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1. Introduction
In the last RAN4#95e meeting the RRM requirements of BWP switching on multiple CCs are discussed, and the potential agreements and the remaining open issues were captured in the WF [1]. Based on the agreements in the last meeting, we present the further analysis of requirements of BWP switching on multiple CCs in this paper.
2. Discussion
Simultaneous BWP switching on multiple CCs
In the last RAN4#95e meeting, the requirements for simultaneous BWP switching on multiple CCs were discussed with following agreements: 
	RAN4#95e Agreement
Delay requirements for DCI 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
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.



Delay requirements for DCI based BWP switch
Due to the great efforts in the last RAN4 meeting, the most critical part of DCI-based simultaneous BWP switching requirements has been decided, which is the incremental delay per CC. The only remaining issue is the definition of N, which we have presented related paper for the last two meetings. The intention to consider the delay requirements by the type of UE capability of per-FR gap is that we have such discussion in partial overlapping cases, and from RAN4’s common understanding, there is no impact between FRs when the UE is capable of per-FR gap and the BWP switch does not involve SCS changes. 
Observation 1: There is no impact between FRs when the UE is capable of per-FR gap and the BWP switch does not involve SCS changes. 
So we rephrase the original wording of the definition of N as: 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, or the BWP switches on multiple CCs involves SCS changing, N is the number of simultaneous BWP switching on both FR
Proposal 1: 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, or the BWP switches on multiple CCs involves SCS changing, N is the number of simultaneous BWP switching on both FR.
It was also discussed in the last meeting that TBWPswitchDelay should be based on the smallest SCS when SCS changes:
	when SCS changes 
· The simultaneous BWP switch on multiple CCs case, 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.




From our understanding, even there is no SCS changes in the BWP switch, the SCS of all involved CCs could also be different. TBWPswitchDelay shall also be based on the smallest SCS among all SCS values of all involved CCs.
Proposal 2: TBWPswitchDelay shall also be based on the smallest SCS among all SCS values of all involved CCs regardless of SCS changes.
Delay requirements for RRC based BWP switch
For the RRC based BWP simultaneous BWP switch, which has also been discussed for several meetings. It could be observed from the discussion in the last meeting, many companies showed the concern that the current delay for single CC BWP switch has already involve significant margin, and it unreasonable to enable the feature by introducing a pretty long delay requirements. Thus, we hold our view that the DRRC = 0ms.  
Proposal 3: For RRC-based simultaneous BWP switching on multiple CCs, the delay shall be same as single CC (𝑇𝑅𝑅𝐶𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔+𝑇𝐵𝑊𝑃𝑠𝑤𝑖𝑡𝑐ℎ𝐷𝑒𝑙𝑎) without extension.
Non-simultaneous BWP switching on multiple CCs
In the last RAN4#95e meeting, the requirements for partial BWP switching on multiple CCs were discussed with following agreements: 
	RAN4#95e Agreement
Conditions when requirements for partial overlap BWP switch are defined
· DCI and RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.
    -   No requirement is defined for RRC based BWP switch with partial overlap within a cell group
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
RRC based BWP switch 
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




Timer based BWP switch 
For the first question: our understanding is that for UE is capable of per-FR gap, the timer based BWP switch happens in two frequency range are performed in parallel if the BWP switch doesn’t involve SCS change.
Observation 2: If UE is capable of per-FR gap, the timer based BWP switch happens in two frequency range are performed in parallel if the BWP switch doesn’t involve SCS change.
For the second question: the time delay introduced by the ongoing BWP switch is from RAN1’s spec as follows:
	When a UE's BWP inactivity timer for a cell within FR1 (or FR2) expires within a time duration where the UE is not required to receive or transmit for an active UL/DL BWP change in the cell or in a different cell within FR1 (or FR2), the UE delays the active UL/DL BWP change triggered by the BWP inactivity timer expiration until a subframe for FR1 or half a subframe for FR2 that is immediately after the UE completes the active UL/DL BWP change in the cell or in the different cell within FR1 (or FR2).


