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1. Introduction

In the last meeting, we have agreed on the agreements for BWP switch delay requirements copied in the below box, 

	· For UL BWP switch delay

· Share the same absolute time as DL BWP switch delay, i.e., the first uplink slot right after the beginning of DL slot n+ TBWPswitchDelay
· No RRM requirement will be defined for DCI-based BWP switching which involves changing of SCS between BWPs with disjoint channel BW or with partially overlapping BW.

· RRC-based BWP switch delay requirement is defined independent to UE capability bwp-SwitchingDelay.

· RRC-based BWP switch delay requirement would be defined based one of the following options:

· Option 1: single requirement need be defined for RRC based BWP switching based on the worst scenario

· Option 2: two sets of requirement need to be defined for RRC based BWP switching, one set of requirement would be same as option1 and the other requirement might be tightened

· Agreement: Do not specify 2 different RRC-based BWP switch delays for Case 1 and Case 2, depending on whether new BWP configurations are added.

· No RRM requirement will be specified for RACH-based BWP switch.


Quite good progress can be seen in the above agreements regarding finalizing the requirements for BWP switch delay, such as resolving the issues of TA impact on UL BWP switch, misaligned carrier BW between BWP configurations, case 1/2 differentiation and also the RACH-based BWP switch delay requirements.

But we still need to investigate further on the topic since there are some issues left for us ahead, e.g., how the RRC-based BWP switch delay is defined.
In this paper, we first focus on the RRC based BWP switch delay analysis considering the scheduling restriction, PHY layer UE behaviour during the switch, early completion of the RRC decoding and the UL grant uncertainty. After that, we share our views on additional restriction for timer-based BWP switch and at last we talk about the principle of assuming TCI state after BWP switch on an FR2 carrier.
2. Discussion
2.1. RRC based BWP switch delay
Scheduling restriction and PHY behavior during the switch
When to stop receiving or transmitting during the delay of RRC based BWP switch procedure was the controversial topic in the last meeting. From the UE’s perspective, the PHY layer behavior is clear enough that the UE shall be receiving data from the network till a certain point, where the network and the UE are defined to stop scheduling in the spec. This is because for the UE PHY layer, it is impossible for it to alter its choice depending on the RRC command since the PHY layer has no idea about the content of the RRC command, which means the PHY layer shall take whatever the network schedules for the UE till a certain time point. Thus we should define this time point in RAN4, before which there shall be no scheduling restriction. To help understand we illustrate in the below figure the PHY layer operations and time line the UE follows during the RRC based BWP switch.
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Proposal 1: No scheduling restriction during RRC based BWP switch is defined prior to the end of the RRC delay caused by RRC command decoding.

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 RRC based BWP switch delay requirements. 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 2: 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 and delta is the additional time added for margin.

Scheduling restriction after timer expiry for timer based BWP switch
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 3: 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.

2.2. TCI state after BWP switch in FR2
One thing that we cannot avoid considering in the BWP switch in FR2 is the TCI state assumption after the BWP switch and before MAC activation. Before the TCI states of the new BWP are activated, the UE and the network should have predefined assumptions of the TCI state used by both side to guarantee a rather fair performance of the PDCCH/PDSCH/PUSCH demodulation so that the UE can receive the MAC activation correctly.
Observation 1: There is no specification how to assume the TCI state for PDCCH/PDSCH/PUSCH after the BWP switch happens in FR2.
One simple way is to define that the UE shall reuse the TCI state from the old BWP until the network send MAC activation command on certain candidate RS resources to the UE. With this deal, the UE shall correctly receive/transmit with the network before the TCI states configured with the new BWP are activated.
Proposal 4: Define that the UE shall reuse the TCI state from the old BWP until the network send MAC TCI state activation command to the UE, after the BWP switch happens in FR2.
3. Conclusion
In this paper, we first focus on the RRC based BWP switch delay analysis considering the scheduling restriction, PHY UE behaviour during the switch, early completion of the RRC decoding and the UL grant uncertainty. After that, we share our views on additional restriction for timer-based BWP switch and at last we talk about the principle of assuming TCI state after BWP switch in an FR2 carrier.
Proposal 1: No scheduling restriction during RRC based BWP switch is defined prior to the end of the RRC delay caused by RRC command decoding.

Proposal 2: 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 and delta is the additional time added for margin.

Proposal 3: 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 1: There is no specification how to assume the TCI state for PDCCH/PDSCH/PUSCH after the BWP switch happens in FR2.
Proposal 4: Define that the UE shall reuse the TCI state from the old BWP until the network send MAC TCI state activation command to the UE, after the BWP switch happens in FR2.
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