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1. Introduction
During RAN4#90 and RAN4#90bis meeting held in Athens and Xi’an discussions on NR unlicensed (NR-U) work item [1] have been ongoing. One of the topics discussed has been the need for guardbands both at the edge of the operation band and between LBT sub-bands [2-5]. At the RAN4#90bis meeting the discussions resulted in an agreement and corresponding
 LS response to RAN1 [6] stating the following: 
	[bookmark: _Hlk7012434]RAN4 has discussed NR-U single wideband carrier operations. The following agreements apply at least for DL wideband carrier operation. RAN4 will discuss UL wideband carrier transmissions in future.

· It is feasible to operate single carrier wideband operation when LBT is successful in all LBT sub-bands
· FFS whether guardbands are needed in between LBT sub-bands or not

· Mode 2 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous) is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by gNB.
· FFS filter adaptation time if PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB.
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage.

· Mode 3 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous) 
· is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by gNB. 
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage. 
· FFS what level of in-carrier leakage and blocking requirements can be met at the BS and UE
· FFS how to specify this in RAN4
· FFS filter adaptation time if PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB.




This contribution will address the FFS point high-lighted above.    
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 as illustrated in Figure 1.
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[bookmark: _Ref7621477]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 separate the different LBT sub-bands there is a need for baseband filtering or pulse shaping both at the BS and UE side which implies the need for guardbands. These too meet regulatory requirements for out-of-band emissions towards the edges of the band as illustrated with blue in Figure 1 and referred to as carrier guardbands. Besides the carrier guardbands, in-carrier guardbands, marked in yellow in Figure 1, between LBT sub-bands also needs to be discussed. 
In this contribution will focus on the in-carrier guardbands and their potential scheduling given the LBT outcome. These guardbands will for the remaining part of this text be refer to in-carrier guardbands.
As agreed in [7], there will be no RF filter adaptation dependent on LBT outcome meaning that the presence of in-carrier guardbands is required for LBT sub-band blocking, unless UE adapts its baseband filtering. Consequently, the adaptation would also enable gNB to schedule Physical Resource Blocks (PRBs) in the in-carrier guarbands between to contiguous transmitted LBT sub-bands after the adaptation.    
Observation 1: 	To receive PRBs between two contiguous LBT sub-bands transmitted by gNB, a UE needs to first adapt its baseband filtering.  
The adaptation of guardbands will in all cases still have to fulfil regulatory emission requirements protecting operation in adjacent spectrum. As a result, it is our understanding that guardbands are always needed on the edges of the BWP. 
Observation 2: 	Guardbands are always needed on the edges of the BWP.
As pointed out in [2] and [8-9] the in-carrier guardbands between contiguous LBT sub-bands might not be needed, especially if the contagious LBT sub-bands are transmitted by the gNB.  In the case a multiple of succeeded contiguous LBT sub-bands are allocated for one UE it would be beneficial to allow resources to be scheduled in the spectrum which normally is used to separate the operation of independent UEs. 
To achieve utilization of the spectrum corresponding to in-carrier guardbands between LBT sub-bands transmitted by gNB, baseband filtering needs to be performed by the UE, and only after that gNB may schedule PRBs in the guarband. Based on the RAN4#90b meeting input, the BB adaptation could be performed by sume chipsets within 4 symbols. However, at the beginning of the gNB COT, it is not possible to know the LBT outcome a priori, this is why at least in the first slot of the COT, guardbands will need to be present between the LBT sub-bands as shown in Figure 2 from [9]. 
Observation 3: 	Guardbands need to be assumed by UE at least for the first TTI of the gNB acquired COT.  
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[bookmark: _Ref7692830]Figure 2 Two slots of the COT of showing a similar scenario as in Figure 1. Guardbands are used for all LBT sub-bands in first slot but in the following removed for the contiguous set of LBT sub-bands [9].
While baseband filter is adapted at a UE, gNB will not be able to schedule the UE.  The gNB will need to indicate to UE the time when it should adapt its baseband filter Moreover, it is not clear whether all chipsets would implement such adaptation. Therefore, we think that the baseline operation is that guardbands are never scheduled by gNB     
Proposal 1: 	The baseline operation in R16 should be the case when gNB never schedules in-carrier guardbards.  
Even though the benefit of utilizing all available spectrum obtained after LBT is evident, wideband operation without scheduled PRBs in the guardband between contiguous succeeded LBT sub-bands is still an advantage. This is mainly due to the reduction of overhead and improved flexibility compared to 20MHz carrier CA, as further discussed in [11-12].  However, to obtain even more advantage, we propose to continue study on baseband filter adaptation times required.
Proposal 2: 	Further study the baseband filter adaptation delay at the UE required to receive PRBs in in-carrier guardbands between contiguously transmitted LBT sub-bands by gNB after the transmititon BW is indicated to the UE.
3. Conclusion
This contribution mainly focuses on the possibility of scheduling PRBs in the guardband between contiguous succeeded LBT sub-bands.
Observation 1: 	To receive PRBs between two contiguous LBT sub-bands transmitted by gNB, a UE needs to first adapt its baseband filtering.  
Observation 2: 	Guardbands are always needed on the edges of the BWP.
Observation 3: 	Guardbands need to be assumed by UE at least for the first TTI of the gNB acquired COT.  
Proposal 1: 	The baseline operation in R16 should be the case when gNB never schedules in-carrier guardbards.  
Proposal 2: 	Further study the baseband filter adaptation delay at the UE required to receive PRBs in in-carrier guardbands between contiguously transmitted LBT sub-bands by gNB after the transmititon BW is indicated to the UE.
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