It is clear that UE should delay the timer-based BWP switch only for the BWP switch within the same FR. The UE behavior described in option1 is not consist with RAN1’s spec. 
Observation 3: Delaying the timer-based BWP switch for BWP switch on both FRs is not consist with RAN1’s spec.
During the discussion in the last meeting, companies raised the concern that the BWP switch in the one FR when involving SCS changing will have impact BWP switch in the other FR. We suggest to have the same conditions for timer-based BWP switch as DCI and RRC-based BWP switch. 
Proposal 4: Timer-based partial overlapping BWP switch requirements are defined when BWP switch does not involve SCS changing.
Based on the condition in proposal 4, the delay requirement for timer-based partial overlapping BWP switch requirements shall be (the variables in option 2 are rephrased to avoid ambiguity):
For UE capable of per-FR gap:
	TMultipleBWPswitchDelayTotal = TDelay + TMultipleBWPswitchDelay , where TDelay is the time delayed by ongoing BWP switching within the same frequency range. TMultipleBWPswitchDelay is the timer-based BWP switch delay on current single CC or simultaneously triggered on multiple CCs. 
For UE not capable of per-FR gap:
	TMultipleBWPswitchDelayTotal = 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 TMultipleBWPswitchDelay, and D is the incremental delay, which is same as that of simultaneous BWP switch on multiple CCs
Proposal 5:
For UE capable of per-FR gap:
	TMultipleBWPswitchDelayTotal = TDelay + TMultipleBWPswitchDelay , where TDelay is the time delayed by ongoing BWP switching within the same frequency range. TMultipleBWPswitchDelay is the timer-based BWP switch delay on current single CC or simultaneously triggered on multiple CCs. 
For UE not capable of per-FR gap:
	TMultipleBWPswitchDelayTotal = 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 TMultipleBWPswitchDelay, and D is the incremental delay, which is same as that of simultaneous BWP switch on multiple CCs

RRC based BWP switch 
For RRC-based partial overlap BWP switching on multiple CCs. A remaining issue is whether to introduce an extra waiting time. During the discussion in the last meeting, companies have different views on the definition of “RRC processing delay”. Some companies hold that the RRC processing delay should involve the BWP switching delay defined in TS 38.133, while some other companies think the BWP switching delay should not be included. From our understanding, the issue to introducing the waiting time is raised from the following description in RAN2:
	The UE shall:
1>	process the received messages in order of reception by RRC, i.e. the processing of a message shall be completed before starting the processing of a subsequent message;


From our understanding, it is about processing the RRC measurement in order as there could be relation between the two RRC messages. It doesn’t related to the UE performance requirements for RRC procedure defined in clause 12 in TS 38.331. 
Observation 4: The intention to introduce the waiting time raised from the description in RAN2’s spec to guarantee that UE could process the RRC messages in order. 
For the RRC processing delay requirements defined in clause 12 in TS 38.133. The end point is when UE is ready for the reception of UL grant for RRC complete, and this is why the BWP switching delay is involved when RRC triggers BWP switch. Under the condition for RRC based partial overlapping BWP switch (FR1+FR2 NR-DC without SCS changes and UE is capable of per-FR gap), we cannot understand why the RRC message processing in one CG has to be delayed until UE is ready for UL grant reception in the other CG.
Observation 5: Under the limited conditions (FR1+FR2 NR-DC without SCS changes and UE is capable of per-FR gap), option 1 means the RRC message processing in one CG has to be delayed until UE is ready for UL grant reception in the other CG, which is not reasonable.
Also if we use the RRC procedure delay defined in clause 12 to interpret the description at the beginning of clause 5, it means UE shall not decode the second RRC message when the 1st one has been processed and the BWP switch is ongoing. 
Observation 6: if we use the RRC procedure delay defined in clause 12 to interpret the description at the beginning of clause 5, it means UE shall not decode the second RRC message when the 1st one has been processed and the BWP switch is ongoing.
For option 2 we even think under such limited conditions, the two RRC messages from 2 CGs may don’t have precedence relations. But the RRC message processing may be conducted in sequence for some UE implementation perspective. So we can compromise to option2 where the waiting time is upper bounded by the RRC processing time (10ms) in the 1st CG.
Proposal 6: The waiting time is upper bounded by the RRC processing time (10ms) in the 1st CG.
Cross carrier scheduling DCI-based BWP switch 
It could be observed for the BWP switching requirements for Rel-15 and Rel-16 that the cross carrier scheduling is not considered. For example, for the BWP switch on a single CC, only the case that the DCI is received on the same CC where the BWP switch occurs is considered in the spec. 
Observation 7: For the requirements for the BWP switch on a single CC, the cross carrier scheduling is not considered.
Also for the discussion of BWP switch on multiple CC, the cross carrier scheduling is also not considered. For the simultaneous case, the conditions for simultaneous DCI based BWP switch on multiple CCs are defined when all DCI for all CCs are received within the MRTD for inter-band CA. And for non-simultaneous case, the non-simultaneous DCI-based BWP switching on multiple CCs is excluded, as we only considered the case that BWP switch on each CC is only scheduled by the DCI received in the same CC, thus according to RAN1’s restriction, DCI on multiple CCs could only be received simultaneously or in sequence. 
Observation 8: The cross carrier scheduling is not considered for BWP switch on multiple CCs.
However, as discussed in the topic of dormancy SCell, which is enabled by cross carrier scheduled BWP switch on a single CC or multiple CCs, the corresponding requirements shall also be considered.
Proposal 7: The cross carrier scheduled DCI-based BWP switch on single CC/multiple CCs shall be considered in Rel-16.
Considering the cross carrier scheduling in BWP switch on multiple CCs, the scenarios could be quite complicated as analysed below:
Scenario 1:
The DCI scheduling the BWP switch is received on the same CC where the BWP occurs. Under this case, for each CC where the BWP witch occurs, there will be separate DCI to schedule the BWP switch which is received in the same CC, which is illustrated in Fig. 1. It is same as the legacy requirements for single CC and the requirements for the BWP switch on multiple CCs based on the previous discussion could apply under this case.
[image: ]
Fig.1. The BWP switch on each CC is scheduled by a separate DCI which is received in the same CC 
Scenario 2:
Another typical case is that the BWP switch on multiple CCs are scheduled by a single DCI, which is illustrated in Fig. 2. It could enable the NW to schedule the BWP switch on multiple CC with a single DCI. The requirements under this cases have not be thoroughly considered in terms of the cross carrier schedule, the reference point/CC to define the delay requirements.
[image: ]
Fig. 2. All CCs involved in the simultaneous BWP switch on multiple CCs are scheduled by a single DCI Scenario 3:
There could be other cases where the scheduling could be more flexible. A DCI could schedule BWP switch on a single CC or multiple CCs on any CC, which is illustrated in Fig. 3. From our understanding, it is not a typical use case compared to scenario 1&2. Considering the timeline to complete the requirements for BWP switch on multiple CCs in Rel-16, it is suggested to only consider scenario 1 and 2.
[image: ]

