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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#93 meeting the WF on BWP switching on multiple CCs was approved [1]. The following agreements related to the partially overlapped BWP triggering on multiple CCs were captured in the WF [1]:

· For BWP switching on multiple CCs with partial overlap:
· Requirements are defined for BWP switching on all CCs triggered by the same method (Timer or RRC)
· DCI based switching is not considered for CA; FFS for NR-DC
· RRC based switching shall be considered for NR-DC only
· Timer based switching shall be considered for CA and NR-DC
· FFS on BWP switching delay with partial overlap triggering
· FFS on interruption requirements for BWP switching with partial overlap triggering
In this paper we address the open issues and provide further analysis of the BWP switching requirements under partially overlapped BWP triggering on multiple CCs triggered. 
2. Scenarios for partial overlap BWP triggering
One main open issue with respect to scenario is whether requirement need to be defined for DCI based BWP switching for NR-DC. The serving cells (e.g. SpCell and SCell(s)) in different CGs can independently perform DCI based BWP switching. Furthermore, it may not be possible for SpCells of different CGs to coordinate on short time scale basis over which DCI based switching can be triggered. We therefore propose that requirements are also defined for DCI based BWP switching on serving cells of different CGs in NR-DC.
· Observation # 1: Serving cells in different CGs can independently perform DCI based BWP switching and coordination between CGs may not be possible. 
· Proposal # 1: BWP switching requirements are also specified for partial overlap triggering of DCI-based BWP switching on multiple CC.
3. Analysis of BWP switching requirements
According to the agreement the requirements for timer-based BWP switching will be defined for both CA and MR-DC cases. 
The main issue with partially overlapping BWP triggering is that at least the ongoing BWP switching (e.g. on CC1) will be interrupted by the subsequent BWP switching (e.g. on CC2). As shown in figure 1 the BWP switching on CC2 causes an interruption on CC2 due to RF tuning on CC1 within the BWP switching delay. In principle the ongoing BWP switching on CC1 should therefore be extended by the amount of interruption caused by the BWP switching on CC2. 
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Figure 1: An example of BWP switching on multiple CCs with partially overlapping BWP triggering.

One important scenario to consider is the BWP switching on CCs with different numerolgies. For example when numerologies on multiple CCs are very different then BWP switching triggered on a CC (e.g. CC2) with shorter slot (e.g. 0.25 ms) may cause an interruption on a CC (e.g. CC1) with longer slot (e.g. 1 ms) spanning across two successive slots. An example is shown in figure 2 where the BWP switches on CC2 during at time instance, Tg, which occurs one CC2 slot before the CC1 slot boundary. Even though the slots of CC1 and CC2 are aligned, the triggering of BWP switching on CC2 at Tg may cause an interruption of 1 additional slot to CC1 especially if Tg occurs close to CC1 slot. This means the ongoing BWP switching on CC1 needs to be extended for one additional slot. To avoid the extra delay we propose that when numerologies are different then the UE actually triggers the BWP switching on CC2 at the slot boundary of CC1 which occurs immediately after Tg. This should be applicable for at least synchronous case i.e. CA (which is always synchronous) and for synchronous NR-DC. In case of asynchronous NR-DC it may not always be possible to avoid one extra slot of interruption. 

[bookmark: _Hlk32491653]With the above rule the interruption the ongoing DCI- or timer-based BWP switching on CC1 due to DCI- or timer-based BWP switching on CC2 should not be more than the exisiting interruption lengths defined in sections 8.2.2.2.5 for CA and 8.2.4.2.5 for NR-DC. Similarly with the above rule the interruption to the ongoing RRC-based BWP switching on CC1 due to RRC-based BWP switching on CC2 should not be more than the exisiting interruption lengths defined in sections 8.2.2.2.5 for CA and 8.2.4.2.5 for NR-DC.
Time
Trigger BWP switch on CC2 at Tg
Time
CC2
Slot boundary on CC1

slot
CC1
Slot boundary on CC2

slot
Intrerruption on CC1


Figure 2: An example of triggering of timer-based BWP switching on CC2 where slots of CC1 and CC2 are time-aligned wrt each other (synchronous multi-carrier operation) with different SCS
Based on the above analysis the total BWP switching delay for CC1 while the interruption is caused by the BWP switching on CC2 can be expressed by (1):
                                                  (1)
In general, the total BWP switching delay for one serving cell (e.g. serving cell # j), while it is being interruption due to BWP switching on up to N number of serving cells can be expressed by the following generalized expression in (2):
                                        (2)
Where:
·  : It is the total time to switch BWP on a serving cell.
·  : It is the BWP switching delay specified in section 8.6.2 for timer or DCI-based BWP switching, or in section 8.6.3 for RRC-based BWP switching.
·  : It is the interruption on a serving cell while switching its BWP due to the BWP switching on another ith serving cell. It is expressed in slots of the CC where interruption occurs. The interruption defined in sections 8.2.2.2.5 for CA and 8.2.4.2.5 for NR-DC can be reused.
· N (2 ≤ N≤ TBD): It is the maximum number of serving cells supported by the UE.
It is important to point out that the UE capable of per FR gap should not cause any interruption to the ongoing BWP switching on CC (i.e. CC1) if it belongs to FR different than the FR of a CC (i.e. CC2) where the BWP switching occurs. However for the case when the BWP switching causes interruption the existing BWP switching delay defined in section 8.6 of TS 38.133 needs to be extended by adding the interruption caused by the triggering of BWP switching on one or more CCs on the ongoing BWP switching on another CC.
Summary
[bookmark: _Hlk23953093]In this paper we have further analyzed the active BWP switching requirements when the BWP switching is triggered on multiple CCs over partially overlapping time. Following are the main observations and proposals:
· Observation # 1: Serving cells in different CGs can independently perform DCI based BWP switching and coordination between CGs may not be possible. 
· Proposal # 1: BWP switching requirements are also specified for partial overlap triggering of DCI-based BWP switching on multiple CC.
· Observation # 2: When the BWP switching is non-simultaneously triggered on multipe CCs over partially overlapping time, then the ongoing BWP switching on one CC can be interrupted due to the BWP triggering on the other CC(s). 
· Observation # 3: When numerologies of CCs involved in BWP switching are different then BWP switching on CC with larger SCS may cause interruption on CC with smaller SCS spanning across successive slots. 
· Proposal # 2: UE shall trigger the BWP switching on a CC at slot boundary of the other CC with the smallest SCS where there is an ongoing BWP switching for CA and synchronous DC.
· Proposal # 3: For the case when BWP switching does not cause any interruption then the total BWP switching delay for one serving cell shall be the same as defined in section 8.6 of TS 38.133. 
· [bookmark: _GoBack]Proposal # 4: For the case when BWP switching causes interruption, then the existing BWP switching delay defined in section 8.6 of TS 38.133 needs to be extended, in order to account for the interruption caused by the triggering of BWP switching on one or more CCs on the ongoing BWP switching on another CC.
· Proposal # 5: In proposal # 4, the total BWP switching delay for one serving cell can be expressed by:

Where:
·  : It is the total time to switch BWP on a serving cell.
·  : It is the BWP switching delay specified in section 8.6.2 for timer or DCI-based BWP switching, or in section 8.6.3 for RRC-based BWP switching.
·  : It is the interruption on a serving cell while switching its BWP due to the BWP switching on another ith serving cell. It is expressed in slots. CC where interruption occurs. The interruption defined in sections 8.2.2.2.5 for CA and 8.2.4.2.5 for NR-DC can be reused.
· N (2 ≤ N≤ TBD): It is the maximum number of serving cells supported by the UE.
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