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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The RAN4 led Rel-16 WI on NR RRM enhancement contains the following objective related to the BWP switching:
(4) RRM requirements of BWP switching 
· The Interruption requirement and BWP switching delay requirement when UE is configured or indicated to change BWP on multiple CCs
In his paper we discuss scenarios for BWP switching on multiple CCs and provide initial analysis related to BWP switching delay requirements for the case of multiple CCs. 
2. Scenarios for BWP switching on multiple CCs
There are potentially two main scenarios related to BWP switching on multiple CCs:
· Simultaneous triggering of BWP switching on multipe CCs
· Partially overlapping BWP switching on multiple CCs without simultaneous triggering of BWP switching on multiple CCs
2.1. Simultaneous triggering of BWP switching on multipe CCs
In this case the UE is simultaneously triggered to perform the BWP switching on at least two CCs (e.g. on SpCell and on one or more SCells or two or more SCells etc). An example is shown for two CCs in figure 1. 
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Figure 1: An example of triggering BWP switching on multiple CCs at the same time.
According to Rel-15 specifications DCI con trigger BWP switching of its own serving cell. Therefore, the same DCI cannot simultaneously trigger the BWP switching on multiple CCs. However, inadvertently DCIs on different serving cells may simultaneously trigger the BWP switching on multiple CCs. But practically this may be rare case. At least DCI-based BWP switch using the same DCI to simultaneously trigger the BWP switching on multiple CCs is not possible. 
The timer-based BWP switch to simultaneously trigger the BWP switching on multiple CCs is possible in Rel-15.
According to Rel-15 RRC specification it is possible to send the same RRC reconfigutaion message to the UE to simultaneously trigger the BWP switching on multiple CCs. Therefore RRC-based BWP switch to simultaneously trigger the BWP switching on multiple CCs is possible in Rel-15.
· Observation # 1: Same DCI cannot simultaneously trigger the BWP switching on multiple CCs in Rel-15.
· Observation # 2: BWP inactivity timers on different serving cells can expire at the same time triggering BWP switch on multiple CCs
· Observation # 3: Same RRC reconfiguration message can be used to simultaneously trigger the BWP switching on multiple CCs in Rel-15.
2.2. Non-simultaneous triggering but partially overlapping BWP switching on multiple CCs
In this case while the UE is switching BWP on one CC is triggered to switch the BWP on at least one another CC. But the UE is not simultaneously triggered to perform the BWP switching on these CCs. An example is shown for two CCs in figure 2. 
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Figure 2: An example of BWP switching on multiple CCs with partially overlapping time.
According to Rel-15 specifications non-simultaneously triggering but partially overlapping the BWP switching on multiple CCs like one shown in figure 2 is possible for all methods to switch the BWP. 
· Observation # 4: For any BWP switching method in Rel-15 the BWP switching on multiple CCs can partially overlap with each other even if they are not simultaneously triggered. 
3. BWP switching delay for BWP switching on multiple CCs
3.1. Switching delay in simultaneous triggering of BWP switching on multipe CCs
Based on observations # 1, 2 and 3 we propose that for the case of simultaneous triggering of BWP switching on multipe CCs the BWP switching delay requirements are defined for RRC-based and timer-based BWP switching. The likelihood of simultaneous triggering timer-based BWP switching on one set of CCs and RRC-based BWP switching on another set of CCs are triggered is quite low. Therefore, such mixed scenario can be excluded from defining the requirements. 
In both cases the BWP switching is done in parallel over multiple CCs where each serving cell has its own resources to perform the switching. Secondly the interruption due to BWP switching on all CCs will occur at the sametime. Therefore, in both cases the switching delay for BWP switching on each CC should be the same as currently defined in TS 38.133. 
· Proposal # 1: Only RRC-based and timer-based BWP switching delay requirements are specified when BWP switching is simultaneously triggered on multipe CCs.
· Proposal # 2: In proposal # 1, the requirements are defined assuming the same BWP switching method is used for all the CCs involved in the BWP switching i.e. either RRC-based or timer-based BWP switching.
· Proposal # 3: The existing BWP switching delay requirement defined in section 8.6 of TS 38.133 is applicable for BWP switching on each individual CC when BWP switching is simultaneously triggered on multiple CCs. 
3.2. Switching delay in non-simultaneous triggering but partially overlapping BWP switching on multiple CCs
Based on observations # 4 for the case of non-simultaneous triggering but partially overlapping BWP switching on multipe CCs, we proposed that the BWP switching delay requirements are defined for all the three methods: DCI-based, RRC-based and timer-based BWP switching. 

It is probable that partially overlapping BWP switching on multipe CCs are triggered by different methods. However, in the most common scenario, the same method triggers the BWP switching on different CCs resulting in partially overlapping BWP switching. Therefore, the scenario of non-simultaneous triggering the BWP switching on different CCs by the same BWP switching method is prioritized.

The non-simultaneous triggering means that the ongoing BWP switching on one CC can be interrupted due to the BWP triggering on the other CC(s). This means the the on going BWO switching delay needs to be extended taking into account the interruption caused due to the BWP switching on the other CC(s). Further analysis is needed for determining the extended BWP switching delay requirements.  
· Proposal # 4: BWP switching delay requirements for all the three methods are specified when BWP switching is non-simultaneously triggered on multipe CCs over partially overlapping time.
· Proposal # 5: In proposal # 1, the specification of requirements assuming the same BWP switching method for all the CCs involved in the BWP switching is priroritized i.e. either DCI-based, RRC-based or timer-based BWP switching.
· Observation # 5: 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). 
· Proposal # 6: When the BWP switching is non-simultaneously triggered on multipe CCs over partially overlapping time then the existing BWP switching delay requirement 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.
4. Summary
In this paper we have provided initial analysis of the active BWP switching on multiple CCs. Following are the observations and proposals based on the initiall analysis:
· Observation # 1: Same DCI cannot simultaneously trigger the BWP switching on multiple CCs in Rel-15.
· Observation # 2: BWP inactivity timers on different serving cells can expire at the same time triggering BWP switch on multiple CCs
· Observation # 3: Same RRC reconfiguration message can be used to simultaneously trigger the BWP switching on multiple CCs in Rel-15.
· Observation # 4: For any BWP switching method in Rel-15 the BWP switching on multiple CCs can partially overlap with each other even if they are not simultaneously triggered. 
· Proposal # 1: Only RRC-based and timer-based BWP switching delay requirements are specified when BWP switching is simultaneously triggered on multipe CCs.
· Proposal # 2: In proposal # 1, the requirements are defined assuming the same BWP switching method is used for all the CCs involved in the BWP switching i.e. either RRC-based or timer-based BWP switching.
· Proposal # 3: The existing BWP switching delay requirement defined in section 8.6 of TS 38.133 is applicable for BWP switching on each individual CC when BWP switching is simultaneously triggered on multiple CCs. 
· Proposal # 4: BWP switching delay requirements for all the three methods are specified when BWP switching is non-simultaneously triggered on multipe CCs over partially overlapping time.
· Proposal # 5: In proposal # 1, the specification of requirements assuming the same BWP switching method for all the CCs involved in the BWP switching is priroritized i.e. either DCI-based, RRC-based or timer-based BWP switching.
· Observation # 5: 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). 
· Proposal # 6: When the BWP switching is non-simultaneously triggered on multipe CCs over partially overlapping time then the existing BWP switching delay requirement 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.
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