Fig. 3. A DCI could schedule BWP switch on a single CC or multiple CCs on any CC

Proposal 8: 
The requirements for BWP switch on multiple CCs in Rel-16 apply to following 2 cases: 1) the BWP switch on each CC is scheduled by a separate DCI which is received in the same CC; 2) All CCs involved in the simultaneous BWP switch on multiple CCs are scheduled by a single DCI.
Cross carrier scheduled DCI-based BWP switch on single CC
Compared with the legacy BWP switch on single CC, there are some aspect needs to be further considered:
1. Different SCS among scheduled CC and the scheduling CC.
2. MRTD 
3. Inter-CC scheduling delay
Considering the different SCS of scheduled CC and the scheduling CC, the length of DCI and processing time could be different as shown in Fig.4. The SCS of the scheduling CC is 15 KHz and the SCS of the scheduled CC is 120 KHz, and it could be observed that the symbol length of the 15 KHz is much longer than that of 120 KHz. The duration of the scheduling DCI is longer than the length of the whole slot with the SCS of 120 KHz. Thus, the starting point to define the BWP switching delay and length of the delay shall be carefully considered.
[image: ]
Fig.4. Cross carrier scheduled BWP switch on a single CC (scheduling CC: 15 KHz scheduled CC:120 KHz)
Different from the case shown in Fig. 4, when the SCS of the scheduled CC is larger as shown in Fig. 5, the DCI received in the scheduling CC could located at the very late symbols in the scheduled CC, which means there is almost no time for UE to perform the BWP switch within the current slot m. It could be observed that the cross carrier scheduling is quite different form the legacy case.
[image: ]
Fig.5. Cross carrier scheduled BWP switch on a single CC (scheduling CC: 120 KHz scheduled CC: 15 KHz)
Observation 9: The reference CC to define the starting and end point of cross carrier scheduled BWP switch shall be carefully considered.
Based on the analysis above, it is reasonable to define the starting point of the cross carrier BWP switch as the slot of the scheduling CC where UE receives the DCI and TBWPSwitchDelay shall be determined by the smaller SCS of all involved CC. 
Proposal: 9
Define the starting point of the cross carrier BWP switch as the slot of the scheduling CC where UE receives the DCI and TBWPSwitchDelay shall be determined by the smaller SCS of all involved CC.
Based on proposal 8, Thus we further analysis the cross carrier scheduling in the following cases:
1. The SCS of the scheduled CC is larger than or equal to that of the scheduling CC. 
As mentioned above, there are factors needs to be considered for the cross carrier scheduling. For the MRTD, for example, when the SCS of the scheduling CC is 15 KHz and the SCS of the scheduling CC is 120 KHz, the MRTD could be up to 25 us which will be overlapped with 3 symbols of the scheduled CC. The issues could also be observed from the interruption requirements where 1 addition slot is allowed for these case. Another issue should be considered is the inter-CC scheduling, different from the case when the DCI is received in the same CC, the inter-CC scheduling delay shall be considered for cross carrier scheduling. When the SCS of the scheduled CC is larger than that of the scheduling CC (scheduling CC: 15 KHz, scheduled CC: 120 KHz), it could be worse considering that the symbol length of the scheduling CC is larger than that of the scheduled CC. Thus as the starting point of the BWP switching delay is defined as the slot of scheduling CC, several slots of the scheduled CC could be overlapped with the time for DCI reception. 
Based on the analysis above, all these issues could lead to extra delay for cross carrier BWP switch, one additional slot of the scheduled CC shall be allowed.
2. The SCS of the scheduling CC is larger
As analysed above, the extra delay caused by MRTD and inter-CC scheduling should also be considered. However, when the SCS of the scheduling CC is larger, the duration of DCI and DCI parsing time is shorter. Though there could be additional delay caused by MRTD and inter-CC scheduling, it is proposed to not to introduce extra delay since the DCI parsing time is shorter.
Proposal 10:
For cross carrier scheduling, when the SCS of the scheduled CC is larger than or equal to that of the scheduling CC, one additional slot of the scheduled CC is allowed; when the SCS of the scheduling CC is larger than that of the scheduled CC, there is no need to introduce extra delay.

