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Introduction
In RAN4-95-e, a WF [1] got agreed regarding BWP switch on multiple cells. There were several open issues. We discuss those issues and provide our opinions in this contribution.
Discussion  
DCI/Timer Based Simultaneous BWP Switch 

RAN4 made the following relevant agreement regarding this issue in the last meeting [1]
	Delay requirements for DCI/timer-based BWP switch
· ; N: Number of CCs with simultaneous BWP switch; K is number of CCs that can be processed simultaneously; D is incremental delay for BWP switch processing on additional CCs
· Value of D: 
· Agreement in 2st round: 
· Define new UE capabilities for BWP switching on multiple CCs
· Type 1: D = 100us, 200us
· Type 2: D = 400us, 800us, 1000us
· Same capabilities apply for FR1 and FR2
· Definition of N: 
· Option 1: N is the number of CCs with simultaneous BWP switch.
· Option 2: For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, and no BWP switch involves SCS change, N is the number of simultaneous BWP switching on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching on both FR



Note that, RAN4 already agreed to K = 1 in the previous meeting [2]. So, the only remaining issue is the definition of N.
For a UE that supports per FR gap, BWP switch in one FR does not impact the timeline of BWP switching in the other FR if SCS does not change. Hence, option 2 can be selected as the definition of N in DCI/timer based simultaneous BWP switch if SCS does not change.
Note that, the agreement of the last meeting did not focus on the scenario of per-FR gap scenarios where BWP switch involves SCS change. According to 38.133, “When UE receives a DCI indicating UE to switch its active BWP involving changes in any of the parameters listed in Table 8.2.2.2.5-2, the UE is allowed to cause interruption of up to X slot to other active serving cells if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing.”  Hence, when BWP switch involves SCS changing, N should be equal to the number of simultaneous BWP switching on both FR for per-FR gap capable UEs.
Observation 1: For a UE that supports per FR gap, BWP switch in one FR does not impact the timeline of BWP switching in the other FR when BWP switch does not involve SCS change.
Observation 2: The agreement of the last meeting did not focus on the scenario of per-FR gap capable UEs where BWP switch involves SCS change.
· According to 38.133, UE can cause interruption of up to X slots to other active serving cells in both FR if any BWP switch involves SCS change.
Proposal 1: RAN4 supports option 2 regarding the definition of N in DCI/timer based simultaneous BWP switch.
· For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, and no BWP switch involves SCS change, N is the number of simultaneous BWP switching on CCs within the same frequency range; 
· For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, and any BWP switch involves SCS change, N is the number of simultaneous BWP switching on both FR.
· For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching on both FR.

RRC based Simultaneous BWP Switch

RAN4 made the following relevant agreement regarding this issue in the last meeting [1]
	 Delay requirements for RRC based BWP switch
; 
Where DRRC is FFS.
· Option 1: DRRC = 0ms 	
· Option 2: DRRC = D (agreed value for DCI/timer based BWP switch)
· Option 3: if N<=3, re-use the existing requirement. if N>3, DRRC =D. where N is the total number of CCs.



According to current spec,  and  . If UE requires very close to 16 ms to switch one single BWP based on RRC command, option 1 and option 3will simply not work for the UE because it will obviously need additional time to switch additional number of BWPs based on the RRC command.
 The same requirements for DCI based BWP switch should be applicable here, i.e., DRRC = D should be used here. 
Observation 3: If UE requires very close to 16 ms to switch one single BWP based on RRC command, option 1 and option 3 will simply not work for the UE because it will obviously need additional time to switch additional number of BWPs based on the RRC command.
Proposal 2: RAN4 supports option 2 regarding the delay for RRC based simultaneous BWP switch. 
· ; 
· Where DRRC = D (agreed value for DCI/timer-based BWP switch)
Delay Requirements for Timer Based BWP switch With Partial Overlap

