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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the RAN4#86 meeting, RAN4 produced an LS capturing aspects of the BWP switching operation [1]. With recent updates for 38.213 [2] (section 12)
A UE is expected to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot. 
…
A UE is not expected to monitor PDCCH when the UE performs RRM measurements [10, TS 38.133] over a bandwidth that is not within the active DL BWP for the UE.
and chair notes [5]
Agreements:
· A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch
· For DCI-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI or K2 in the active UL BWP switch DCI
· For timer-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the beginning of the subframe (FR1) or from the beginning of the half-subframe (FR2) immediately after a BWP timer expires till the beginning of a slot UE is able to receive DL signals or transmit UL signals in the default DL BWP for paired spectrum or the default DL or UL BWP for unpaired spectrum
This contribution discusses fallback procedures when BWP switching fails.
Discussion
During the connected state, the gNB can signal the UE to perform a BWP switch by using a DCI. Focusing on the downlink, the timeline for DCI format 1_1 is captured in Table 1 and shown in Figure 1. It is assumed that the processing delay occurs before any RF operation. 
[bookmark: _Ref510015509]Table 1. Delays
	Operation
	Reference
	Value

	Receive DCI
	First 3 symbols of slot (see 38.213 section 12)
	3/14 2-µ ms
(786 µs remain in slot for µ=0
392 µs remain in slot for µ=1
196 µs remain in slot for µ=2)

	Process DCI
	LS
	400 µs (950 µs)

	RF operations
	LS
	0 or 200 µs (1050 µs)

	Slot delay *
	38.213 / 38.214
	
up to  where n is the slot number of the DCI. The slot delay should capture the other delays.


* slot delay value is speculated but based on a formula in section 5.1.2 of 38.214
Slot delay
DCI
processing
RF delay

[bookmark: _Ref510015522]Figure 1. Delays. 
A couple of questions to be clarified:
· When does the new BWP become active?
· Conversely, when does the old BWP become inactive? 
Although the following questions are more appropriate for RAN1, there is impact to performance. Assume that the slot number of the DCI containing the BWP switch is n. 
· If there were a PDSCH scheduled for slot n using a DCI from a previous slot, is the UE expected to process the PDSCH in slot n? If the slot duration (slot n) is shorter than the DCI processing time, can the UE process the PDSCH?
a. Should a UE send a NAK for this scheduled transmission because it did not receive a transmission?
· Are scheduled SPS operations impacted?
· Similarly, if measurements are scheduled in slot n (or until the switch operation is completed), what impact is there?
One assumption made in the switching operation is that the DCI is correctly received. In general, the gNB is unaware if the DCI was not received correctly until the gNB receives feedback, such as uplink control, SRS signaling, or PUSCH. Note there is an analogous problem: when the eNB issues a PDCCH order, the UE suspends several on-going operations and begin a RACH operation. The eNB receives feedback after receiving a RACH signal.
As a result, the gNB does not know the state of the UE (on which BWP the UE is operating) for certain amount of time.
Observation 1. The UE state is unclear from the gNB perspective until it provides some type feedback for operations.
Problems if no feedback for a BWP switch operation:
1) On what BWP should the gNB attempt to re-establish communication with the UE?
a. Old:
i. gNB continues to transmit on the old BWP until feedback is received
ii. The problem is if the gNB no longer uses this BWP, the UE cannot receive a DCI.
b. New:
i. Assuming the feedback the UE was not received by the gNB, the gNB continues to transmit on the old BWP until feedback is received
ii. The problem is if the UE never switched, it will never receive this DCI
c. Default: How to get back there?
2) Where should the UE look for DCI?
a. Old: 
i. The UE continues to monitor the old BWP
ii. The problem is if the gNB no longer uses this BWP, the UE cannot receive an DCI
b. Default: How to get back there?
c. RACH
Using the default BWP as a fallback BWP is preferred because there is no ambiguity about the BWP. For a fallback BWP, using the inactivity timer is needed.
If a UE is configured by higher layer parameter BWP-InactivityTimer a timer value for the primary cell [11, TS 38.321] and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5 milliseconds for frequency range 2 if the UE does not detect a DCI format 1_1 for paired spectrum operation or if the UE does not detect a DCI format 1_1 or DCI format 0_1 for unpaired spectrum operation during the interval.
If a UE has an inactivity timer, its expiry will cause the UE to perform a switch and to monitor DCIs in the default BWP. The gNB can estimate the expiry of the timer based on inactivity of traffic expected from using the switched BWP. Eventually, the gNB can resume transmissions of DCI on the default BWP. The point is the use of the inactivity timer is not mandatory for the UE. 
Proposal 1. The gNB should configure an inactivity timer for fallback BWP switching operations.
Conclusions
A BWP switch operation is analogous to a handoff. Until confirmation of the switch is made, UE operations are effectively interrupted on that serving cell.
Observation 1. The UE state is unclear from the gNB perspective until it provides some type feedback for operations.
One means to ensure reliable operation is using an inactivity timer.
Proposal 1. The gNB should configure an inactivity timer for fallback BWP switching operations.
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