3. Conclusions
Observation 1: There is no impact between FRs when the UE is capable of per-FR gap and the BWP switch does not involve SCS changes.
Proposal 1: 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, or the BWP switches on multiple CCs involves SCS changing, N is the number of simultaneous BWP switching on both FR.
Proposal 2: TBWPswitchDelay shall also be based on the smallest SCS among all SCS values of all involved CCs regardless of SCS changes.
Proposal 3: For RRC-based simultaneous BWP switching on multiple CCs, the delay shall be same as single CC (𝑇𝑅𝑅𝐶𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔+𝑇𝐵𝑊𝑃𝑠𝑤𝑖𝑡𝑐ℎ𝐷𝑒𝑙𝑎) without extension.
Observation 2: If UE is capable of per-FR gap, the timer based BWP switch happens in two frequency range are performed in parallel if the BWP switch doesn’t involve SCS change.
Observation 3: Delaying the timer-based BWP switch for BWP switch on both FRs is not consist with RAN1’s spec.
Proposal 4: Timer-based partial overlapping BWP switch requirements are defined when BWP switch does not involve SCS changing.
Proposal 5:
For UE capable of per-FR gap:
	TMultipleBWPswitchDelayTotal = TDelay + TMultipleBWPswitchDelay , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered 	multiple CCs within the same frequency range. TMultipleBWPswitchDelay is the timer-based BWP switch delay on current single CC or simultaneously triggered on multiple CCs. 
For UE not capable of per-FR gap:
	TMultipleBWPswitchDelayTotal = 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 TMultipleBWPswitchDelay, and D is the incremental delay, which is same as that of simultaneous BWP switch on multiple CCs
Observation 4: The intention to introduce the waiting time raised from the description in RAN2’s spec to guarantee that UE could process the RRC messages in order. 
Observation 5: Under the limited conditions (FR1+FR2 NR-DC without SCS changes and UE is capable of per-FR gap), option 1 means the RRC message processing in one CG has to be delayed until UE is ready for UL grant reception in the other CG, which is not reasonable.
Observation 6: if we use the RRC procedure delay defined in clause 12 to interpret the description at the beginning of clause 5, it means UE shall not decode the second RRC message when the 1st one has been processed and the BWP switch is ongoing.
Proposal 6: The waiting time is upper bounded by the RRC processing time (10ms) in the 1st CG.
Observation 7: For the requirements for the BWP switch on a single CC, the cross carrier scheduling is not considered.
Observation 8: The cross carrier scheduling is not considered for BWP switch on multiple CCs.
Proposal 7: The cross carrier scheduled DCI-based BWP switch on single CC/multiple CCs shall be considered in Rel-16.
Proposal 8: 
The requirements for BWP switch on multiple CCs in Rel-16 apply to following 2 cases: 1) the BWP switch on each CC is scheduled by a separate DCI which is received in the same CC; 2) All CCs involved in the simultaneous BWP switch on multiple CCs are scheduled by a single DCI.
Observation 9: The reference CC to define the starting and end point of cross carrier scheduled BWP switch shall be carefully considered.
Proposal: 9
Define the starting point of the cross carrier BWP switch as the slot of the scheduling CC where UE receives the DCI and TBWPSwitchDelay shall be determined by the smaller SCS of all involved CC.
Proposal 10:
For cross carrier scheduling, when the SCS of the scheduled CC is larger than or equal to that of the scheduling CC, one additional slot of the scheduled CC is allowed; when the SCS of the scheduling CC is larger than that of the scheduled CC, there is no need to introduce extra delay.
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