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Introduction
RAN2 discussed the impact of PDCCH-based power saving signal/channel on cDRX during RAN2#105bis [1-14]. RAN2 made the following agreements:
1.	RAN2 will study the RAN2 impact of wake up signaling to C-DRX.  
2.	Wakeup signaling is linked to C-DRX and is only configured when C-DRX is configured.  If the WUS is not configured legacy operations apply. 
3.	If configured with WUS, UE should monitor for WUS occasions at a known offset before on duration C-DRX.  The offset is up to RAN1 discussion. 
In this contribution further details of the RAN2 impact of cDRX is discussed. 
Background
RAN1 agreements related to WUS in connected mode:
Agreements:
· The PDCCH-based power saving signal/channel is UE-specifically configured.   
· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· Alt 1: triggering a single UE only 
· Alt 2: triggering UE(s) within a group 
· FFS whether to always trigger all UEs in a group or a subset of it
· Alt 3: Alt 1 & Alt 2 
Agreements:
The assumptions of the DCI design of the PDCCH-based power saving signal/channel include:
· No increase of DCI format size budget  
· FFS whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time
· Working assumption: no increase of UE BD/non-overlapping CCE limit
Agreements:
Possible candidates of DCI format design for the PDCCH-based power saving signal/channel (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· New DCI format(s) 
· The size of new DCI format may or may not be the same size as the existing DCI size
· Enhancement of existing DCI. E.g.,:
· Additional new field(s)
· Using the existing DCI format for the power saving purpose
· Re-purpose field(s) in the DCI
· The detection of existing DCI format as the indication for the power saving technique 
Agreements:
The DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 
· Indication of one or more power saving associated operations.  
· Supporting configurability (e.g., 0, 1, 2, …bits, etc.), if needed, for one or more information fields in the DCI at least for one DCI format
Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 
· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 
The following candidates may be discussed after RAN2’s SI is completed:
· Skipping number of DRX monitoring 
· SPS activation
· DRX configuration 
Agreements:
· The design of the DCI format(s) and size needs to account for one or more of the following aspects
· Within or outside Active Time
· DCI format size for the power saving signal/channel to fit the DCI format size budget
· Including aspects whether or not it is necessary to align it with existing DCI format size
· Other aspects are not precluded
Agreements:
· Support at least one CORESET with configured search space(s) for the power saving signal/channel  
· FFS separate vs. shared with a CORESET (and/or search space(s)) configured for other purposes (when applicable)
Agreements:
· For PDCCH-based power saving signal/channel, 
· The set of AL(s) is configured 
· The number of PDCCH candidate(s) for each AL is configured
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[bookmark: _GoBack]RAN1 (and RAN4) are assumed to discuss the details of the PDCCH-based Wake-Up Signal (WUS) design [15]. It is assumed that RAN1 will provide an RRC parameter list at the end of the work item phase for the WUS to RAN2. These WUS related RRC parameters are assumed to include a detailed description of the RRC signalling to configure WUS for PDDCH monitoring in connected mode (IE name, description, value range, default, comments). 
RAN2 assumes that the UE monitors the WUS occasion at a known offset before the OnDuration. RAN2 agreed to leave further discussion of the offset between WUS occasion and beginning of OnDuration to RAN1:
Assumption 1: RAN2 assumes that RAN1 will provide details on the configurable offset between WUS occasion and following OnDuration in the RRC parameter list.
A general principle, that has been discussed during the RAN1 study, and that is expected to be a common understanding, is that the UE monitors the WUS prior to the start of the OnDuration. When the UE detects WUS the UE is required to monitor PDCCH during the following OnDuration. When the UE does not detect WUS, the UE is not required to monitor PDCCH during the following OnDuration. Monitoring WUS requires much less energy compared to monitoring PDCCH during the complete OnDuration, i.e. in case there is typically no traffic scheduled for the UE in the following OnDuration the UE saves power. The use of WUS has some impact on the gNB scheduler, which needs to determine prior to the OnDuration whether it needs to schedule the UE or not, i.e. the gNB needs to signal the WUS or not. Furthermore, the gNB scheduler cannot reach the UE during the OnDuration anymore, when the WUS is not signalled, but has to wait until the next WUS occasion for that UE.
Observation 1: The use of WUS impacts the gNB scheduling flexibility.
