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1 Introduction
A new WID on further NB IoT enhancements was approved at RAN#75 and revised at RAN#76[1]. 
One of the objective is Further latency and power consumption reduction as follows:
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
Independently, RAN#98 has agreed to look at solution(s) in rel-14 to limit power consumption for neighbour cell search and measurements for at least stationary UEs

=> We need methods beyond Sxsearch method to limit power consumption for neighbour cell search and measruements for UEs (e.g. UEs that are stationary or deep indoor)

=> We aim to specify some solution in TEI14 that is early implementable, the solution(s) covering at least stationary devices

And RAN2 has agreed to e-mail discussion: [98#52][NB-IoT] Power Consumption for RRM [2]
The two topics address the same problem and are discussed together in this document.
2 Discussion
2.1 Cell reselection measurements in NB-IoT 
Cell reselection measurements in NB-IoT follows the same principles as LTE and are summarised below:
· 36.304 section 5.2.4.2a specifies the measurement rules, i.e. when UE is required to perform measurements. 

These rules are controlled by two thresholds, SIntraSearchP and SnonIntraSearchP, broadcast in system information 

	When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.
Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.

-
The UE shall apply the following rules for NB-IoT inter-frequencies which are indicated in system information:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP, the UE may choose not to perform inter-frequency measurements.
-
Otherwise, the UE shall perform inter-frequency measurements.


· 36.133 section 4.6.2 specifies the measurements performance requirements when the UE is required to perform measurements. 
These performance requirements scale with the eDRX cycle, the cell DRX cycle and the PTW window, i.e. the UE only performs measurements when it has woken from eDRX and monitors paging according to the cell DRX cycle during the PTW window.
Although the measurement principles from LTE have been reused, there are fundamental differences between LTE and NB-IoT, for example: 
· In contrast to LTE, there are stringent requirements related to battery life In NB-IOT.
· In NB-IoT, many devices are always stationary (e.g. fixed to a wall) or intermittently stationary, i.e. not physically moving for long period of time (e.g. tracking devices arrived at their destination). For these stationary, there is no need to perform measurement for mobility purpose.
· In NB-IoT, coverage enhancement techniques are used to reach UEs in difficult indoor radio environment. For these UEs, a low serving cell quality does not mean that the UE is at the cell edge and should look for a better cell to reselect. However, the same SIntraSearchP and SnonIntraSearchP,, parameters as for outdoors UEs are used in the measurements rules. 
2.2 How to relax measurements 
Before looking at detailed solutions, it would be good to clarify in which way we want to relax the measurement activity. Typically, it can be done either by having a longer measurement period, e.g. each cycle the UE only performs a subset of the measurements and the subset changes every cycle, by reducing the number of cells/ frequency to be monitored, or by completely removing the measurement activity.  As we are targeting stationary UEs and trying to limit the power consumption, we are in favour of the latter option as this will provide higher power saving. Of course, some safeguards are needed to account for change in radio conditions and network topology. Also, some level of control should be provided by the network, e.g. via system information.
Proposal 1: Measurements relaxation is realised by not performing continuous cell reselection measurements when the UE is stationary
Proposal 2: The stationary UE will still to need perform cell reselection measurements from time to time for other purpose, e.g. change in radio conditions or network topology.  

Proposal 3: Measurements relaxation is enabled by the network via system information, e.g. SIB3. 

2.3 What is a stationary UE 
As described in [2], there are UEs that have a fixed geostationary position (e.g. fixed to a wall) and this can be known by subscription / provisioning/ commissioning. But there are also UEs that are stationary for long periods of times, e.g. tracking devices, which are on the move for some time and then stationary at their destination until they are picked up. 
For our point of view, the two types of UEs are equally important and both should benefit of the measurement relaxation.
Proposal 4: Measurements relaxation applies to both geostationary UES and intermittently stationary UEs.
Those UEs that do not know by configuration, e.g. device property, that they are stationary will have to detect   themselves whether they are moving or not. 
A similar problem was discussed in GERAN during the study on power saving for Machine-Type Communication (MTC) devices [5] and a solution for “Power efficient Operation” introduced in Rel-13 specification under the eDRX_GSM work item [6], [7]. In summary from [6]:
· A MS that has enabled PEO or EC operation has relaxed requirements for how often it verifies the suitability of its serving cell and the suitability of neighbour cells for re-selection.
· In addition, for PEO and EC operation the following events also trigger a cell reselection:

vii)
 The difference between the highest recorded C1 since the last cell reselection, and the latest C1 exceeds C1_DELTA;

viii) At least 24 hours has elapsed since the last cell reselection was triggered.
Proposal 5: When not known by configuration, the UE can decide that it is stationary while the difference between the highest recorded Srxlev value since the last cell reselection and the latest Srxlev does not exceed a threshold.
2.4 Solution Discussion
The use case addressed in GERAN is the same as NB-IoT and a similar solution seems well suited. Adaptation of the solution to NB-IoT is needed to account for the differences between the two technologies. Also, some additional requirements may be considered.

Translating literally the stage 2 description in 43.022 to NB-IoT, the summary would be as follows:
· A NB-IoT UE has relaxed requirements for how often it verifies the suitability of its serving cell and performs measurement of neighbour cells for re-selection.
· In addition, the following events also trigger a cell reselection:

vii)
 The difference between the highest recorded Srxlev value since the last cell reselection, and the latest Srxlev exceeds Srxlev_Delta;

viii) At least 24 hours has elapsed since the last cell reselection was triggered.
We do not see a need to relax measurement for the serving cell, they are needed to confirm the cell suitability and come for free power consumption wise as they are performed during to the synchronisation and the reconfirmation of the cell. Also, this would require change to RAN4 performance requirements.

