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Introduction
In R16 power saving, the paging enhancement for power saving in IDLE/INACTIVE had been studied during the SI phase, but it was ruled out in the WI scope. In R17 the paging enhancement is included in the WI scope as below: 
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
a. Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
In this contribution, we discuss the potential solutions for the paging enhancement.
Discussion
In each DRX cycle, UE is expected to wake up for a specific timing called the Paging Occasion to monitor the PDCCH for paging. If the PDCCH for paging is received in the PO, then the UE decodes the PDSCH to receive the paging message. If the paging is not intended for the UE, it sleeps again till the next PO. 
Judging from our earlier discussion and decision on power saving in NB-IoT and NR, following 3 approaches can be considered as potential solutions to reduce unnecessary UE paging receptions in IDLE/INACTIVE,:

· Approach 1: Extend DRX cycle

· Approach 2: Common power saving signal, like WUS in R15 NB-IoT

· Approach 3: Group power saving signal, like GWUS in R16 NB-IoT or DCI Format 2_6 in R16 NR

One simple approach to reduce the power consumption for the paging monitoring is to extend the DRX cycle to make UE wake up less often. This approach had been studied as a potential enhancement in R16 for the purpose of power saving in IDLE or INACTIVE. However, the paging enhancement was completely excluded from the R16 WI, and the discussion ended without any conclusion.
For UE in RRC_IDLE or INACTIE, the maximum paging cycle configurable in NR is 2.56sec, as in LTE. The longer paging cycles were specified in R13 LTE but it is applicable only for MTC or NB-IoT UE. These types of UEs are delay tolerant compared to the normal UE, so the longer paging cycle doesn’t matter for them. However, the paging cycle longer than 2.56sec is highly undesirable for normal UE that may be waiting a delay sensitive service. The solution that RAN2 will drive during this WI should be applicable and effective for all kinds of UEs, not particular type of UE. In this respect, the first approach, DRX cycle extension, should be excluded.
Observation 1
Extending DRX cycle is not suitable for normal UE.
In R15 LTE, WUS was introduced for MTC/NB-IoT UE to reduce the unnecessary power consumption related to PDCCH monitoring. With the WUS approach, the UE only needs to decode the PDCCH when WUS is detected, otherwise, the UE will stay in sleep mode. 
For MTC/NB-IoT UE, a number of PDCCH repetition is required for successful decoding. The WUS on the other hand is detectable from UE with much less repetition than PDCCH because of its small size. Furthermore, these types of UEs generally have very low paging rate, so in most cases MTC/NB-IoT UE is able to detect that there is no paging message in following PDSCH just by monitoring the WUS. Due to these characteristics of the MTC/NB-IoT, the common WUS is quite effective to reduce the UE power required for paging monitoring.
However, for normal UE, the PDCCH repetition is not needed, and they generally have higher paging rate than MTC/NB-IoT UE. Therefore, though the common power saving signal like WUS is adopted in NR, it would be transmitted very frequently to announce the presence of the paging DCI. If the paging rate is extremely high and the paging DCI is transmitted in most paging cycles, the common power saving signal would increase rather than reduce the UE power consumption.
Observation 2
Common power saving signal is not very effective for normal UE.
More than one UE may monitor the same Paging Occasion, which can cause false paging alarms, i.e. when the UE receives a paging message on PDSCH, which is not intended for that UE, causing unnecessary power consumption in the UE. The common power saving signal based approach cannot solve this problem. 
In R16 NB-IoT the Group WUS was introduced to reduce the probability of the false alarm. Similarly, DCI format 2_6 was defined in R16 NR for notifying the power saving information for group of UEs in RRC_CONNECTED. These features allow the eNB/gNB to send the power saving signal to a group of UEs.
If such a power saving signal per UE group is provided, e.g. via physical layer signal or DCI, UE will attempt to decode the PDCCH only when the power saving signal for its group is detected, and it would be very helpful to reduce the false alarm in NR paging. Therefore, we propose to define a mechanism based on the power saving signal per group to reduce unnecessary UE paging receptions in IDLE/INACTIVE.
Proposal 
Introduce a mechanism based on the power saving signal per group to reduce unnecessary UE paging receptions in IDLE/INACTIVE.
Conclusion

Observation 1
Extending DRX cycle is not suitable for normal UE.
Observation 2
Common power saving signal is not very effective for normal UE.
Proposal 
Introduce a mechanism based on the power saving signal per group to reduce unnecessary UE paging receptions in IDLE/INACTIVE.[image: image1.png]
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