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Introduction
Requirements for DCI-based and timer-based BWP switch delay have been completed by RAN4, and interruption requirements for these cases are very close to final as well. In the last meeting, RAN4 approved a baseline for RRC-based BWP switch requirements, and a WF was approved in [1] to set a baseline for the discussion on the remaining work related to RRC-based and MAC-based BWP switching.
In this contribution, we continue the discussion based on the WF and propose requirements for RRC- and MAC-based BWP switching delay and interruptions.
Discussion
Background
The contents of the agreed WF are repeated below.
	Background
· RRC-based BWP switch is a mandatory feature for 6-1 capability UE in Rel-15, but before RAN4#89 meeting, RAN4 has not defined delay or interruption requirements for RRC-based BWP switch because of lacking RAN2 agreements.
· [image: ]In 3GPP TSG-RAN WG2 Meeting #104, RAN2 has sent an LS to RAN4 in R4-1816420 concerning RRC- and MAC-based BWP switch. The contents of the LS are repeated below:

Total RRC-based BWP switch delay
· 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.RRC processing delay
BWP switch delay RRC
RRC Reconfiguration Complete
RRC Reconfiguration Command


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

BWP switch delay for RRC-based BWP switch
· 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.

For further study
· 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 




RRC-based BWP switch
RRC-based BWP switch delay requirements as agreed in the last meeting are the following:
	8.6.3	RRC based BWP switch delay
For RRC-based BWP switch, after the UE receives BWP switching request, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs no later than at slot n + TRRCprocessingDelay + TBWPswitchDelayRRC, where slot n is the last slot containing the RRC command, and TRRCprocessingDelay is the length of the RRC procedure delay in slots defined in clause 12 in TS 38.331 [2], and TBWPswitchDelayRRC is the BWP switching delay for RRC based BWP switch.
Editor’s Note: TBWPswitchDelayRRC is going to be defined for both cases: 1) BWP switch to another already configured BWP; 2) BWP switch to a newly configured BWP in the same RRC re-configuration massage. FFS whether to define delay requirements for MAC based BWP switch. The UL grant uncertainty for transmitting RRCReconfigurationComplete due to TA and TA_offset during RRC based BWP switching is FFS.



I.e. the delay is n + TRRCprocessingDelay + TBWPswitchDelayRRC, where the value for TRRCprocessingDelay is defined in TS 38.331 by RAN2 and the value for TBWPswitchDelayRRC is still open. In the WF it was agreed that the following two cases are to be discussed:
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

Case 1 is similar to DCI-based BWP switch, because all the BWP configurations already exist, and the UE just switches from one of them to another. Thus, the value for TBWPswitchDelayRRC in Case 1 should at maximum be the delay defined for DCI-based BWP switching. In the last meeting it was pointed out by some companies that the delay can even be shorter, since DCI decoding does not need to be taken into account in RRC-based BWP switch. This would mean that the delay can be defined as TBWPswitchDelayRRC = TBWPswitchDelay – [DCI decoding time]. 
In the earlier meetings companies have used for example 250 us [2] or 200~300us [3] as the duration of PDCCH/DCI decoding in their discussion papers on DCI-based BWP switch delay. Based on these estimations, minimum 200 us could be deducted from the delay of 600 us/2000 us that was agreed for Type1/Type2 DCI- and timer-based BWP switch. 
TBWPswitchDelayRRC when no new BWP configurations are added (Case 1) may be 200 us shorter than the delay defined for DCI-based BWP switch.
When not taking into account the possible location of DCI in the three first symbols (like was done when calculating DCI-based BWP switching delay), the delay for RRC-based BWP switch for Case 1 can be calculated as shown in Table 1.
Table 1: RRC-based BWP Switch delay for Case 1.
	
	TBWPswitchDelayRRC in slots

	SCS [kHz]
	Type 1 delay
400 us
	Type 2 delay 1800 us

	15
	1
	2

	30
	1
	4

	60
	2
	8

	120
	4
	15



Case2 is used when either a BWP is added to the configuration and switched to, or when the active BWP bandwidth is modified, but not when the inactive BWP configurations are modified. The delay for Case 2 may need to be longer than Case 1 delay, because in Case 2 new BWP configurations are added or old BWP configurations changed. As DCI decoding delay does not need to be taken into account in this delay either and calculating the delay in slots already gives a longer delay than 600/2000 us in practice, we would propose that the same delay as for DCI-based BWP switch could be sufficient for Case 2. 
TBWPswitchDelayRRC when new BWP configurations are added (Case 2) is the same as DCI-based BWP switch delay.
The delay for Case 2 would thus be as defined in Table 8.6.2-1 in TS 38.133 for DCI-based BWP switch.
Table 8.6.2-1: 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]
	[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.




