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1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#75[1] and reviewed in RAN#76[2], RAN#77[3].In which, the following objective is included:

A-1. Further latency and power consumption reduction

· Relaxed monitoring for cell reselection [RAN2, RAN4]

· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration

The same object is also included in the New WID on Even further enhanced MTC for LTE, which was approved in RAN#75 [4] and reviewed in RAN#76 [5] as follows:
Improved power consumption:

· Relaxed monitoring for cell reselection [RAN2 lead, RAN4]

· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration.

In RAN2 #99meeting, the following agreements are obtained:

· The use case is M2M, we aim to have similar solutions for RRM measurement relaxation as far as reasonable for at least NB-IoT and LTE M2M UEs (FFS if this is Cat M1/M2).  

· Introduce a relaxed monitoring solution that works for both UEs that are fixed and can be mobile. 

· Relaxed monitoring applies to neighbour cell measurements in Idle mode.

· We specify how the UE detect when to do measurement relaxation

· Email discussion on measurement relaxation (Ericsson) 

Objective to discuss the a) two mechanisms on the table (counting cells/detect cell change, RSRP measurement serving cell) including stage-3 details, and b) discuss in more detail how this is configured (per UE, per cell etc).
In this paper, we will discuss this issue further and propose potential solutions.
2 Discussion

During RAN2 #99meeting, mainly two mechanisms for UE to detect when to do measurement relaxation are provided:
Approach 1): RSRP change of the serving cell exceed the RSRP delta threshold configured, which is already used in EC-GSM specification
Approach 2): Based on cell re-selection counts to decide the UE mobility state, which is already used in LTE specification.
It has been agreed that the monitoring relaxation solution should work for both fixed UEs and mobility UEs. Per our understanding, the UE measurement in idle state is mainly used for cell re-selection, and generally, the geostationary UE is less likely to perform cell reselection than mobility UE, the UE in cell center is less likely to perform cell reselection than UE in cell edge. The less likely that the cell reselection is, the more monitoring relaxation can be done for the UE. So, the monitoring relaxation should differentiate the UE state.
Observation 1: The monitoring relaxation for cell reselection should differentiate the UE state.

For Approach 1), UE mobility state cannot be detected and the same RSRP delta threshold should be configured for geostationary UEs, mobility UEs, and irrelevant the UE is in cell inside or cell edge. Taken into account the performance of mobility UE in cell edge, only a conservative RSRP delta threshold can be used to decide whether to relax the monitoring for cell reselection, which cannot reduce the UE power consumption sufficiently.
Observation 2: RSRP change of the serving cell cannot detect the UE state. Relaxation of monitoring for cell reselection based on RSRP change of the serving cell cannot reduce the UE power consumption sufficiently.
For Approach 2), UE mobility state is detected as in LTE. Different mobility UE (e.g. Normal-mobility UE, Medium-mobility UE, low-mobility UE, and no mobility UE) can use different relaxation rules. E.g. the lower the UE mobility speed is, the larger the cell measurements interval is, and the more the UE power consumption reduces. 

Observation 3: Based on cell re-selection counts to decide the UE mobility state, UE mobility state can be differentiated and different relaxation rules can be used. Relaxation of monitoring for cell reselection based on cell re-selection counts can reduce the UE power consumption sufficiently.

For the UE mobility state decision in LTE, NW broadcasts the UE mobility state decision parameters, and the UE itself decide its mobility state (e.g Normal-mobility, Medium-mobility state, High-mobility state) by itself based on the parameters and counts of cell reselection [6].

Further, NW can also broadcast the measurement relaxation parameters (e.g measurement interval) for different mobility state. Once UE detects it’s mobility state, it can use the corresponding the measurement relaxation parameters to relax the cell reselection monitoring. E.g. the less the mobility speed is, the larger the measurement interval is.
Proposal 1: The cell reselection monitoring relaxation should differentiate the UE mobility state, and cell reselection counts mechanism in LTE can be reused for UE mobility state decision.

In the current specification, measurement thresholds (e.g SintrasearchP and SnonIntraSearchP) are used to limit needed measurements for UE power consumption reduction. When the serving cell’s quality is better than the threshold, the corresponding measurement will not be performed. 

Because the purpose of cell reselection monitoring relaxation is also for reducing the UE power consumption, it should work based on the legacy UE power consumption reduction mechanism.  Therefore the usage of legacy measurement thresholds (e.g SintrasearchP and SnonIntraSearchP) should not be affected. The measurement relaxation should be performed only when the intra-frequency and/or inter-frequency measurement is triggered by the legacy measurement thresholds.
Proposal 2: The measurement relaxation should be performed only when the intra-frequency and/or inter-frequency measurement is triggered by the legacy measurement thresholds (e.g SintrasearchP and SnonIntraSearchP).
Furthermore, for UE in idle mode, the power is not only consumed by measurement but also by CSS monitoring. For geostationary UE, e.g water and gas metering type use cases, the power consumption reduction is mainly from eDRX and/or PSM mechanism. Only eDRX and/or PSM mechanism can guarantee the 5wh battery for 10 years. And during inactivation duration of eDRX and PSM, the measurement is not performed.  So, the cell reselection monitoring relaxation should focus on more other use cases than metering use cases. 
Proposal 3: The cell reselection monitoring relaxation should focus on more other use cases than metering use cases.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: The monitoring relaxation for cell reselection should differentiate the UE state.
Observation 2: RSRP change of the serving cell cannot detect the UE state. Relaxation of monitoring for cell reselection based on RSRP change of the serving cell cannot reduce the UE power consumption sufficiently.
Observation 3: Based on cell re-selection counts to decide the UE mobility state, UE mobility state can be differentiated and different relaxation rules can be used. Relaxation of monitoring for cell reselection based on cell re-selection counts can reduce the UE power consumption sufficiently.
Proposal 1: The cell reselection monitoring relaxation should differentiate the UE mobility state, and cell reselection counts mechanism in LTE can be reused for UE mobility state decision.
Proposal 2: The measurement relaxation should be performed only when the intra-frequency and/or inter-frequency measurement is triggered by the legacy measurement thresholds (e.g SintrasearchP and SnonIntraSearchP).
Proposal 3: The cell reselection monitoring relaxation should focus on more other use cases than metering use cases.
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