RAN4 made the following relevant agreement regarding this issue in the last meeting [1]
	Timer based BWP switch 
Sub1: if UE is capable of per-FR gap and the timer based BWP switch happens in two frequency range, whether UE handled timer-based BWP switch in parallel or sequentially
· Option 1: in parallel
· Option 2: sequentially
Sub2: Delay requirement for timer based BWP switch
· Option 1: Don’t differentiate UE capability of per-FR gap 
TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered multiple CCs. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple CCs. 
Note: more clarification can be added for Tdelay and TBWPSwitchDelayTimer if identified necessary
· Option 2: Dependent on the UE capability of per-FR gap
      Requirements are defined when when BWP switch doesn’t involve SCS change 
For UE capable of per-FR gap:
TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered 	multiple CCs within the same frequency range. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple 	CCs. 
For UE not capable of per-FR gap:
TDelay+TMultipleBWPSwitchDelay, where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range; 	TMultipleBWPSwitchDelay is TBWPSwitchDelay+ D(N-1), N is the number of timer-based BWP switch on CCs in the other FR of which the time periods of BWP switching delay are overlapped with TNonSimultaneousTimer, and D is the incremental delay, which is same as that of simultaneous BWP 	switch on multiple CCs
Note: more clarification can be added for Tdelay and TBWPSwitchDelayTimer if identified necessary



As mentioned before, for a UE that supports per FR gap, BWP switch in one FR does not impact the timeline of BWP switching in the other FR. Hence, timer-based BWP switch can be done in parallel across frequency ranges.
Proposal 3: If UE is capable of per-FR gap and the timer-based BWP switch happens in two frequency range, UE handles timer-based BWP switch in parallel across two frequency ranges.
Hence, we support option 2 of sub2 of this topic. However, the wording of option 2 was not very clear from last meeting’s agreement. So, we re-write last meeting’s agreement in the following way:
Proposal 4: The delay requirements for timer based BWP switch with partial overlap are dependent on the UE capability of per-FR gap.
· For UE capable of per-FR gap:
· TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered multiple CCs within the same frequency range. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple 	CCs. 
· For UE not capable of per-FR gap:
· TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered multiple CCs across all frequency ranges. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple CCs. 




Delay Requirements for RRC based BWP Switch with Partial Overlap

RAN4 made the following relevant agreement regarding this issue in the last meeting [1]
	Delay requirements for RRC based BWP switch with Partial Overlap
Sub1: Whether RRC processing time is equal to BWP switch time in RAN2 (In case the RRC procedure triggers BWP switching, the RRC procedure delay is the value defined in the following table (Table 12.1-1 in TS 38.331) plus the BWP switching delay defined in TS 38.133 [14], clause 8.6.3.)
· Option 1: Yes
· Option 2: No
Sub2: Delay requirement for RRC based BWP switch
· Option 1:upper bounded by the multiple BWP switch time in CG1.
· Option 2:upper bounded by the RRC processing time in the 1st CG.
· Option 3:No need to introduce the waiting time for RRC based partial overlap BWP switching on multiple CCs, and the delay requirements for simultaneous BWP switch on multiple CCs shall be reused



The agreement from the last meeting quotes the following text from 38.331, “In case the RRC procedure triggers BWP switching, the RRC procedure delay is the value defined in the following table (Table 12.1-1 in TS 38.331) plus the BWP switching delay defined in TS 38.133 [14], clause 8.6.3”. In our opinion, it is not essential to discuss whether “RRC procedure delay” should be called “RRC processing time”. The more important thing is that RAN2 spec clearly shows that the RRC procedure delay that is triggered by BWP switch is equal to the total BWP switch delay.
After receiving RRC based BWP switch command, UE sends RRC reconfiguration complete only after switching the BWP. Hence, UE can start performing another RRC based BWP switch only after it completes the previous BWP switch. So, the delay requirement for RRC based BWP switch is upper bounded by the multiple BWP switch time in CG1; where multiple BWP switch time is simply equal to the summation of each individual BWP switch time in CG1.
Observation 4: RAN2 spec clearly shows that the RRC procedure delay that is triggered by BWP switch is equal to the total BWP switch delay.
Proposal 5: Delay requirement for RRC based BWP switch is upper bounded by the multiple BWP switch time in CG1; where multiple BWP switch time is simply equal to the summation of each individual BWP switch time in CG1.


