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[bookmark: _GoBack]In RAN2#105bis meeting, we made the following agreements about power consumption reduction for RRM measurements in NR. 
	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.


In this contribution, we study the RAN2 details of power consumption reduction for RRM measurements in NR.
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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-threshold for RRC_CONNECTED and RRC_IDLE/INACTIVE. This means 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.
Although the details can be different, we suggest a two-state model for NR relaxed monitoring: A UE can be in either Normal or Relaxed Monitoring state.
Proposal 1:	A UE capable of RRM measurement relaxation can be in either Normal or Relaxed Monitoring state.
In the following sections, we discuss relaxed monitoring for neighbour and serving cells in NR, for UE in RRC_IDLE/INACTIVE and RRC_CONNECTED. We propose three 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, 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.
Proposal 2:	If RRM measurement relaxation is considered for stationary UEs in RRC_IDLE/ INACTIVE:
· UE in Normal state: Switches to Relaxed Monitoring state when 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;
· UE in Relaxed Monitoring state: Switches to Normal state when Serving cell RSRP variation is larger than a threshold S, or 24 hours have passed since measurements for cell reselection were last performed. A UE may choose not to perform intra-frequency or inter-frequency measurements in this state.
Proposal 3:	If RRM measurement relaxation is considered for stationary UEs in RRC_IDLE/ INACTIVE, 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 very similar to that for Relaxed Monitoring in NB-IoT. The major difference is that we consider serving cell signal strength variation (up and down), instead of RSRP drop (down) only.
How to relax RRM measurement
With this option, RRM measurement relaxation applies to stationary UEs. Therefore, the LTE solution can be reused. That is, UE can skip neighbour cell measurements for up to 24 hours, unless it detects serving cell RSRP variation larger than the threshold.
Proposal 4:	If RRM measurement relaxation is considered for stationary UEs in RRC_IDLE/ INACTIVE, UE in Relaxed Monitoring state may choose not to measure neighbour cells for up to 24 hours.
1.1.2 Option 2: Relaxed monitoring for UE not at cell edge
Measurement relaxation criteria
The targets of relaxed monitoring in NB-IoT are stationary UEs such as meters installed in a building. In NR, most UEs are expected to be mobile.
· 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. The UE behaviour could be:
· Intra-frequency RRM measurements with longer (e.g., doubled) periodicity.
· No, or relaxed inter-frequency or inter-RAT RRM measurements.
· In eDRX, the UE would limit pre-wake-up, only do cell reselection at a first pre-wake-up, potentially do cell reselection during PTW.   
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.
Based on the above discussions, we have the following proposals for RRM measurement in RRC_IDLE/ RRC_INACTIVE:
Proposal 5:	If RRM measurement relaxation is considered for UEs not at cell edge in RRC_IDLE/ INACTIVE:
· 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 Relaxed Monitoring state: Switches to Normal state when signal strength Serving – BestNeighbour ≤ D.
How to relax RRM measurement
With this option, RRM measurement relaxation applies to stationary UEs. UE in Relaxed Monitoring state may perform RRM measurements on neighbour cells with longer periodicity, e.g., N times of the required Tmeasure defined in TS 38.133.
Proposal 6:	If RRM measurement relaxation is considered for UEs not at cell edge in RRC_IDLE/ INACTIVE, UE in Relaxed Monitoring state may perform RRM measurements on neighbour cells with periodicity longer than RAN4 requirements.
1.1.3 Choice between the options
Using the power consumption model capture in TS 38.840, assume I-DRX cycle = 1280ms and measurement on 8 asynchronous neighbour cells in FR1, the power saving gain would be 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.
Both methods are applicable for UEs in RRC_IDLE/INACTIVE, we suggest that RAN2 select one of the option.
Proposal 7:	RAN2 to choose one of the options for RRM measurement relaxation for NR UEs in RRC_IDLE/INACTIVE.
Relaxed neighbour cell monitoring in RRC_CONNECTED
1.1.4 Mobility states and transition
Relaxed monitoring has also been considered for UE in RRC_CONNECTED. The RRM measurement behaviour can be adapted according to UE mobility state. When UE is in RRC_CONNECTED, seamless service is important, and thus it may be too risky to allow UE to stop neighbour cell monitoring even when it is stationary. Therefore, we suggest that UE only enters relaxed monitoring state when it is not at cell edge.
Proposal 8:	NR UE in RRC_CONNECTED can relax RRM measurements when it is not at cell edge.
1.1.5 Power saving and handover robustness
In RRC_CONNECTED, the major concern of power saving mechanisms is handover robustness. That is, if UE is allowed to perform less frequent RRM measurement, it faces the risky of too late handover execution, which leads to RLF or HOF. The figure below illustrates proposed RRM measurement adaptation.


