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Introduction
In last meeting there was good progress on defining BWP switching delay requirements when UE is indicated to change BWP on multiple CCs. In this contribution, we provide our views remaining open issues on delay requirements for BWP switching on multiple CC. 
Discussion
RAN4 made good progress on defining the delay requirements for DCI/timer/RRC based BWP switch for simultaneous and non-simultaneous triggering of BWP switching. However, there were few open issues pending to finalise the delay requirements. In the following sections, we discuss the remaining open issues for delay requirements of simultaneous and non-simultaneous BWP triggering methods.
  BWP switching delay for simultaneous triggering 
DCI/Timer based BWP switch delay 
In RAN4#95-e meeting the following WF [1] is agreed for DCI/timer based simultaneous BWP switch delay. 
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: 
· 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
From the WF, we can observe that only definition N value is pending. We provide our views on definition of N value below.
Definition of N Value:
When UE is capable of per-FR gap, BWP switch on each FR do not cause interruption on other FR. Due to this we think UE can in parallel switch BWP on each FR if it is per-FR capable UE. However when SCS change is involved baseband reconfiguration may be required. In this case even if UE is capable of per-FR gap, it may cause interruption on other CC. When UE is not capable of per-FR gap, since BWP switch on one carrier (in one FR) cause interruption on other carrier (in other FR), Due to this we feel N can be considered as the number of simultaneous BWP switching carrier on both FR. 
In short, we prefer option 2 of WF for definition of N value.
Proposal 1: When DCI and timer based BWP switch do not involves SCS change, definition of N for DCI and timer-based BWP switch on multiple CCs: 
· For UE which is capable of per-FR gap: 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 

RRC based BWP switch delay
In RAN4#95-e meeting the following WF [1] is agreed for RRC based simultaneous BWP switch delay.
Delay requirements for RRC based BWP switch
Switching delay for RRC based simultaneous switching is; 
Where DRRC is FFS and will be decided in RAN4#95-e.
· 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

RRC based BWP switching delay (16ms) involves RRC processing delay (10ms) and BWP switching delay (6ms). We still feel that 16ms is quite relaxed value and no other procedure (for example multiple SCell addition or activation) which involves parallel processing on multiple CC has more delay than 16ms in NR. 
If we agree option 2, for type 2 D value can be 400us, 800us, 1000us based on UE capability. For a UE which is capable of supporting only 800us or 1000us switching delay, BWP switching on 8 carriers results in 23ms. Which is quite high. 
Moreover, when UE receive RRC reconfiguration for BWP switch, UE may receive following configurations.
1. UE may be configured to change BWP switch alone without SCell add/release or SCG modifications
2. UE may be configured to change BWP switch along with SCell add/release or SCG modifications. That means as part of SCell addition or SCG modification, UE may be asked to perform BWP switch also.
RAN2 already defined processing delay for SCell addition and SCG modification, which is 16ms. We feel that BWP switch on multiple CC may not take more than 16ms.
Based on the above reasoning we make following proposal.
Proposal 2: RRC based BWP switch delay on multiple CC with simultaneous trigger is given by    where DRRC=0;

  BWP switch delay using non-simultaneous triggering
In RAN4#95-e-bis meeting, BWP switch delay using non-simultaneous triggering using DCI is agreed. However timer based and RRC based BWP switching delay requirement are not agreed yet. 
Partially overlapped timer based BWP switch triggering 
In last meeting following WF is agreed for timer based BWP switch.
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
Main motivation for Sub1 comes from argument that timer based BWP switch triggers when there is no data received on existing BWP for certain amount of time. In this scenario, since there is no activity on existing BWP for certain amount of time, performance may not be affected even if relaxed requirement is defined. Though technically we support option 1, we do not see much harm in agreeing to relaxed requirement in this case. Therefore to make progress we can agree to option 2 that is sequential processing of timer based BWP switch irrespective of UE supports per-FR gap or not.  
Since we can agree to sequential processing, we support option 1 for sub 2 for switching delay requirement. Based on this we make following proposal
Proposal 3a: RAN4 to agree that UE process timer based BWP sequentially irrespective of per-FR capability of UE.  
Proposal 3b: Delay requirement for timer based partially overlapped triggering is given by 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. 

Partially overlapped RRC based BWP switch triggering 
For partially overlapped triggering of RRC based BWP switching on multiple CC following WF is agreed.
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 requirements for RRC based BWP switch:
· Option 1: upper bound by the multiple BWP switch delay of the 1st CG.
· Option 2: upper bound by the RRC processing time in the 1st CG.   
· 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.
If we recall the reason for introduction of the wait time, it is due to following RAN2 constraint regarding the processing of RRC message as mentioned in TS 38.331. 
 “UE shall 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”
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Figure 1: Non-simultaneous RRC based BWP switch in NR-DC

As agreed in WF and shown in figure 1, option 1 implies that UE will process RRC command on other CC only after completing RRC based BWP switch on the first CG. Option 2 implies that RRC processing can be started after completion of first RRC message. In our understanding, two options are coming in to the picture because of following wording in clause 12 of TS 38.331. In our understanding the text highlighted in yellow may be the main reason for option 1.
12	Processing delay requirements for RRC procedures
The UE performance requirements for RRC procedures are specified in the following tables. The performance requirement is expressed 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). In case the RRC procedure triggers BWP switching, the RRC procedure delay is the value defined in the following table plus the BWP switching delay defined in TS 38.133 [14], clause 8.6.3.   
From the above wording it can be observed that RRC based BWP switch will be completed when UE transmits RRC reconfiguration complete message on new BWP. We think this is the reason why RRC procedure delay includes BWP switching delay. In our understanding, BWP switch is not RRC procedure and due to this UE RRC layer can process other RRC message after the first RRC message processing is completed. Only reason UE has to wait for BWP switch completion is to transmit RRC reconfiguration complete message. Therefore our view to sub1 and sub 2 are option 2 and option 1 respectively. 

Based on the above analysis we make following proposal.   
Proposal 4: RAN4 to agree that wait time for RRC based non-simultaneous BWP switchshould be upper bounded by RRC processing time in 1st CG.

1. Conclusion
In this contribution, we have analysed the requirements for BWP switching on multiple CC and made the following proposals:
Proposal 1: When DCI and timer based BWP switch do not involves SCS change, definition of N for DCI and timer-based BWP switch on multiple CCs: 
· For UE which is capable of per-FR gap: 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 
Proposal 2: RRC based BWP switch delay on multiple CC with simultaneous trigger is given by    where DRRC=0;
Proposal 3a: RAN4 to agree that UE process timer based BWP sequentially irrespective of per-FR capability of UE.  
Proposal 3b: Delay requirement for timer based partially overlapped triggering is given by 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. 
Proposal 4: RAN4 to agree that wait time for RRC based non-simultaneous BWP switchshould be upper bounded by RRC processing time in 1st CG.
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