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1	Introduction
In the RAN1-94bis meeting [1], it was agreed that, among others, areas of idle/inactive mode operation will be studied for UE PS.
Agreements:
· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.

Since RRM measurements in idle/inactive is prioritized, other possibly significant energy consumption contributors should also be considered. In this paper we discuss issues related to determining dominant power consumption contributors in the idle/inactive states and some aspects of PS in the context of paging.

[bookmark: _Ref178064866]2	Discussion
2.1 	Role of paging in eMBB in idle/inactive mode energy consumption
In idle/inactive modes (in the following referred to as “idle mode” for brevity), the main UE activities are paging monitoring and RRM measurements. It has been argued that, in typical eMBB deployments and scenarios, the UEs spend significantly more time on RRM measurements than on paging monitoring, measured in RF-on time. In particular, an important difference to the NB-IOT and mMTC contexts lies in not needing to provide deep coverage for paging signals and thus not needing the PDCCH repetition mechanism. In such a case, a conclusion could be drawn that paging contribution to overall energy consumption is small and paging optimization should not be prioritized for further study in this SI. 
Such a view may be valid for Rel-15 deployments and for UEs that are mobile and need to regularly update their RRM status. However, the UE PS SI has already indicated a broad interest towards RRM measurement behaviour optimization for UEs that do not require frequent measurement updates due to their stationary character. This could include UEs in static scenarios as dongles, industrial setups, but also smartphone users that are stationary at their desks etc. (In contrast, moving smartphone users would clearly be excluded.) For such users, numerous proposals have been made to reduce RRM measurement-related load and RF on time. Properly implemented, new features may dramatically reduce RRM activity for large groups of UEs in Rel-16+ systems. For users with low effective required RRM measurement rate but with low latency requirements, necessitating short I-DRX cycles, paging monitoring may constitute a significant part of their idle mode energy consumption.
[bookmark: _Toc528928462]For low-mobility users with strict latency requirements, paging may be an important energy consumption contributor.
To avoid forfeiting possible overall energy savings for large classes of UEs, we recommend not to exclude paging optimization topics from study in this SI.
[bookmark: _Toc528872971][bookmark: _GoBack]RAN1 should consider paging improvement features in idle/inactive mode in the SI.
2.2	Reducing paging-related energy consumption in eMBB
Various paging energy efficiency improvement tracks are possible.
One approach successfully used in NB-IoT and LTE mMTC for reducing paging-related energy consumption is the use of WUS for indicating the presence of a paging PDCCH in an imminent PO. The approach was particularly useful in those contexts due to the potentially high repetition factor of the PDCCH. However, since the PO in NR includes the length of the PDCCH beam sweep, covering the number of beams equal to the number of SSBs (up to 64 in FR2), the gains from omitting unnecessary monitoring of such sweeps may be significant also in NR, especially for stationary UEs, as discussed above.
[bookmark: _Toc528872972]RAN1 should study possible energy efficiency gains from using a wake-up signal for indicating the presence of paging PDCCH in the PO in idle/inactive modes.
Another path to improving paging monitoring efficiency may be reducing the rate of false alarms from detecting a P-RNTI-scrambled PDCCH so that unnecessary PDSCH decoding for paging message extraction (and finding that the UE was not paged) are reduced or avoided. In line with existing proposals, this could be facilitated by letting the PDCCH/DCI transmission convey UE group info with higher granularity – e.g. using group-specific P-RNTIs, search space or CORESET allocation, or other approaches.
[bookmark: _Toc528872973]RAN1 should study possible energy efficiency gains from and ways to reduce unnecessary paging PDSCH decoding.
SFN operation of paging has been proposed in order to reduce the RRM measurement load for UEs in idle mode. It is argued that by avoiding beam-based SSB handling, the UE can operate in a single-antenna, or single-beam mode, and reduce the RF-on time for RRM measurements and paging monitoring. However, it should be kept in mind that SFN operation presupposes accurate absolute timing synchronization between nodes in the NW – misalignment should not exceed a fraction of the CP in the OFDM symbol in a given numerology, or the link budget and SNR gains from SFN operation rapidly turn into losses. For SFN operation to provide gains in FR2 operation where the large number of beams is the problem to mitigate, the alignment would have to be at the level of 100 ns for the 120 kHz numerology. Such high-accuracy inter-gNB synchronization is not feasible in most expected deployments and would require major changes in NW architecture and HW. Therefore, we do not consider SFN operation a practical way for paging-related UE PS optimization.
[bookmark: _Toc528872974]RAN1 should not prioritize study of SFN transmission of paging to facilitate UE PS.
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	For low-mobility users with strict latency requirements, paging may be an important energy consumption contributor.

Proposal 1	RAN1 should consider paging improvement features in idle/inactive mode in the SI
Proposal 2	RAN1 should study possible energy efficiency gains from using a wake-up signal for indicating the presence of paging PDCCH in the PO in idle/inactive modes.
Proposal 3	RAN1 should study possible energy efficiency gains from and ways to reduce unnecessary paging PDSCH decoding.
Proposal 4	RAN1 should not prioritize study of SFN transmission of paging to facilitate UE PS.
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