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1. Introduction
Definition of guardbands applicable for NR-U wideband operation have been discussed since the start of the work item [1] in multiple contributions [2-12]. Two WF have been compiled [7] and [12] and some of the agreed main points herein are captured below.  
· Define two different categories of guardbands for NR-U:
· Carrier guardbands (inter-carrier guardbands)
· In-carrier guardbands (intra-carrier guards)
· Type-1 Intra-carrier guardband.
· Type-2 Intra-carrier guardband.
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· 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.

· RAN4 is tasked to specify necessary sizes of the inter-carrier guardbands and number of PRBs needed for intra-carrier guards to meet spectral emission mask defined for NR-U.
· The intra-carrier guard band could be scheduled if it is located within the adjacent contiguous LBT successful sub-bands where all scheduled LBT sub-bands have passed. Introduction of flexible guard-bands at sub-block edge is left FFS. Meaning scheduling of either additional or a reduced number of sub-block edge guard PRBs.
· From the coexistence perspective, there is no need for Type-1 intra-carrier GBs.
· Scheduling in Type-2 intra-carrier GBs is not feasible.

In this contribution, we elaborate on how we see the definition of guardbands for NR-U. This is following option 1 in the WF from previous meeting [12] as we do think the concerns mention in option 2 are covered with this approach. 
2. Discussion
Wideband operations utilize a Bandwidth Part (BWP) to define the wideband carrier. For NR Rel-15 the carrier BWPs can be configured only within the usable (full) physical resource blocks (PRB) of a carrier as illustrated in Figure 1.
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Figure 1 Configuration of BWP in NR Rel-15
As seen in Figure 1, the Common Resource Blocks (CRBs) are aligned to Point A which as defined in section 4.4.4.2 of 38.211 serves as a common reference point for Common Resource Block (RB) grid on which BWPs are configured. The first usable PRB is configured by the gNB with PRB granularity for the carrier. Therefore, PRB grid of every BWP configured on common RB grid of given SCS is also aligned to Point A. 
Usable PRBs in NR R15
When setting the intra-carrier guard-band PRBs a starting point should be minimum guard-bands as defined in Rel-15 NR. This being only the starting point as it is expected that more relaxed requirements will be introduced for NR-U dependent on ongoing discussions. 
In Rel-15 NR, a number of available full resource blocks PRBs for different transmission bandwidths are given in Table 5.3.2-1 from TS 38.104. Where configured PRBs of a carrier must ensure guard-band margin as given in Table 5.3.3-1 (TS 38.101-1). 
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	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



Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	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



Definition of inter-carrier GBs
The inter-carrier guardbands, as illustrated in blue in the figure in the introduction, is proposed to be defined following the NR Rel-15 framework. This meaning that the gNB configures Point A and the first usable PRB of the carrier as illustrated in Figure 1. The first usable PRB needs to be configured such that it has sufficient offset to the carrier edge to allow for the by RAN4 defined minimum inter-carrier GBs given in Hz, similarly as in Table 5.3.3-1.
Proposal 1: 		Inter-carrier guardbands for NR-U are to be defined following NR Rel-15.
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Figure 2 Illustration of inter-carrier parameters, SCS = 30 kHz.

Definition of intra-carrier GBs
To allow the UE to derive the position of the intra-carrier guard PRBs We think the definition of intra-carrier GBs should be simple. This can be achieved by basing the position of the guard PRBs on Point A and the first usable PRB as configured by the gNB. The placement of intra-carrier guardbands are illustrated with red and yellow in the figure in the introduction and their placement on the common PRB grid are shown in Figure 3. 
[image: ]
Figure 3 Illustration of intra-carrier parameters, SCS = 30 kHz.



In the example shown in Figure 2 and 3 the assumption is to reuse the minimum guardband for an 80 MHz carrier of 925 kHz as given in Table 5.3.3-1 for the inter-carrier guardband. For the intra-carrier guardband the guardband for a 20 MHz carrier of 805 kHz have been reused. By rounding the 805 kHz to full PRBs it shows that a minimum of 5 PRBs are needed for the intra-carrier guardband.  
Following the above example, a UE may determine the position of intra-carrier GBs (ICGB) of full PRBs based on:
· Point A 					configured by gNB
· First usable PRB 		First usable PRB of a channel band based on inter-carrier GB
· 				the start PRB of GB #0 (In figure 3 CRB #51)
· 				the last PRB of GB#0 (In figure 3 CRB #57) 

