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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In last RAN4 meeting, an LS [1] was agreed on the BWP switching delay. At the same time, RAN1 agreed the definition of the starting and ending time of BWP switching and the interruption to the serving cell with BWP switching. However, BWP switching may require RF frequency change which will also introduce interruption to other serving cells. The interruption requirement should be clearly defined. In this paper, we discuss the interruption requirement due to BWP switching.
2	RAN1 and RAN4 agreements on BWP switching delay in last meeting
In RAN1#92 meeting, the following agreements were achieved [2]. In short, the following details were specified:
· Beginning of the BWP switching duration
· End of the BWP switching duration
· Scheduling interruption on that carrier equals the whole BWP switching duration.
	Agreements:
· A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch
· For DCI-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI or K2 in the active UL BWP switch DCI
· For timer-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the beginning of the subframe (FR1) or from the beginning of the half-subframe (FR2) immediately after a BWP timer expires till the beginning of a slot UE is able to receive DL signals or transmit UL signals in the default DL BWP for paired spectrum or the default DL or UL BWP for unpaired spectrum



In last RAN4 meeting, an LS [1] was agreed on 2 types of BWP switching delays for 4 different scenarios in both FR1 and FR2, as shown in Table 1.
[bookmark: _Ref510033351]Table 1: BWP switching delay parameters
	Frequency Range
	Scenario
	Type 1
Delay (us)
	Type 2
Delay (us)
	Comment

	1
	1
	600
	 2000
	

	
	2
	600
	 2000
	

	
	3
	600
	 2000
	

	
	4
	400
	950
	No delay required from the RF perspective

	2
	1
	600
	 2000
	

	
	2
	600
	 2000
	

	
	3
	600
	 2000
	

	
	4
	400
	950
	No delay required from the RF perspective



The 4 scenarios are
Scenario 1: The reconfiguration involves changing the center frequency of the BWP without changing its BW. The reconfiguration may or may not involve changing the SCS.
Scenario 2: The reconfiguration involves changing the BW of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
Scenario 3: The reconfiguration involves changing both the BW and the center frequency of the BWP. The reconfiguration may or may not involve changing the SCS.
Scenario 4: The reconfiguration involves changing only the SCS, where the center frequency and BW of the BWP remain unchanged.

If we jointly consider both agreements in RAN1 and RAN4, then time lines can be illustrated in Figure 1 for DCI-based switching and in Figure 2 for timer-based switching.
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[bookmark: _Ref510033521]Figure 1: Time line for DCI-based BWP switching delay 
[image: ]
[bookmark: _Ref510033544]Figure 2: Time line for timer-based BWP switching delay
Some observations from above figures are provided below:
· The starting time is different for DCI-based and timer-based BWP switching.
· The ending time is always at the beginning of a slot
· RAN1 will round up the end of the delay based on the slot boundary. Therefore, the overall BWP switching delay will be longer than the values provided in [1].
· Although RAN4 provided different delay in different scenarios and frequency ranges, it is eventually up to RAN1 whether the overall delay would depend on scenarios and/or frequency ranges. 
· Neither RAN1 nor RAN4 addressed the exact timing that UE starts to re-tune the RF or change the numerology.  
We would like look into the detail of the numerology change. Although theoretically RF re-tuning can start at arbitrary time instance in a slot, it is not the same case for numerology change. In real UE implementation, it is not likely that UE can start the numerology change at any time. For an example, to decode the PDSCH in a slot, UE needs to pre-schedule the corresponding modules in advance, in order to give time for modules to load the corresponding parameters, to acquire the required hardware resources, to empty the buffer, …, etc. All these pre-scheduling are done based on the time granularity that highly depends on the numerology. As a result, UE would only support the change of the numerology at an even larger time granularity. It would demand a very high UE complexity, if the numerology change can be applied at any time instance. Therefore, we suggest that UE only needs to start the BWP switching which involves numerology change at subframe boundary.
[bookmark: _Ref510297616][bookmark: _Ref510295848]Observation 1: Numerology change should not be started at any time instance, in order to keep reasonable UE complexity 
[bookmark: _Ref510295852]Proposal 1: UE only needs to start the BWP switching which involves numerology change at subframe boundary.