MAC-based BWP switch upon initiation of random access procedure
The MAC-based BWP switching occurs if the current BWP has no RACH resources. In this case, the UE will fall back to the initial BWP or the DL BWP will be switched to the DL BWP with the same bwp-Id as the active UL BWP. The process is described in TS 38.321 as shown in the following excerpt:
	[bookmark: _Toc534933464]5.15	Bandwidth Part (BWP) operation
...
Upon initiation of the Random Access procedure on a Serving Cell, after the selection of carrier for performing Random Access procedure as specified in subclause 5.1.1, the MAC entity shall for the selected carrier of this Serving Cell:
1>	if PRACH occasions are not configured for the active UL BWP:
2>	switch the active UL BWP to BWP indicated by initialUplinkBWP;
2>	if the Serving Cell is a SpCell:
3>	switch the active DL BWP to BWP indicated by initialDownlinkBWP.
1>	else:
2>	if the Serving Cell is a SpCell:
3>	if the active DL BWP does not have the same bwp-Id as the active UL BWP:
4>	switch the active DL BWP to the DL BWP with the same bwp-Id as the active UL BWP.




In our view, this case is in principle quite similar to timer-based BWP switch, where the UE switches back to the default BWP in timer expiration. In neither of these two cases, the switch is based on a specific BWP switch command but instead happens as a fall-back to the initial BWP. Thus, we think the delay could also be the same for MAC-based BWP switch as for timer-based BWP switch, which then again is the same as the delay for DCI-based BWP switch.
For MAC-based BWP switch upon the initiation of random access procedure, use the same delay as for timer-based BWP switch.
Interruptions
For all the new BWP switch types, we think the DCI-based and timer-based BWP switch interruption requirements can be reused. The timing of the interruption needs to be clarified, but we think the duration can be directly reused. For RRC-based BWP switch, the start of the interruption should happen within TBWPswitchDelayRRC. For MAC-based BWP switch, the switching begins when the UE observes there are no random access resources available on the current BWP.
Reuse DCI-based BWP switch interruption duration for the new BWP switch types with clarification of the interruption timing.
Conclusion
In this contribution we have discussed BWP switch delay and interruption requirements for RRC- and MAC-based BWP switch. Based on the discussion we have made the following proposals:
1. TBWPswitchDelayRRC when no new BWP configurations are added (Case 1) may be 200 us shorter than the delay defined for DCI-based BWP switch.
TBWPswitchDelayRRC when new BWP configurations are added (Case 2) is the same as DCI-based BWP switch delay.
For MAC-based BWP switch upon the initiation of random access procedure, use the same delay as for timer-based BWP switch.
Reuse DCI-based BWP switch interruption duration for the new BWP switch types with clarification of the interruption timing.
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1. Overall Description:

RAN2 has discussed the BWP switching and RRC processing delays for BWP switching and would like to
inform RANA of the following

- Concening the RRC-based BWP switching, RAN2 will only work in RRC processing part of the
procedure delay and leave to RAN4 to define BWP switching part of the procedure delay. However,
since the RRC processing delay is defined as the time it takes for UE to process the RRC message
and be ready to send the corresponding RRC acknowledgment (e.g. RRCReconfigurationComplele),
RAN2 will also need to reflect the BWP switching delay in RRC but can do this based on the
requirements defined in RAN4 (e.g. via referring to RAN4 specifications).

- RAN2 would note that also the RRC-based BWP switching and MAC-based BWP switching (upon
initiation of random access procedure in certain cases) may occur and should be considered in RAN4
requirements. RAN2 would like to understand whether the BWP switching delays defined for DCI-
based BWP switching also apply to these cases

RAN2 respectfully asks RAN4 feedback on the questions above.

2. Actions:

To RAN4 group.

1) RAN2 respectfully asks RANA to take the RAN2 agreements on RRG processing delay for RRC-based
BWP switching into account in their specifications.
2) RAN2 respectfully asks RAN4 whether the BWP switching delays defined for DCl-based BWP

switching also apply to the cases of RRC signalling based BWP switch and BWP switching by MAC
entity upon initation of Random Access procedure.
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