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1	Introduction 
NR-U WI aims at specifying how the NR technology can be used on the unlicensed spectrum thus benefiting from unlicensed frequency bands, such as 5GHz and 6GHz. One of the NR-U features is so-called wideband operation that allows for scheduling data over the channel bandwidth larger than 20MHz, e.g. 40..80MHz. However, as discussed and preliminary agreed by RAN WG4, wideband operation for NR-U would require introduction of so-called in-carrier guard band because the LBT procedure is still performed for 20MHz sub-bands. 
After the RAN4#93 meeting, several contributions were made regarding how the in-carrier guard bands can be calculated and how to design the common RB grid spanning multiple LBT sub-bands. Based on that the following way forward document was agreed [1], capturing in-carrier guard band sizes for different channel bandwidths and sub-carrier spaces. However, RAN WG4 did not reach agreement on the intra-carrier guard bands for 60kHz SCS, for which two options were identified. In this discussion paper we elaborate further on details of two alternatives. 
2	Intra-carrier guard bands 
2.1	Background
As mentioned in Introduction, RAN WG4 has been analysing for several meetings which in-carrier guard bands should be used for the wideband operation mode. The problem is that even though a network can configure channel bandwidth larger than 20MHz, the LBT procedure is still performed for so-called LBT sub-bands, size of which is 20MHz. And since the outcome of the LBT procedure is not known in advance, it is impossible to predict channel size over which a transmission will take place. At the same time, minimum guard-band sizes depend on the transmission channel size as further detailed in Table 2.1-1.

Table 2.1-1: Minimum guard band sizes (as defined in TS 38.101-1).
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1450
	1410
	1370



As an example, Figure 2.1-1 shows several scenarios that might occur on the 60MHz channel bandwidth. In the first sub-figure, LBT sub-band #1 fails, which means that sub-band #0 and sub-band #2 will have 20MHz transmission. Thus, 20MHz channel can be used as a basis for calculating in-carrier guard bands. However, the second sub-figure illustrates a case when two consecutive sub-bands #1 and #2 succeed resulting in the 40MHz channel transmission. Thus, from the viewpoint of the wideband transmission over sub-bands #1 and #2, 40MHz guard bands must be used to protect other services, e.g. WiFi, transmitting in sub-band #0. The same logic can be applied to the case when sub-bands #0 and #1 succeed, but sub-band #2 fails. In other words, since the LBT outcome is never known beforehand and it is not known either in which two consecutive sub-bands LBT process will succeed, the 40MHz channel guard bands should be used to calculate the minimum size for in-carrier guard bands. 
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Figure 2.1-1: Exemplary LBT outcome on 60MHz channel.

Based on the presented considerations, Table 2.1-2 below shows estimated in-carrier guard band sizes for different total transmission channel sizes and for different LBT scenarios. While calculating in-carrier guard band sizes we have been using (minimum guard band) sizes as in Table 2.1-1. Furthermore, since the main purpose of the wideband operation is to be able to schedule data within in-carrier guard bands when two adjacent LBT sub-bands succeed, the in-carrier guard band sizes are calculated as number of RBs for the corresponding SCS.
Table 2.1-2: Calculated in-carrier guard band sizes (in RBs for the corresponding SCS).
	SCS
	40MHz
	60 MHz
	80 MHz

	
	20+20 MHz
	20+20+20 MHz
	20+40 MHz
	20+…+20 MHz
	20+60 MHz
	40+40 MHz

	15 kHz
	5,02777778
	
	
	
	
	

	30 kHz
	4,47222222
	4,472222222
	4,75
	4,472222222
	4,52777778
	5,02777778

	60 kHz
	3,69444444
	3,694444444
	4,08333333
	3,694444444
	3,97222222
	4,47222222

	
	
	
	
	
	
	



Following the considerations presented above, RAN WG4 agreed the in-carrier guard-band sizes for different channel bandwidths and subcarrier sizes as presented in Table 2.1-3 below. As one of the main principles, the outer-carrier minimum guard band size complies with legacy requirements, i.e. what Table 2.1-1 has. As the second major principle, the in-carrier guard band sizes are based on calculations presented in Table 2.1-2. And finally, to achieve the best spectrum utilization the number of RBs for wideband operation is the same as for the corresponding channel bandwidth size (refer to Table 2.2-1 below). As an example, for 40MHz channel at 15kHz SCS, the wideband RB allocation is 105-6-105, and the total number of RBs 216, i.e. the same as for the normal 40MHz channel. 

