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Introduction
[bookmark: _Toc242573354]RRM measurement power consumptions reductions were discussed based on the results from email discussion [1] and RAN2 contributions [2-13]. RAN2 made the following agreements:
	1. RAN2 evaluates RRM measurement relaxation in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE.
2. RAN2 to evaluate relaxed monitoring criteria under which the UE may relax RRM measurements. The relaxed monitoring criteria may include the following aspects, but are not limited to:
•	UE mobility status (e.g. serving cell variation, speed, movement, direction, cell (re-selection, UE type …)
•	Link quality (e.g. serving cell threshold/quality, position in cell, …)
•	Serving cell beam status (e.g. beam change, direction, beam specific link condition…)
3. Serving cell measurements are not excluded from the evaluation of relaxed RRM measurements for now.



RAN2 also agreed on an email discussion until next RAN2 meeting:
[105bis#29][NR/Power Savings] RRM solutions (Mediatek)
- Summary of proposed solutions for RRM measurement relaxation and companies view on the relaxation and whether the solution has RAN4 impacts
- Relaxed monitoring criteria solutions and company opinions
Intended outcome: Set of agreeable proposals, TP, and draft LS to RAN4 email discussion completion and set of agreeable proposals is extracted.
Deadline: Thursday 2019-05-02
In this contribution the power consumption reductions with regards to RRM measurements for RRC_CONNECTED mode is discussed further.
Discussion
[bookmark: _Toc242573360]Various proposals have been discussed so far for RRM relaxations in RRC_CONNECTED mode including but not limited to:
· Reducing the number of SSBs/Cells/Frequencies to measure, depending on the current cells SSB coverage.
· Taking into account the UE mobility when determining which SSBs/cells/frequencies to measure.
· Reducing the number of measured frequencies in the same band as same propagation characteristics apply to these frequencies.
· Reconfiguring (Narrowing/widening) SMTC window in the measurement configuration provided by the NW when feasible.
· Reconfiguring (raise/lower) S-measure, and Measurement objects (white/black lists) based on UE mobility.
· Making measurement on certain frequencies conditional, based on detection of other frequencies.
· Introducing multiple thresholds like S-measure that control measurements on various cells/frequencies.

The UE in RRC_CONNECTED mode is required to perform and evaluate measurements according to the L3 measurement configurations provided by the NW. Typically, intra-frequency events are configured, but also inter-frequency/RAT events may be configured in addition, causing the UE to perform both intra-frequency and inter-frequency/RAT measurements.
As also observed by some companies the NW can, already in Rel-15, based on configured measurements and UE measurement reports, estimate the mobility status of the UE (low/high-speed / link quality / location / etc.) and reconfigure the UE with a more power-efficient measurement configuration. For example, the measurement configuration framework in current specifications provide means to configure multiple events on the very same frequency (e.g. multiple set of events A1/A2) with different thresholds. The NW could then, based on received measurement reports, estimate the mobility status of the UE. Based on these reports, the NW could then provide new power-efficient configurations to the UE where the relaxations listed above (proposed by various companies) would apply; including new measurement objects (e.g. new SMTC windows, carriers, white/black lists, etc.), new report configurations (event configurations), new measurement quantity, s-MeasureConfig, and gap configurations. However, such measurement reports and reconfigurations come at the cost of more power consumption. Firstly, reception and especially transmission is a power consuming task for the UE. Secondly, each time the UE in C-DRX receives such configuration or transmits (be it configuration handshaking, or a measurement report), the UE has to leave the DRX-OFF period for a certain time (inactivity-timer running). 
Observation 1: In RRC_CONNECTED mode, the NW can already today, based on measurement configurations and UE measurement reports, estimate the mobility situation of the UE and reconfigure RRM measurements. However, this comes at a high UE power consumption cost.
Furthermore, having too many configurations actively running in the UE at the same time would be suboptimal. For example, having both intra- and inter-frequency measurements running in the UE simultaneously, not only consumes power but also affects the quality of the measurements as they both compete for the same resources in the UE. Also, as excessive triggering of reports from each UE and reconfigurations from the NW is not desired over the scarce air interface, the configurations are kept few and on a coarse level. As a result, the measurements configuration framework becomes too rigid.
 
