed:
(option 1) Define Intra-carrier GBs following the equation
[image: ]
(option 2) The figure describes the option using an example of 30 kHz SCS
[image: ]

Option 1
The first option can be envisioned using a bandwidth part (BWP) that spans the wideband channel. When the sub-band(s) is active, the active RBs of the BWP are signaled. However, the guard bands must be appropriate for each sub-band as well as the wideband channel. The implication is that there are gaps between the minimum needed guard band for that sub-band and the usable RBs within the sub-band due to alignment requirements on the grid for the BWP. Fig. 1 shows such a mapping.
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[bookmark: _Ref23339961][bookmark: _Ref19686967]Fig. 1. (not to scale) A 60 MHz wideband channel divided into 3 sub-bands. Between the first and second sub-bands, there may be unused resources.
One observation about the guard bands is that size of the guard band is not monotonic increasing with the channel bandwidth. For example, in TS 38.104 clause 5.3.3,
· For 30 kHz SCS: the guard band is {805, 905, 825, 925} kHz for {20, 40, 60, 80} MHz channels, respectively.
· For 60 kHz SCS: the guard band is {970*, 1610, 1530, 1450} kHz for {20, 40, 60, 80} MHz channels, respectively. Note for 60 kHz SCS, 25 RBs is used for 20 MHz.
The design equations provided in the option can be re-expressed to accommodate the different guard band sizes.
	
	
	[bookmark: _Ref23327110](1)


and
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where  is the guard band for the wideband carrier (kHz),  is the number of REs per RB, SCS is the subcarrier spacing (kHz),  is the bandwidth of the ith sub-band, and  is the guard band corresponding to sub-band i (it is at least as large as the minimum guard band for ). 
Note that from a UE perspective, it does not know the current transmission bandwidth of the base station. 
Example
As an example of the equations, for a 60 kHz SCS 60 MHz wideband channel, the wideband guard band is 1530 kHz. The location of the first RE of the kth RB is given by

while the end of kth RB is given by

for k=0,… . For a 20 MHz sub-band, the guard band bandwidth is 970 kHz. When computing the end of the kth RB for the first sub-band, the end should occur before the guard band starts (i.e., be less than (20000-970) kHz.) Using the value of k=23, or equivalently (2), the end of the 24th RB is located at 18,810 kHz from the wideband channel lower edge. There is 20000-970-18810=220 kHz of unused sub-band. For the second sub-band (assuming 20 MHz), the start of the first RB within the sub-band should be after 20000+970 kHz from the wideband channel lower edge. With k=27, there is 1560+720×27-20970=30 kHz unused frequency after the guard band.
Values for SCS
Following the procedure in the example and the equation, Table 1, Table 2, and Table 3 show the RB indexing for the various sized sub-bands for each SCS. For example, with 60 MHz wideband channels, there can be {60}, {40, 20}, {20, 20, 20}, {20, 40} sub-band combinations. The yellow highlighting indicates instances where the guard band of the sub-band is larger than the guard band of the wideband channel. For example, consider when the wideband channel is 60 MHz for 30 kHz SCS (in Table 2) and a 40 MHz sub-band is scheduled. Since the guard band for the 40 MHz sub-band (905 kHz) is larger than the wideband guard band (825 kHz), the RB closest to the wideband guard band must not be used to accommodate the guard band for the 40 MHz sub-band.
[bookmark: _Ref23340594]Table 1. 15 kHz SCS: sub-band / guard bands
	
	
	
	
	Sub-band 1
	Sub-band 2

	BW, MHz
	Inter-carrier Guard, kHz
	Max. RB
	Config
	First
	Last
	First
	Last

	20
	452.5
	106
	20
	0
	105
	
	

	40
	552.5
	216
	40
	0
	215
	
	

	
	
	
	20, 20
	0
	104
	110
	215



[bookmark: _Ref23342826]Table 2. 30 kHz SCS: sub-band / guard bands
	
	
	
	
	Sub-band 1
	Sub-band 2
	Sub-band 3
	Sub-band 4

	BW, MHz
	Inter-carrier Guard, kHz
	Max. RB
	Config
	First
	Last
	First
	Last
	First
	Last
	First
	Last

	20
	805
	51
	20
	0
	50
	
	
	
	
	
	

	40
	905
	106
	40
	0
	105
	
	
	
	
	
	

	
	
	
	20, 20
	0
	49
	55
	105
	
	
	
	

	60
	825
	162
	60
	0
	161
	
	
	
	
	
	

	
	
	
	20, 20, 20
	0
	50
	55
	105
	111
	161
	
	

	
	
	
	40, 20
	1
	105
	111
	161
	
	
	
	

	
	
	
	20, 40
	0
	50
	55
	160
	
	
	
	

	80
	925
	217
	80
	0
	216
	
	
	
	
	
	

