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Bandwidth part switching on multiple component carriers was discussed at RAN4#93, with two cases being covered: simultaneous triggering, and non-simultaneous triggering. A WF [1], capturing definitions and outstanding issues for each case, was agreed.
For the simultaneous triggering case, the following definition was agreed:Definition of Simultaneous triggering of BWP switching on multiple CCs
· For DCI based switching: 
· The timing difference among the first symbol of slot carrying DCI for all CCs is received within the MRTD for inter-band CA
· For Timer based switching:
· The timing difference among the beginning of the slot where timer based BWP switching starts for all CCs is within MRTD inter-band CA
· For RRC based switching:
· RRC based BWP switching on multiple CCs for NR-CA is triggered by 1 RRC command
· FFS for NR-DC operation









Moreover, regarding the associated BWP switching delay and interruption requirements, the following was agreed:
· Requirements are defined for BWP switching on all CCs triggered by the same method (DCI, Timer or RRC)
· RRC based BWP switching on multiple CCs for NR-CA is triggered by 1 RRC command
· FFS for NR-DC operation
· For BWP switching delay requirements companies are encouraged to bring analysis on BWP switching delay components that can be done in parallel and sequentially
· Option 1: BWP switching on multiple CCs would be N times delay of single CC, where 1 < N < Number of CCs
· FFS if BWP switching delay requirements are scaled for subset of CCs or for all CCs. 
· Option 2: BWP switching delay 1 CC + ; Where D is the incremental processing delay on additional CCs; N is number of CCs; K is number of CCs that can be processed simultaneously
· Other options are not precluded
· Interruption requirements are FFS













In this contribution we provide further analysis of RRC-based, Timer-based and DCI-based simultaneously triggered BWP switching of multiple component carriers. 
Discussion
RRC-based BWP switching

The existing requirement for RRC-based BWP switching delay for BWP change of a single carrier states that for reception of RRC message in slot n, the UE shall be capable of receiving or transmitting in the first DL or UL slot after the beginning of DL slot n + , with TRRCprocessingDelay specified in TS 38.331 clause 12 and TBWPswitchDelayRRC  = 6 ms. The UE is allowed to cause an interruption on other carriers somewhere during the time period TRRCprocessingDelay + TBWPswitchDelayRRC, as specified in TS 38.133 clause 8.2. It shall be noted that for this case, the numerology of the component carrier for which a BWP change is carried out has no impact on the requirement.

Actions to be taken by the UE after having decoded the RRC message include e.g. reconfiguration of hardware accelerators and DSPs, and reconfiguration of the radio(s). Such activities are typically controlled by a single CPU, and programming of a radio is typically carried out by serial writing to registers.

When RRC-based BWP switching is triggered for multiple carriers, one may anticipate an extension of the time for software reconfiguration as well as for radio programming that is proportional to the number of concerned component carriers. Given that TBWPswitchDelayRRC  = 6 ms, which is large compared to the requirements for Timer-based and DCI-based BWP change, it is likely that reconfiguration for all component carriers can be carried out within the existing 6 ms. There may however be some impact on the duration of the interruption.

Timer-based BWP switching
 
The existing requirement for timer-based BWP switching for switching of a single carrier states that for a trigger (BWP inactivity timer expiry) immediately before slot n, the UE shall be capable of receiving or transmitting in the first DL or UL slot after the beginning of DL slot n + TBWPswitchDelay, with TBWPswitchDelay specified in clause 8.6.2. The UE is allowed to cause an interruption on other carriers during the time period TBWPswitchDelay, as specified in TS 38.133 clause 8.2. 

When Timer-based BWP switching is triggered for multiple carriers, one may anticipate an extension of the time for software reconfiguration as well as for radio programming that is proportional to the number of concered component carriers. Depending on the numerology, this may require an extension of the overall BWP switching delay. Likewise there may be some impact on the duration of the interruption.

For mixed numerologies, since the TBWPswitchDelay differ depending on numerology, interruptions may potentially get spread out in time, see Figure 1. This will have a negative impact on component carriers for which BWP switching is not carried out, and hence should be addressed. 



[bookmark: _Ref32585666]Figure 1: Timer-based triggering. Triggering of BWP switching in different numerologies.


DCI-based BWP switching

The existing requirements for DCI-based BWP switching for switching of a single carrier states that for a DCI indicating BWP switching in slot n, the UE shall be capable of receiving of transmitting [using the new DL or UL BWP] in the first DL or UL slot after the beginning of DL slot n + TBWPswitchDelay, where TBWPswitchDelay is same as for Timer-based triggering and specified in TS 38.133 clause 8.2. As specified in TS 38.213 clause 12, the PDCCH carrying the DCI that triggers the BWP switch shall be transmitted in the first 3 OFDM symbols of the slot.

