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Introduction
Potential NR power saving techniques have been studied SI RP-181463 and the report is available in TR 38.840 [2]. The resulting WI RP-191607 [3] focused on reducing PDDCH monitoring in RRC_CONNECTED by specifying a PDCCH-based wake-up signal. In Rel-17, a new WI RP-193239 [1] has been approved with the objective on power saving enhancements for RRC_IDLE/RRC_INACTIVE:
WID RP-193239:
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 #100 meeting 
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive- mode UEs, minimizing system overhead impact [RAN1]
- NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
In this document we provide our view on potential paging enhancements.
Discussion
Power-saving techniques are essential to enable low-power devices like industrial sensors, wearables etc. expected to last up to several years on a single charge. 3GPP has specified a machine-type communication (MTC) UE within the LTE release to allow implementation of such devices. For static and nomadic devices (IoT) like, pressure sensors, 3GPP has specified NB-IoT. However, NR will also introduce a reduced capability (REDCAP) UE with similar battery life requirements but different performance targets. Therefore, power saving enhancements for RRC_IDLE/INACTIVE is essential to enable efficient implementation of REDCAP UEs.
To conserve battery, low-power devices spend significant time in RRC_IDLE/INACTIVE mode, where they utilize discontinued reception (DRX) to turn off the RF and only wake up periodically to listen for eventual paging messages. However, decoding paging messages is complex and consumes a lot of power. Typically, a UE must do the following steps to monitor for paging: 
1. UE wakes up before the paging occasion (PO) 
2. Turns on RF and baseband 
3. Time-frequency synchronization as well as serving cell confirmation 
4. Attempts PDCCH decoding for DCI scrambled with P-RNTI 
5. If no paging DCI is found, the UE goes back to DRX 
This process can take several subframes depending on the potential PDCCH repetition scheme. Therefore, a wake-up signal (WUS) has been introduced in LTE Rel-15 and NB-IoT. The WUS is a sequence that is transmitted a configurable time before the paging occasion (PO) and indicates if a paging message is transmitted. Hence, the UE wakes up and searches for the WUS. If the WUS is detected, the UE wakes up the baseband and starts the procedure described above. If the WUS is not detected, the UE goes back to sleep. The advantage is that the PDCCH decoding is only carried out if a paging message is to be received and hence unnecessary PDCCH decoding is avoided. The WUS detector can be implemented as a simple correlator.
For NR UEs in RRC_IDLE/INACTIVE a PDCCH-based wakeup signal is not adequate since PDCCH detection requires time-frequency synchronization and involves complicated decoding which consumes a lot of power. Therefore, a sequence-based wakeup signal is desirable since detection only involves simple correlations and no time-frequency tracking or complicated baseband processing is required.
Proposal 1: Consider a sequence-based wake-up signal (WUS)
In LTE Rel-16, a significant amount of work has been done to specify a group WUS (GWUS) to reduce the unnecessary wake-up of UEs with the same PO but that are not being paged. Hence, it is desirable to leverage those results and reuse/adapt them to NR.
Proposal 2: Consider reusing/adapting the group-WUS design of LTE-MTC/NB-IoT.
A major difference between LTE and NR is the beam-based access. The paging message must be transmitted in all beams to ensure successful reception at the UE. 
Observation 1: In beam-based transmission, the paging occasion must be repeated in all beams to ensure reception at the UE.
It follows, that a potential WUS must also be transmitted on all beams.
Proposal 3: WUS must be transmitted in a burst-like fashion like SS/PBCH bursts.


Conclusion
In this contribution the following proposals and observations have been made:
Proposal 1: Consider a sequence-based wake-up signal (WUS)
Proposal 2: Consider reusing/adapting the design of group-WUS for LTE-MTC/NB-IoT.
Observation 1: In beam-based transmission, the paging occasion must be repeated in all beams to ensure reception at the UE.
Proposal 3: WUS must be transmitted in a burst-like fashion like SS/PBCH bursts.
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