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1	Introduction
In this paper, we discuss aspects of the current RRM framework that can lead to excessive UE energy consumption in NR, propose potential improvements, and how those should be addressed in the SI.
[bookmark: _Ref178064866]2	Discussion
2.1 	RRM measurement framework in NR
RRM measurements on serving and neighbour cells are performed by the UE both in idle/inactive and connected modes in order to ensure that the UE is at all times served by a cell. This ensures efficient NW resource usage and, that paging and UL access attempts occur wrt. a cell that can offer acceptable link quality.
Configuration of RRM measurements for a UE is quite flexible. Typically, the UE is configured to perform measurements with a specific period on any other cells it can receive, based on any cell-defining SSB, a non-cell-defining SSB predefined as a measurement object, or a set of predetermined CSI-RS resources.
In LTE, it has been widely observed that RRM measurements consume a large fraction of UE power in the idle mode. Recent indications about FR2 UE operation suggest that this may be case for connected mode as well, although the UE will not be expected to be in FR2 for a long time and the number of neighbors in the FR2 may be lower compared to FR1. The periodic measurement process and the typically unspecified search set lead to a long RF on time per measurement, as the search window needs to cover the PSS period. 
In NR, at least in TDD operation, due to inter-cell synchronization, the observation window may could be made shorter. However, especially in FR2 operation, the cell measurement signals (SSB or CSI-RS) may need to be distributed using a beam sweep from the gNB. This typically leads to a situation where the UE needs to perform RF signal reception and detection attempts over an extended time. This, combined with inherently higher power consumption of wide-BW receivers, can pose problems to UEs due to larger energy consumption associated with RRM measurements. It has been estimated that the measurement-related energy consumption exceeds that associated with paging monitoring in some common use cases.
[bookmark: _Toc525931151]RRM measurements are expected to significantly contribute to UE energy consumption, at least due to beam-swept transmission of the measurement signals and due to wide-BW operation compared to LTE.
2.2	Reducing the UE power impact of RRM measurements 
In default configurations, all UEs in a system are configured to perform RRM measurements at a rate that ensures robust operation regardless of UE mobility state. The RRC specification contains speed-based scaling of handover parameters but not directly the measurement occasions. However, in many scenarios, the UE may be slowly moving or stationary and the measurement results do not change significantly over short time intervals. The measurement schedule for such UEs may therefore be relaxed by the NW when the NW can establish that the UE is not in a high-mobility state. Measurement period settings may be applied that are tailored to the mobility status, depending on the UE movement speed. The UE can inform the NW about its mobility status, or NW can estimate based on UL measurements.
[bookmark: _Toc525935184]RAN1 should study adapting RRM measurement period to UE mobility.
UE generally needs to attempt to detect all feasible neighbor cells, in NR as in LTE, implying matched filter operation with a large number of hypotheses, at least when the radio conditions are poor. The intervals at which the full search must be carried out can in NR be made speed-dependent. In other measurement occasion, the UEs update measurement values on the already detected cells. To reduce the processing load and energy consumption due to full-range search, additional criteria to reduce the frequency of full measurement updates can be studied, without compromising mobility robustness. 
[bookmark: _Toc525935185]RAN1 should study feasibility of applying additional criteria to reduce the frequency of full measurement updates without compromising mobility robustness.
In idle mode, to the reduce RRM-related load, the network could provide sub-slots within the SMTC window where the UE can skip performing RRM measurements. This will reduce the number of instances where the UE is looking for SSBs in the idle mode within a SMTC window. 
[bookmark: _Toc525935186]Providing sub-slots within the SMTC window where the UE can skip performing RRM measurements should be studied
A major contributor to UE energy consumption is the neighbour-cell timing and frequency alignment uncertainty. Generally, a UE performs PSS search over the full worst-case T/F uncertainty range, which may result in an extended observation window and a large number of T/F-shifted PSS hypotheses to test. This load may be reduced if the UE obtains assistance information from the NW regarding the maximal T/F misalignment expected in the NW.
[bookmark: _Toc525935187]RAN1 should study the benefits of providing UE with candidate cell T/F alignment information.
Compared to intra-frequency RRM measurements, inter-frequency (IF) measurements are even more costly in terms of monitoring time and RF reconfigurations. Optimization of inter-frequency measurements to minimize additional measurement windows and RF time can be useful from UE energy consumption viewpoint. 
[bookmark: _Toc525935188]RAN1 should consider optimization of Inter-Frequency RRM measurements.
	
Conclusion
The following observations and proposals are made: 
Observation 1	RRM measurements are expected to significantly contribute to UE energy consumption, at least due to beam-swept transmission of the measurement signals and due to wide-BW operation compared to LTE.

Proposal 1	RAN1 should study adapting RRM measurement period to UE mobility.
Proposal 2	RAN1 should study feasibility of applying additional criteria to reduce the frequency of full measurement updates without compromising mobility robustness.
Proposal 3	Providing sub-slots within the SMTC window where the UE can skip performing RRM measurements should be studied
Proposal 4	RAN1 should study the benefits of providing UE with candidate cell T/F alignment information.
Proposal 5	RAN1 should consider optimization of Inter-Frequency RRM measurements.
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