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1. Introduction
Since meeting RAN4#90 held in Athens discussions on the NR unlicensed (NR-U) work item [1] have been ongoing. During the range of meetings with the latest RAN4#91 held in Reno the topics of the need for guard-bands both at the edge of the operation band and between LBT sub-bands have been discussed [2-9]. 

In this contribution, we further discuss the application of guard-bands in relation to NR-U wideband operation for both contiguous and non-contiguous LBT sub-bands.
2. Discussion

When operating in the unlicensed spectrum Listen-Before-Talk (LBT) procedure’s must be followed which could result in available spectrum being reduced, because another operator network (e.g. WiFi or LTE LAA or NR-U)  may operate on one of other LBT sub-band(s), as illustrated in Figure 1.
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Figure 1 Wideband carrier operation for NR-U on a BWP of 80 MHz with LBT performed on each 20 MHz LBT sub-band. In this example, LBT fails in 1 out of 4 defined LBT sub-bands
To meet regulatory and standardized out-of-band emissions and blocking requirements guard-bands are employed. In relation to NR-U two different categories of guard-bands are used dependent on the placement within the wideband carrier. As seen in Figure 1 guard-bands towards the outer edges of the carrier (blue) are in this text denoted as carrier guard-bands while the guard-bands between the different LBT sub-bands (yellow) are denoted as in-carrier guard-bands.
Proposal 1: 
For NR-U carrier >20Mhz, specify two types of guard-bands: (i) carrier guard-bands on the edges of a carrier (ii) in-carrier guard-bands, guard-bands between sub-bands of a carrier schedulable based on UE capability.
Proposal 2:        For NR-U carrier <=20Mhz, specify carrier guard-bands on the edges of a carrier. 
2.1 Adaptation of guard-bands
The carrier guard-bands will always be needed while the need for in-carrier guard-bands will dependent on the LBT outcome [2, 5, 7]. As agreed in [8], there will be no RF filter adaptation dependent on LBT outcome meaning that the in-carrier guard-bands would depend on baseband filtering or pulse shaping both at the BS and UE side [5].

Adaptation of either baseband filtering or pulse shaping is discussed in [9] using Figure 2 as an example. Here it is pointed out that an optimization opportunity is to improve spectrum utilization by allowing the gNB scheduling data in the in-carrier guard-bands as they in [2, 5, 7] have been argued as not needed between contiguous LBT sub-bands. 
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Figure 2 Two slots of the COT of showing a similar scenario as in Figure 1. Guard-bands are used for all LBT sub-bands in first slot but in the following removed for the contiguous set of LBT sub-bands [10].

However, it is not possible to know the LBT outcome a priori of the COT why at least in the first TTI of the gNB acquired COT guard-bands must be assumed. Based on comments made during the RAN4#90b meeting, baseband adaptation could be performed by some chipsets within 4 symbols. Nevertheless, it is still for further study what would be the adaptation timeline and whether support of such adaptation would be mandatory thus, we propose that:
Proposal 3: 
The baseline operation in R16 should be that the gNB does not schedule in the in-carrier guard-bands.  However, R16 RAN4 should consider future compatibility with the case where in-carrier guard-bands can be scheduled. 
Following this approach of always assuming both carrier and in-carrier guard-bands the spectrum utilization would be at least as good as the baseline NR-U carrier aggregation operation mode. The benefits of wideband operation therefore relate to the simplification of scheduling as further discussed in [11]. 
2.2 Wideband carrier PRB grid

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 3.
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Figure 3 Configuration of BWP in NR Rel-15
As seen in Figure 3, 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. 

For the case of CA, there may be a different Point A per each configured serving-cell, therefore, PRB grids of two serving cells may not be aligned in their common PRB grids. In this case, it is sufficient that carrier guard-bands between two serving cells are in multiples of SCS.
However, in at least 5 GHz NR-U spectrum, the band is divided into 20 MHz sub-bands. Therefore, an NR-U carrier larger than 20 MHz will consist of multiple LBT sub-bands contained by the BWP defined for the >20 MHz wideband carrier. To provide support for scheduling of in-carrier GBs and to simplify WB carrier scheduling, it is beneficial to define in-carrier guard-bands as full PRBs, i.e. align usable PRBs of each sub-band to a common RB grid of the carrier of the configured serving cell. Further, both the needed carrier and in-carrier guard-bands can be defined as a number of PRBs. In summary, it is proposed that: 

Proposal 4: 
LBT sub-band(s) of NR-U carrier configured for a serving cell are defined as multiples of PRBs on a common PRB grid determined by Point A of the carrier.  

Proposal 5: 
In-carrier guard-bands of a carrier configured for a serving cell are defined as a number of full PRBs. 
· Note: In-carrier guard-bands are not applicable to 20MHz carriers as per Proposal 2 
If Proposals 4 and 5 are agreed, the next step is to determine the number PRBs per LBT sub-band and the number of in-carrier guardband PRBs, which is dependent on ACLR requirements, and configuration of point A and the First usable PRB 

2.3 Sub-band PRBs and in-carrier guard-band PRBs
Usable PRBs in R15
When setting the guard-band PRBs a starting point should be 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). 

