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Introduction
Power saving in connected mode was discussed in RAN2#105 [1-30]. RAN2 discussed the coupling with cDRX and made the following agreements:
Agreements
-	RAN1 can focus on the design on the signal/channel.   From RAN2 perspective, the power saving signal/channel scheme is considered jointly with DRX.  RAN2 assumes that the WUS scheme is linked/associated to DRX.   RAN2 should study the impact to c-DRX. 
-	RAN2 assumes that RAN1 will downscope the solutions as soon as possible
RAN2 also informed RAN1 about the RAN2 agreements [31].
Background
RAN1 has studied the design and benefit of a power saving channel in connected mode to reduce PDCCH monitoring. RAN1 has evaluated different power saving signals. The WUS related work item objectives, until June when the WID will be updated with completion of the RAN2 study, as agreed during RAN#83 [32] are: 
1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 
a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) Note: Any change of PDCCH channel coding and payload interleaver is not in the scope
Note: 
· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 
· The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.
[bookmark: _Toc242573360]Discussion
Based on the agreed WID it is assumed that RAN1 and RAN4 will discuss the details of the PDCCH-based Wake-Up Signal (WUS) design. 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). 
As indicated in the LS to RAN1 RAN2 assumes that the WUS signal is coupled with the cDRX operation. RAN2 should thus further discuss the coupling between WUS and cDRX:
Assumption 1: RAN2 assumes that WUS is coupled to the cDRX operation, i.e. WUS is only used when cDRX is configured.
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 configurable time offset until the following OnDuration. This timeoffset should be part of the cDRX configuration of the UE: 
Proposal 5: The WUS occasion, i.e. the time when UE shall monitor WUS on PDCCH, is determined by a configurable time offset until the following OnDuration in the cDRX configuration.
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 6: One or more UEs may monitor the same WUS occasion.
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss WUS impact on cDRX: 
Assumption 1: RAN2 assumes that WUS is coupled to the cDRX operation, i.e. WUS is only used when cDRX is configured.
Observation 1: The use of WUS impacts the gNB scheduling flexibility.
Observation 2: The WUS occasions change when the UE uses short and long DRX, but the timeoffset to the following OnDuration is fixed.
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.
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 5: The WUS occasion, i.e. the time when UE shall monitor WUS on PDCCH, is determined by a configurable time offset until the following OnDuration in the cDRX configuration.
Proposal 6: One or more UEs may monitor the same WUS occasion.
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