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1	Introduction
In the SID [1], RRM measurement optimization was identified as an area with high UE PS potential. In RAN1 #94bis, the following agreements were made regarding RRM measurement area [2]:
Agreements RAN1 #94bis:
· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.
· Further study on relaxing/adapting RRM measurement for UE power saving, 
· Relaxing/adapting the number of RRM measurements in time domain for serving cell and neighbor cells based on certain conditions, e.g., number of SSB/CSI-RS/measurement occasions.
· Relaxing/adapting the number of measured cells/frequencies for neighbor cells based on different conditions 
· Schemes considered should disclose the mechanism used to determine the mobility/speed assumed
· FFS conditions, e.g., channel condition, UE location, UE speed, measurement configuration, measurement results, cell type, etc.
· FFS impact on measurement/mobility performance
· Relaxed/adapting measurement report (if any)
· Other solutions are not precluded.
· Further study on the benefit/impact for additional resource for RRM measurements for power saving for mobility performance not inferior to that of Rel-15. 
· The schemes proposed should at least include the following aspects:
· The signals/channels used as additional resource
· Procedure on how to use additional resources.
· Overhead from network perspective should be considered.
· Focus on stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios for further studies when considering UE power saving techniques for RRM measurements,
· Further studies UE power saving for RRM measurement by considering the following issues
· Multi-beam/multi-cell related RRM measurement issues.
· Possible misalignment between SSB(s)/SMTC and DRX ON duration

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 suggest 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 towards 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 NR connected mode as well, even if 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, especially for the typical case of unspecified search set, lead to a long RF on time per measurement, as the search window needs to cover the PSS period. In RAN1 #94bis, it has been agreed to model the relative power consumption in RRM measurement mode (SSB- or CSI-RS-based) at a factor 100 compared to deep sleep.
In NR, at least in TDD operation, due to inter-cell synchronization, the absolute length of the RRM measurement observation window 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 leads to a situation where the UE needs to perform RF signal reception and detection attempts over an extended time to cover the sweep. 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: _Toc528842836]RRM measurements are expected to significantly contribute to UE energy consumption, especially in FR2 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 
Generally, UEs in a system are configured to perform RRM measurements at a rate and using search criteria 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 notes from previous discussion clearly indicate that there is interest in and a need for optimizing such scenarios from the UE PS viewpoint. 
The measurement schedule for stationary of slowly-moving UEs in periodic measurement mode may for example be relaxed by the NW when the NW can reliably establish that the UE is not in a high-mobility state. The measurement rate or related parameters should always be controlled and configured by the NW. 
The NW can estimate the UE mobility status based on UL measurements using proprietary techniques – the NW may determine mobility state e.g. from RNA change rate in idle, or from BM, CSI reports, och channel info in connected mode. But the UE typically has more info about its mobility status. Therefore, UE informing the NW about its mobility status may be beneficial. Additionally, a UE may indicate a preference for, or request, less frequent measurement configurations. Note that the NW should in any case remain in control.
[bookmark: _Toc528928498]RAN1 should study approaches for UE reporting its mobility status and requesting suitable measurement configurations, under NW control.
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. 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. For example, to reduce new cell search effort, a gNB can use the collected ANR data in the NW and compare its neighbor list to cells reported by the UE. If the UE has reported all known cells in the area, the NW may indicate that UE has found all relevant cells and can limit measurement activity to monitoring those cells, not searching for additional ones. This does not necessitate any neighbour list signaling over the radio interface.
[bookmark: _Hlk528791964] The indication may be provided in the form of a flag, or using the existing CIO list, SMTC2, and RRM configuration parameter framework. 
[bookmark: _Toc528928499]RAN1 should study NW indication to the UE that there is no need to search for additional cells for a certain time forward.
Several companies have proposed operation with multiple measurement profiles that can be switched via L1-2 signaling. This may be a useful approach for adapting measurement activity to the current minimum necessary. The NW is generally conservative with RRC reconfigurations due to a high signaling overhead. Pre-configuring multiple profiles via RRC and switching between them e.g. using lightweight signaling like MAC CE may be studied, considering associated robustness and signaling load aspects.
[bookmark: _Toc528928500]RAN1 should study RRM measurement operation with multiple measurement profiles, switched via L1-2 mechanisms. 
Since dynamic configuration switching, e.g.  is relevant in multiple other contexts discussed in the SI, a common framework could be agreed that can be reused in multiple situations…
[bookmark: _Toc528928501]RAN1 should consider developing a common framework for lightweight, dynamic switching between multiple configurations previously provided to the UE via RRC signaling. 
In NR, the time that the UE has to spend on scanning and measuring could be reduced if the UE were allowed a reasonable trade-off of measurement performance (in terms of cell quality assessment accuracy) against measurement time. It is possible for a camping UE in RRC_IDLE or RRC_INACTIVE state to determine whether the quality of its serving cell is good enough after measuring and evaluating on a number of SS Block transmissions. It is then desirable to allow a UE to be able to abort the measurement to conserve the energy when the UE has determined that good enough measurement results have been collected to determine whether to remain in the serving cell or re-select to a particular neighbor cell. Always measuring during the whole configured UE measurement window (i.e. including all of the SS Block transmissions in an SS Burst Set) is then not necessary.
Figure 1 below illustrates an example where the UE chooses to limit the needed measurements.  The UE is camping on the Cell B, and the Cell A is the neighboring cell. As an example, the UE is assumed to perform intra-cell measurement at least every DRX cycle and perform inter-cell measurement at least every two DRX cycles. There are three measurement events shown in the figure. Ti, Ti’ and Ti’’ (i = 1, 2, 3) in the figure represent the UE measurement window. In the “benchmark” timeline, the UE performs intra-cell measurement during the measurement windows T1, T2 and T3, and performs inter-cell measurement during the measurement windows T1 and T3. In the “alternative 1” timeline, the UE chooses to abort the remaining measurement on SS Blocks of the inter-cell measurement after realizing the serving cell is good enough at the first measurement event. In the “alternative 2” timeline, the UE chooses to abort the remaining measurement on SS Blocks of the intra-cell measurement after realizing that an SS Block or a set of SS Blocks (e.g. a beam or a set of beams in a beam sweep, denoted SS Target) in the serving cell is good enough at the first measurement event.  Thus, the measurement time that the UE has to spend is further reduced. 
Figure 1.  Example of UE limiting the required intra-cell and inter-cell measurements