It is assumed that RAN1 designs the WUS signal in such a way that after proper NW configuration a very low misdetection probability can be assumed. Furthermore it is assumed that RAN4 will define test cases, such that a minimum UE performance can be assumed. However when the UE misses a single WUS multiple PDCCH monitoring occasions are lost, dependent on the OnDuration length. Given that 1 misdetected WUS leads to multiple lost PDCCH monitoring occasions, it is proposed to stick to a 1:1 mapping between WUS and following OnDuration. It is assumed that the connection is not lost after a single WUS misdetection, but that communication can be resumed after short/long DRX cycle during the next following OnDuration. It is also noted that sleep during two OnDurations when WUS is not detected, can also be achieved when the DRX cycle is configured twice as long, i.e. this functionality is already supported:
Proposal 1: When the UE does not detect WUS prior to the start of the OnDuration the UE is not required to monitor the PDCCH during the following OnDuration, otherwise the UE is required to monitor the PDCCH during the following OnDuration.
In case the UE fails to detect the WUS when it is signalled, then there is a serious problem, but this should only happen in rare cases. From a RAN2 perspective the WUS detection should be reliable with the complete coverage area of the cell. The missed detection probability depends on the outcome of the RAN1/RAN4 WUS design and performance. During RAN1 studies a misdetection probably of 0.1% has been discussed. Nevertheless, when it can happen, it will happen, i.e. RAN2 should discuss possible recovery mechanisms from WUS misdetection in the rare cases that it happens. In case the WUS fails a single time, there is only an expected impact on throughput/delay. In case the WUS fails consistently the connection is assumed to be lost. This case is similar when UE is no longer reachable, e.g. UE roams out of coverage. In case DataInactivityTimer is configured, this can prevent from possible RRC state mismatch, i.e. both gNB and UE will eventually transit to Idle mode. In addition or alternatively it can be discussed if there is a low duty cycle within the WUS periodicity where the UE considers WUS detected by default, i.e. with a certain periodicity the UE will monitor the following OnDuration independent from the WUS signalling:
Proposal 2: RAN2 to discuss the need for recovery procedure from missed WUS detection.
In case long DRX is configured the 1:1 mapping of WUS to OnDuration implies that the WUS periodicity is dependent on whether the UE is in long or short DRX. Otherwise the WUS periodicity equals the short DRX cycle length:
Observation 2: The WUS occasions change when the UE uses short and long DRX, but the timeoffset to the following OnDuration is fixed.
In those cases where the UE enters DRX and the time until the following OnDuration is shorter than the configured WUS timeoffset, the UE shall monitor the following OnDuration.
Proposal 3: In case the UE enters DRX while the time until the next OnDuration is shorter than the time offset between WUS and OnDuration the UE shall monitor PDDCH during the following OnDuration.
RAN2 assumes that RAN1 will discuss the configuration details of the WUS signal, which among others, also includes the time between the WUS signal and the following OnDuration. This time offset (e.g. WUS-TimeOffset) should provide enough time for the UE to be ready to monitor PDCCH, but also provide configuration flexibility to the NW:
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Figure 1: WUS detection triggers PDCCH monitoring in the following OnDuration.
The WUS occasion, i.e. the time when UE shall monitor WUS on PDCCH, is determined by a known time offset until the following OnDuration. In our view this offset should be configurable, and could be part of the cDRX configuration of the UE. However RAN2 left these details to RAN1 to discuss further. 
The REL-15 cDRX configuration allows the NW to configure the same or different cDRX configurations per UE, e.g. multiple UEs may share the same OnDuration (and DRX cycle), or UEs may be distributed over different OnDurations (and different DRX cycles). The same flexibility is proposed to remain for the WUS occasion, i.e. the NW may configure all UEs to monitor the same WUS occasion, or configure different time offsets for the WUS:
Proposal 4: One or more UEs may monitor the same WUS occasion.
RAN1 is also discussing UE grouping information in the WUS, e.g. via cDRX configuration the UE is assigned an RNTI, and only when the RNTI is detected in the WUS the UE wakes up in the following OnDuration. This would enable the gNB to wake-up only certain UEs when multiple UEs monitor the same WUS occasion. But this function is left to RAN1 to discuss further. 
Summary
RAN2 is kindly asked to discuss WUS impact on cDRX: 
Assumption 1: RAN2 assumes that RAN1 will provide details on the configurable offset between WUS occasion and following OnDuration in the RRC parameter list.
Observation 1: The use of WUS impacts the gNB scheduling flexibility.
Proposal 1: When the UE does not detect WUS prior to the start of the OnDuration the UE is not required to monitor the PDCCH during the following OnDuration, otherwise the UE is required to monitor the PDCCH during the following OnDuration.
Proposal 2: RAN2 to discuss the need for recovery procedure from missed WUS detection.
Observation 2: The WUS occasions change when the UE uses short and long DRX, but the timeoffset to the following OnDuration is fixed.
Proposal 3: In case the UE enters DRX while the time until the next OnDuration is shorter than the time offset between WUS and OnDuration the UE shall monitor PDDCH during the following OnDuration.
Proposal 4: One or more UEs may monitor the same WUS occasion.
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