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In RAN#84 meeting, the WID for power saving has been approved [1]. The objective for RRM measurements is as follows.
	5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [RAN4]
NOTE: No new measurement quantities should be introduced


Notice that RRM measurement relaxation in RRC_CONNECTED, although studied by RAN2, is not included in the scope of objective. Also, RRM measurement relaxation for serving cell is out of the scope. In this contribution, we study the RAN2 details of power consumption reduction for RRM measurements in NR RRC_IDLE/INACTIVE.
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General rules for RRM measurement relaxation
RRM measurement relaxation should be designed considering the following aspects:
· S-threshold: UE is not required to perform neighbour cell measurements when serving cell signal strength is above the S-thresholds. Different S-thresholds are defined for different UE states (RRC_CONNECTED or RRC_IDLE/INACTIVE) and measurement types (intra-frequency or inter-frequency/inter-RAT). That is, RRM measurement relaxation in cell centre is already supported in current systems. Therefore, the measurement relaxation at cell centre is not considered in this contribution.
· Movement: If a UE is at low mobility or stationary, additional neighbour measurements do not provide new information. If a UE realises that itself is at low mobility, neighbour cell monitoring can be done with longer periodicity (e.g., 4 times the original measurement period). If a UE realises that itself is stationary, neighbour cell monitoring can be done with very long periodicity (e.g., 24h).
· Position: If a UE is not at the cell edge, relaxed neighbour cell measurements may be considered since UE is not in an emergency to perform cell reselection or handover to another cell.
In the following sections, we discuss relaxed monitoring for neighbour cells in NR, for UE in RRC_IDLE/INACTIVE. We propose two different options for discussion.
Relaxed neighbour cell monitoring in RRC_IDLE/INACTIVE
1.1.1 Option 1: Relaxed monitoring for stationary UE
Measurement relaxation criteria
As suggested by RAN2 agreement, we study the power saving for RRM measurements from mobility perspective. The relaxed monitoring behaviour is highly related to how we define the mobility states. In Option 1, we follow the relaxed monitoring study in NB-IoT, where the targets for measurement relaxation are stationary UEs. The following mobility states are assumed.
· Normal: The UE fulfils detection and measurement requirements (for mobility). 
· Stationary: In this state, the UE may choose not to perform intra-frequency or inter-frequency measurements.
A UE can estimate its current mobility state and switches among different mobility states
· UE in Normal state: Switches to Stationary state when serving cell RSRP variation, i.e., abs(Srxlev-SrxlevRef), within a given duration T is less than a threshold S.
· UE in Relax Monitoring state: Switches to Normal state if serving cell is not suitable, UE detects serving cell RSRP variation larger than the threshold, or 24 hours have passed since entering Stationary state.
The reference level SrxlevRef is set as current Srxlev value of the serving cell when UE reselects to a new cell, or if the relaxed monitoring criterion has not been met for T. UE state transition for Option 1 is illustrated in Figure 1.
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Figure 1.	Monitoring state transition for UE in RRC_IDLE/INACTIVE, Opt 1.
Measurement relaxation mechanism
With this option, the UE may choose not to perform neighbour cell measurements when it is stationary, and resume the measurements once the serving cell RSRP varies (i.e. UE is no longer stationary). The UE may perform neighbour cell measurements if it has been considered stationary for a long duration (e.g. 24h). Also, the reference level should be updated when UE reselects to a new cell, or when the relaxed monitoring criterion has not been met for time T.
Based on the above discussion, we have the following proposal for Option 1.
Proposal 1:	If RRM measurement relaxation is considered for stationary UEs in RRC_IDLE/ INACTIVE: 
· A UE may choose not to measure intra-frequency and inter-frequency neighbour cells, if UE has been camping on the same serving cell during time T and serving cell RSRP variation is less than a threshold S during time T, and less than 24 hours have passed since measurements for cell reselection were last performed.
· The reference level SrxlevRef is set as current Srxlev value of the serving cell when UE reselects to a new cell, or if the relaxed monitoring criterion has not been met for time T.
Notice that the design is similar to that for relaxed monitoring in LTE/NB-IoT. The major difference is that we consider serving cell signal strength variation (up and down), instead of RSRP drop (down) only.
1.1.2 Option 2: Relaxed monitoring for UE not at cell edge
The targets of relaxed monitoring in LTE/NB-IoT are stationary UEs such as meters installed in a building. In NR, most UEs are expected to be mobile and thus usually do not meet the relaxed monitoring criteria in Option 1. Power saving can still be considered for moving UE that are not at cell edge. The following mobility states are assumed.
