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1. Introduction
[bookmark: Proposal_Pattern_Length]This contribution discusses possible paging enhancements related to Rel-17 Power Saving WI [1] for the objective:
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
1. Discussion
In Rel-15 LTE, a Wake Up Signal, WUS, is defined to reduce UE's power consumption due to the paging monitoring for NB-IoT UEs, BL UEs or UEs in CE. In Rel-16 LTE, WUS feature was extended to allow the possibility of distributing those UEs over multiple WUS resources aiming to reduce the paging false alarm (i.e. when having to decode a paging message that is actually not targeted for the given UE), which is referred as a Group Wake Up Signal, GWUS. The transmission of the (G)WUS is associated with the UE’s legacy Paging Occasion (PO) in each paging DRX cycle. When UE detects the (G)WUS before its configured PO, the UE monitors the PDCCH to receive the paging message in the corresponding PO (therefore when WUS is not detected, UE can skip monitoring for paging in the following paging frame). The starting subframe for the WUS transmission is determined from the location of the associated PO considering the maximum WUS duration and non-zero gap between end of WUS and start of associated PO, as shown in Figure 1 below for eMTC UEs. 
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[bookmark: _Ref46953248]Figure 1. WUS timing for BL UEs and UEs in CE (Figure 10.1.4-3 from TS 36.300)
[bookmark: _Hlk47306863]For eMTC/NB-IoT UEs, the power consumption drain comes from the large number of repetitions required for PDCCH vs the ones required for WUS, measurements and DL synchronization. However, NR UEs only monitor a PF/PO per paging DRX cycle (without any repetitions associated with it); therefore, the power saving benefit may be limited by only introducing a wake-up signal. For this reason, there is a need to account for other factors to increase the power saving gain of UEs in RRC_IDLE and RRC_INACTIVE, for example: to reduce unnecessary paging reception (i.e. reduce paging false alarm via WUS resource), time aligning the tracking reference signal and system information (SI) with the WUS (to prevent additional wake up to perform idle mode measurement, synchronization and acquisition of SI). It is expected that RAN1 will include these factors in their evaluation. 
[bookmark: _Toc462853490][bookmark: _Toc462930826][bookmark: _Toc462938408][bookmark: _Toc462938714][bookmark: _Toc462938967][bookmark: _Toc463057435][bookmark: _Toc463058225][bookmark: _Toc463066583][bookmark: _Toc465993149][bookmark: _Toc477888237][bookmark: _Toc478139319][bookmark: _Toc478166233][bookmark: _Toc478166344][bookmark: _Toc528244345][bookmark: _Toc22282240][bookmark: _Toc22282242][bookmark: _Toc22282353][bookmark: _Toc47306701][bookmark: _Toc47306864][bookmark: _Toc47359278][bookmark: _Toc47596392][bookmark: _Toc47612686][bookmark: _Toc47628677][bookmark: _Toc47628931]For eMTC/NB-IoT UEs, a Wake-Up Signal (WUS) is defined for UEs in RRC_IDLE as the power consumption drain comes from the large number of repetitions required for PDCCH. However, since the NR UEs only monitor a given PF/PO per paging DRX cycle (without any repetitions associated with it), introducing a new WUS in NR may only provide limited power saving benefit.
[bookmark: _Toc47306865][bookmark: _Toc47359279][bookmark: _Toc47596393][bookmark: _Toc47612687][bookmark: _Toc47628678][bookmark: _Toc47628932]RAN1 evaluation will need to account for different factors that consume UE power while an NR UE is in RRC_IDLE and RRC_INACTIVE, such as, synchronization, paging monitoring or unnecessary paging reception (i.e. paging false alarm), measurements, cell reselection and acquisition of system information
Proposal 1. [bookmark: _Toc463058201][bookmark: _Toc463058245][bookmark: _Toc463058202][bookmark: _Toc463058246][bookmark: _Toc463058203][bookmark: _Toc463058247][bookmark: _Toc465992504][bookmark: _Toc465993063][bookmark: _Toc465993086][bookmark: _Toc477888239][bookmark: _Toc478114424][bookmark: _Toc478139321][bookmark: _Toc478164249][bookmark: _Toc478166236][bookmark: _Toc478166327][bookmark: _Toc478166375][bookmark: _Toc528244348][bookmark: _Toc528244363][bookmark: _Toc22282238][bookmark: _Toc22282245][bookmark: _Toc22282357][bookmark: _Toc47306708][bookmark: _Toc47327411][bookmark: _Toc47359284][bookmark: _Toc47596395][bookmark: _Toc47612689][bookmark: _Toc47628680][bookmark: _Toc47628934]Wait for RAN1 conclusion of the evaluation study to decide on whether to introduce a new wake up signal for NR UEs in RRC_IDLE and RRC_INACTIVE for UE power saving. 