Proposal 6: The requirement related to the serving cell measurement are not relaxed

In our views, relaxed monitoring is a further relaxation of the existing measurements rules in 36.304 when the UE is geo-stationary or when the serving cell quality has not changed beyond a threshold, SrxlevDelta.  The legacy measurement rules based on thresholds SIntraSearchP and SNonIntraSearchP apply when the conditions for relaxed monitoring are not fulfilled. 

Proposal 7: Relaxed monitoring applies when the UE is geo-stationary or when the serving cell quality has not changed beyond a threshold, Srxlev_Delta, The legacy measurement rules based on thresholds SIntraSearchP and SNonIntraSearchP apply when the conditions for relaxed monitoring are not fulfilled.
In TS 45.008, the threshold to evaluate whether the serving quality has changed is calculated after cell reselection using a minimum and maximum values broadcast in system information and the difference D between the most recent measurements of the serving cell and the strongest neighbour as follows:
DELTA = min( max(D,DELTA_MIN), DELTA_MAX )

Proposal 8: RAN2 to discuss whether the Srxlev_Delta threshold is a fixed (broadcast) or adaptive value.
Proposal 8a: if an adaptive value is agreed, D is the difference between the most recent Srxlev values of the serving cell and the strongest (in term if Srxlev) neighbour cell.

We do see a need for requiring the UE to perform neighbouring measurements from time to time to take into account a change on the radio environment or the network topology. We think this period should be fixed in the specification and 24 hours seems a reasonable value but it can be discussed. It could also be considered whether to have different periods for intra and inter-frequency measurement.

Proposal 9: UE is required to perform neighbouring measurements with a low frequency. 

Proposal 10: RAN2 to discuss a reasonable frequency and whether the same periodicity applies to intra and inter frequency measurements

In addition to the periodic measurements, we think it would be useful that the network can force the UEs to perform measurements in special circumstances, e.g. to make sure that the UEs see a change in the network topology quickly. This could be triggered by an indication or a change in SIB 3, SIB4 or SIB5.
Proposal 11: The network can force the UEs to perform a round of measurements via SIB 3, SIB4 or SIB5.
2.5 Solution Summary

Based on the proposals in section 2.4, relaxed monitoring could be implemented as follows: 

· Use of relaxed monitoring is enabled by the network via system information.
· When enabled, the UE is not required to perform intra-/ inter-frequency measurements for cell reselection purpose except for the following events:

a) the serving cell is no longer suitable

b) the UE has performed cell selection or the serving cell has changed

c) For non-geostationary UEs, the difference between the highest recorded Srxlev since the last cell reselection, and the latest Srxlev exceeds a threshold, i.e.:
Srxlev,best - Srxlev> Srxlev_Delta
d) At least [24] hours has elapsed since the last measurements were performed.
e) A change in SIB3, SIB4 or SIB5 has occurred 
· When one of the exception above is fulfilled, the UE performs measurements according to the legacy measurement rules

As relaxed monitoring only affects the UE idle mode procedures, we do not see a need to report a UE capability. 

Proposal 12: Support is optional at the UE without capability signalling. 

3 Conclusion
In this document, we have discussed relaxed monitoring and outlined a solution based on the following proposals:
Proposal 1: Measurements relaxation is realised by not performing continuous cell reselection measurements when the UE is stationary.
Proposal 2: The stationary UE will still to need perform cell reselection measurements from time to time for other purpose, e.g. change in radio conditions or network topology.  

Proposal 3: Measurements relaxation is enabled by the network via system information, e.g. SIB3. 

Proposal 4: Measurements relaxation applies to both geostationary UES and intermittently stationary UEs.

Proposal 5: When not known by configuration, the UE can decide that it is stationary while the difference between the highest recorded Srxlev value since the last cell reselection and the latest Srxlev does not exceed a threshold.

Proposal 6: The requirement related to the serving cell measurement are not relaxed

Proposal 7: Relaxed monitoring applies when the UE is geo-stationary or when the serving cell quality has not changed beyond a threshold, Srxlev_Delta, The legacy measurement rules based on thresholds SIntraSearchP and SNonIntraSearchP apply when the conditions for relaxed monitoring are not fulfilled.

Proposal 8: RAN2 to discuss whether the Srxlev_Delta threshold is a fixed (broadcast) or adaptive value.

Proposal 8a: if an adaptive value is agreed, D is the difference between the most recent Srxlev values of the serving cell and the strongest (in term if Srxlev) neighbour cell.

Proposal 9: UE is required to perform neighbouring measurements with a low frequency. 

Proposal 10: RAN2 to discuss a reasonable frequency and whether the same periodicity applies to intra and inter frequency measurements.
Proposal 11: The network can force the UEs to perform a round of measurements via SIB 3, SIB4 or SIB5.

Proposal 12: Support is optional at the UE without capability signalling. 

We think that the proposed solution is quite simple and has a limited impact on RAN2 36.304 and 36.331 specifications and we propose to introduce relaxed monitoring in Rel-14 as TEI14, with early implementation allowed.

Proposal 13: RAN2 to introduce relaxed monitoring in Rel-14 as TEI14, with early implementation allowed.

We have prepared the corresponding draft CRs in [8-10].
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