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


Usable PRBs in R16 NRU, definition of sub-band PRBs

We think the definition of carrier should be simple, the first and last PRB of each sub-band of a wideband carrier should be implicitly determined by setting Point A, First usable PRB and RAN4 defined requirements.
Figure 4 shows how the first [image: image5.png]


 PRB and last [image: image7.png]


 PRB of the first 20 MHz LBT sub-band of an 80 MHz wideband carrier is determined, based on legacy NR R15 configurations. 
From the example it is seen that when having to meet NR Rel-15 requirements for both 20MHz and 80MHz channel bandwidths utilizing a SCS of 30 kHz, there are 50 PRBs within first sub-band #0. 

Figure 4 shows:

· Point A 


the Common RB grid reference point as configured by gNB
· Point [image: image9.png]


 

the first usable PRB of LBT sub-band #0 configured by gNB,  i.e. CRB#2
· Point [image: image11.png]




the last PRB of LBT sub-band #0 determined implicitly, i.e CRB #51
· Point [image: image13.png]




the first PRB of LBT sub-band #1 determined implicitly, i.e. CRB#57 
· CRBs #52-56
in-carrier GBs determined implicitly, which may or may not be scheduled by gNB based         

on UE capability. 

· Last usable PRB of the carrier is determined based on nominal PRBs of 80Mhz BW, as in R15

· Note: In-carrier GBs are determined based on R15 20MHz minimum guard-band in this example.

[image: image14.png]Wideband carrier
L

20 MHz [ 20 MHz | 20 MHz

20 MHz.

———

Point A

5

9

Firstusable PRB - *

Common PRB grid

2 34 567 809 101 121314151517131920212223242525272329303132333435353733394041424344454547434950514253

PRBgpe

o195 20805|

19135 20000

5PRBs

20935




Figure 4 Illustration of parameters, SCS = 30 kHz.

Based on the above principle and the example in Figure 4 would result in the PRB allocation indicated in Table 1.
Table 1: PRB allocation for 80MHz wideband carrier

	CRB Nr
	Allocation part
	# of PRBs

	2 – 51
	LBT sub-band #0 
	50

	52 – 56
	In-carrier GB #0/1
	5

	57 – 106
	LBT sub-band #1 50PRBs
	50

	107 – 112
	In-carrier GB #1/2
	6

	113 – 161
	LBT sub-band #2 50PRBs
	50

	114 – 167
	In-carrier GB #2/3
	5

	168 – 217
	LBT sub-band #3 50PRBs
	50


It is clear that Table 1 (number of usable PRBs) for each configured 80MHz carrier depends on the placement of Point A and First usable PRB, as configured by the gNB. Therefore, to simplify standardization effort, [image: image16.png]
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 should be preferably defined based on the configuration of Point A, First usable PRB and RAN4 defined minimum guard bands. Conclusively it is proposed to:
Proposal 6: 
For NR-U, define PRBs of LBT sub-band and in-carrier guard-bands (if any) based on Point A, First usable PRB and minimum guard-bands applicable to carrier and in-carrier guard-bands.  
· Note: In-carrier guard-bands are not applicable to 20MHz carriers as per Proposal 2 

As mentioned, the emission requirements are expected to be relaxed for NR-U, as compared to NR in general, which means that when this is settled, similar tables as Table 5.3.2-1 and Table 5.3.3-1 will have to be defined for NR-U. As a result, it is proposed to:
Proposal 7: 
Task RAN4 to re-define the maximum number of usable PRBs of LBT sub-band and minimum guard-bands for all supported NR-U bandwidths dependent on adopted emission requirements for NR-U. 
3. Conclusion

In this contribution, we discussed the PRB grid definition for NR-U carriers, and we have the following proposals:
Proposal 1: 
For NR-U carrier >20Mhz, specify two types of guard-bands: (i) carrier guard-bands on the edges of a carrier (ii) in-carrier guard-bands, guard-bands between sub-bands of a carrier schedulable based on UE capability.
Proposal 2:        For NR-U carrier <=20Mhz, specify carrier guard-bands on the edges of a carrier. 

Proposal 3: 
The baseline operation in R16 should be that the gNB does not schedule in the in-carrier guard-bands.  However, R16 RAN4 should consider future compatibility with the case where in-carrier guard-bands can be scheduled. 

Proposal 4: 
LBT sub-band(s) of NR-U carrier configured for a serving cell are defined as multiples of PRBs on a common PRB grid determined by Point A of the carrier.  

Proposal 5: 
In-carrier guard-bands of a carrier configured for a serving cell are defined as a number of full PRBs. 

· Note: In-carrier guard-bands are not applicable to 20MHz carriers as per Proposal 2 

Proposal 6: 
For NR-U, define PRBs of LBT sub-band and in-carrier guard-bands (if any) based on Point A, First usable PRB and minimum guard-bands applicable to carrier and in-carrier guard-bands.  
· Note: In-carrier guard-bands are not applicable to 20MHz carriers as per Proposal 2 

Proposal 7: 
Task RAN4 to re-define the maximum number of usable PRBs of LBT sub-band and minimum guard-bands for all supported NR-U bandwidths dependent on adopted emission requirements for NR-U. 
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