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1. Introduction

In the last meeting, we have agreed on the WF in [1], in which we had the agreements on the BWP switch delay requirements copied as follows,

	· Total RRC-based BWP switch delay from slot n which is the last slot containing RRC reconfiguration command to the slot n+TBD where UE can send RRC reconfiguration complete is shown in Figure 1.
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Figure1: Total RRC-based BWP switch delay

· Total BWP switch delay equals TRRC_delay + TBWPswitchDelayRRC
· RRC processing delay TRRC_delay will be defined by RAN2.

· BWP switch delay TBWPswitchDelayRRC will be defined by RAN4. See next slide.

· The UL grant uncertainty for transmitting RRCReconfigurationComplete due to TA and TA_offset during RRC based BWP switching is FFS

· For RRC-based BWP switch, the BWP switch delay TBWPswitchDelayRRC is defined for the following two cases:

· Case 1: BWP switch to another existing BWP configuration

· No change to any of the existing configured BWPs

· Case 2: BWP switch to a new BWP configured by the same RRC re-configuration signaling  

· New BWP configurations are added and activated with different parameters to current active BWP through RRC reconfiguration

· The BWP switch delay for Cases 1 and 2 is FFS.

· RRC-based BWP switch

· FFS whether to define core interruption requirements 

· MAC-based BWP switch

· FFS whether to define core delay requirements 

· FFS whether to define core interruption requirements 




It is agreed that we should FFS the RRC based BWP switch delay with UL grant uncertainty and new case 2. Further for the MAC based BWP switch, or we should call it the RACH based BWP switch, RAN4 should thoroughly discuss and analyse the delay caused by it and define requirements accordingly.

In this paper, we first focus on the RRC based BWP switch delay analysis considering the UL grant uncertainty and the case when new BWP configuration is in the same RRC message with the BWP switch command. After that, we share our views on the RACH based BWP switch delay and analyse the differences between this kind of BWP switch and other kinds that we have discussed before. 
2. Discussion
2.1. RRC based BWP switch delay
RRC based BWP switch delay framework

As we discussed and agreed in the last meeting, the RRC based BWP switch delay has the below style,
· Total BWP switch delay equals TRRC_delay + TBWPswitchDelayRRC
· RRC processing delay TRRC_delay will be defined by RAN2.
BWP switch delay TBWPswitchDelayRRC will be defined by RAN4.
Also we used the below figure to illustrate the delay parts for better understanding.
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It is reasonable that we should reuse the BWP switch delay requirements agreed for DCI and timer-based BWP switch, which are listed in the TS 38.133 table 8.6.2-1, for the BWP switch delay RRC part in the above figure. Additionally, the BWP switch delay RRC part consists of two consecutive periods so that TBWPswitchDelayRRC = TBWPswitchDelay + TUL_grant, where TUL_grant is the delay used by acquiring UL resources for RRC complete message for the UE after BWP switch, and TBWPswitchDelay can reuse the values in the below table.
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]
	[17]

	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.


Proposal 1: TBWPswitchDelayRRC = TBWPswitchDelay + TUL_grant, where TUL_grant is the delay used by acquiring UL resources for RRC complete message for the UE after BWP switch, and TBWPswitchDelay can reuse the values defined for DCI and timer based BWP switch delay requirements.

For the RRC processing delay part, RAN2 has already work on that so the only issue here is whether to specify the exact point or slot where the BWP switch actually start. It is after the UE has successfully decode the RRC message containing the BWP switch command, but how long? Our view is that the network should continue to schedule the UE until the RRC processing delay period ends if there is still traffic for DL. And for UL, the UE should be able to transmit until the end of the RRC processing delay on the old UL BWP. That means that the UE should start the switch at the start of the next slot after the processing delay ends.

Observation 1: There is no scheduling restriction on the old BWP before the end point of the time period TRRC_delay during the RRC based BWP switch procedure.
Speaking of scheduling restriction, another thing is about the timer based BWP switch---- the time duration between timer expiry to the start point of the switch operation should have scheduling restriction on the old BWP, because requiring UE to receive or transmit during such short time on the old BWP which has no traffic for the whole timer duration seems unreasonable.
Proposal 2: During the timer based BWP switch, the UE is not required to receive of transmit after the BWP inactivity timer has expired until the BWP switch is completed.

