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Introduction
In this contribution, we will discuss RAN4 conclusions on DCI-based simultaneous multiple BWP switch in [1][2] and the impact to scheduling DCI and dormancy indication DCI. Based on the discussions, we propose solutions to resolve the insufficient scheduling offset and HARQ feedback time offset issue.
DCI-based simultaneous multiple BWP
In RAN4 LS R4-2012269, BWP switch delay requirement for DCI-based simultaneous multiple BWP switch is defined as a summation of single cell BWP switch delay and an extra term based on the number of CCs with simultaneous BWP switch.
	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


In RAN4 LS R4-2012281, BWP switch delay requirement for multiple dormant BWP switch is defined based on the requirement for multi-CC regular BWP switch.
	For dormancy switch (switching between dormant and non-dormant BWP) on multiple CCs, RAN4 has defined new requirements based on requirements for multi-CC regular BWP switch.


Extension of K0, K1 and K2 value ranges
When simultaneous BWP switch occurs for both regular and dormant BWPs, the minimum required BWP switch delay linearly increases as the number of number of CCs with simultaneous BWP switch increases. Per Rel-15/16 design, DCI-based regular and dormant BWP switch can be triggered by a DL or UL DCI format 1_1 or 0_1 with data scheduling in the target BWP. Dormant BWP switch can also be triggered by DL DCI format 1_1 without data scheduling. For the former case when BWP switch (both regular and dormant) is triggered together with data scheduling, the corresponding DL and UL scheduling slot offset (K0, K2) should not be smaller than the required BWP switch delay so that the scheduled data does not collide with BWP switch interruption time. This is described in the following specification text in TS 38.213, subclause 12 and illustrated by the first figure below. For the SCell dormancy indication DCI, network should also configure a large enough PDSCH to HARQ feedback slot offset (K1) to avoid the HARQ-ACK colliding with the BWP switch interruption time as illustrated by the second figure below.
	A UE does not expect to detect a DCI format 1_1 or a DCI format 0_1 indicating respectively an active DL BWP or an active UL BWP change with the corresponding time domain resource assignment field providing a slot offset value for a PDSCH reception or PUSCH transmission that is smaller than a delay required by the UE for an active DL BWP change or UL BWP change [10, TS 38.133].



	

	To avoid a conflict with the interruption time, the DL or UL data channel should be scheduled after the BWP switch delay.

	

	To avoid a conflict with the interruption time, the HARQ-ACK feedback for Case-2 SCell dormancy indication DCI should be sent after the BWP switch delay.


DL and UL scheduling offset K0 and K2 have a range of [0,…,32]. For a single BWP switch, the delay requirement can be met even for the largest required number of slots in table 8.6.2-1 of TS 38.133. For simultaneous BWP switch on multiple CCs, the delay requirement cannot be satisfied if the number of CCs exceeds a threshold. For example, for SCS=120kHz and D = 1000us for Type 2 UE, the requirement cannot be satisfied if N is larger than 2 even for K0 or K2=32. For Case-2 dormancy indication DCI, a similar issue exists for the HARQ feedback transmitted by UE for confirming the reception of the DCI format 1_1. It should be noted that because the maximum value of K1 is only 15, even the dormant BWP switch on a single SCell in SCS=120kHz cannot be achieved by the Case-2 dormancy indication DCI. 
Table 8.6.2-1 of TS 38.133: BWP switch delay
	[image: ]
	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 larger one between the SCS before BWP switch and the SCS after BWP switch.


Simultaneous BWP switch on multiple CCs is a critical technique to boost NR UE performance. For example, a UE can be indicated by DCI to quickly switch between a narrow (or dormant) BWP and a wider (or non-dormant) BWP on multiple serving cells to achieve both power saving gain and high throughput. It is important to have a sufficient value range of the scheduling offset or PDCCH to HARQ-ACK slot offset to facilitate simultaneous BWP switch on multiple CCs.
The most straightforward way to resolve the aforementioned problem is to directly increase the value range of K0, K1 and K2 that can be indicated by the DCI format. However, this results in an increased maximum number of bits for the corresponding field in the DCI format. To avoid such an impact to existing DCI design, value range of K0, K1 or K2 can be implicitly extended by adding a slot offset to the indicated value in the DCI. The offset can be determined based on the number of CCs with simultaneous BWP switch. 
Another approach to fix the problem is to not require the UE to transmit or receive a data channel scheduled by DCI if the maximum value of K0 and K2 does not satisfy the delay requirement of simultaneous BWP switch. Similarly, the UE is not required to transmit a HARQ-ACK for the received Case-2 dormancy indication DCI when K1 value range is not enough. Compared to the slot offset approach, this approach is less preferable due to the sacrifice of data scheduling based on K0/K2 and loss of robustness for dormant BWP switch based on K1.
[bookmark: p1]Proposal 1: RAN1 discusses solution for the issue that the required delay of simultaneous BWP switching on multiple CCs is larger than the maximum value of K0, K2 or K1 indicated by data scheduling DCI format 1_1, 0_1 or Case-2 SCell dormancy indication DCI format 1_1
· Option 1: Add a slot offset to the indicated K0 or K2 value in the scheduling DCI that triggers the BWP switch or to the indicated K1 value in the SCell dormancy indication DCI. The offset can be determined based on the number of CCs with simultaneous BWP switching
· Option 2: If the issue occurs, UE is not required to transmit or receive a PDSCH or PUSCH scheduled by the scheduling DCI that triggers the BWP switch or not required to transmit a HARQ-ACK feedback for the received Case-2 SCell dormancy indication DCI
Conclusion
In this contribution, we discuss timing offset issue caused by simultaneous BWP switch on multiple CCs and propose
[bookmark: _GoBack]Proposal 1: RAN1 discusses solution for the issue that the required delay of simultaneous BWP switching on multiple CCs is larger than the maximum value of K0, K2 or K1 indicated by data scheduling DCI format 1_1, 0_1 or Case-2 SCell dormancy indication DCI format 1_1
· Option 1: Add a slot offset to the indicated K0 or K2 value in the scheduling DCI that triggers the BWP switch or to the indicated K1 value in the SCell dormancy indication DCI. The offset can be determined based on the number of CCs with simultaneous BWP switching
· Option 2: If the issue occurs, UE is not required to transmit or receive a PDSCH or PUSCH scheduled by the scheduling DCI that triggers the BWP switch or not required to transmit a HARQ-ACK feedback for the received Case-2 SCell dormancy indication DCI
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