	
	
	
	60, 20
	0
	160
	166
	216
	
	
	
	

	
	
	
	20, 60
	0
	49
	55
	216
	
	
	
	

	
	
	
	40, 40
	0
	105
	111
	216
	
	
	
	

	
	
	
	40, 20, 20
	0
	105
	110
	160
	166
	216
	
	

	
	
	
	20, 40, 20
	0
	49
	55
	160
	166
	216
	
	

	
	
	
	20, 20, 40
	0
	49
	55
	105
	111
	216
	
	

	
	
	
	20, 20, 20, 20
	0
	49
	55
	105
	110
	160
	166
	216



[bookmark: _Ref23342828]Table 3. 60 kHz SCS: sub-band / guard bands
	
	
	
	
	Sub-band 1
	Sub-band 2
	Sub-band 3
	Sub-band 4

	BW, MHz
	Inter-carrier Guard, kHz
	Max. RB
	Config
	First
	Last
	First
	Last
	First
	Last
	First
	Last

	20
	1330
	25
	20
	0
	24
	
	
	
	
	
	

	40
	1610
	51
	40
	0
	50
	
	
	
	
	
	

	
	
	
	20, 20
	0
	23
	27
	50
	
	
	
	

	60
	1530
	79
	60
	0
	78
	
	
	
	
	
	

	
	
	
	20, 20, 20
	0
	23
	27
	51
	54
	78
	
	

	
	
	
	40, 20
	1
	50
	55
	78
	
	
	
	

	
	
	
	20, 40
	0
	23
	27
	77
	
	
	
	

	80
	1450
	107
	80
	0
	106
	
	
	
	
	
	

	
	
	
	60, 20
	1
	78
	83
	106
	
	
	
	

	
	
	
	20, 60
	0
	23
	27
	105
	
	
	
	

	
	
	
	40, 40
	1
	50
	55
	105
	
	
	
	

	
	
	
	40, 20, 20
	1
	50
	55
	78
	82
	106
	
	

	
	
	
	20, 40, 20
	0
	23
	27
	78
	82
	106
	
	

	
	
	
	20, 20, 40
	0
	23
	27
	51
	55
	105
	
	

	
	
	
	20, 20, 20, 20
	0
	23
	27
	51
	54
	78
	82
	106



Observation 1: Due to the guard band sizes for certain sub-bands and alignment to the PRB grid, additional RBs for guard bands may be needed for certain sub-band combinations within a wideband channel.
RB alignment
As indicated in TS 38.104 clause 5.4.2.2, the channel raster to RE mapping applies to at least one numerology supported by the base station. Since the UE does not know which numerology is used in the mapping, the number of RBs in each sub-band of Table 1, Table 2, and Table 3 may differ. How to capture that is accomplished by base station signaling and UE behavior.
For example, for 30 kHz SCS spacing (Table 2), any 20 MHz sub-band allocation is generally 50 or 51 RBs. When a base station allocates 50 or 51 RBs, a UE would need to recognize that a 20 MHz sub-band is used. The UE already does that.
Observation 2: The current RB allocations (Table 5.3.2-1 in 38.104 and 38.101-1) can be used to indicate sub-band bandwidth 
Standards impact
There are several considerations for using sub-bands on a wideband channel. For the base station, it knows the channel raster / RB alignment and bandwidth part grid. As a result, with a bandwidth part that spans the entire wideband channel, the base station must ensure that
· the allocated RBs for thesub-band are among those defined in table 5.3.2-1 of 38.104
· the sub-band has sufficient guard bands
· the center of the allocated RBs is sufficiently close to the center frequency of the sub-band
Because this is an implementation concern, no specification impact for guard bands is expected for the base station.
For the UE, the operation for receiving and transmitting parts/entirety of the BWP is already defined in Rel. 15. No new guard band requirement is needed. However, it may be necessary to indicate that the UE shall expect RB allocations defined in table 5.3.2-1 when operating in band n46.
Proposal: A statement indicating that a UE should expect RB allocations defined in table 5.3.2-1 of 38.101-1 when operating in band n46 may be needed.
[bookmark: _Ref129681832]Conclusions
This contribution examines option 1 of the way forward. Because BWP operation is defined in Rel. 15, the bandwidths provided in table 5.3.2-1 of 38.101-1 and 38.104 are sufficient for the sub-bands.
Observation 1: Due to the guard band sizes for certain sub-bands and alignment to the PRB grid, additional RBs for guard bands may be needed for certain sub-band combinations within a wideband channel.
Observation 2: The current RB allocations (Table 5.3.2-1 in 38.104 and 38.101-1) can be used to indicate sub-band bandwidth 
One aspect for standards impact
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal: A statement indicating that a UE should expect RB allocations defined in table 5.3.2-1 of 38.101-1 when operating in band n46 may be needed.
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