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Introduction
RRM measurement relaxation was discussed based on the results from email discussion [1] and RAN2 contributions [2-17]. 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 relaxed monitoring criterion in Idle and Inactive mode is discussed further. 
[bookmark: _Toc242573354]Background
Relaxed neighbour cell measurement rules in NB-IoT/MTC
A UE is required to perform intra-frequency neighbour cell RSRP/RSRQ measurements, when the serving cell is below the intra-frequency measurement threshold, or more specifically the UE may choose not to perform intra-frequency measurements when Srxlev > SIntraSearchP and Squal > SIntraSearchQ. A similar rule exists for inter-frequency measurements, using the inter-frequency measurement thresholds (SnonIntraSearchP and SnonIntraSearchQ), which are typically configured above the intra-frequency measurement thresholds, i.e. intra-frequency measurements are typically before inter-frequency measurements are triggered.
Because of the specific use case, a NB-IoT or MTC UE can be permanently below the neighbour cell measurement threshold because it is stationary, and thus be required to permanently perform neighbour cell measurements, while re-selection to another neighbour cell is not possible. But a power saving enhancement for NB-IoT/MTC UE was agreed, i.e. the UE is not required to perform neighbour cell measurements when the “relaxed monitoring criteria” is met, i.e. when serving cell measurements indicate that the UE is stationary, i.e. more specifically when no drop in the serving cell signal is detected (see 36.304 section 5.2.4.12):
[image: ]
A NB-IoT/MTC is still required to perform neighbour cell measurements at least every 24 hours. The measured drop in serving cell signal is configured in system information (SSearchDeltaP). The UE is also required to continue neighbour cell measurements after cell (re-)selection for TSearchDeltaP = 5 minutes. 
Relaxed serving cell monitoring and WUS in NB-IoT
The UE is typically required to measure the serving cell RSRP/RSRQ every DRX cycle[footnoteRef:1]. In NB-IoT, when WUS is configured in the cell, it is possible to relax the serving cell measurements indicated by numDRX-CycleRelaxed-r15 in system information, provided that the neighbour cell measurements are also relaxed, and additional conditions are met, see section 4.6.2.1A in 36.133. [1:  In NR the UE is required to measure the serving cell RSRP/RSRQ every DRX cycle, with a DRX cycle larger than 640 ms and SSB periodicity of 20 ms in FR1 (see chapter 4 in 38.113).] 

DRX configuration options
The possible DRX cycle lengths in Idle/Inactive mode, i.e. the defaultPagingCycle in Idle mode and the ran-PagingCycle in Inactive mode, that can be configured are {0.32, 0.64, 1.28, 2.56} sec. The possible DRX cycle lengths in Connected mode are for ShortDRX {2, 3, …, 512, 640} msec, and LongDRX {10, 20, …, 5120, 10240} msec. 
In NR the UE can negotiate a UE specific DRX cycle with the AMF, see section 5.4.5 in TS 23.501. The UE can indicate a preferred DRX cycle in the registration procedure. The AMF responds with the accepted DRX cycle.  
Discussion
Relaxed monitoring measurement rules for neighbour cell measurements
NB-IoT compared to NR is perhaps a special use case where the UE may be permanently stationary (e.g. fixed to a wall) and in NB-IoT only low mobility is supported and handovers are not supported. The NR use cases in that sense are different, i.e. the typical NR use case is MBB with full mobility support. But also in NR the UE can be expected to be stationary for significant amount of times during a day, similar as in LTE. When the UE is stationary, certain requirements, such as RRM measurement requirements can potentially be relaxed, e.g. there is no need to discover and measure neighbour cells when the UE is below the neighbour cell measurement threshold and stationary. When the UE is above the measurement threshold it is already allowed not to measure neighbour cells. The relaxed monitoring criteria as specified in LTE is a good basis to evaluate the potential RRM relaxation in NR. We agree that focus should not be on to define a stationary UE, but the conditions under which the RRM measurements can be relaxed. 
The LTE relaxed monitoring criteria can be re-used in NR for neighbour cell measurement relaxation, but it is proposed to add “beam mobility detection” to the relaxed monitoring criterion:
Proposal 1: The LTE relaxed monitoring is used as a baseline for the RRM neighbour cell measurement relaxation in Idle/Inactive mode, but beam mobility detection is added in NR.
It is proposed to evaluate a similar approach as has been agreed for LTE, i.e. with control of the NW the UE determines when it can relax the RRM neighbour cell measurements. When the relaxed monitoring criteria are not met the existing RAN4 RRM measurement requirements apply. RAN2 should not change the RAN4 RRM requirements, but can modify the neighbour cell measurement rules defined in 38.304. Similar safeguards as agreed in LTE, such as periodic neighbour cell measurements in the background and neighbour cell measurements after cell (re-)selection, to ensure that mobility is not impacted due to power savings.
Relaxed RRM measurements for serving cell
In our view there should be more strict conditions under which the serving cell RRM measurements can be relaxed compared to the neighbour cell measurements. This implies that serving cell measurements are only relaxed when neighbour cell measurements are relaxed, but additional requirements apply:
Proposal 2: Serving cell measurements are only relaxed when neighbour cell measurements are relaxed, but additional requirements apply for serving cell relaxation. 
A minimum additional requirement is that the measured serving cell quality is above a configurable threshold:
Proposal 3: A minimum additional requirement is that the serving cell quality is above a configurable threshold.
Other additional requirements can be further discussed, such as
· Change of strongest beam
· TCI change (connected mode only)
Sensor to detect mobility
RAN2 discussed the use of sensors (e.g. accelerometer, gyroscope, magnetometer, but also location services, such as GPS) to exit relaxed monitoring, but no agreements were reached. In our view the UE can make a good implementation using sensors commonly available in the UE, and in that sense the added value of a standardised 3GPP feature is less clear. The added value may lie in the fact that through serving cell measurements detection of changes in the radio environment, even when the UE is stationary, can be detected, e.g. when the physical environment changes, e.g. objects moving: 
Observation 1: UE sensors may not detect a change in the radio propagation conditions.
Summary
RAN2 is kindly asked to discuss relaxed RRM measurements: 
[bookmark: _Toc242573361]Proposal 1: The LTE relaxed monitoring is used as a baseline for the RRM neighbour cell measurement relaxation in Idle/Inactive mode, but beam mobility detection is added in NR.
Proposal 2: Serving cell measurements are only relaxed when neighbour cell measurements are relaxed, but additional requirements apply for serving cell relaxation. 
Proposal 3: A minimum additional requirement is that the serving cell quality is above a configurable threshold.
Observation 1: UE sensors may not detect a change in the radio propagation conditions.
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Appendix: Text Proposal 38.840
[bookmark: _GoBack]In certain cases the UE may be required to perform neighbour cell measurements, but not be able to re-select to any neighbour, for example because the UE is stationary. In such scenarios it is beneficial when the UE can relax the neighbour cell measurements with control of the network. The relaxed monitoring criterion when the UE may relax neighbour cell measurements is configured by the network. Serving cell measurements may be relaxed only when the neighbour cell relaxation criterion is fulfilled, and additional requirements are met. 
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