[bookmark: _Toc528928502]RAN1 should study allowing a camping UE in idle/inactive mode to halt the current RRM measurement when the UE observes that the quality of the camping cell (or a re-selection candidate cell) is good enough.
A major contributor to UE energy consumption is the neighbour-cell timing and frequency alignment uncertainty. Generally, during open-ended search for new cells, 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: _Toc528928503]RAN1 should study the benefits of providing UE with additional 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. Inter-frequency measurement window placement has a strong impact on UE power efficiency and NW resource usage. If measurement instances and measurement gaps overlap with C-DRX on durations, data transmission possibilities are lost. If they, on the other hand, are severely separated in time, the UE may need to wake up and perhaps acquire sync multiple times. Related SSB and C-DRX alignment issues also occur in intra-frequency measurements. 
[bookmark: _Toc528928504]RAN1 should study ways for optimizing RRM measurements using improved measurement gap, SMTC, and serving and neighbor-cell SSB placement in time.
It has been proposed that additional RRM measurement signals be introduced to facilitate RRM measurements due to possible incompatible or disadvantageous timing relationships discussed above. However, additional signal transmission for RRM proposes would constitute an additional class of always-on or at least often-on signals that consume NW resources and run counter to the lean design principle of NR. Before resorting to additional signals, improvement opportunities via increased system configuration flexibility should be thoroughly studied. The threshold for introducing new signals should be high, providing significant benefits without a significant negative NW impact.
[bookmark: _Toc528928505]RAN1 should be cautious about introducing additional signals for RRM measurements, instead optimizing RRM measurement conflict situations by improved coordination of UE operating mode and SSB and other RS transmission timings.
	
Conclusion
The following observations and proposals are made: 
Observation 1	RRM measurements are expected to significantly contribute to UE energy consumption, especially in FR2 due to beam-swept transmission of the measurement signals and due to wide-BW operation compared to LTE.

Proposal 1	RAN1 should study approaches for UE reporting its mobility status and requesting suitable measurement configurations, under NW control.
Proposal 2	RAN1 should study NW indication to the UE that there is no need to search for additional cells for a certain time forward.
Proposal 3	RAN1 should study RRM measurement operation with multiple measurement profiles, switched via L1-2 mechanisms.
Proposal 4	RAN1 should consider developing a common framework for lightweight, dynamic switching between multiple configurations previously provided to the UE via RRC signaling.
Proposal 5	RAN1 should study allowing a camping UE in idle/inactive mode to halt the current RRM measurement when the UE observes that the quality of the camping cell (or a re-selection candidate cell) is good enough.
Proposal 6	RAN1 should study the benefits of providing UE with additional cell T/F alignment information.
Proposal 7	RAN1 should study ways for optimizing RRM measurements using improved measurement gap, SMTC, and serving and neighbor-cell SSB placement in time.
Proposal 8	RAN1 should be cautious about introducing additional signals for RRM measurements, instead optimizing RRM measurement conflict situations by improved coordination of UE operating mode and SSB and other RS transmission timings.
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