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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#94 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]:

Conditions when requirements for partial overlap BWP switch are defined
Agreement: For DCI and RRC based BWP switch with partial overlap switch requirements are defined only defined when UE is capable of per FR gap. No restriction for timer based
DCI based partial overlap BWP switch for NR-DC
Agreement: DCI based partial overlap BWP switch for NR-DC is defined
Delay requirements for DCI/Timer/RRC based BWP switch
FFS on delay requirements for partial overlap BWP switch
Interruption requirements for partial overlap BWP switch
Agreement: Same as single CC, considered on each CC separately 

The delay requirements for DCI, Timer and RRC based BWP switching are FFS for their respective scenarios. This paper analyzes these BWP switching delay requirements under partially overlapped BWP triggering on multiple CCs. 
2. Analysis of BWP switching delay requirements
2.1. DCI-based BWP switching
According to the agreements the requirements for DCI-based partial overlap BWP switch shall be defined for UE capable of per FR gap in only NR-DC scenario. 
For UE supporting per FR gaps, the DCI-based BWP switching in one CG will not be interrupted due to DCI-based BWP switching in the other CG.  
[bookmark: _Hlk37323431]However depending on the number (K) of CCs that can be simultaneously processed by the UE for BWP switching, the BWP switching delay on a CC (e.g. CC1) in any CG (e.g. MCG) may be impacted by BWP switching on N1 number of CCs within its own CG (e.g. MCG) and by BWP switching on N2 number of CCs in the other CG (e.g. MCG). 
Therefore, the DCI-based BWP switching delay within the same CG on multiple CCs triggered by DCI should follow the same principle being used for defining delay for simultaneous DCI-based BWP switching on multiple CCs. Based on the analysis provided in [2] the delay (TDCIPartialOverlap) for partially overlapped DCI-based BWP switching on a CC shall be expressed as follows:
                                              (1)
Where:
· N = N1+N2
· N1 is the total number of CCs in MCG on which the DCI-based BWP switching is triggered simultaneously within MCG but over partially overlapping time wrt DCI-based BWP switching on N2 number of CCs in SCG. 
· N2 is the total number of CCs in SCG on which the DCI-based BWP switching is triggered simultaneously within SCG but over partially overlapping time wrt DCI-based BWP switching on N1 number of CCs in MCG. 
· K = 1
· D = 100 µs (Type 1) and 200 µs (Type 2)
· Observation # 1: For UE supporting per FR gaps, the BWP switching in one CG will not be interrupted by the BWP switching in the other CG. 
· Proposal # 1: The delay for partially overlapped DCI-based BWP triggering on multiple CCs in a CG shall follow the same principle used for simultaneous DCI-based BWP switching on multiple CCs for the same number of CCs.
2.2. RRC-based BWP switching
According to the agreements the requirements for RRC-based partial overlap BWP switch shall also be defined for UE capable of per FR gap in only NR-DC scenario. 
[bookmark: _Hlk37327460]For UE supporting per FR gaps, the RRC-based BWP switching in one CG will not be interrupted due to RRC-based BWP switching in the other CG.  
In this case as well depending on the number (K) of CCs that can be simultaneously processed by the UE for BWP switching, the RRC-based BWP switching delay on a CC (e.g. CC1) in any CG (e.g. MCG) may be impacted by RRC-based BWP switching on N1 number of CCs within its own CG (e.g. MCG) and by RRC-based BWP switching on N2 number of CCs in the other CG (e.g. MCG). 
Therefore, the RRC-based BWP switching delay within the same CG on multiple CCs triggered by DCI should also follow the same principle being used for defining delay for simultaneous RRC-based BWP switching on multiple CCs. Based on the analysis provided in [2] the delay (TRRCPartialOverlap) for partially overlapped RRC-based BWP switching on a CC shall be expressed as follows:
                                   (2)
Where:
· N = N1+N2
· N1 is the total number of CCs in MCG on which the RRC-based BWP switching is triggered simultaneously within MCG but over partially overlapping time wrt RRC-based BWP switching on N2 number of CCs in SCG. 
· N2 is the total number of CCs in SCG on which the DCI-based BWP switching is triggered simultaneously within SCG but over partially overlapping time wrt RRC-based BWP switching on N1 number of CCs in MCG. 
· K = 4
· Proposal # 2: The delay for partially overlapped RRC-based BWP triggering on multiple CCs in a CG shall follow the same principle used for simultaneous RRC-based BWP switching on multiple CCs for the same number of CCs.
2.3. Timer-based BWP switching
According to the agreements the requirements for timer-based partial overlap BWP switch shall be defined for UE regardless of whether it is capable capable of per FR gap or not. 
Another difference, compared to DCI- or RRC-based BWP switching, is that the the timer-based BWP switching can be triggered on any CC anytime even within the same CG. One implication is the interruption to the ongoing timer-BWP switching. There are two different cases:
· For the UE capable of per FR gap, the ongoing timer-based BWP switching on a CC in a CG (e.g. MCG) can be interrupted by triggering of timer-based BWP switching on other (N1-1) CCs only within the same CG (e.g. MCG). 
· For the UE not capable of per FR gap, the ongoing timer-based BWP switching on a CC in a CG (e.g. MCG) can be interrupted by timer-based BWP switching on (N1-1) other CCs within the same CG (e.g. MCG) and also by timer-based BWP switching on N2 CCs in the other CG (e.g. SCG). 
The timer-based BWP switching delay should depend on the total number (K) of CCs that can be simultaneously processed by the UE for BWP switching as well as the total duration to account for the interruption caused by timer-based BWP switching on other CCs within the same CG or in both CG depending whether the UE supports per FR gap or not. 
Based on the analysis provided in [2] and considering the impact of interruption during the timer-based BWP switching, the delay (Ttimer-partial overlap) for partially overlapped timer-based BWP switching on a CC shall depend on whether the UE is capable of per FR gap or not: 
For the UE capable of per FR gaps, the delay (Ttimer-partial overlap) for partially overlapped timer-based BWP switching delay on CC in CG1 shall be expressed as follows:
                    (3)
For the UE not capable of per FR gaps the delay (Ttimer-partial overlap) for partially overlapped timer-based BWP switching delay on CC in CG1 shall be expressed as follows:
                    (4)
Where:
· N = N1+N2
· N1 is the total number of CCs in CG1 on which the timer-based BWP switching is triggered. 
· N2 is the total number of CCs in CG2 on which the timer-based BWP switching is triggered. 
· K = 1
· D = 100 µs (Type 1) and 200 µs (Type 2)