Clarification Regarding The Impact of Smallest SCS

The most updated version of Rel-16 38.133 contains the following text, “If the BWP switch on multiple CCs results in the change of the SCS on any CC among involved CCs, TBWPSwitchDelay should be based on the smallest SCS among all SCS values of all involved CCs.”  But, this text does not clarify the scenario where BWP change does not change SCS on any CC but the SCSes are different among CCs. Even in those scenarios, TBWPSwitchDelay should be based on the smallest SCS among all SCS values of all involved CCs.
Observation 5: Current text regarding the timeline of DCI/timer based simultaneous BWP switch does not clarify the value of TBWPSwitchDelay where BWP change does not change SCS on any CC but the SCSes are different among CCs.
Proposal 6: The value of TBWPSwitchDelay should be based on the smallest SCS among all SCS values of all involved CCs even where BWP change does not change SCS on any CC.
· RAN4 supports the following TP.
--------------------------------------------   TP starts --------------------------------------------------------------------------------
8.6.2A.1	Simultaneous DCI based BWP switch delay on multiple CCs
The delay requirements for simultaneous DCI based BWP switch on multiple CCs in this clause apply only if the timing difference among the first symbol of slot carrying DCI for all CCs is received within the MRTD for inter-band CA as defined in clause 7.6.4.
For DCI-based BWP switch on multiple CCs, after the UE receives BWP switching request, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWPs on the serving cells on which BWP switch on the first DL or UL slot occurs right after a time duration of TMultipleBWPswitchDelay which starts from the beginning of DL slot n, where slot n is slot which UE receives the earliest BWP switching request among CCs on which UE is performing simultaneous DCI-based BWP switching.
The UE is not required to transmit UL signals or receive DL signals until the first DL or UL slot occurs right after a time duration of TMultipleBWPswitchDelay which starts from the beginning of DL slot n except DCI triggering BWP switch on the cell where DCI-based BWP switch occurs. The UE is not required to follow the requirements defined in this clause when performing a DCI-based BWP switch between the BWPs in disjoint channel bandwidths or in partially overlapping channel bandwidths on any serving cell.
UE shall finish BWP switch within the time duration TMultipleBWPswitchDelay, which is defined as:
	TMultipleBWPswitchDelay = TBWPswitchDelay + N*(D -1)
Where:
-	TBWPswitchDelay is the BWP switching delay on single CC defined in Table 8.6.2-1 depending on UE capability bwp-SwitchingDelay [2]. If the BWP switch on multiple CCs results in the change of the SCS on any CC among involved CCs, TBWPswitchDelay should be based on the smallest SCS among all SCS values of all involved CCs.
-	D is the incremental delay for each additional CC involved in simultaneous BWP switch and depends on UE capability [13].
-	N is the number of CCs undergoing simultaneous BWP switch.
Provided the UE does not have the required TCI-state information to receive PDCCH and PDSCH in the new BWP, the UE shall use old TCI-states before the BWP switch until a new MAC CE updating the required TCI-state information for PDCCH and PDSCH is received after the BWP switch. 
If UE has the information on the required TCI-state information to receive PDCCH and PDSCH in the new BWP, 
-	UE shall be able to receive PDCCH and PDSCH with old TCI-states before the delay as specified in Clause 8.10 in the new BWP.
-	UE shall be able to receive PDCCH and PDSCH with new TCI-states after the delay as specified in Clause 8.10 in the new BWP.