On the other hand, it is not reasonable to allow the numerology change at any slot boundary. One example is shown in Figure 3. The SCS 30KHz and SCS 15KHz should be in general aligned at the subframe boundary, as shown by the dashed lines. Applying numerology change from 30KHz to 15KHz right after the Slot #2 of 30KHz will lead to the mis-alignment on the subframe boundary at the next slot of 15KHz. This should be avoided. UE is not expected to switch to a BWP which mis-aligned with subframe boundary.
[bookmark: _Ref510297072]Proposal 2: UE is not expected to switch to a BWP which mis-aligned with subframe boundary.
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[bookmark: _Ref510293409]Figure 3. Example of wrong timing for numerology change

Based on above analysis, it is observed that numerology change should not be applied and should not end at any arbitrary time instance, in order to keep reasonable UE complexity and to keep subframe boundary alignment. Figure 4 provides some examples of reasonable time for starting and completing BWP switching involving numerology change.
[image: ] 
[bookmark: _Ref510295312]Figure 4. UE starts the BWP switching which involves numerology change at subframe boundary and gets ready also at subframe boundary 
3	Interruption due to BWP switching delay
When BWP switching happens on a serving cell, it may lead to interruptions on other serving cells because of RF re-tuning. It is desired to specify the interruption requirements due to BWP switching so that both network and UE have a clear rule to follow. Since the victim could be either NR serving cells or LTE serving cells (under EN-DC). Both TS36.133 and TS38.133 needs to capture the interruption requirements.
[bookmark: _Ref510295854]Proposal 3: Interruption requirements due to BWP switching should be specified in TS36.133 and TS38.133

The interruption requirements depend on the following factors
1) Numerology of the aggressor and victim cells
2) Whether the aggressor cell and victim cell are in the same band or not
3) Whether the aggressor cell and victim cell are synchronous or asynchronous.
4) The exact time needed for RF-retuning, including the time that UE starts RF tuning and the duration of time needed for completing RF re-tuning.
For 1), 2) and 3), we can try to reuse the structure of the interruption requirement (e.g., SCell activation/deactivation) in the spec now. 
Regarding 4), it is slightly more complicated. In [3], there was some agreements on the RF re-tuning time, as captured below:
	· Transition time (RF aspects)
· For intra-band operation, at least for sub6, the transition time can be up to 20 µs if the center frequency is the same before and after the bandwidth adaptation, regardless other conditions listed in the LS
· For intra-band operation, at least for sub6, the transition time is 50~200 µs if the center frequency is different before and after the bandwidth adaptation, regardless other conditions listed in the LS


The conclusion can be directly reused here. To simplify the requirement, it is preferred to set a single value for different scenarios, e.g., 250 µs. However, the exact starting time for RF re-tuning is an UE implementation issue, e.g., it depends on whether numerology is changed together, PDCCH decoding latency, DCI parsing latency, the time needed to recalculate the RF related parameters and the time needed to load those parameters into RF components.  If it is difficult to reach a consensus on the exact time that UE should start RF re-tuning. One possible way to proceed is just to define the maximum interrupted slots without the exact starting time. This part can be further studied in RAN4. 
[bookmark: _Ref510295856]Proposal 4: The structure of requirements for interruption at SCell activation/deactivation can be re-used for the requirements for interruption at BWP switching. 
[bookmark: _Ref510295857]Proposal 5: RAN4 can further discuss how to specify the exact requirements, e.g., the maximum allowed interrupted slots and/or the starting time of the interruption. 
4	Conclusions
In the contribution, we provide our views on the interruption requirement at BWP switching. We provide our view when jointly considering the agreements in last RAN1 and RAN4 meeting and discussed the reasonable time for UE to start BWP switching which involves numerology change. The observations and proposals are summarized below.
Observation 1: Numerology change should not be started at any time instance, in order to keep reasonable UE complexity
Proposal 1: UE only needs to start the BWP switching which involves numerology change at subframe boundary.
Proposal 2: UE is not expected to switch to a BWP which mis-aligned with subframe boundary.
Proposal 3: Interruption requirements due to BWP switching should be specified in TS36.133 and TS38.133
Proposal 4: The structure of requirements for interruption at SCell activation/deactivation can be re-used for the requirements for interruption at BWP switching.
[bookmark: _GoBack]Proposal 5: RAN4 can further discuss how to specify the exact requirements, e.g., the maximum allowed interrupted slots and/or the starting time of the interruption.
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