· Normal: The UE fulfils detection and measurement requirements (for mobility). 
· Not at Cell Edge: When UE is not at cell edge, it may not need to fully fulfil the detection and measurement requirements. The power consumption can be lower. Although the UE is not stationary, the UE can still perform intra-frequency and inter-frequency RRM measurements with longer periodicity (e.g., N times of the required Tmeasure defined in TS 38.133).
A UE can estimate its current monitoring state and switches among different monitoring states:
· UE in Normal state: Switches to Relaxed Monitoring state when UE has been camping on the same serving cell during time T, and signal strength Serving – BestNeighbour > D, or no neighbour detected, during time T;
· UE in Relax Monitoring state: Switches to Normal state when signal strength Serving – BestNeighbour ≤ D. 
State transition for Option 2 is illustrated in Figure 2.
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Figure 2.	Monitoring state transition for UE in RRC_IDLE/INACTIVE, Opt 2.
A UE not at cell edge can be considered to be in a “limited mobility” mode, since it is not stationary but requires less attention for mobility procedures.
Measurement relaxation mechanism
With this option, the UE needs to obtain serving and neighbour cell measurements so as to evaluate whether it is at cell edge or not. Therefore, the UE cannot totally stop neighbour cell measurements. However, a UE not at cell edge may perform less frequent measurements on neighbour cells, e.g., with measurement periodicity multiple times of current RAN4 requirements. Different degree of relaxation may be configured for measurements of intra-frequency and inter-frequency cells. Moreover, a UE not at cell edge can skip measurements on inter-RAT cells since it is unlikely to perform inter-RAT cell reselection.
Based on the above discussions, we have the following proposals for RRM measurement in RRC_IDLE/ RRC_INACTIVE:
Proposal 2:	If RRM measurement relaxation is considered for RRC_IDLE/INACTIVE UEs not at cell edge: 
· A UE may choose to perform RRM measurements on intra-frequency or inter-frequency neighbour cells with periodicity longer than current RAN4 requirements, and not to perform inter-RAT measurements, if UE has been camping on the same serving cell during time T, and signal strength Serving – BestNeighbour > D, or no neighbour detected, during time T.
· Different degree of relaxation may be configured for measurements of intra-frequency and inter-frequency cells.
[bookmark: _GoBack]Notice that in the proposed not-at-cell-edge mechanism, we do not consider reduced number of NR inter-frequency carriers to be measured. This reasons are two-fold: Firstly, the proposed mechanism relies on neighbour cell measurements, but reducing number of carriers to be measured means that the UE may miss some neighbour cells. Secondly, from UE implementation perspective,  although reducing number of measured frequencies means that the UE can turn on fewer measurement “engines”, performing less measurements for each frequency means that the measurements of multiple frequencies can share the same measurement engine, and thus fewer measurement engines are needed. Whether to reduce the number of carriers to be measured should be solely based on network configurations and serving cell measurements, and there is already supported mechanism, i.e. based on SInterSearchP.
Proposal 3:	No new mechanism is introduced to reduce the number of carriers to be measured. It should be determined solely based on network configurations and serving cell measurements. 
1.1.3 Comparison between the Option 1 & 2
Using the power consumption model capture in TS 38.840 [2], assume I-DRX cycle = 1280ms and measurement on 8 asynchronous neighbour cells in FR1, we observed power saving gain of 20.8% if we adopt Option 1, and 10.4% if we adopt Option 2 and relax neighbour cell measurements to once per 2 DRX cycles. In this analysis we assume UE is stationary so the relaxed monitoring is applied 100% of time. The power saving gain in real world may require further discussions. For example:
· Option 1 brings more power saving when UE is in Relaxed Monitoring state, since the UE is allowed to skip all neighbour cell measurements. However, NR UEs are mostly mobile, and thus some UEs may rarely be able to stay in Relaxed Monitoring mode. Also, cell reselection may be delayed if UE is assumed stationery and does not monitor neighbour cells.
· Option 2 brings less power saving gain for UE in Relax Monitoring state, since the UE still performs measurements periodically. However, with this option UE can reduce neighbour cell measurements as long as it is not at cell edge. In practice the overall power consumption may be even lower than Option 1.
Another important difference is the specification impact. Relaxed monitoring mechanism for stationary UE can be considered as a change of measurement rules and can be determined by RAN2. In contrast, the relaxed monitoring mechanism for not-at-cell-edge UE is a change of measurement requirements, and must be further studied by RAN4.
1.1.4 Combination of the two options
For power saving mechanism, our desirable design would be to allow moving UEs to perform less frequent neighbour cell measurements and stationary UEs to skip neighbour cell measurements for a long duration. This is possible if we combine the abovementioned two options. As shown in the figure below, this is a three-state model:
· Normal: The UE fulfils detection and measurement requirements (for mobility). 