--------------------------------------------- TP ends --------------------------------------------------------------------------------
Conclusions 
Observation 1: For a UE that supports per FR gap, BWP switch in one FR does not impact the timeline of BWP switching in the other FR.
Observation 2: The agreement of the last meeting did not focus on the scenario of per-FR gap capable UEs where BWP switch involves SCS change.
· According to 38.133, UE can cause interruption of up to X slots to other active serving cells in both FR if any BWP switch involves SCS change.
Observation 3: If UE requires very close to 16 ms to switch one single BWP based on RRC command, option 1 and option 3 will simply not work for the UE because it will obviously need additional time to switch additional number of BWPs based on the RRC command.
Observation 4: RAN2 spec clearly shows that the RRC procedure delay that is triggered by BWP switch is equal to the total BWP switch delay.
Observation 5: Current text regarding the timeline of DCI/timer based simultaneous BWP switch does not clarify the value of TBWPSwitchDelay where BWP change does not change SCS on any CC but the SCSes are different among CCs.
Proposal 1: RAN4 supports option 2 regarding the definition of N in DCI/timer based simultaneous BWP switch.
· For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, and no BWP switch involves SCS change, N is the number of simultaneous BWP switching on CCs within the same frequency range; 
· For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, and any BWP switch involves SCS change, N is the number of simultaneous BWP switching on both FR.
· For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching on both FR.
Proposal 2: RAN4 supports option 2 regarding the delay for RRC based simultaneous BWP switch. 
· ; 
· Where DRRC = D (agreed value for DCI/timer-based BWP switch).
Proposal 3: If UE is capable of per-FR gap and the timer-based BWP switch happens in two frequency range, UE handles timer-based BWP switch in parallel across two frequency ranges.
Proposal 4: The delay requirements for timer-based BWP switch with partial overlap are dependent on the UE capability of per-FR gap.
· For UE capable of per-FR gap:
· TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered multiple CCs within the same frequency range. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple 	CCs. 
· For UE not capable of per-FR gap:
· TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered multiple CCs across all frequency ranges. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple CCs. 
Proposal 5: Delay requirement for RRC based BWP switch is upper bounded by the multiple BWP switch time in CG1; where multiple BWP switch time is simply equal to the summation of each individual BWP switch time in CG1.
Proposal 6: The value of TBWPSwitchDelay should be based on the smallest SCS among all SCS values of all involved CCs even where BWP change does not change SCS on any CC. 
· RAN4 supports the following TP.
--------------------------------------------   TP starts --------------------------------------------------------------------------------
8.6.2A.1	Simultaneous DCI based BWP switch delay on multiple CCs
The delay requirements for simultaneous DCI based BWP switch on multiple CCs in this clause apply only if the timing difference among the first symbol of slot carrying DCI for all CCs is received within the MRTD for inter-band CA as defined in clause 7.6.4.
For DCI-based BWP switch on multiple CCs, after the UE receives BWP switching request, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWPs on the serving cells on which BWP switch on the first DL or UL slot occurs right after a time duration of TMultipleBWPswitchDelay which starts from the beginning of DL slot n, where slot n is slot which UE receives the earliest BWP switching request among CCs on which UE is performing simultaneous DCI-based BWP switching.
The UE is not required to transmit UL signals or receive DL signals until the first DL or UL slot occurs right after a time duration of TMultipleBWPswitchDelay which starts from the beginning of DL slot n except DCI triggering BWP switch on the cell where DCI-based BWP switch occurs. The UE is not required to follow the requirements defined in this clause when performing a DCI-based BWP switch between the BWPs in disjoint channel bandwidths or in partially overlapping channel bandwidths on any serving cell.
UE shall finish BWP switch within the time duration TMultipleBWPswitchDelay, which is defined as:
	TMultipleBWPswitchDelay = TBWPswitchDelay + N*(D -1)
Where:
-	TBWPswitchDelay is the BWP switching delay on single CC defined in Table 8.6.2-1 depending on UE capability bwp-SwitchingDelay [2]. If the BWP switch on multiple CCs results in the change of the SCS on any CC among involved CCs, TBWPswitchDelay should be based on the smallest SCS among all SCS values of all involved CCs.
-	D is the incremental delay for each additional CC involved in simultaneous BWP switch and depends on UE capability [13].
-	N is the number of CCs undergoing simultaneous BWP switch.
Provided the UE does not have the required TCI-state information to receive PDCCH and PDSCH in the new BWP, the UE shall use old TCI-states before the BWP switch until a new MAC CE updating the required TCI-state information for PDCCH and PDSCH is received after the BWP switch. 
If UE has the information on the required TCI-state information to receive PDCCH and PDSCH in the new BWP, 
-	UE shall be able to receive PDCCH and PDSCH with old TCI-states before the delay as specified in Clause 8.10 in the new BWP.
-	UE shall be able to receive PDCCH and PDSCH with new TCI-states after the delay as specified in Clause 8.10 in the new BWP.
--------------------------------------------- TP ends --------------------------------------------------------------------------------
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