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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]RAN1 received an LS [1] from RAN4 on the delay of multiple BWPs’ switching simultaneously, as described in the following: 
	R4-2012269
RAN4 has investigated DCI-based multiple BWP switch, and has some conclusions on the time duration of BWP switch delay as follow:

Where,
 is the single-CC BWP switch delay defined in TS38.133; 
N: For UE which is capable of per-FR gap, and no BWP switch involves SCS change, N is the number of simultaneous BWP switching on CCs within the same frequency range; For UE which is not capable of per-FR gap, or the BWP switches on multiple CCs involves SCS changing, N is the number of simultaneous BWP switching on both FR.
D: incremental delay for BWP switch processing on additional CCs based on UE’s capabilities.
· Type 1 UE: D = 100us, 200us
· Type 2 UE: D = 200us, 400us, 800us, 1000us
For multiple dormancy SCell switch, its requirements are based on requirements for multi-CC BWP switch and have been being separately developed in RAN4. 


In this contribution, analysis on the RAN4 conclusion from RAN1 perspective is provided.
Discussion
According to the RAN4 LS [1], it can be observed that delay of multiple BWP switching simultaneously is mainly associated with single-CC BWP switch delay, the number of simultaneous BWP switching N and incremental delay for BWP switching processing D. The  is defined in Table 8.6.2-1 in TS 38.133 as following:
Table 8.6.2-1: BWP switch delay
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	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



DCI-based multiple BWP switch may occur in the following 2 scenarios:
· DCI based singling for UE’s PDSCH reception and PUSCH transmission
· DCI based singling without PDSCH reception and PUSCH transmission
If the BWP switching DCI schedules PDSCH or PUSCH, the relationship of BWP switching delay and maximum K0/K2 defined in TS 38.214 should be considered, i.e. the K0/K2 indicated in the DCI should be equal or larger than BWP switching delay to guarantee the PDSCH reception/PUSCH transmission. If the BWP switching DCI does not schedule PDSCH or PUSCH, e.g. case 2 PDCCH with SCell dormancy indication, the HARQ-ACK of dormancy indication is fed back on the PCell. So if the PCell BWP is switched, the maximum K1, i.e. PDSCH to HARQ timing offset, should be equal or larger than multiple BWP switching.
The possible delay of multiple BWP switching simultaneously can be derived for type 1 UE and type 2 UE as shown in Table 1 and Table 2. It can be observed that the multiple BWP switching delay may be larger than the maximum K0/K1/K2, e.g. the case that SCS is 120 kHz, D is 1ms and N is 15, multiple switching delay is 16.25ms, but the maximum K0/K2 is 4ms and maximum K1 is 1.875ms.
To solve this issue, the simplest solution is leaving it to network implementation, network can determine the number of simultaneously BWP switching based on the UE capability.
[bookmark: _Ref53761481]Table 1 multiple BWP switching delay for type 1 UE
	SCS(kHz)
	Single BWP switch delay(ms)
	Multiple BWP extension D(ms)
	Multiple BWP switching delay(N=7)(ms)
	Multiple BWP switching delay(N=15)(ms)
	Existing maximum K0/K2 (ms)
	Existing maximum K1 (ms)

	15
	1
	0.1
	1.6
	2.4
	32
	15

	
	
	0.2
	2.2
	3.8
	
	

	30
	1
	0.1
	1.6
	2.4
	16
	7.5

	
	
	0.2
	2.2
	3.8
	
	

	60
	0.75
	0.1
	1.35
	2.15
	8
	3.75

	
	
	0.2
	1.95
	3.55
	
	

	120
	0.75
	0.1
	1.35
	2.15
	4
	1.875

	
	
	0.2
	1.95
	3.55
	
	


[bookmark: _Ref53761488]Table 2 multiple BWP switching delay for type 2 UE
	SCS(kHz)
	Single BWP switch delay(ms)
	Multiple BWP extension D(ms)
	Multiple BWP switching delay(N=7)(ms)
	Multiple BWP switching delay(N=15)(ms)
	Existing maximum K0/K2 (ms)
	Existing maximum K1 (ms)

	15
	3
	0.2
	4.2
	5.8
	32
	15

	
	
	0.4
	5.4
	8.6
	
	

	
	
	0.8
	7.8
	14.2
	
	

	
	
	1
	9
	17
	
	

	30
	2.5
	0.2
	3.7
	5.3
	16
	7.5

	
	
	0.4
	4.9
	8.1
	
	

	
	
	0.8
	7.3
	13.7
	
	

	
	
	1
	8.5
	16.5
	
	

	60
	2.25
	0.2
	3.45
	5.05
	8
	3.75

	
	
	0.4
	4.65
	7.85
	
	

	
	
	0.8
	7.05
	13.45
	
	

	
	
	1
	8.25
	16.25
	
	

	120
	2.25
	0.2
	3.45
	5.05
	4
	1.875

	
	
	0.4
	4.65
	7.85
	
	

	
	
	0.8
	7.05
	13.45
	
	

	
	
	1
	8.25
	16.25
	
	



Observation 1: When the number of simultaneous BWP switching on CCs is large, the delay of DCI-based multiple BWP switch simultaneously may be larger than the existing maximum K0/K1/K2.
Observation 2: The RAN4 conclusion leads to the cases that delay of DCI-based multiple BWP switching simultaneously is larger than existing maximum K0/K1/K2, but those cases can be avoid through network implementation.
Proposal 1: The delay of DCI-based multiple BWP switching simultaneously can be equal or smaller than the existing maximum K0/K1/K2 through network implementation.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]According to the above discussions, we have the following observations:
Observation 1: When the number of simultaneous BWP switching on CCs is large, the delay of DCI-based multiple BWP switch simultaneously may be larger than the existing maximum K0/K1/K2.
Observation 2: The RAN4 conclusion leads to the cases that delay of DCI-based multiple BWP switching simultaneously is larger than existing maximum K0/K1/K2, but those cases can be avoid through network implementation.
Proposal 1: The delay of DCI-based multiple BWP switching simultaneously can be equal or smaller than the existing maximum K0/K1/K2 through network implementation.
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