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1	Introduction
[bookmark: _GoBack]An LS [3] was sent to RAN1 to ask RAN1 to check if the DCI-based multiple BWP switch delay defined in RAN4 can be supported with existing DCI based signalling for UE’s PDSCH reception and PUSCH transmission and will be applied for HARQ processing timeline in dormancy SCell’s design. RAN1’s response LS [2] was agreed in RAN1#103e meeting. 
In this contribution we will discuss and provide our views on the DCI-based simultaneous multiple BWP switch delay requirements based on the response LS from RAN1.
2	Discussion
2.1	DCI-based simultaneous multiple BWP switch delay requirements
RAN4 sent LS to RAN1 asking about the DCI based multiple BWP switching.
 [image: ]
RAN1 has now replied: 
	1. Overall Description:
RAN1 thanks RAN4 for the LS and sharing the latest progress in RAN4 on DCI-based multiple BWP switch simultaneously. Regarding RAN4’s questions to RAN1, the following includes RAN1’s answers.

Q: RAN4 is wondering if the DCI-based multiple BWP switch delay defined in RAN4 can be supported with existing DCI based signalling for UE’s PDSCH reception and PUSCH transmission and will be applied for HARQ processing timeline in dormancy SCell’s design.
Answer: RAN1 understanding is that some combinations result in scheduler restriction due to maximum value range of k0, k1, k2 and as a result, the maximum allowed number of CCs for simultaneous BWP switching using scheduling DCI may be different in different cases. RAN1 has also concluded to not change the supported maximum value of k0, k1, k2 in Rel-16 to address this issue. 
For instance, for Type 2 UE with the incremental delay (D) values being 800us and 1000us, and FR2 CA with SCS = 120kHz for SpCell and SCells, NW can switch dormant BWP on at most 3 and 2 SCells, respectivly, at one time using the DCI 1_1/0_1 scheduling PDSCH/PUSCH on SpCell. Similar issue can occur for processing timeline of HARQ-ACK sent in response to detecting the non-scheduling DCI used for SCells dormant BWP switch. 
Some companies discussed an example table below (with approximate maximum number of SCells for simultaneous dormant BWP switching using SpCell scheduling DCI with a scheduled PDSCH/PUSCH), which assumes the same SCS for SpCell and SCells, and the SpCell scheduling DCI is received within the first 3 OFDM symbols of a slot. 
Note that this table is only for illustration - the actual number of SCells for simultaneous BWP switching may be different and is derivable from specification text.


	SCS 
	Single SCell dormant BWP switch delay (ms)
Type 1 / Type 2
	Maximum number of SCells for simultaneous dormant BWP switching using PCell scheduling DCI
· with corresponding  to be T (ms)
	Existing maximum K0/K2 (ms)
(Serve as upper bound of 
)

	15
	2 / 4
	Type 1 UE:
For D=100us: 15
· T = 3.4
For D=200us: 15
· T = 4.8
	Type 2 UE:
For D=200us: 15
· T = 6.8
For D=400us: 15
· T = 9.6
For D=800us: 15
· T = 15.2
For D=1000us: 15
· T = 18
	32

	30
	1.5 / 3
	Type 1 UE:
For D=100us: 15
· T = 2.9
For D=200us: 15
· T = 4.3
	Type 2 UE:
For D=200us: 15
· T = 5.8
For D=400us: 15
· T = 8.6
For D=800us: 15
· T = 14.2
For D=1000us: 14
· T = 16
	16

	60
	1 / 2.5
	Type 1 UE:
For D=100us: 15
· T = 2.4
For D=200us: 15
· T = 3.8
	Type 2 UE:
For D=200us: 15
· T = 5.3
For D=400us: 14
· T = 7.7
For D=800us: 7
· T = 7.3
For D=1000us: 6
· T = 7.5
	8

	120
	0.875 / 2.375
	Type 1 UE:
For D=100us: 15
· T = 2.275
For D=200us: 15
· T = 3.675
	Type 2 UE:
For D=200us: 9
· T = 3.975
For D=400us: 5
· T = 3.975
For D=800us: 3
· T = 3.975
For D=1000us: 2
· T = 3.375
	4



2. Actions:
To RAN4:
RAN1 kindly asks RAN4 to take the above response into account for the corresponding future works.




In the LS, RAN1 has concluded that the supported maximum value of k0, k1, k2 in Rel-16 will not be changed. According to the table given in RAN1’s LS [2], with current values of k0, k1, k2 in Rel-16 as defined in RAN1, the incremental BWP switch delay for some scenarios may increase beyond the ack response time.
Hence, due to lose RAN4 capabilities (D) and requirements combinations, there are situations where it with allowed UE implementations may not be possible to transmit dormancy command confirmation (HARQ-ACK). This may happen for some UE capabilities (D=800ms and D=1000ms) and for some scenarios (SCS=120KHz). For these cases it is not guaranteed that the UE can/will transmit the HARQ ACK/NACK, depending on number of SCells included in the dormancy BWP switch trigger.
The problem only occurs in some conditions. More precisely it happens when using SCS 120KHz for UE Type 2 (which have long BWP switch delays of 3, 2.5 or 2.25 ms) with D values equal to D=3, D=4 or D=5. For these cases the aggregated BWP switch delay in DCI-based simultaneous BWP switch on multiple CCs, will limit the total number of CCs which can be switched simultaneously. 
For a type 2 UE the following maximum number of cells/CCs on which simultaneous BWP switch can be supported is:
	