· Observation # 2: For the UE capable of per FR gap, the ongoing timer-based BWP switching on a CC in a CG (e.g. MCG) can be interrupted by triggering of timer-based BWP switching on other (N1-1) CCs only within the same CG (e.g. MCG). 
· Observation # 3: For the UE not capable of per FR gap, the ongoing timer-based BWP switching on a CC in a CG (e.g. MCG) can be interrupted by timer-based BWP switching on (N1-1) other CCs within the same CG (e.g. MCG) and also by timer-based BWP switching on N2 CCs in the other CG (e.g. SCG). 
· Proposal # 2: The delay for partially overlapped timer-based BWP triggering on multiple CCs in a CG shall include delay due to simultaneous timer-based BWP switching on multiple CCs and the total duration to account for the interruption caused by timer-based BWP switching on other CCs within the same CG or in both CG depending whether the UE supports per FR gap or not.
3. 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:


For DCI-based triggering:
· Observation # 1: For UE supporting per FR gaps, the BWP switching in one CG will not be interrupted by the BWP switching in the other CG. 
· Proposal # 1: The delay for partially overlapped DCI-based BWP triggering on multiple CCs in a CG shall follow the same principle used for simultaneous DCI-based BWP switching on multiple CCs for the same number of CCs:

Where:
· N = N1+N2
· N1 is the total number of CCs in MCG on which the DCI-based BWP switching is triggered simultaneously within MCG but over partially overlapping time wrt DCI-based BWP switching on N2 number of CCs in SCG. 
· N2 is the total number of CCs in SCG on which the DCI-based BWP switching is triggered simultaneously within SCG but over partially overlapping time wrt DCI-based BWP switching on N1 number of CCs in MCG. 
· K = 1
· D = 100 µs (Type 1) and 200 µs (Type 2)
For RRC-based triggering:
· Proposal # 2: The delay for partially overlapped RRC-based BWP triggering on multiple CCs in a CG shall follow the same principle used for simultaneous RRC-based BWP switching on multiple CCs for the same number of CCs:

Where:
· N = N1+N2
· N1 is the total number of CCs in MCG on which the RRC-based BWP switching is triggered simultaneously within MCG but over partially overlapping time wrt RRC-based BWP switching on N2 number of CCs in SCG. 
· N2 is the total number of CCs in SCG on which the DCI-based BWP switching is triggered simultaneously within SCG but over partially overlapping time wrt RRC-based BWP switching on N1 number of CCs in MCG. 
· K = 4
For timer-based triggering:
· Observation # 2: For the UE capable of per FR gap, the ongoing timer-based BWP switching on a CC in a CG (e.g. MCG) can be interrupted by triggering of timer-based BWP switching on other (N1-1) CCs only within the same CG (e.g. MCG). 
· Observation # 3: For the UE not capable of per FR gap, the ongoing timer-based BWP switching on a CC in a CG (e.g. MCG) can be interrupted by timer-based BWP switching on (N1-1) other CCs within the same CG (e.g. MCG) and also by timer-based BWP switching on N2 CCs in the other CG (e.g. SCG). 
· Proposal # 2: The delay for partially overlapped timer-based BWP triggering on multiple CCs in a CG shall include delay due to simultaneous timer-based BWP switching on multiple CCs and the total duration to account for the interruption caused by timer-based BWP switching on other CCs within the same CG or in both CG depending whether the UE supports per FR gap or not:

For the UE not capable of per FR gaps the delay (Ttimer-partial overlap) for partially overlapped timer-based BWP switching delay on CC in CG1 shall be expressed as follows:

Where:
· N = N1+N2
· N1 is the total number of CCs in CG1 on which the timer-based BWP switching is triggered. 
· N2 is the total number of CCs in CG2 on which the timer-based BWP switching is triggered. 
· K = 1
· D = 100 µs (Type 1) and 200 µs (Type 2)
References
[1] R4-2002244, WF on R16 NR RRM enhancements - BWP switching on multiple CCs, Intel.
[2] R4-2002090, On simultaneously triggered BWP switching on multiple CCs, Ericsson.
