
3GPP TSG-RAN WG4 Meeting #91		R4-1905847
Reno, US, 13th– 17th May, 2019

Source:	OPPO
Title:	Discussion on NR-U wide carrier operation
Agenda Item:	8.1.2.1
Document for:	Discussion and Decision


Introduction
In this document, we further discuss the remaining issues on NR-U wide carrier operation.

Background
In last meeting, RAN1 has discussed UL transmission on a carrier with bandwidth wider than LBT bandwidth (i.e., 20 MHz at least for 5 GHz) in unlicensed spectrum and made the following agreement:

Agreement:
For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, support at least Alt. 1 among the following alternatives
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 
· Decision on whether this alternative is supported will depend on feedback from RAN4
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4
· Necessity of guard bands within the scheduled PUSCH should be determined by RAN4
· FFS: Whether this applies also to configured grant PUSCH
· FFS: Whether this applies also to PUCCH



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.
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· 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.



Discussion
[bookmark: _GoBack]For mode 1, RAN4 has agreed that it is feasible to operate single carrier wideband operation when LBT is successful in all LBT sub-bands. In this case, BS can schedule the whole wideband with all successful LBT sub-bands. And as PRBs within the guardband of two contiguous LBT sub-bands can be scheduled by gNB, guardbands are not needed anymore in between LBT sub-bands. 

For mode 2 and 3, as usually the filter bandwidth is equal to total carrier bandwidth which is wideband in this case, for single wideband carrier LBT may not be successful in a subset of the LBT sub-bands. Thus, digital filter needs to be adapted which cause filter adaptation. Meanwhile, guardbands in between successful contiguous LBT sub-bands are still not needed, but guardbands at the edge of LBT sub-bands shall be needed and may be modified to protect other adjacent channel.

According to [1], it is easier to meet the ETSI spectrum mask if the channel filter is modified to fit the LBT subbands within the BWP for which LBT is successful. Therefore, in our view, filter adaptation time need to be specified if PRBs within the guardband of two contiguous LBT sub-bands are scheduled.  Some BS vendor thought 4~5us may be needed for filter adaptation time. Companies are encouraged to further discuss such requirements for both BS and UE  in RAN4. 

Proposal 1: Guardbands are not needed in between successful contiguous LBT sub-bands.

Proposal 2: Filter adaptation time need to be specified for both BS and UE.

And for mode 3 when LBT is successful in a subset of the LBT sub-bands which are non-contiguous, RAN4 think it is still feasible for two contiguous LBT sub-bands if PRBs within the guardband are not scheduled by gNB, which can be also covered by mode 2. In addition, allowing non-contiguous transmissions from either gNB or UE, the filter needs to include attenuation within the filter passband at the “gaps” where CCA fails, which can be challenging for implementation. Furthermore, in-carrier leakage and blocking requirements may be needed at the BS and UE. So in our view it may be not feasible for mode 3 for single wideband operation.

Proposal 3: For single wideband carrier, it is not preferred for mode 3 with a subset of non-contiguous LBT sub-bands to be scheduled.

The observations above also apply to UL wideband carrier transmissions.



Conclusion
In this contribution, we would like to propose that:

Proposal 1：Guardbands are not needed in between successful contiguous LBT sub-bands.

Proposal 2: Filter adaptation time need to be specified for both BS and UE.

Proposal 3: For single wideband carrier, it is not preferred for mode 3 with a subset of non-contiguous LBT sub-bands to be scheduled.
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