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Introduction
In TR 38.840 [1], RAN2 agreements related to PDCCH-based power saving signal/channel scheme for wake-up purpose is captured as follows:
The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX i.e. it is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose was studied for its adaptation to DRX operation (Section 5.1.4). 
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The PDCCH-based power saving signal/channel for wake-up purpose can indicate the UE to monitor or skip the PDCCH during the next occurrence of the drx-onDurationTimer. In the latter case, the UE does not start the drx-onDurationTimer at its next occasion. From higher layer perspective, in order to minimize the rate of such PDCCH-based power saving signal/channel transmission from the network, the preference is that the PDCCH-based power saving signal/channel for wake-up purpose is used to indicate to the UE to wake up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer.
Except for the drx-onDurationTimer, the PDCCH-based power saving signal/channel for wake-up purpose has no impact on other DRX timers and does not impact the Active Time due to other triggers than the drx-onDurationTimer. The UE behaviour when the occasion of PDCCH-based power saving signal/channel for wake-up purpose collides with Active Time due to other triggers than the drx-onDurationTimer (e.g. drx-InactivityTimer) should be addressed in the WI phase.
UE behaviour in case of mis-detection of the PDCCH-based power saving signal/channel for wake-up purpose should also be addressed in the WI phase.
In this contribution, we discuss about some open issues in RAN1 on PDCCH-based power saving signal/channel for wake up purpose in relation to RAN2 agreements.
Discussion
Indication of PDCCH-based Power Saving Signal/Channel for wake up
Indication (or content of DCI) of PDCCH-based Power Saving Signal/Channel for wake up purpose for a UE could be either to monitor (wake up) or skip the PDCCH during On-duration as also seen in RAN2 agreements, or possibly both.
RAN2’s preference seems “wake up” according to the agreements “the preference is that PDCCH-based power saving signal/channel for wake-up purpose is used to indicate to the UE to wake up”, and the motivation is to “minimize the rate of such PDCCH-based power saving signal/channel transmission from the network”. Considering the motivation, to indicate both wake up and skip may not be in line with RAN2 preference.
Observation:
RAN2 preference seems “wake up” for indication by PDCCH-based power saving signal/channel for wake-up purpose
Observation:
It should be considered to minimize the rate of PDCCH-based power saving signal/channel transmission taking into account of higher layer perspective
UE behavior in case of miss-detection of PDCCH-based power saving signal/channel for wake up
A UE configured with PDCCH-based power saving signal/channel would sometimes fail to decode indication of PDCCH-based power saving signal/channels with non-zero probability, e.g. 1% similar to probability of miss-detection of the downlink scheduling grant (Pm-dsg) [2]. With this order of probability, a user would encounter miss-detections during their access to the network within not so long period.
In addition to miss-detection, false detection would also happen while the probability would be lower than that of miss-detection.
UE behavior in case of miss-detection as well as false detection is briefly summarized in Table 1.
· Case where a UE erroneously wakes up
The UE wakes up during the next ON duration but receives no scheduling DCI intended for the UE because gNB does not assume the UE monitors PDCCH. Battery is consumed unnecessarily during the ON duration and power saving efficiency may slightly be degraded. But it would be negligible. User experience would not be impacted. The UE could receive indication of PDCCH-based power saving signal/channel during next MO(s).
· Case where a UE erroneously skip PDCCH
The UE would likely miss a number of scheduling DCIs intended for the UE perhaps including retransmissions as well during subsequent ON-duration(s), because the gNB would have intention to wake up the UE to send scheduling DCI. Once this happens, user experience could be significantly degraded.
The UE could miss multiple ON-durations because it could happen that the Active Time could be extended by drx-InactivityTimer or drx-RetransmissionTimerDL/UL and Active Time would be extended until next ON duration from gNB perspective. gNB would not send indication of PDCCH-based power saving signal/channel for the UE because gNB would assumes MO(s) of PDCCH-based power saving signal/channel overlaps with Active Time of the UE. It could be safer that UE wakes up by default according to legacy C-DRX behavior (or fallback) if the UE did not detect PDCCH-based power saving signal/channel.
Observation:
In case a UE erroneously skip to monitor PDCCH during the next ON duration, user experience would be significantly degraded.
Observation:
To avoid frequent degradation of user experience, probability of miss-detection (and/or false detection) of indication carried by PDCCH-based power saving signal/channel for wake up purpose should be low enough
Observation:
It could be safer that UE wakes up by default according to legacy C-DRX behavior (or fallback) if the UE did not detect PDCCH-based power saving signal/channel.