· Not-at-Cell-Edge (limited mobility): In this state, UE can have intra-frequency RRM measurements with longer (e.g., 4 times/16 times) periodicity and relaxed (or no) inter-frequency or inter-RAT RRM measurements
· Stationary: In this state, UE may choose not to perform intra-frequency and inter-frequency/inter-RAT measurements.
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Figure 3.	Monitoring state transition for UE in RRC_IDLE/INACTIVE, Opt 1 & 2 combined
Based on the above discussions, we have the following proposals for RRM measurement power saving in RRC_IDLE/ RRC_INACTIVE:
Proposal 4:	Proposal 1 and 2 can be combined so that relaxed monitoring can be applied to both stationary UEs and moving UEs that are not at cell edge.
Beam-level considerations
In a beam-formed system, beam-level measurements may also be considered to determine UE’s mobility state. 
Stationary (Option 1)
In multi-beam operation, Whether a UE is stationary or not may be determined by cell quality derived from averaging several best beams. When UE changes its serving beam, if the serving cell quality variation is limited, the UE may still be considered as stationary. This can be interpreted as that the UE rotates a bit, but its position does not change much. 
Alternatively, UE mobility may be determined by beam-level measurements, and a UE is considered stationary only if it is served by the same beam and the serving beam quality variation in limited. Such a rule ensures that the UE is strictly stationary.
Proposal 5:	In multi-beam operation, a UE can be considered stationary only if the UE is served by the same beam and the serving beam quality variation is limited during the observation period.
Not at cell edge (Option 2)
The evaluation of “cell edge” is also more complicated when UE operates in a beam-formed scenario. Figure 4 shows the measured RSRP (dBm) of UEs randomly deployed in the coverage of three sectors, operating at 30 GHz. We have the following observations:
· Due to beamforming and UE direction, UE physically at cell edge may also observe good RSRP, while UE not at cell-edge may observe poor RSRP.
· RSRP can vary a lot even though UE’s distance to gNB does not change a lot. This may results from coverage of beams, UE direction, etc.


Figure 4. Measured RSRP in the coverage of three sectors
Although UE may physically be located near cell edge, relaxed monitoring can be applied if serving cell/beam is much stronger neighbour cell/beam, i.e., conditions similar to those in Option 2. The evaluation for measurement relaxation criteria can be based on the best beams, i.e. best beam(s) from serving cell and the best neighbour cell. Even if UE changes its serving beam, as long as there is no good neighbour cell/beam detected, UE can stay in the Relaxed Monitoring state and performs less frequent neighbour cell measurements.
Proposal 6:	In a beam-formed scenario, relaxed monitoring can be applied if serving cell/beam is much stronger than neighbour cell/beam.
Conclusion
It is proposed to discuss and decide on the following proposal:
Proposal 1:	If RRM measurement relaxation is considered for stationary UEs in RRC_IDLE/ INACTIVE: 
· A UE may choose not to measure intra-frequency and inter-frequency/inter-RAT neighbour cells, if UE has been camping on the same serving cell during time T and serving cell RSRP variation is less than a threshold S during time T, and less than 24 hours have passed since measurements for cell reselection were last performed.
· The reference level SrxlevRef is set as current Srxlev value of the serving cell when UE reselects to a new cell, or if the relaxed monitoring criterion has not been met for time T.
Proposal 2:	If RRM measurement relaxation is considered for RRC_IDLE/INACTIVE UEs not at cell edge: 
· A UE may choose to perform RRM measurements on intra-frequency or inter-frequency neighbour cells with periodicity longer than current RAN4 requirements, and not to perform inter-RAT measurements, if UE has been camping on the same serving cell during time T, and signal strength Serving – BestNeighbour > D, or no neighbour detected, during time T.
· Different degree of relaxation may be configured for measurements of intra-frequency and inter-frequency cells.

Proposal 3:	No new mechanism is introduced to reduce the number of NR inter-frequency carriers to be measured. It should be determined solely based on network configurations and serving cell measurements. 
Proposal 4:	Proposal 1 and 2 can be combined so that relaxed monitoring can be applied to both stationary UEs and moving UEs that are not at cell edge.
Proposal 5:	In multi-beam operation, a UE can be considered stationary only if the UE is served by the same beam and the serving beam quality variation is limited during the observation period.
Proposal 6:	In a beam-formed scenario, relaxed monitoring can be applied if serving cell/beam is much stronger than neighbour cell/beam.
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