Reception of DCI can be carried out in parallel on all component carriers, as the UE implementation is dimensioned for monitoring DCI on all serving cells. As there is some latency involved in receiving the PDCCH and parsing the DCI, this case becomes somewhat tighter for the UE than the timer-based BWP switching case. For mixed numerologies, there is additionally a difference in time at which the UE detects the BWP switching, due to difference in time for receiving an OFDM symbol in different numerologies. Downlink reception is typically handled by a state machine that ticks on OFDM symbols basis. Thus parsing of the DCI may for instance be finished X OFDM symbols into the slot, where the latency represented by the X symbols depends on the numerology in use; see Figure 2. This may need to be taken into account in requirements for BWP switching on multiple component carriers, as it leads to significantly less time for software reconfiguration. 

Same as for the previous case, for mixed numerologies interruptions may potentially get spread out in time. This will have a negative impact on component carriers for which BWP switching is not carried out, and hence should be addressed. 



[bookmark: _Ref32586164]Figure 2: DCI-based triggering. Triggering of BWP switching in different numerologies.


Proposals

Regarding the discussion in the WF on which components can be executed in parallel and sequence, respectively, we make the following proposals:

Proposal 1: For DCI-based triggering, the requirements shall assume that reception of PDCCH and parsing of DCI can be carried out fully in parallel on the monitored component carriers.

Proposal 2: For software reconfiguration, i.e. CPU providing new configurations to hardware accelerators and DSPs at BWP change, requirements may consider additional time proportional to the number of component carriers for which a change is carried out. We may further discuss whether it is needed for type1, type2, or both.

Proposal 3: For radio reconfiguration, the requirements may consider additional time proportional to the number of component carriers for which BWP change is carried out, as writing to registers may be serial. 

Further, regarding Timer-based and DCI-based BWP switch requirements, which share the same requirement when the BWP switching is for a single carrier, we make the following observations:

Observation 1: The point in time at which the UE detects that BWP changes are triggered simultaneously on multiple component carriers differ between Timer-based and DCI-based triggering, resulting in a tighter timeline for the latter.

Observation 2: In mixed numerologies and DCI-based triggering, the point in time at which the UE detects whether BWP changes are triggered on multiple component carriers simultaneously via DCI-based depends on the lowest numerology among the component carriers. The lower the numerology, the later the DCI parsing is completed.

Based on the observations we make the following proposal:

Proposal 4: Separate requirements shall be introduced for Timer-based and DCI-based BWP change on multiple component carriers, as the margins in the respective timelines differ.

Regarding the interruptions, we make the following observation:

Observation 3: In Timer-based or DCI-based triggering, the location of the interruption window depends on the numerology of the carrier for which BWP change is carried out. If not accounted for when defining BWP change delay requirements for simultaneous triggering in mixed numerologies, it may lead to undesirable performance degradation on component carriers for which switching is not carried out.

As multiple scattered interruptions on component carriers for which BWP switching is not carried out would be undesirable, we make the following proposal:  

Proposal 5: Performance impact by interruptions on other component carriers shall be taken into account when defining Timer-based and DCI-based BWP change delay requirements for simultaneously triggered BWP change of multiple component carriers.

Summary and Conclusion
In this contribution we have provided further analysis of RRC-base, Timer-base and DCI-based simultaneously triggered BWP switching of multiple component carriers.
The following proposals and observations are made: 
Proposal 1: For DCI-based triggering, the requirements shall assume that reception of PDCCH and parsing of DCI can be carried out fully in parallel on the monitored component carriers.

Proposal 2: For software reconfiguration, i.e. CPU providing new configurations to hardware accelerators and DSPs at BWP change, requirements may consider additional time proportional to the number of component carriers for which a change is carried out. We may further discuss whether it is needed for type1, type2, or both.

Proposal 3: For radio reconfiguration, the requirements may consider additional time proportional to the number of component carriers for which BWP change is carried out, as writing to registers may be serial. 

Observation 1: The point in time at which the UE detects that BWP changes are triggered simultaneously on multiple component carriers differ between Timer-based and DCI-based triggering, resulting in a tighter timeline for the latter.

Observation 2: In mixed numerologies and DCI-based triggering, the point in time at which the UE detects whether BWP changes are triggered on multiple component carriers simultaneously via DCI-based depends on the lowest numerology among the component carriers. The lower the numerology, the later the DCI parsing is completed.

Proposal 4: Separate requirements shall be introduced for Timer-based and DCI-based BWP change on multiple component carriers, as the margins in the respective timelines differ.

Observation 3: In Timer-based or DCI-based triggering, the location of the interruption window depends on the numerology of the carrier for which BWP change is carried out. If not accounted for when defining BWP change delay requirements for simultaneous triggering in mixed numerologies, it may lead to undesirable performance degradation on component carriers for which switching is not carried out.

Proposal 5: Performance impact by interruptions on other component carriers shall be taken into account when defining Timer-based and DCI-based BWP change delay requirements for simultaneously triggered BWP change of multiple component carriers.
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