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Introduction
In connected mode the UE is required to monitor paging (i.e. short message on PDCCH) to receive SI change or PWS notifications. In idle or inactive mode the UE is required to monitor paging for the same reasons, but in addition to receive Paging message on PDSCH. 
In this contribution power saving enhancements for paging are discussed:
· Wake Up Signal (WUS) / Wake Up Receiver (WUR)
· Paging and RRM measurements
[bookmark: _Toc242573354]Background
WUS/WUR
In NB-IoT a Wake-Up Signal (WUS) can be configured in system information (WUS-Config-NB-r15) indicating the WUS duration, the number of Paging Occasion (POs) in the Paging Transmission Window (PTW) with extended DRX (eDRX) the UE may skip when WUS is not detected, and the time offset between the WUS and the PO. The time offset between the WUS and PO in NB-IoT is between 40-240 ms, but when a Wake-Up-Receiver (WUR) is used the time offset is 1 or 2 seconds, i.e. the UE needs more time to wake-up and be ready to receive PDCCH. 
Paging and RRM measurements
When SearchSpaceId = 0 (default association) is configured the paging occasion and SSB measurements coincide in time (for pattern 2 and 3). 
When SearchSpaceId other than 0 (non default association) is configured there is a time period between PO and SSB for serving cell measurements that mainly is determined by the SSB periodicity This implies that the UE may need to stay awake longer to do both serving cell measurements and monitor paging. This time period is fixed for a certain UE and varies between 0 and the SSB periodicity (e.g. 20 ms). It is noted that an SSB periodicity of {5, 10, 20, 40, 80, 160} ms can be configured. 
Discussion
[bookmark: _Toc242573360]WUS/WUR
There is a power saving gain when the UE is only required to monitor WUS, and especially when a WUR is used, instead of monitoring the PDCCH for paging. However the main power consumption in Idle/Inactive mode is not in the paging monitoring or SSB measurements as such, but the fact that the UE has to wake-up from deep sleep, and has to stay awake for some time to monitor paging and perform serving cell measurements [1]. Possibly the UE can go into a light sleep mode when the time between SSB and PO is sufficient. But the actual paging monitoring or serving cell measurements as such, are not the main power consuming activities in Idle/Inactive mode. It is waking up from deep sleep and staying awake for some time. For that reason the expected power saving gains for using WUS/WUR in idle mode on the standby time is relatively small, see [1] for further details. 
The power saving requirements in NB-IoT are very strong (10 year battery life time) and the NB-IoT UE is expected to generate very limited amounts of traffic (e.g. one packet a day). This use case is very different from NR, and the NB-IoT use case puts more weight on the Idle mode performance compared to NR: 
Observation 1: The power saving gains with WUS/WUR for Paging in NR is expected limited. 
Paging and RRM measurements
There is a clear benefit on the Idle/Inactive mode power consumption if the total wake-up time for the NR UE can be shortened, i.e. when the PO and SSB position are closer in time. 
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When SearchSpaceId = 0 (default association) is configured the PO and SSB positions are close/overlap in time. When SearchSpaceId other than 0 (non default association) is configured the PO and SSB positions are at different positions in time. However with the firstPDCCH-MonitoringOccasionOfPO parameter the PO of the UE can be configured close(r) to the SSB position. 
Observation 2: The firstPDCCH-MonitoringOccasionOfPO parameter can be used for a power efficient paging configuration when SearchSpaceId other than 0 is used.
Proposal 1: RAN2 to discuss if further enhancements to PO allocation is needed. 
Alternatively, or in addition, RAN2 can consider the option to introduce paging multiplexing, which another paging frequency layer such that more POs can be closely allocated to SSB positions [2]: 
Proposal 2: RAN2 to study paging multiplexing for SearchSpaceId other than 0 is configured for pagingSearchSpace.
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss power saving enhancements for paging: 
[bookmark: _GoBack]Observation 1: The power saving gains with WUS/WUR for Paging in NR is expected limited. 
Observation 2: The firstPDCCH-MonitoringOccasionOfPO parameter can be used for a power efficient paging configuration when SearchSpaceId other than 0 is used.
Proposal 1: RAN2 to discuss if further enhancements to PO allocation is needed. 
Proposal 2: RAN2 to study paging multiplexing for SearchSpaceId other than 0 is configured for pagingSearchSpace.
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