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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a way forward to further study requirements for BWP switching on multiple CCs was approved in [1]. According to the WF, RAN4 is to investigate the BWP switching requirements for the following two main cases:
· Simultaneous triggering of BWP switching on multipe CCs and
· Non-simultaneous triggering of BWP switching on multiple CCs
In his paper we study the BWP switching delay requirements for the above two main cases. 
2. Simultaneous triggering of BWP switching on multipe CCs
According the WF it was agreed to study at least the following two scenarios when there is simultaneous triggering of BWP switching on multipe CCs: 
· Case 1: Simultaneous triggering of BWP switching on multiple CCs 
· When timer-based BWP switching is triggered on multiple CCs.
· When RRC-based BWP switching is triggered on multiple CCs.
· Other scenarios are not precluded.
The DCI-based simultaneously triggering of the BWP switching on multiple CCs is being discussed under Rel-16 WI on multi-RAT CA/DC enhancement. Therefore, in this paper we focus on the first two scenarios i.e. timer-based and RRC-based simultaneously triggering of the BWP switching on multiple CCs. 
In both (timer-based and RRC-based BWP switching), the BWP switching is initiated at the same time and therefore the UE starts the retuning on all CCs at the same time. The UE performs the BWP switching on multiple CCs in parallel. According to the existing requirements the UE while performing the BWP switching on one serving cell, it can receive and transmit signals on other serving cells (except during interruption due to RF retuning).  This means the UE has enough resources to receive/transmit on say serving cell#2 while it applies resources for BWP switching on serving cell#1. When performing BWP switching on mutipe CCs (e.g. serving cell # 1 and # 2) in parallel then the UE is not required to transmit or receive signals on these CCs (i.e. serving cell # 1 and # 2). Therefore, in our opinion the UE has enough resources to process and perform the BWP switching on mutipe CCs over the same duration as specified for the BWP switching on one CC. 
Therefore, in both cases (timer-based and RRC-based BWP switching) the BWP switching delay on each CC should be the same as currently defined in TS 38.133. 
· Proposal # 1: Under Rel-16 WI on RRM enhancement, only RRC-based and timer-based BWP switching delay requirements are specified when BWP switching is simultaneously triggered on multipe CCs.
· Proposal # 2: 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 the same type of BWP switching is simultaneously triggered on multiple CCs. 
3. Non-simultaneous triggering of BWP switching on multipe CCs
According the WF it was agreed to study at least the following two scenarios when there is non-simultaneous triggering of BWP switching on multipe CCs 
· Case 2: Non-simultaneous triggering of BWP switching on multiple CCs 
· When RRC-based BWP switching is triggered on a CC (CC1) while there is an on going RRC-based BWP switching on another CC (CC2).
· FFS whether to limit CC1 and CC2 in different CGs or within the same CG
· When timer-based or DCI based BWP switching is triggered on a CC (CC1) while there is an on going RRC-based BWP switching on another CC (CC2).
· FFS whether to limit CC1 and CC2 in different CGs or within the same CG
· Other scenarios are not precluded.

The non-simultaneous triggering of BWP switching on multipe CCs means that the ongoing BWP switching on one CC (e.g. CC1) can be interrupted due to the BWP triggering on the other CC(s) which is started later in time e.g. on CC2. This means the the on going BWP switching delay needs to be extended taking into account the interruption caused due to the BWP switching on the other CC(s). 

In order to derive the BWP switching delay requirement, consider an example in figure 1 illustraing the impact of the BWP switching on CC2 on the ongoing BWP switching on CC1. As shown in figure 1 the BWP switching on CC2 causes an interruption on CC1 due to RF tuning on CC1 within the BWP switching delay:
Time
BWP switching on CC1
Trigger BWP switching on CC1
Time
Trigger BWP switching on CC2
BWP switching on CC2
Interruptrion due to BWP switching on CC2

Figure 1: An example of BWP switching on multiple CCs with partially overlapping time.
The exact temporal location of the interruption is up to the UE implementation. In any case the ongoing BWP switching on CC1 should therefore be extended by the amount of interruption caused by the BWP switching on CC2. No further extension (except due to interruption) is needed since triggering of the BWP switching on CC2 does not change the configuration of BWP switching on CC1. However, the BWP switching on CC1 should only be extended if the UE is allowed the interruption. According to section 8.2.2.2.5 of TS 38.133:

“The UE is allowed to cause interruption of up to X slot to other active serving cells due to switching its active BWP involving changes in any of the parameters listed in Table 8.2.2.2.5-2 if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing.”. 

In cases other than those mentioned above the BWP switching does not cause any interruption on other serving cells.

The parameters that cause interruption are shown in table 1 (reproduced from section 8.2.2.2.5 of TS 38.133).

Table 1: Parameters which cause interruption other than SCS [Section 8.2.2.2.5, TS 38.133]
	Parameters
	Comment

	locationAndBandwidth
	From TS 38.331 [2]

	nrofSRS-Ports
	



The other issue is the interruption duration, which depends on the larger SCS between the SCS before BWP switch and the SCS after the BWP switch. The interruption duration for different SCS is shown in table 1 (reproduced from section 8.2.2.2.5 of TS 38.133). 

Table 2: Interruption length X [Section 8.2.2.2.5, TS 38.133]
	[image: ]
	NR Slot length (ms)
	Interruption length X (slotsNote 1)

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1:	If the BWP switch involves changing of SCS, the interruption due to BWP switch is determined by the larger one between the SCS before BWP switch and the SCS after the BWP switch. 


Yet another issue is whether the requirements should be limited to the case when the CCs are in the same CG or in different CGs e.g. CC1 in MCG and CC2 in SCG or vice versa. The rationale for excluding the case of CCs in different CG is that the network can coordinate and avoid non-overlapping BWP switching on CCs within the same CG. However, such coordination is not always possible; for example serving cells on different bands can be located in different physical base stations or base stations may not necessarily be co-located. Therefore, we propose that the requirements are define in generic manner covering any CCs regardless of whether they are in the same CG or in different CGs e.g. CC1 in MCG and CC2 in SCG or vice versa. 
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. 
· N (2 ≤ N≤ 8): It is the maximum number of serving cells supported by the UE.
· Observation # 1: 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 # 2: CCs within the same CG can be operated by different base stations, which may not be co-located preventing or at least making it difficult to coordinate BWP switching on different CCs within the same CG.  
· 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. 
· 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 (2).
· Proposal # 6: The BWP switching delay requirements are applicable regardless of whether the serving cells involved in BWP switching belong to the same CG or different CG. 
4. Summary
In this paper we have provided further analysis of the active BWP switching on multiple CCs based on the approved WF [1].  

Following are the proposals for simultaneous triggering of BWP switching on multipe CCs
· Proposal # 1: Under Rel-16 WI on RRM enhancement, only RRC-based and timer-based BWP switching delay requirements are specified when BWP switching is simultaneously triggered on multipe CCs.
· Proposal # 2: 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 the same type of BWP switching is simultaneously triggered on multiple CCs. 
Following are observations and proposals for non-simultaneous triggering of BWP switching on multipe CCs:
· Observation # 1: 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 # 2: CCs within the same CG can be operated by different base stations, which may not be co-located preventing or at least making it difficult to coordinate BWP switching on different CCs within the same CG.  
· 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. 
· 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. 
· N (2 ≤ N≤ 8): It is the maximum number of serving cells supported by the UE.
· Proposal # 6: The BWP switching delay requirements are applicable regardless of whether the serving cells involved in BWP switching belong to the same CG or different CG. 
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