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Introduction
This contribution addresses the following FFS from RAN2#106 [1] concerning UE behaviour when the WUS collides with any part of the DRX legacy active time:
Agreement 
1.	From RAN2 perspective, the WUS signalling is used to indicate to the UE to wake up to monitor the onDuration.  Apart from the onDuration, there are no DRX procedure impacts.
2.	FFS on UE behaviour when WUS collides with any event part of legacy active time (e.g. DRX Inactivity timer).  This will be discussed in the WI phase. 
3.	Details of WUS design is left to RAN1
Discussion
When DRX is configured, the Active Time controls when the UE monitors PDCCH for a given MAC entity. The Active Time is defined in 38.321 [2], and includes the time when drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running. 

As outlined in the WID [3], when a UE is to be addressed during a given onDuration, the network can send a PDCCH-based power saving signal triggering a MAC entity to “wake up” and monitor the next occurrence of the drx-onDurationTimer. If no such “wake up signal” or “WUS” is received, the UE may remain asleep to avoid unnecessary PDCCH monitoring, thus saving power.

[bookmark: _Hlk16780459][bookmark: _Hlk16780668]Given the monitoring occasion of this WUS occurs at a (to be determined) offset prior to the onDuration, there is a possibility the monitoring occasion will overlap with DRX Active Time from the previous onDuration. Should this occur, the UE may be unable to detect/decode the WUS (e.g. it was transmitted on a different BWP or monitoring for the WUS prohibitively increases the blind decoding burden). If the Active Time (e.g. drx-InactivityTimer, drx-RetransmissionTimerDL) expires before the beginning of the onDuration (Figure 1), the UE will sleep without knowing whether it should wake up in the following onDuration.
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Figure 1: WUS collision with Active Time from previous DRX onDuration.

As briefly discussed in RAN2#106, there are currently two options for the UE in such an event:

1. Wake up and monitor the onDuration corresponding to the missed WUS: possibly resulting in additional power consumption equivalent to monitoring the onDuration if the signal was not sent.

2. Assume no signal was sent and go to sleep: possibly introducing additional latency to scheduling or RRC signaling equivalent to the time until next onDuration.

Observing the probabilities of miss detection of the WUS (0.1%) vs false detection (1%), suggests the preferred solution would be for the UE to forgo minor power savings and wake up for the sake of latency and UE reachability. 

Observation 1:	The desired probabilities of WUS miss detection (0.1%) vs WUS false detection (1%) suggests a preference for the UE to wake up in the event it cannot interpret the WUS.

Should collision rarely occur, the additional power consumption would be limited to occasional extra onDuration monitoring, which is a fair trade-off to preserve UE reachability and reduce latency. The cumulative power consumption of unnecessarily monitoring the onDuration when frequent collision occurs could be impactful, yet may actually be limited as well when considering the traffic characteristics.

Although the exact offset from the onDuration is still FFS in RAN1, a reasonable assumption is the WUS monitoring occasion will be located close to the beginning of the corresponding onDuration. If the Active time extends that far into the DRX cycle, it indicates recent activity prior to the onDuration. Persistent collision could indicate the UE is in a high traffic state, suggesting that it would have been scheduled anyways, and the power savings from a WUS would be limited regardless. This is a notion which seems to be reinforced via RAN1 simulation results summarized in TR 38.840 [4]:

“Based on the evaluation, the schemes of power saving signal/channel triggering wake-up for CDRX show power saving gain in a range of 8% - 50% ... For longer C-DRX cycle and/or high traffic load, smaller gain in the range of 5% - 10% is observed.”

Observation 2:	Additional power consumption would be limited to occasional onDuration monitoring if the WUS collides infrequently with the Active Time. Frequent collision suggests a high traffic state, where power savings would be limited anyways.

Given the above observations, it appears that if the DRX Active Time collides with the WUS, having the UE wake up regardless would be a good compromise between impact on power consumption and latency, as well as being aligned with miss detection/false alarm probabilities.

Proposal 1:	If the WUS occasion collides with active time, the UE monitors the corresponding onDuration.

In addition to the previously listed Active time DRX timers, 38.321 further describes the HARQ-RTT-TimerDL and HARQ-RTT-TimerUL, defined as the minimum duration before a DL (UL) HARQ retransmission grant is expected by the MAC entity. Intended to enable the UE to enter a short-term sleep while waiting for HARQ information, if a MAC PDU is received (transmitted) in a configured downlink assignment (uplink grant), then the respective drx-HARQ-RTT-Timer is started for the corresponding HARQ process, and the drx-RetransmissionTimer is stopped.

Given the retransmission timer is no longer running, the HARQ RTT Timer duration is not part of Active time and collision the WUS occasion is not covered under the previous case. As the UE is still expecting further transmission/reception on the Active time BWP, the UE may again run into issues detecting/decoding the WUS should BWP switching be required. 

To enable consistent behaviour with the WUS occasion-Active time collision case, a simple solution would be to treat collision between the HARQ-RTT-Timer and the WUS occasion in a similar manner by monitoring the corresponding onDuration.

Proposal 2:	If a HARQ-RTT-Timer is running during a WUS occasion, the UE monitors the corresponding onDuration.

Conclusion
In this contribution the following observations and proposals were made concerning WUS collision with DRX Active time:

Observation 1:	The desired probabilities of WUS miss detection (0.1%) vs WUS false detection (1%) suggests a preference for the UE to wake up in the event it cannot interpret the WUS.

Observation 2:	Additional power consumption would be limited to occasional onDuration monitoring if the WUS collides infrequently with the Active Time. Frequent collision suggests a high traffic state, where power savings would be limited regardless.

Proposal 1:	If the WUS occasion collides with active time, the UE monitors the corresponding onDuration.

[bookmark: _GoBack]Proposal 2:	If a HARQ-RTT-Timer is running during a WUS occasion, the UE monitors the corresponding onDuration.
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