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1 Introduction
In RAN#84 (RP-191607) following WID scope was agreed for PDCCH based power saving techniques:
	Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure




Additionally, RAN1 sent LS to RAN2 (LS on UE power saving, R1-1907939) on the progress of PDCCH based power saving.

	Agreements:
A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured
· FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel

Agreements:
Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time
· Following the principle of Rel-15 search space configuration
· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time
· FFS whether UE can further monitor the search space set(s) inside Active Time

Agreements:
· The CORESET for the PDCCH-based power saving signal/channel outside Active Time can be configured to index to at least one of the CORESET(S) configured for other PDCCH monitoring 
· FFS whether the indexed CORESET can be exclusively used by the PDCCH-based power saving signal/channel (i.e., not be used for other PDCCH monitoring) 
· FFS whether or not to increase the number of CORESETs relative to that in Rel-15
· FFS whether or not a BWP is dedicated for PDCCH-based power saving signal/channel

Agreements:
For power saving signal/channel configured outside Active Time, introduce a new DCI format for a UE, where the UE is configured to monitor the DCI format with the power saving information for the UE in the DCI configurable by RRC
· FFS whether the DCI is in UESS or CSS or both
· FFS detailed configuration of the power saving information
· FFS the new DCI format
· Note: the same DCI may carry power saving information for one or more UEs
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2 	Discussion

2.1	On PDCCH Based Power saving signal/channel and the ON duration
WID description left open how a wake-up signal monitoring (which can have multiple occasions in a window)  and on duration relate to each other i.e. whether monitoring occasions would map to a next on-duration (one-to-one mapping) or whether wake-up signal/channel monitoring occasion(s) would trigger PDCCH monitoring for more than one on-duration (one-to-N mapping). Figure 1 illustrates one-to-one mapping. In 1-to-1 case when network sends wake-up signal, but UE is not able to detect it, it would only affect the one on-duration. In one-to-N case, two approaches could be considered; either UE monitors the wake-up before every onDuration or only every N. If the UE would monitor wake up signal with longer periodicity (i.e. every N for additional power saving) the miss-detection penalty would cause increased latency. If the UE would still monitor before any onDuration, there would not be any power saving from UE perspective but possible reduction in PDCCH overhead. However RAN1 has agreed that the wake-up signal is delivered by group-based DCI, i.e. same DCI can be used to schedule multiple UEs, thus the saving would not seem crucial. Therefore, it is preferred to have one-to-one mapping for wake-up signal.
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[bookmark: _Ref7528866]Figure 1. Example illustration of one to one mapping of wake-up signal occasions and on-duration
[bookmark: _Ref16769321]Proposal 1: There is one-to-one mapping of wake-up signal/channel and next on-duration.

2.2.	On the Detection of Monitoring Occasions
For monitoring the wake-up signal/channel, network should be able configure one or multiple monitoring occasions (slots) before the on-duration. The configured occasions can be considered as a monitoring window. UE can therefor assume that wake up signalling is transmitted in proximity in time domain to avoid too frequent wake cycle. Although the monitoring occasions would be potentially transmitted during a short time period, it may be possible that UE may not be able to detect the wake-up transmission e.g. due to expiry of inactivity-timer during or after the monitoring window. For these cases, simple rules should be defined e.g. if UE misses a monitoring occasion prior to the on duration it would be required to monitor PDCCH on the next on duration or a part of it. 
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Figure 2. Illustration of active time ending during the monitoring window.
[bookmark: _Ref16769322]Proposal 2: Define UE behaviour when it misses one or multiple monitoring occasions before the associated on-duration

2.3 Failure Detection for Power Saving Signal
In a Rel-15 beam failure recovery a beam failure instance is indicated by L1 to L2 when all the PDCCH beams ( or the RSs corresponding to the TCI states for PDCCH) are estimated to be in failure condition. Even if one PDCCH beam is not in failure condition no instance is indicated to L2. The procedure is similar inside and outside active time, while when C-DRX is applied UE is allowed to have longer latency for the detection of the failure. As a result, the beam failure detection procedure is not able not track specifically just one or specific set of the PDCCH links the efficient beam failure detection in case of wake-up signal may require additional consideration.
As a result the beam failure detection procedure is not able not track specifically just one or specific set of the PDCCH links the efficient beam failure detection in case of wake-up signal may require additional consideration.
One of the potential configuration options for PDCCH based power saving signal/channel is that it corresponds to at least one of the configured TCI State for PDCCH reception. Considering this from the current beam failure detection perspective, it may mean that the beam used for monitoring power saving signal can be in failure condition (and no other PDCCH are) but no beam failure instance is indicated to L2, no beam failure can be detected, and recovery initiated. Effectively this may mean that UE is not able to decode the transmission of PDCCH based power saving signal but has no means to quickly recover from this situation.
Additionally, network is not necessarily aware of UE condition or it may take relatively long time for network to notice it. Even in this case network can only wait for UE to trigger failure recovery. Also, DRX, the beam failure detection is done less frequently (in more relaxed manner) i.e. the indication interval is scaled according to the DRX cycle length. Thus even if all beams are in failure condition, the declaration of beam failure may take relatively long time.
One potential approach to solve this could be to enhance current beam failure detection procedure to allow UE to e.g. trigger beam failure recovery based on the quality of the RS corresponding to the PDCCH based power saving signal. This would enable the UE to start recovery procedure according to Rel-15 mechanisms.
Furthermore, to proactively prevent such failure conditions, network could also configure UE with periodic beam reporting during the on-duration or every Nth on duration. Based on the UE reporting it would be able perform beam management actions, TCI state reconfiguration etc. However, when PDCCH based power saving signal/channel is configured, network may not able to reconfigure/perform beam management for UE if it has not indicated UE to wake up. After UE has performed beam reporting (e.g. on PUCCH) UE is not monitoring PDCCH. In one approach, when power saving signal/channel is configured and UE is configured to report during the on-duration, it would be required to monitor the PDCCH on duration or at least a part of the on duration after it has sent the beam report.
[bookmark: _Ref16769323]Proposal 3: Define failure recovery mechanism for recovering from failure of PDCCH based power saving signal/channel. 
3	Conclusions

Proposal 1: There is one-to-one mapping of wake-up signal/channel and next on-duration.
Proposal 2: Define UE behaviour when it misses one or multiple monitoring occasions before the associated on-duration.
Proposal 3: Define failure recovery mechanism for recovering from failure of PDCCH based power saving signal/channel. 
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