If RAN1 agrees to define a new (G)WUS, we suggest discussing the RAN2 foreseen impact:
(A) Network needs to indicate to UEs, in RRC_IDLE/RRC_INACTIVE, whether the cell supports/allows the usage of this new feature e.g. by implicitly signaling via broadcasting (G)WUS related configuration or by explicit signaling via broadcasting an enable/disable indication.
(B) Radio paging container stored in AMF (and later shared with gNB during paging mechanism) requires to also include a UE radio capability for WUS-paging. This would provide the gNB with the means to know whether a given UE should be paged using WUS first or using legacy paging mechanism.
(C) The paging monitoring rules defined in 38.304 would need to be updated based on a lower layer notification of the (G)WUS reception. The assumption is that RAN1 will address the (G)WUS design details including for example, the location/window of new (G)WUS, the mapping between (G)WUS and PF/PO, and the gap or offset required between (G)WUS and a corresponding PF/PO.
(D) There are other enhancements related to UE’s activities while UE is in RRC_IDLE/RRC_INACTIVE:
· Measurements: it could be discussed whether further relaxation of measurements is required for UEs configured with (G)WUS feature (e.g. for serving cell) or not (assuming that UE could rely on other related features defined e.g. Rel-16 relaxation of measurement for neighboring cells or power saving enhancements being discussed under Rel-17 Reduced Capability topic).
· SI notifications: it could be discussed whether (G)WUS should also carry information that notifies a change of SI. However, this is something that was not considered for LTE (G)WUS feature.
[bookmark: _Toc47359280][bookmark: _Toc47596394][bookmark: _Toc47612688][bookmark: _Toc47628679][bookmark: _Toc47628933]If RAN1 agrees to define a new (G)WUS for UEs in RRC_IDLE/RRC_INACTIVE, the RAN2 foreseen impacts include network broadcast indication of (G)WUS support/usage, new (G)WUS indication defined within the UE radio paging capabilities stored in AMF, and update of the paging monitoring rules upon reception of (G)WUS indication.
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1. Conclusion
The observations captured are the following:
Observation 1.	For eMTC/NB-IoT UEs, a Wake-Up Signal (WUS) is defined for UEs in RRC_IDLE as the power consumption drain comes from the large number of repetitions required for PDCCH. However, since the NR UEs only monitor a given PF/PO per paging DRX cycle (without any repetitions associated with it), introducing a new WUS in NR may only provide limited power saving benefit.
Observation 2.	RAN1 evaluation will need to account for different factors that consume UE power while an NR UE is in RRC_IDLE and RRC_INACTIVE, such as, synchronization, paging monitoring or unnecessary paging reception (i.e. paging false alarm), measurements, cell reselection and acquisition of system information
Observation 3.	If RAN1 agrees to define a new (G)WUS for UEs in RRC_IDLE/RRC_INACTIVE, the RAN2 foreseen impacts include network broadcast indication of (G)WUS support/usage, new (G)WUS indication defined within the UE radio paging capabilities stored in AMF, and update of the paging monitoring rules upon reception of (G)WUS indication.
The proposal captured is the following:
Proposal 1.	Wait for RAN1 conclusion of the evaluation study to decide on whether to introduce a new wake up signal for NR UEs in RRC_IDLE and RRC_INACTIVE for UE power saving.
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