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1	Introduction
The feasibility of NR operation in unlicensed spectrum was determined considering five different scenarios namely NR-U LAA, ENU-DC, NR-U SA, NR-U SA with uplink in licensed band and NNU-DC, as follows:
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) 
· NR-U SCell may have both DL and UL, or DL-only.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Scenario C: Stand-alone NR-U
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band
· Scenario E: Dual connectivity between licensed band NR and NR-U. 

Bandwidth adaptation is enabled in NR Rel-15 by the concept of bandwidth part (BWP) switch. In TS 38.133, the active BWP switch delay requirements apply for any UE configured with more than one bandwidth part (BWP) on PCell, activated SCells in Standalone NR or NE-DC, PCell, PSCell or any activated SCell SCG in EN-DC. In RAN1 AH1901 [1], it was agreed that multiple BWPs can be configured also in NR-U, therefore these requirements will be needed in NR-U Rel-16, for all NR-U scenarios.Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)


Additionally, in the way forward agreed in [2], RAN4 agreed that requirements for active BWP switch are needed for NR-U. It was listed as TBD if the requirements are the same or different from Rel-15 NR. 
In this paper, we discuss the Active BWP Switch delay requirements in NR-U.
2	Discussion
The main difference between NR and NR-U is that in unlicensed bands before sending any signal over the wireless channel, there is the need to check the channel vacancy, by means of a listen-before-talk (LBT) procedure. In case the channel is occupied, it is necessary to wait until the channel is vacant again, and this might impact on the procedures, delays and times for measurements specified in TS 38.133. Therefore, for each requirement to be specified for NR-U it is necessary to evaluate if there will be any impact due to the uncertainty of the LBT outcome.
In NR Rel-15, switching between configured BWPs happens by means of:
· DCI
· Inactivity timer 
· RRC signaling, 
· Upon initiation of random access.
In NR Rel-15, a BWP switching delay to account for the time it takes for the UE to switch from one BWP to another was introduced in TS 38.133. The BWP switch delay is the same for DCI based and timer-based BWP switch, and both are specified from the DL slot n in which the UE receives the BWP switching request, or in which the bwp-InactivityTimer expires, until the time the UE is able either to receive PDSCH or transmit PUSCH on the new BWP.
Additionally, the BWP switching delay triggered by DCI does not depend on any additional message exchange between the UE and the network, since it is calculated from the time the UE receives the switching request (in case of DCI-based switching) to the time the UE is ready to receive PDSCH or transmit PUSCH on the new BWP. Therefore, no matter how many LBT failures occurred in sending the switching command to the UE, the requirement only applies when the DL LBT is successful, and the UE receives the BWP switching request. 
The BWP switching delay triggered by the DCI is measured from the time in which the UE receives the DCI until it is ready to receive or transmit on the new BWP; therefore, it does not depend on the LBT outcome. 
In NR-U Rel-16 the requirements for DCI based BWP switch delay are the same as in NR Rel-15.
For timer-based BWP switch, there have been discussions in RAN2 about the behavior of the bwp-InactivityTimer due to  the LBT procedure. However, similar to the DCI based switch, the delay in RAN4 is accounted from the moment in which the inactivity timer is expired (disregarding the reasons for restarting or stopping the timer, which are subject of RAN2 or RAN1 discussions). 
In timer-based BWP switch, the delay is measured from the time in which the timer expires; therefore, it does not depend on the LBT outcome. 
Therefore, it is proposed:
In NR-U Rel-16 the requirements for timer-based BWP switch delay are the same as in NR Rel-15.
For RRC based BWP switch delay, TS 38.133 defines the BWP switching delay as the time between the UE receives the BWP switch request, until the time in which the UE shall be able to receive PDSCH/PDCCH or transmit PUSCH on the new BWP. The requirement is:
DL slot , where 
DL slot n is the last slot containing the RRC command, and 
 is the length of the RRC procedure delay in millisecond as defined in clause 12 in TS 38.331 [2], and
 is the time used by the UE to perform BWP switch.
In TS 38.331, the  is defined as: the time in [ms] from the end of reception of the network -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> network response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation). And it is illustrated below.



Figure 12.1-1: Illustration of RRC procedure delay from [3].
As in the DCI based BWP switch, the RRC based BWP switch accounts for the delay between the time the UE received the switching command in RRC DL command (above Figure), and the time that the UE is ready to transmit/receive in the new BWP, i.e sending UL grant. This time is depicted in red in the figure above. From the picture, we see that the processing delay does not account for the actual transmission of the RRC UL response, but for the time the UE shall be ready to send it. Therefore, once again, the BWP switching delay does not account for any other message exchange between the UE and the network and does not depend on the LBT procedure. 
In NR-U Rel-16 the requirements for RRC based BWP switch delay are the same as in NR Rel-15.
Finally, we propose to add the applicability of the requirements in TS 38.133, Section 8.6.1, to cover NR-U scenarios, as follows:
8.6	Active BWP switch delay
8.6.1	Introduction
The requirements in this section apply for a UE configured with more than one BWP on 
· PCell or any activated SCell in standalone NR or NE-DC, 
· PCell, PSCell or any activated SCell in MCG or SCG in NR-DC, 
· PSCell or any activated SCell in SCG in EN-DC, 
· Any activated SCell in carrier aggregation between NR and NR-U
· PSCell or any activated SCell in SCG in dual connectivity between LTE and NR-U
· PCell or any activated SCell in standalone NR-U 
· PSCell or any activated SCell in MCG or SCG in dual connectivity between NR and NR-U
· PCell or any activated SCell in standalone NR-U with a licensed band NR UL 
UE shall complete the switch of active DL and/or UL BWP within the delay defined in this section.
Update the applicability of the requirements in Section 8.6 of TS 38.133 to cover NR-U scenarios A, B, C, D and E.
3	Conclusion
1. The BWP switching delay triggered by the DCI is measured from the time in which the UE receives the DCI until it is ready to receive or transmit on the new BWP; therefore, it does not depend on the LBT outcome. 
1. In NR-U Rel-16 the requirements for DCI based BWP switch delay are the same as in NR Rel-15.
 In timer-based BWP switch, the delay is measured from the time in which the timer expires; therefore, it does not depend on the LBT outcome. 
In NR-U Rel-16 the requirements for timer-based BWP switch delay are the same as in NR Rel-15.
In NR-U Rel-16 the requirements for RRC based BWP switch delay are the same as in NR Rel-15.
Update the applicability of the requirements in Section 8.6 of TS 38.133 to cover NR-U scenarios A, B, C, D and E.
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