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Introduction
In RAN1 AH#1901, it was agreed that multiple BWPs can be configured but a single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB. It was also discussed whether/how to indicate gNB’s transmitted LBT sub-bands, and details are left for further study. 
Regarding the detection of a DL transmission burst, it was agreed that the UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst. Furthermore, it was also agreed that other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst.
Finally, RAN1 confirmed that the payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving.
This contribution discusses the impact of the above agreements for the UL and DL BWP operation in NR-U. The revision from R2-1901715 adds a short discussion about RSSI and channel occupancy measurements and reporting that are specific to wideband operation in NR-U.
Wideband operation in unlicensed spectrum
RRM in wideband operation
To improve connectivity in NR-U, it is beneficial to reduce the link failures caused by channel load. In LTE, channel occupancy is determined from RSSI measurements. At RAN1 #94 it was agreed that it is beneficial to support reporting of RSSI for NR-U. An NR-U BWP may be composed of multiple 20MHz LBT subbands. Furthermore, it was agreed that a DL BWP may operate on a dynamically determined subset of LBT subbands. 
In RAN1#96, it was agreed that at least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported, and enhancements to RSSI metrics for sub-band-level interference measurements in a wideband operation scenario will be studied. Such enhancements to RSSI (and CO) would be useful, for example, for load balancing purposes.
DL BWP operation  
In NR, the UE may be configured with up to 4 DL and UL BWPs. Moreover, 4 different mechanisms for BWP switching are supported: DCI-based, RRC-based, based on BWP inactivity timer and based on RACH initiation.
In RAN1 AH#1901, RAN1 agreed that one active DL BWP is supported. Limiting the BWP activity to only one BWP reduces channel access diversity and opportunities for the gNB to transmit to the connected UE.
UEs may be configured with larger BWPs to overcome this limitation and allow a higher level of channel access diversity. However, due to UE capabilities limitation the bandwidth of the BWP may be limited. 
At the same time, as the gNB performs LBT in units of 20 MHz, it could acquire the channel in a UE’s non-active BWP, but not be able to transmit a control channel to the UE in its active DL BWP to trigger a BWP switching towards the acquired bandwidth. 
[bookmark: _GoBack]Observation 1: 	In a busy channel, the gNB may not be able to successfully perform CCA in a UE’s active DL BWP for extended period of times.
Observation 2: 	gNB could successfully grab the channel in a UE’s non-active DL BWP, but not be able to transmit a DCI or RRC message for BWP switching in the UE’s active DL BWP. 

RAN1 has discussed means for the UE to detect a DL transmission burst to enable power savings related to PDCCH monitoring. For example, the UE may assume the presence of a signal, such as DMRS of PDCCH to detect transmission burst by the serving gNB. It has also been agreed that other signals present in the transmission burst may also be used for that purpose. A preamble may also be specified in the future for the indication of a start of a DL burst. 
In R15, although the UE only monitors the PDCCH of its active DL BWP, the UE may be configured to detect SSB and CSI-RS outside of the active DL BWP for RRM purposes. For NR-U, supporting detection of the signal indicating a transmission burst outside of the active DL BWP would be useful to enable switching the active DL BWP to one where a transmission burst is detected.

Proposal 1:  	NR-U supports detection of a gNB’s DL transmission burst outside of the active DL BWP.

Proposal 2:  	Support means for switching the active DL BWP upon detection of a transmission burst in a non-active DL BWP.

The UE may be configured with a BWP switching priority order if it has detected a DL burst in more than one configured DL BWPs. This priority may be, for example, that the current active DL BWP has always the highest priority. Other configured BWPs may be configured with a priority order such as: DL BWP0 has the highest priority, followed by DL BWP1 then by DL BWP2.  Thanks to this prioritization rule, there is no ambiguity from the network’s point of view as to a UE BWP switching when multiple BWPs have been acquried. The gNB can subsequently transmit a downlink control signal in the associated acquired BWP.  If the UE does not acknowledge the reception of the downlink message, the network may assume that the UE has switched to the initial/default DL BWP after a certain time corresponding to the BWP inactivity timer. This can safeguard against a UE failing to detect a transmission burst indication.

Proposal 3:  	The UE is configured with a BWP priority order for BWP switching to be used when the UE detects a DL burst in more than one DL BWP.

Another way is to enable a UE to cycle through the BWPs in order to enable channel access diversity. Until a BWP is deemed to be in use, the UE would continue cycling through its configured BWPs at configurable time instances. For example, a UE can be configured with BWPs and each BWP can have monitoring periodicity and offset. The UE would monitor a first BWP and if it does not detect a transmission could switch to a second BWP and so on.

UL BWP operation 

In TR. 38.889, it is captured that frequency-domain enhancement may be considered where multiple PRACH resources are configured across multiple LBT sub-bands/carriers for both contention-free and contention-based RA. As time-domain enhancements it has been agreed that for connected mode UE, scheduling of PRACH resources may be performed via DCI. Triggered PRACH within gNB acquired COT can use a new resource indicated by the DCI.
The UE may perform multiple LBT attempts in its active UL BWP for RACH initiation, but should be able to switch to another configured UL BWP based on triggering conditions. For example, after a certain number of LBT failures or based on a timer expiry. 
The selection of the UL BWP to switch to, may be based on a specific configuration or on a priority order as that described above for DL operation. The UE may also consider switching the UL BWP based on RSSI and/or channel occupancy or the detection of a DL burst.  

Proposal 4:  	NR-U allows the UE to switch to another configured UL BWP to initiate RACH when its active UL BWP is busy for a number of PRACH transmission attempts.

Conclusion
In this contribution the following observations were made on wideband operation for NR-U:

Observation 1: 	In a busy channel, the gNB may not be able to successfully perform CCA in a UE’s active DL BWP for extended period of times.
Observation 2: 	gNB may successfully grab the channel in a a UE’s non-active DL BWP but not be able to transmit a DCI or RRC message for BWP switching in the UE’s active DL BWP. 

And the following proposals were made: 

Proposal 1:  	NR-U supports detection of a gNB’s DL transmission burst outside of the active DL BWP.
Proposal 2:  	Support means for switching the active DL BWP upon detection of a DL burst in a non-active DL BWP.
Proposal 3:  	The UE is configured with a BWP priority order for BWP switching to be used when the UE detects a DL burst in more than one DL BWP.
Proposal 4:  	NR-U allows the UE to switch to another configured UL BWP to initiate RACH when its active UL BWP is busy for a number of PRACH transmission attempts.
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