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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 measurement improvement 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. For such users, numerous proposals have been made to reduce RRM measurement-related load and RF on time. Properly implemented, new features can reduce RRM activity for large groups of UEs in Rel-16 systems. For users with low effective 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.
Considering arguments made by some companies in RRM measurement improvement discussions, typical UE implementations require an additional SSB instance, e.g. waking up one SSB period before the measurement, to set the AGC. For long DRX cycles, both the AGC setting and T/F sync acquisition is also required before paging PDCCH detection during a PO is possible. Therefore, even if the RRM measurement schedule is relaxed for a UE, e.g. for a temporarily stationary one, the paging monitoring process will in reality not allow the UE to significantly reduce its awake time. The lack of PS from RRM optimization with unchanged paging DRX cycle is illustrated in Fig. 1, including cases with and without the need for an AGC update prior to SSB or paging reception. This is easily explained by the fact that the SSBs serve a dual function – both a measurement objects and as AGC and T/F synchronization means for PO monitoring. The dark blue blocks denote SSBs used for measurements, the light blue blocks are SSBs used for paging preparation, and the brown blocks indicate paging PDCCH occasions. (Light sleep phase between the SSB and PDCCH occasions is omitted in this simplified analysis.)
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Figure 1. UE power profile without and with RRM measurement optimization

[bookmark: _Toc1080550]For low-mobility users with strict latency requirements, paging monitoring may become a significant source of energy consumption.
To avoid forfeiting possible overall energy savings for large classes of UEs, paging optimization topics from should not be summarily dismissed. While the RAN2 scope of the SI does include paging, there are RAN1-dominant topics that are not best handled by RAN2.
[bookmark: _Toc1080574]RAN1 should consider paging improvement features for UE PS in idle mode.
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.
For example, adopting a WUS framework for indicating paging transmissions that obviates the need for full-fledged PDCCH monitoring at each PO may have PS benefits for temporarily non-mobile eMBB UEs. We can compare the default UE behaviour (e.g. Fig. 1d) with an alternative approach where a WUS is transmitted that indicates a paging transmission to a UE. Employing a low-power WUR configuration during the POs where no measurement is necessary, instead of the regular receiver, a significant reduction of the UE power profile is possible.
A WUS monitoring receiver configuration for a PDCCH-based WUS may be significantly more energy-efficient than the conventional scheduling PDCCH monitoring [2]. For some WUS designs, e.g. OOK-based WUS design [3], total power consumption in a slot where WU-PDCCH is monitored equals the power consumed for WUS detection + power consumed for the sleep state in the slot. In state of the art implementations, the detection power may be a fraction of the NR deep sleep power. PDCCH -based WUS may also be used in this context and relatively low-power WUR designs are possible.
We can approximately estimate power savings from a paging WUS in the described scenario. Assume SSB sweep length 5 ms and period 20 ms, length of the PO 5 ms, and the gap between the later SSB and the PO 4 ms. Transition time to/from deep sleep is 20 ms. PDCCH monitoring power level is 100 units, deep sleep 1 unit, and WUS monitoring (WUR) is conservatively estimated as 10 units. The energy estimation is presented in Table 1. Assume DRX cycle of 160 ms and RRM measurement relaxation factor 4. UE energy consumption in common units per DRX cycle for legacy operation (measurement and PDCCH monitoring each DRX cycle) and optimized scenario (relaxed measurements and WUS-assisted paging) is estimated in Fig. 2. WUS-operated paging in conjunction with measurement relaxation can provide attractive PS gains in the studied scenario – a factor 2.8 for cases AE and a factor 2.4 for cases BF.
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Figure 2. UE power profile with WUS-assisted paging

	Case
	Description
	Avg energy per DRX period [units*ms]

	A
	Legacy RRM and paging, with AGC update
	2006

	E
	Relaxed measurement rate (4x), WUS-assisted paging, with AGC update
	716

	B
	Legacy RRM and paging, without AGC update
	1226

	F
	Relaxed measurement rate (4x), WUS-assisted paging, without AGC update
	521



Table 1. UE energy consumption estimation. 
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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: _Toc534897837][bookmark: _Toc1080576]RAN1 should study possible energy efficiency gains from and ways to reduce unnecessary paging PDSCH decoding.

Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	For low-mobility users with strict latency requirements, paging monitoring may become a significant source of energy consumption.

Proposal 1	RAN1 should consider paging improvement features for UE PS in idle mode.
Proposal 2	RAN1 should study possible energy efficiency gains from using a WUS for indicating active PO in idle/inactive modes.
Proposal 3	RAN1 should study possible energy efficiency gains from and ways to reduce unnecessary paging PDSCH decoding.
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