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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].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

In this paper, we will discuss this issue and propose potential solutions.

2 Discussion

As discussed in [98#52][NB-IoT] Power Consumption for RRM, the measurement optimization for geostationary UEs is mainly considered, with assumption that the existing RAN4 requirements are kept, and only the measurement rules for intra-frequency and inter-frequency measurements are discussed. But the measurement in idle mode is used for cell selection and reselection in order to keep the UE camped on the “best” cell since whether the UE is stationary is not absolute. Even the UE is geostationary, the radio environment may be changed, e.g. radio interference changed, NW layout changed (e.g. new neighbour cell is added to improve the coverage) etc. 
Observation 1: Whether the UE is stationary is not absolute per radio aspect even the UE is geostationary, with the consideration that the radio environment may be changed, e.g. radio interference changed, NW layout changed.
For the case that UE is geostationary but NW layout changed, completely omitting intra-frequency or inter-frequency measurements may cause the UE to be unable to sense the network changes. And if the triggering conditions are only based on the serving cell quality drop, the necessary intra-frequency and the inter-frequency measurement may not be triggered in some scenarios. For example, a new good neighbour cell is added to improve the coverage, but the UE is unable to sense the network changes and will still stick to the serving cell with bad coverage since the serving cell quality is not changed. It’s not desirable.

Observation 2: If only monitoring the radio quality change of serving cell, the stationary UE cannot sense the network changes and will completely omit the necessary intra-frequency or inter-frequency measurements for finding better cells.
Whether the UE is on “best” cell has impacts on the following aspects:

· UE paging success rate

· PRACH success rate

· UE performance in RRC_CONNECTED state. 
For the geostationary UE without paging requirement (e.g. metering type UE fixed to a wall), UE can perform one shot measurement before PRACH procedure in order to find the best cell. In which case, eDRX/PSM with long inactive time could be enough for UE power saving. 
Observation 3: For the geostationary UE without paging requirement, one shot measurement before PRACH procedure is enough for power saving.

For UE with paging requirement, measurement and cell reselection should be performed for tracking the radio variation. For example, if the last camped cell is down but the UE still sticks on it, the paging will be failed and the paging success rate will be less than a good case, in that case the last camped cell is poor coverage and then a new cell with good coverage is added and found by the UE. 
Observation 4: For UE with paging requirement, measurement and cell reselection should be performed for tracking the radio variation.
Taken into account the following aspects:

· Stationary UEs is only little portion of NB-IoT UEs, which includes also mobile UEs with different speed. 
· Even for the mobile UE, mobility is not performed all the time. The UE carrier (e.g. Transportation and Logistics monitoring, Bicycle-sharing system etc) may be geostationary for a period of time per day.

· The target of supporting UE battery life beyond 10 years per 5wh battery is for all NB-IoT UEs. 
The relaxed monitoring for cell reselection should consider as much as possible UEs that is intermittently stationary or moving with low speed.
Proposal 1: The relaxed monitoring for cell reselection should be not only applied to geostationary UEs, but also applied to intermittently stationary UEs and moving UEs with low speed.
For relaxed monitoring for cell reselection in idle state to reduce power consumption, only the measurement relaxation and cell reselection relaxation are involved. The cell reselection procedure depends on the measurement results, e.g., the relaxed measurement relaxation should be mainly discussed.
In current specification, UE performs the measurement for the serving cell all the time in the active state, but need to perform the measurement for the intra-frequency and/or inter-frequency cells only when the quality of the serving cell is below a certain threshold. The measurement requirements are specified by RAN4 in 36.133[3]. The main requirements include:

· Measurement and evaluation of serving NB-IoT cell in normal coverage

· Measurement and evaluation of serving NB-IoT cell in enhanced coverage

· Detection, measurement and evaluation of intra-frequency NB-IoT cells in normal coverage

· Detection, measurement and evaluation of intra-frequency NB-IoT cells in enhanced coverage

· Detection, measurement and evaluation of inter-frequency NB cells in normal coverage

· Detection, measurement and evaluation of inter-frequency NB-IoT cells in enhanced coverage

These requirements are defined based on DRX cycle. The UE is only required to perform these measurements when waking up from DRX/eDRX/PSM. 

In a summary, these requirements are the baseline for all the mobility scenarios in idle state. Quick measurement and evaluation are necessary for the mobility with high speed for tracking the radio variation; while relaxed measurement and evaluation can be used for the stationary UEs or mobile UEs with low speed also for tracking the radio variation with the additional consideration on power saving.
In fact, the UE mobility state (High-mobility state, Medium-mobility state and Normal-mobility state) has already been considered in cell reselection procedure in LTE[4]. If the measurement requirements for NB-IoT in idle state can be relaxed based on similar UE mobility state (e.g. Normal-mobility state, low-mobility state and stationary state), the relaxed monitoring for cell reselection can be further facilitated and the UE power consumption can be further reduced.
Proposal 2: The measurement requirement for NB-IoT UE in idle state is relaxed based on UE mobility state.
Proposal 3: Send a LS to RAN4 to evaluate it if RAN2 confirms that the measurement requirement for NB-IoT UE in idle state can be relaxed based on UE mobility state.

For the UE mobility state decision (e.g. whether the UE is stationary and what’s the UE’s mobility characteristic) , it can be decided by UE with the similar way used in the mobility state decision in LTE[4](e.g. the UE can do the decision according to the statistics on the changes of serving cell). In such solution, eNB can provide assistance for better control. For example, the eNB could broadcast several measurement criteria according to different mobility characteristics and the UEs could select one of them based on its mobility characteristic.
Proposal 4: eNB provide assistance for UE mobility state decision by broadcasting several measurement criteria according to different mobility characteristics.
3 Conclusion

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

Observation 1: Whether the UE is stationary is not absolute per radio aspect even the UE is geostationary, with the consideration that the radio environment may be changed, e.g. radio interference changed, NW layout changed.
Observation 2: If only monitoring the radio quality change of serving cell, the stationary UE cannot sense the network changes and will completely omit the necessary intra-frequency or inter-frequency measurements for finding better cells.
Observation 3: For the geostationary UE without paging requirement, one shot measurement before PRACH procedure is enough for power saving.

Observation 4: For UE with paging requirement, measurement and cell reselection should be performed for tracking the radio variation.

Proposal 1: The relaxed monitoring for cell reselection should be not only applied to geostationary UEs, but also applied to intermittently stationary UEs and moving UEs with low speed.
Proposal 2: The measurement requirement for NB-IoT UE in idle state is relaxed based on UE mobility state.

Proposal 3: Send a LS to RAN4 to evaluate it if RAN2 confirms that the measurement requirement for NB-IoT UE in idle state can be relaxed based on UE mobility state.
Proposal 4: eNB provide assistance for UE mobility state decision by broadcasting several measurement criteria according to different mobility characteristics.
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