Figure 3.	RRM measurement adaptation in RRC_CONNECTED
In the scenario illustrated in Figure 3, UE applies relaxed monitoring when serving cell quality is good. UE performs more frequent measurement when an “early” event (say, A3e) corresponding to a lower threshold is triggered, and eventually when the measurement event (e.g., A3) is triggered, UE sends measurement report to source gNB and execute handover.
Our simulation results captured in TR 38.840 show a roughly 20% power reduction at the cost of <1% higher handover failure (HoF) rate, for a FR1 UE moving at 30km/h speed. We suggest that RRM measurement on neighbour cell can be relaxed, but mobility performance degradation must be taken into account.
Proposal 9:	RRM measurement on neighbour cell can be relaxed as long as mobility performance degradation is acceptable.
Relaxed serving cell monitoring
There are proposals to reduce the frequency of serving cell measurements when UE is at cell centre. In RRC_CONNECTED, UE should be able to track serving cell channel state very well, so as to ensure correct transmission and reception of data. Therefore, serving cell measurement frequency should not be reduced. 
In RRC_IDLE, RAN4 defines the minimum requirement on the measurement period of serving cell, based on SMTC periodicity and configured DRX cycle:
	The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [1] for the serving cell at least once every M1 DRX cycle; where:
  M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤  0.64 second,
  otherwise M1=1.


The minimum requirement on serving cell measurement period defined by RAN4 suggests that the UE measures SS-RSRP and SS-RSRQ every DRX cycle, and when SMTC periodicity is long enough and DRX cycle is not too long, this can be done every two DRX cycles.
In RRC_IDLE/INACTIVE, it is less important that the UE camps strictly on the best cell. Paging can be received on a suitable cell, and as soon as UE is in connected he can be moved to the best cell. However, the UE still needs to be synchronized so as to receive paging at correct timing, which means the UE needs to process SSB. Further relaxing serving cell measurements may cause synchronization problem. 
Proposal 10:	Serving cell measurements should not be reduced for RRC_CONNECTED UE, even the UE is at cell centre and stationary.
More details
1.1.6 Different levels of measurement relaxation
In the abovementioned models, we consider measurement relaxation in time domain. We can actually consider different relaxation mechanisms for intra-frequency cell, inter-frequency cell, and iRAT/LTE cells. For example, UE may skip measurements on some co-site intra-band frequencies, since the results can be represented by one carrier in that band.
Proposal 11:	UE in Relaxed Monitoring state may skip measurements on some co-site intra-band frequencies.
1.1.7 Beam-level considerations
In a beam-formed system, beam-level measurements may also be considered to determine UE’s mobility state. For example, in Option 1 (relaxed monitoring based on serving cell variation), the serving cell signal strength derived from averaging several best beams may not vary a lot, but if UE changes its serving beam, it may not be considered as stationary.
The evaluation of “cell edge” (Option 2) 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, and 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
Based on the observations, we have the following suggestions about power saving for RRM measurement when UE operates in a beam-formed network:
· Measurement relaxation criteria based on serving cell or beam variation may not be a good idea. In a beam-formed scenario, serving beam RSRP may vary a lot even the UE slightly turns its direction, and the serving beam can change even if UE only moves a few steps. Even with L3 filtering, the variation may still be larger than the pre-defined threshold, which is usually small so as to identify a stationary UE. This means the UE can hardly enter relaxed monitoring state.
· 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 12:	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:	A UE capable of RRM measurement relaxation can be in either Normal or Relaxed Monitoring state.
Proposal 2:	If RRM measurement relaxation is considered for stationary UEs in RRC_IDLE/ INACTIVE:
· UE in Normal state: Switches to Relaxed Monitoring state when 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;
· UE in Relaxed Monitoring state: Switches to Normal state when and Serving cell RSRP variation is larger than a threshold S, or 24 hours have passed since measurements for cell reselection were last performed. A UE may choose not to perform intra-frequency or inter-frequency measurements in this state.
Proposal 3:	If RRM measurement relaxation is considered for stationary UEs in RRC_IDLE/ INACTIVE, 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 4:	If RRM measurement relaxation is considered for stationary UEs in RRC_IDLE/ INACTIVE, UE in Relaxed Monitoring state may choose not to measure neighbour cells for up to 24 hours.
Proposal 5:	If RRM measurement relaxation is considered for UEs not at cell edge in RRC_IDLE/ INACTIVE:
· 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 Relaxed Monitoring state: Switches to Normal state when signal strength Serving – BestNeighbour ≤ D.
Proposal 6:	If RRM measurement relaxation is considered for UEs not at cell edge in RRC_IDLE/ INACTIVE, UE in Relaxed Monitoring state may perform RRM measurements on neighbour cells with periodicity longer than RAN4 requirements.
Proposal 7:	RAN2 to choose one of the options for RRM measurement relaxation for NR UEs in RRC_IDLE/INACTIVE.
Proposal 8:	NR UE in RRC_CONNECTED can relax RRM measurements when it is not at cell edge.
Proposal 9:	RRM measurement on neighbour cell can be relaxed as long as mobility performance degradation is acceptable.
Proposal 10:	Serving cell measurements should not be reduced for RRC_CONNECTED UE, even the UE is at cell centre and stationary.
Proposal 11:	UE in Relaxed Monitoring state may skip measurements on some co-site intra-band frequencies.
Proposal 12:	In a beam-formed scenario, relaxed monitoring can be applied if serving cell/beam is much stronger than neighbour cell/beam.
Reference
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