Table 2.1-3: Agreed in-carrier guard band sizes.
	SCS
	20MHz Channels
	40MHz Channels
	60MHz Channels
	80MHz Channels

	15KHz
	106
	105-6-105
	Max. 216
	N/A
	N/A

	30KHz
	51
	50-6-50
	Max. 106
	50-6-50-6-50
	Max. 162
	50-6-50-5-50-6-50
	Max. 217

	Alt. 1 60KHz
	24
	[23-5-23]
	Max. 51
	[23-5-23-5-23]
	Max. 79
	[23-5-23-5-23-5-23]
	Max. 107

	Alt. 2 60KHz
	[25]
	[24-3-24]
	Max. 51
	[24-3-25-3-24]
	Max. 79
	[24-4-24-3-24-4-24]
	Max. 107




Table 2.2-1: Maximum number of RB for a particular bandwidth and SCS (as defined in TS 38.101-1).
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135


 

2.2	Intra-carrier guard bands for 60kHz SCS
Referring specifically to 60kHz SCS, one can two alternatives for intra-carrier guard bands and number of usable of RBs. Alternative 1 is based on 24 RBs for 20MHz channel (as can be seen from Table 2.2-1) and uses 5 RBs for in-carrier guard band. Alternative 2, in turn, exploits the fact that RAN WG4 wants to increase spectral utilization for 60kHz SCS and considers 25 RBs for 20MHz channel. As the outcome, only 3 RBs are reserved for in-carrier guard band.
During the RAN4#94 meeting, the following options were identified on how to proceed:
a)	adopt only alternative 1;
b)	adopt alternative 1 as a baseline, and alternative 2 is an optional feature when a UE supports 25 RB for 60kHz SCS;
c)	adopt only alternative 2;
Referring to the aforementioned options, it is worth noting that option c) cannot be accepted for the simple reason that RAN WG4 has not decided that 25 RB for the 20MHz channel at 60kHz SCS is the only available solution. In fact, it would be more than logical to assume that if a UE supports 60kHz SCS, then it would be supported for a number of different bands, not only for band n46. And thus, a UE will anyway have to support 24 RB for 60kHz SCS, implementation of which can be reused later also for band n46 [2]. From that perspective RAN WG4 can consider further either option a) or b), whereupon in case of option b) alternative 2 would be feasible only if a UE supports 25 RBs.
Furthermore, while comparing alternative 1 and 2, it is clear that they are identical from the viewpoint of usable RBs for NR-U wideband operation: both alternatives have 51, 79, and 107 RBs for 40, 60, and 80MHz channels, respectively. In other words, if there are adjacent sub-bands in which the LBT procedure succeeded, then both alternatives would yield same spectral utilisation. The only difference between the alternatives is only when only one LBT sub-band succeeds, for which alternative 2 has 1 RB more. However, if NR-U is activated in a heavily loaded environment where the LBT procedure does not usually succeed for adjacent sub-bands, then the whole NR-U wideband operation would have lower spectral utilisation comparing to standalone 20MHz carriers. In other words, it is not even clear whether alternative 2 have any noticeable benefits, but it will require additional implementation and testing efforts.   
[bookmark: _Toc37012403][bookmark: _Toc37100065][bookmark: _Toc37101494]Proposal:	For 60kHz SCS, adopt alternative 1 for intra-carrier guard bands (i.e. 5 RBs for in-carrier guard band with 23-5-23 pattern). 

3	Conclusions
In this discussion paper we have presented our further considerations for the NR-U wideband operation and, more precisely, in-carrier guard bands for 60kHz SCS. Even though RAN WG4 has identified two potential alternatives – based on 24 and 25 RBs – our view is that alternative 2, which is based on 25 RBs, does not bring any additional performance benefits, but will just introduce more implementation and testing efforts.
Proposal:	For 60kHz SCS, adopt alternative 1 for intra-carrier guard bands (i.e. with 5RBs with 23-5-23… pattern).
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