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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In previous RAN1 and RAN2 meetings, further agreements on power saving signal procedure were achieved. In this document, we analyze some remaining issues, e.g. the UE behavior related to BWP switch after detection of PDCCH-WUS, the UE behavior missing PDCCH-WUS due to BWP switch interruption and measurement gap and etc. Finally, our proposals are given.
Discussion
[bookmark: _Toc20383032][bookmark: _Ref24010607]PDCCH-WUS reception before BWP switch
In RAN1#98bis meeting, it has been agreed that:
	Agreements:
The following working assumption is confirmed:
UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.
Agreements:
UE follows legacy DRX operation to wake up and start the OnDurationTimer at the next DRX ON at least for the case when the active BWP is not configured with the PDCCH –based power saving signal/channel
· FFS other cases (e.g., the monitoring occasion at the PDCCH-based power saving signal/channel is not valid for the UE,  e.g., collision with other procedures)



It can be seen that PDCCH-WUS is configured per BWP. Hence there is possibility that the PDCCH-WUS configurations are different among different BWPs, e.g. search space configuration. Or even there is no PDCCH-WUS configuration on some BWPs. When BWP switch happens after the UE has detected PDCCH-WUS, how to define the UE behaviour should be studied. For example, whether the UE switch to the target BWP or not, whether the UE follows the WUS indication in the target BWP and etc.
It should be noted that DCI based BWP switch has no impacts on the UE behaviour regarding PDCCH-WUS. It is due to the fact that the UE will restart the DRX inactivity Timer after the UE receives the DCI which carries BWP switch command, thus triggering Active Time. Then the UE will not monitor the PDCCH-WUS in this case. Therefore, we mainly discuss the issues caused by BWP switch due to bwp-InacitivityTimer expiry.
[bookmark: _Toc24038385]Observation 1: If BWP switch is due to DCI, UE is in Active Time due to DCI, hence no ambiguity on UE behavior.
Typically, there are two cases to be studied: case 1: the PDCCH-WUS indicates the UE to start the drx-OnDurationTimer; case 2: the PDCCH-WUS indicates the UE not to start drx-OnDurationTimer. We analyse the solutions case by case below.
· Case 1: PDCCH-WUS indicates the UE to start drx-OnDurationTimer
Solution 1 is that the UE to restart the bwp-InactivityTimer and stays on the source BWP [5]. This is because if the UE is switched to the target BWP i.e. default/initial BWP due to bwp-InactivityTimer expiry, the bandwidth of the target BWP may be small which may impact the service performance eventually. 
Solution 2 is to follow the legacy behavior, i.e. the UE is switched to the target BWP. If there is need of transmission with large data amount, the UE is switched back to the source BWP.
If the UE is indicated by the network to wake up, it is basically because that there is downlink traffic for the UE. And the bandwidth and even the numerology of the default/initial BWP might not be suitable for the traffic. Meaning if solution 2 is used, the UE will be switched back to source BWP with high probability. Considering the interruption length of BWP switch spans from 0.5ms (µ = 1) to 1.25ms (µ = 3) [4], it is evitable to introduce extra delay to the service and impacts the performance. .
Hence, it is proposed that:
[bookmark: _Toc23946153]Proposal 1: a PDCCH-WUS indicating UE to wake-up and start the drx-onDurationTimer on its next occurrence restarts the bwp-InactivityTimer.
· Case 2: PDCCH-WUS indicates the UE not to start drx-OnDurationTimer
In this case, the UE detects that it should not start drx-OnDurationTimer for next DRX on occurrence. If BWP switch happens, it is straightforward that the UE is switched to the target BWP.
[bookmark: _Toc24038386]Observation 2: It is straightforward that the UE switches to the initial/default BWP if there is no WUS indication to start drx-OnDurationTimer and the bwp-InactivityTimer expires.
Then, after it has switched, what should be the UE behaviour regarding the next on-duration if  there is no PDCCH-WUS configuration in the initial/default BWP?
When the UE is indicated by PDCCH-WUS not to wake up and then BWP switch happens, the UE can either follow the current agreement in absence of PDCCH-WUS configuration i.e. follow the legacy behaviour to start the drx-OnDurationTimer on next on-duration in initial/default BWP. Or it could follow the last PDCCH-WUS indication, i.e. not start drx-OnDurationTimer on next on-duration in initial/default BWP, irrespective of whether PDCCH-WUS is configured in this BWP. From the perspective of network, if it indicates the UE not to start the drx-OnDurationTimer, it means there is no downlink scheduling for the UE. Therefore, even if the UE performs PDCCH monitoring on the next DRX on, there is low probability that data is available for the UE. It is a power waste. Hence, it is more reasonable that the UE follows the indication of the source BWP.