	D2
	D3
	D4
	D5
	D2
	D3
	D4
	D5

	
	DCI received within the first 3 symbols
	DCI received after the first 3 symbols

	120KHz
	9
	5
	3
	2
	8
	4
	2
	2



This means that the gNB may not be able to simultaneously switch more than 2, 3, 4, 5 or 8 CCs depending on the UE type and D capability. 
To address this issue RAN4 can either revisit the discussion and agreements related to the delay ‘D’ used for defining the aggregated BWP switch for multiple BWP switch for dormancy, or add a limitation on the number of supported CCs for DCI-based simultaneous multiple BWP switch for type 2 UE.
Remove 400us, 800us and 1000us from the capability of incremental delay for each additional CC involved in DCI-based simultaneous multiple BWP switch for type 2 UE.
If proposal 1 is not agreeable we propose to limit the applicability of the feature:
A Type 2 UE with D3, D4 and D5 delay capability which indicate support of this feature is only applicable for a maximum number of supported CCs for 120KHz SCS.

Draft response LS to RAN1 or draft LS to RAN2 for DCI-based simultaneous multiple BWP switch are provided as below.

4	Conclusion
In this contribution we discussed requirements for DCI-based BWP switch on multiple CCs. We have made the following observations:
The problem only occurs in some conditions. More precisely it happens when using SCS 120KHz for UE Type 2 (which have long BWP switch delays of 3, 2.5 or 2.25 ms) with D values equal to D=3, D=4 or D=5. For these cases the aggregated BWP switch delay in DCI-based simultaneous BWP switch on multiple CCs, will limit the total number of CCs which can be switched simultaneously.
We propose 2 alternative approaches to solve the problem:
1. Remove 800us and 1000us from the capability of incremental delay for each additional CC involved in DCI-based simultaneous multiple BWP switch for type 2 UE.
1. A Type 2 UE with D3, D4 and D5 delay capability which indicate support of this feature is only applicable for a maximum number of supported CCs for 120KHz SCS.
In the Appendix we have provided two draft LSs.
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A.1	Response LS to RAN1
Title:		LS Response on DCI-based BWP switch on multiple CCs
[bookmark: _Hlk37456745]Response to:	R1-2009575: Reply LS on DCI-based multiple BWP switch simultaneously
Release:	Rel-16
Work Item:	NR_RRM_Enh-Core, LTE_NR_DC_CA_enh-Core

Source:	RAN4
To:	RAN1
Cc:	-

Contact Person:	
Name: Delia Chen, Nokia, Nokia Shanghai Bell
E-mail Address: delia.chen@nokia-sbell.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	-


1. Overall Description:
RAN4 would like to thank RAN1 for their response on DCI-based multiple BWP switch simultaneously. 
RAN4 discussed the [2]	R1-2009575 and the conclusion. RAN4 would like to provide the following response: 
	RAN4 will remove 400us, 800us and 1000us from the capability of incremental delay for each additional CC involved in DCI-based simultaneous multiple BWP switch for type 2 UE.

2. Actions:
To RAN 1 group: RAN4 requests RAN1 to kindly take the RAN4 responses into account in their future work.

3. Next RAN4 Meetings:
RAN4#99-e	12 - 20 April		Online

A.2	LS to RAN2
Title:		LS on DCI-based BWP switch on multiple CCs
Response to:	-
Release:	Rel-16
Work Item:	LTE_NR_DC_CA_enh-Core

Source:	RAN4
To:	RAN2
Cc:	RAN1

Contact Person:	
Name: Delia Chen, Nokia, Nokia Shanghai Bell
E-mail Address: delia.chen@nokia-sbell.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	-


2. Overall Description:
RAN4 has identified that for certain device types under certain conditions, the DCI-based multiple BWP switch, when including multiple switched CCs simultaneously, cannot ensure that confirmation for switch command can be sent to the network.
RAN4 therefore agreed to limit the number CCs on which simultaneously BWP switch can be performed under these conditions:

For a type 2 UE the following maximum number of cells/CCs on which simultaneous BWP switch can be supported is:
	
	D2
	D3
	D4
	D5
	D2
	D3
	D4
	D5

	
	DCI received within the first 3 symbols
	DCI received after the first 3 symbols

	120KHz
	8
	5
	3
	2
	8
	4
	2
	2


 

2. Actions:
To RAN 2 group: RAN4 requests RAN2 to kindly take above information into account in their future work.

3. Next RAN4 Meetings:
RAN4#99-e	12 - 20 April		Online
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