Table 1: UE behavior and impact in case of erroneous detection of PDCCH-based power saving signal/channel
	Indication 
	Error
	UE behavior during the next occurrence of the drx-onDurationTimer
	Expected impact

	wake up
	Miss-detection
	UE would skip to monitor the PDCCH while gNB would send scheduling DCI to the UE. 
gNB would assume Active Time would be extended by inactivity timer and also retransmission timer which may overlap with next MO of PDCCH-based power saving signal/channel
	Degradation of user experience will occur as a number of scheduling DCI to the UE will be lost.

	
	False detection
	UE would monitor the PDCCH while gNB would not send scheduling DCI to the UE because gNB does not expect the UE monitors PDCCH
	No significant impact 

	skip
	Miss-detection
	Same as false detection for “wake up”
	Same as false detection for “wake up”

	
	False detection
	Same as miss-detection for “wake up”
	Same as miss-detection for “wake up”



Time and frequency tracking for PDCCH-based Power Saving Signal/Channel
A Rel-15 UE configured with C-DRX may wake up beforehand to perform time and frequency tracking with CSI-RS for tracking (TRS), and keeps awake until end of Active Time.
As discussed in subclause 2.2, PDCCH-based power saving signal/channel for wake up purpose may require rather higher reliability to avoid frequent degradation of user experience. Therefore a UE configured to monitor PDCCH-based Power Saving Signal/Channel may also need to perform time and frequency tracking before MO(s) of PDCCH-based Power Saving Signal/Channel and keep awake until end of the subsequent Active time (Figure 2).
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Figure 2: Time and frequency tracking with TRS before MO(s) of PDCCH-based Power Saving Signal/Channel for wake up purpose

Observation:
Time and frequency tracking with TRS may also be needed before MO(s) of PDCCH-based Power Saving Signal/Channel for wake up purpose to ensure decoding performance

[bookmark: _GoBack]In case of skip to monitor the next ON duration, wake up time for the UE would be from TRS until end of MO(s) of PDCCH-based Power Saving Signal/Channel. It might be beneficial if the MO(s) can be configured close to TRS which would minimize wake up time in case the UE skips to monitor PDCCH during the next ON duration (Figure 3).
Observation:
It could be beneficial if MO(s) of PDCCH-based Power Saving Signal/Channel can be configured close to TRS. It would minimize wake up time in case the UE skips to monitor PDCCH during the subsequent ON duration
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Figure 3: UE wake up time in case to skip the next ON duration

Summary
In this contribution, we discussed some aspects of PDCCH-based power saving signal/channel and made the following observations.

Observation:
RAN2 preference would be “wake up” for indication by PDCCH-based power saving signal/channel for wake-up purpose
Observation:
It should be considered to minimize the rate of PDCCH-based power saving signal/channel transmission taking into account of higher layer perspective
Observation:
In case a UE erroneously skip to monitor PDCCH during the next ON duration, user experience would be significantly degraded.
Observation:
To avoid frequent degradation of user experience, probability of miss-detection (and/or false detection) of indication carried by PDCCH-based power saving signal/channel for wake up purpose should be low enough
Observation:
It could be safer that UE wakes up by default according to legacy C-DRX behavior (or fallback) if the UE did not detect PDCCH-based power saving signal/channel.
Observation:
Time and frequency tracking with TRS may also be needed before MO(s) of PDCCH-based Power Saving Signal/Channel for wake up purpose to ensure decoding performance
Observation:
It could be beneficial if MO(s) of PDCCH-based Power Saving Signal/Channel can be configured close to TRS. It would minimize wake up time in case the UE skips to monitor PDCCH during the subsequent ON duration
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