Switch to a new BWP configuration
RRC based BWP switch is mandatory to be supported by any UE after R15, which means that this feature should be carefully analyzed in RAN4 and specific requirements should be defined for this feature in the spec. good news are that we have agreed on the framework of the delay requirements for the RRC based BWP switch in the last meeting, and we also identified the case 2 where new BWP configuration lies together with the BWP switch command to the new BWP, may need more time in the delay requirements than case 1 where we have concluded the values for DCI and timer based BWP switch.
However, RAN2 had defined the RRC delay with margins which means that even if the reconfiguration RRC message configure both new BWP and switch at the same time, the UE still has plenty of time during the RRC processing delay period not only to process the RRC message but also to prepare for the switch to the newly acquired BWP configurations e.g. by loading the parameters beforehand. 
Observation 2: No additional time is needed for case 2 in RRC based BWP switch, provided RAN2 had defined the RRC processing delay with enough margin.

2.2. RACH based BWP switch
In the RAN2 LS [], they called the RACH based BWP switch ‘MAC based BWP switch’. RACH based BWP switch is triggered by the RACH transmission on another BWP than the active BWP of the UE. There are two main diverse situations for RACH based BWP switch, one is UL BWP switch and the other is DL BWP switch.

UL RACH based BWP switch

There are chances that the active uplink BWP of the UE has no PRACH resources since the PRACH resources are configured per-cell. Thus when the UE needs to perform PRACH transmission to the serving cell which configure no resources to the current active BWP of the UE, it should switch to the initial UL BWP to transmit PRACH. So we can observe that the start of the BWP switch is marked by the trigger of the RACH procedure in connected mode, e.g. beam failure detection. The end point of the BWP switch operation is marked by the UE sending msg1 on the new BWP with PRACH resources. Further between the start and end of the BWP switch, we can define the delay consisting of the BWP switch delay and the delay needed for PRACH resources acquisition.
Proposal 3: For UL RACH based BWP switch, TBWPswitchDelayRACH = TBWPswitchDelay + TPRACH, where TPRACH is the time needed for acquisition of PRACH resources and TBWPswitchDelay can reuse the values defined for DCI and timer based BWP switch delay requirements.
DL RACH based BWP switch

DL RACH based BWP switch is triggered when the active DL BWP of the UE has no RAR transmission from the network. Chances are that the network decided to transmit the RAR for all the UE served in the cell in one single DL BWP while the UE is not currently working on that DL BWP. Upon triggering the RACH procedure, the UE needs to switch its DL BWP to the RAR DL BWP to perform RACH procedure properly. That is to say, we can define the DL RACH based BWP switch delay requirement as the same way as the UL one, TBWPswitchDelayRACH = TBWPswitchDelay + TPRACH.
Proposal 4: For DL RACH based BWP switch, the same requirement as in proposal 3 applies.
2.3. TA and TA offset impact on the UL BWP switch delay
The problem had been identified in the last meeting that with TA configured large, the UL BWP switch delay can be greatly affected that the UE is not able to transmit in the new UL BWP on time due to very large TA and TA offset. Though we see the very large TA values fairly unreasonable to configure, we may need to have certain relaxation for UL BWP switch delay requirements compared to DL ones.

Proposal 5: Relax the requirements for UL BWP switch delay compared to DL ones, provided that the TA is configured larger than 1 slot.

3. Conclusion
Proposal 1: TBWPswitchDelayRRC = TBWPswitchDelay + TUL_grant, where TUL_grant is the delay used by acquiring UL resources for RRC complete message for the UE after BWP switch, and TBWPswitchDelay can reuse the values defined for DCI and timer based BWP switch delay requirements.

Observation 1: There is no scheduling restriction on the old BWP before the end point of the time period TRRC_delay during the RRC based BWP switch procedure.
Proposal 2: During the timer based BWP switch, the UE is not required to receive of transmit after the BWP inactivity timer has expired until the BWP switch is completed.

Observation 2: No additional time is needed for case 2 in RRC based BWP switch, provided RAN2 had defined the RRC processing delay with enough margin.

Proposal 3: For UL RACH based BWP switch, TBWPswitchDelayRACH = TBWPswitchDelay + TPRACH, where TPRACH is the time needed for acquisition of PRACH resources and TBWPswitchDelay can reuse the values defined for DCI and timer based BWP switch delay requirements.
Proposal 4: For DL RACH based BWP switch, the same requirement as in proposal 3 applies.
Proposal 5: Relax the requirements for UL BWP switch delay compared to DL ones, provided that the TA is configured larger than 1 slot.
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