In order to determine  and  of intra-carrier GB #n of a carrier comprising   sub-bands, an equation could be formulated as the following:




where 
	Parameter
	Value

	n
	intra-carrier GB (ICGB) index  [n=0,1,…,]

	FUP
	First-usable-PRB CRB index

	 [kHz]
	BW between first usable PRB of a lowest sub-band of a carrier and edge of channel band, needs to meet Minimum inter-carrier GB requirement

	BWsb [kHz]
	BW of a sub-band, i.e. 20 000 kHz for 5GHz spectrum

	GBmin(SCS)
[kHz]
	Minimum intra-carrier GB requirement (w.r.t. 20 MHz channel raster) for given sub-band size defined separately for each subcarrier spacing (SCS) value. GBmin(SCS) can be a two-dimensional table, where one dimension is sub-band size (i.e. 20 MHz and another dimension is SCS (e.g. 15 kHz, 30 kHz, 60 kHz).
Example, 30 kHz SCS: GBmin(20 MHz, 30 kHz)=805 kHz

	PRBsize
[kHz]
	12*SCS: 180 kHz for 15 kHz SCS and 360 kHz for 30 kHz SCS



Inserting the numbers from the example of the 80MHz carrier with minimum NR guardbands for the first intra-carrier GB as illustrated in Figure 2/3 the calculations will result in the following:


For the  it is needed to round down to the nearest integer PRB while it for  is needed to round up to the nearest integer PRB. 
Based on the above principle and the example in Figure 2/3 the resulting PRB allocation will be as indicated in Table 1 when also assuming the maximum number of usable PRBs to be 217 as given in Table 5.3.2-1 for NR.
Table 1: PRB allocation for 80MHz wideband carrier
	CRB Nr
	Allocation part
	# of PRBs

	2 – 51
	LBT sub-band  #0
(RB set #0 = 50PRBs) 
	50

	52 – 56
	ICGB #0
	5

	57 – 106
	LBT sub-band #1
(RB set #1 = 50PRBs)
	50

	107 – 112
	ICGB #1
	6

	113 – 162
	LBT sub-band #2 
(RB set #2 = 50PRBs)
	50

	163 – 167
	ICGB #2
	5

	168 – 217
	LBT sub-band #3 
(RB set #3 = 50PRBs)
	50



By applying the principal given by the above presented equations it is possible to determine the location of both LBT sub-bands and intra-carrier guard PRBs based on information already configured to the UE by the gNB. Further, it allows the gNB some form of flexibility to configure Point A and first usable PRB in a way which ensures best possible alignment to other technologies operating in the same spectrum.  
Proposal 2: 		Determine the intra-carrier guardbands for NR-U based on the principal presented in this contribution.

Size of inter-carrier GBs and number of intra-carrier guard PRBs 
A good starting point for the minimum guardbands of both inter- and intra-carrier guardbands are the current Rel-15 definition of maximum number of PRBs as given in Table 5.3.2-1 and minimum guardbands per transmission bandwidth as given in Table 5.3.3-1 (TS 38.101-1). This knowing that under some conditions or in some regions additional guardbands are needed. As already defined for NR Rel-15 if there is a need for additional inter-carrier guardbands this will be signaled as a part of the NS. In similar manner is it possible to also signal the need for additional intra-carrier guard PRBs as this flexibility is already enabled by RAN1 design, for example by increasing the intra-carrier GBs by additional PRB on each side of intra-carrier GB:
RAN1#98b Agreement on guard-bands for NR-U:
Agreement:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation

This possibility of adjusting the guardbands if needed in our opinion means that NR Rel-15 should be adopted as baseline for NR-U.   
Proposal 3: 	Reuse NR Rel-15 minimum guardbands as baseline for NR-U for both inter- and intra-carrier guardbands as given by the example in this contribution.



3. Conclusion
In this contribution, we discussed the definition of guardbands for NR-U.
Proposal 1: 		Inter-carrier guardbands for NR-U are to be defined following NR Rel-15.
Proposal 2: 	Determine the intra-carrier guardbands for NR-U based on the principal presented in this contribution.
Proposal 3: 	Reuse NR Rel-15 minimum guardbands as baseline for NR-U for both inter- and intra-carrier guardbands as given by the example in this contribution.
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