[bookmark: _Toc23946154]Proposal 2: UE follows PDCCH-WUS indication regarding start/not start of the drx-OnDurationTimer on its next occurrence irrespective of BWP switch procedure.
PDCCH-WUS occasion during BWP switch
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN2#107bis meeting, issues related to loss of power saving signal/channel due to BWP switch were raised [6]-[7]. Since the interruption length of BWP switch spans from 0.5ms (µ = 1) to 1.25ms (µ = 3), it is quite likely the UE misses the PDCCH-WUS during BWP switch. Therefore, the UE does not know whether to start drx-OndurationTimer without indication of the PDCCH-WUS which is similar to the case of measurement gap in section 2.3.1.
Similar to Section 2.1 this issue only occurs when BWP switch is due bwp-InactivityTimer expiry since DCI-triggered BWP switch starts drx-InactivityTimer which triggers Active Time.
[bookmark: _Toc24038387]Observation 3: The UE may miss PDCCH-WUS during a BWP switch caused by bwp-InactivityTimer expiry.
Basically, the solutions can be:
· Option 1: UE starts drx-onDurationTimer when the UE misses PDCCH-WUS due to BWP switch [6]
In this option, the UE monitors the PDCCH after BWP switch no matter there is downlink transmission or not. It eliminates the risk that the UE loose downlink scheduling. But it is power consuming, since there is possibility that there is no downlink transmission, since the network could not indicate anything to the UE. This situation is similar to the case of PDCCH-WUS occasion during active time since the UE know it cannot receive the PDCCH-WUS, and from that perspective, Option 1 is aligned with current behavior in Active Time.
· Option 2: Suspend BWP switch procedure upon the occurrence of PDCCH-WUS
In option 2, when BWP switch procedure overlaps with PDCCH-WUS occurrences, the UE suspends the BWP switch procedure until the UE detects the PDCCH-WUS indication. Then, the UE switches to the target BWP and decides whether to start drx-onDurationTimer based on the indication. This will require some interactions between both procedures and eventually bring impacts on specification which is more complex.
Therefore, it is proposed that:
[bookmark: _Toc23946155]Proposal 3: UE behavior when PDCCH-WUS occurs during BWP switch is the same as when PDCCH-WUS occurs during Active Time.
PDCCH-WUS occasion during Measurement gap
In current specification, the UE will perform measurement during measurement gap no matter whether UE performs uplink transmission or downlink reception except Msg2/Msg4. And the duration of measurement gap ranges from 1.5ms to 6ms according to [4]. From the network perspective, it can separate the measurement gap occasions and the PDCCH-WUS occasion to avoid collision as much as possible. Nevertheless, collisions between measurement gap and PDCCH-WUS occasions can happen when the measurement gap has to align with the SSB position of the measurement object and DRX patterns has to match the traffic. Then, it is quite likely the UE loses PDCCH-WUS during measurement gap.
Solutions can be similar with the case during BWP switch, which means the UE starts drx-OnDurationTimer if measurement gap collides with PDCCH scrambled by PS-RNTI;
[bookmark: _Toc23946156]Proposal 4: UE behavior when PDCCH-WUS occurs during a measurement gap is the same as when PDCCH-WUS occurs during Active Time.
Conclusion
This contribution discusses the possible impacts on DRX and other MAC procedures brought by PDCCH based WUS. The resulting observation and proposals are as follows.
Observation 1: If BWP switch is due to DCI, UE is in Active Time due to DCI, hence no ambiguity on UE behavior.
Observation 2: It is straightforward that the UE switches to the initial/default BWP if there is no WUS indication to start drx-OnDurationTimer and the bwp-InactivityTimer expires.
Observation 3: The UE may miss PDCCH-WUS during a BWP switch caused by bwp-InactivityTimer expiry.
Proposal 1: a PDCCH-WUS indicating UE to wake-up and start the drx-onDurationTimer on its next occurrence restarts the bwp-InactivityTimer.
Proposal 2: UE follows PDCCH-WUS indication regarding start/not start of the drx-OnDurationTimer on its next occurrence irrespective of BWP switch procedure.
Proposal 3: UE behavior when PDCCH-WUS occurs during BWP switch is the same as when PDCCH-WUS occurs during Active Time.
Proposal 4: UE behavior when PDCCH-WUS occurs during a measurement gap is the same as when PDCCH-WUS occurs during Active Time.
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