Observation 2: In RRC_CONNECTED mode, excessive triggering of measurement reports from each UE and tailored reconfigurations from the NW consumes too much air interface resources. Therefore, the measurement configurations are kept on a coarse level.
As acknowledged by several companies during current study item, even though RRM relaxations in RRC_CONNECTED state can bring considerable power saving gains, they shall be handled with extreme care as they might otherwise impact mobility performance negatively, leading to poor network KPIs and bad user experience because of handover / radio link failures. The existing Rel-15 measurement configurations and reporting framework in RRC_CONNECTED mode builds on top of well-proven mechanisms from earlier 3G/4G specifications. It provides lots of dynamics with regards to configuration of parameters such as measurement objects, thresholds, offsets/hysteresis, reporting criteria, gaps, etc. Therefore, we believe that before introducing new RRM-related tools such as new thresholds, states, assistance data or alike, we should aim to address the shortcomings of this existing framework. Hence, we propose to optimize this framework such that the number of reconfigurations and reports is reduced. ​
Proposal 1: RAN2 to discuss optimizing the existing well-proven measurements configuration and reporting framework to reduce the amount of signalling between the UE and the NW, before introducing new RRM-related tools, states, UE assistance, etc. in connected mode.
We believe that optimizing the existing mechanisms should be done without having large impact on UE/NW implementation. Already today in Rel-15, a UE in RRC_CONNECTED mode can store and handle multiple set of measurement configurations (maxNrofMeasId = 64). A relatively straightforward approach for addressing the shortcomings mentioned above would be to allow for the NW to configure the UE with multiple measurement configurations but inactive and linked to each other. These configurations would become activated only when the triggering conditions of the configuration linked from becomes fulfilled. 


For example, as depicted above, the UE is configured with 3 measurement configurations of various event types where MeasConfig1 is active, whereas MeasConfig2 and MeasConfig3 are in a deactivated state. Furthermore, MeasConfig1 is linked to MeasConfig2 which in turn is linked to MeasConfig3. Only when the event configured in MeasConfig1 triggers, MeasConfig2 becomes active and the UE starts measuring and evaluating according to MeasConfig2 configuration.
Through such framework, it would for example be possible to configure multiple A2 events linked to each other with different parameters (e.g. different thresholds, different measurement object SMTC windows, and whitelists), where for example in the different configurations linked, the A2 thresholds are lower and lower, SMTC windows wider and wider, and more and more cells in the whitelists. This would mean, as the UE moves to poorer coverage, the search window in the UE for other neighbors is made wider.

Observation 3: Already today in Rel-15 RRC_CONNECTED mode, a UE can handle multiple set of measurement configurations. However, for a Rel-15 UE, these configurations would be active and consume resources immediately when configured.
Proposal 2: RAN2 to discuss allowing measurement configurations to be configured in UE in either activates or deactivated state. Furthermore, event-based configurations can be linked other deactivated measurement configurations and activate them when triggered.
Moreover, in a configuration setup as depicted above, it is not always necessary for the NW to receive intermediate measurement reports when some of the triggering conditions are fulfilled and configurations activate each other. Perhaps, the NW is only interested in receiving a report for the final configuration in the chain. Therefore, we propose to allow omitting power consuming measurement reports from UEs for some measurement configurations if indicated by the NW. Such indications could be as simple as a single bit indicator “no-reporting” or extending the existing IE reportAmount with value r0 (current range r1...infinity).



Proposal 3: RAN2 to discuss allowing to configure report-less measurement configurations when configurations are linked to each other.  
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss relaxation of RRM measurements in RRC_CONNECTED mode by optimising existing framework: 
Observation 1: In RRC_CONNECTED mode, the NW can already today, based on measurement configurations and UE measurement reports, estimate the mobility situation of the UE and reconfigure RRM measurements. However, this comes at a high UE power consumption cost.
Observation 2: In RRC_CONNECTED mode, excessive triggering of measurement reports from each UE and tailored reconfigurations from the NW consumes too much air interface resources. Therefore, the measurement configurations are kept on a coarse level.
Proposal 1: RAN2 to discuss optimizing the existing well-proven measurements configuration and reporting framework to reduce the amount of signalling between the UE and the NW, before introducing new RRM-related tools, states, UE assistance, etc. in connected mode.
[bookmark: _GoBack]Observation 3: Already today in Rel-15 RRC_CONNECTED mode, a UE can handle multiple set of measurement configurations. However, for a Rel-15 UE, these configurations would be active and consume resources immediately when configured.
Proposal 2: RAN2 to discuss allowing measurement configurations to be configured in UE in either activates or deactivated state. Furthermore, event-based configurations can be linked other deactivated measurement configurations and activate them when triggered.
Proposal 3: RAN2 to discuss allowing to configure report-less measurement configurations when configurations are linked to each other.  
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Appendix: Text Proposal for TR38.840
[bookmark: _Toc3387279]6.4 	Higher layer procedures for power consumption reduction in RRM measurements
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Relaxing the serving and neighbour cell measurements for NR UE should be studied, considering the mobility related aspects.
The RRM measurement relaxation is considered in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE. The relaxed monitoring criteria under which the UE may relax RRM measurements should be studied. The relaxed monitoring criteria may include the following aspects, but are not limited to:
•	UE mobility status (e.g. serving cell variation, speed, movement, direction, cell re-selection, UE type …)
•	Link quality (e.g. serving cell threshold/quality, position in cell …)
•	Serving cell beam status (e.g. beam change, direction, beam specific link condition…)

The existing well-proven measurements configuration and reporting framework can be optimised and signalling between the UE and the NW can be reduced by allowing multiple configuration of measurements in a deactivated state linked to each other. These measurements may then become activated based on triggers from other event-based configurations linked to the deactivated configurations. Furthermore, report-less measurement configurations shall be studied for linked configurations.
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