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Introduction
In RAN2#99 relaxed monitoring requirements for NB-IoT UEs in idle mode discussed. During the discussion the following agreements/targets were given for further discussion to concentrate on:

Relaxed monitoring applies to neighbour cell measurements in Idle mode.
We specify how the UE detect when to do measurement relaxation

Besides defining a criteria for entering the “relaxed monitoring” also the way to control and the relaxation itself need to be described and decided.
The document hereafter describes an easy to adopt solution.
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Various methods were discussed in the last RAN2 meeting #99. A decision and discussion is to be made between a relative RSRP measurement [1], [2] for the serving cell and a Cell Count, when to enter the relaxed monitoring state. For the Count procedure a stage 2 description was provided in [3]
UE detection of when to apply measurement relaxation 
To evaluate or distinguish whether a device is static or not via subscription information for sure would be feasible but this is rather complex and not feasible within short time and requires involvement of other groups. A device can also have an internal setting or configuration which results in a UE capability being static, but such a priori assumption shave their related drawbacks and it is difficult to define a reliable method without involving UE observation/measurements in the determination whether a device is static and could apply measurement relaxations.

Observation1: The evaluation when to apply measurement relaxation should be based on UE observation/measurements.

Measurement relaxation is to be introduced as a means to allow for UE power saving, hence it should not add complexity or request activities not normally done by the UE in idle mode.
As a solution is to be designed for idle mode as a general solution all related side conditions need to be considered. 
· The UE may experience coverage enhancement or not.
· The measurement activity in idle mode depends on the DRX cycle, and is in general rather low.
· Any measurement should include Hysteresis and further side conditions.

In general the definition of accuracy requirements is a crucial task done by RAN4 experts and for idle mode they have designed a set of cell re-selection requirements/conditions which when fulfilled should lead to a UE re-selection and hence support the UE mobility. On the other hand if not fulfilled, i.e. the UE is stationary and does not change its position, cell re-selection should not happen. To avoid such ping-pong effects because of momentary RSRP variations a set of measurement rules and considering hysteresis was included in [5] TS36.133 section 4.6.2
For cell re-selection which is idle mode basic mobility cell meets the reselection criteria defined in [4] TS36.304 those requirements account for all circumstances including eDRX and other potential configurations.
The cell reselection procedure allows the UE to select a more suitable cell and camp on it. However, the measurement rules defined in TS36.133 to evaluate whether the UE is moving and needs to re-select a more suitable cell can also be used to evaluate that the UE is not moving i.e. it continued to stay on the cell it is currently camped on. If the observation time, which is bound to DRX cycle (eDRX) the measurement activity is long enough a good evaluation for being stationary or momentary stationary can be derived from the cell count evaluation.
If the UE has not performed within XCount consecutive evaluations of the re-selection criteria defined in TS36.304  it may consider itself as stationary and enter relaxed monitoring mode.

Observation2: The number XCount of consecutive cell re-selection evaluations done by the UE can be used as a reliable measure to evaluate whether the UE is momentary static or not.

The number of XCount can be in the range of 100 or 1000 observations which indeed may lead for large DRX/eDRX cycles to long observation times.
However, this is not an issue as the benefit and effect of relaxed monitoring itself and also for power consumption in the evaluation time does not scale with the total time that elapses but with reduced/required activity (the measurement activity), i.e. the number of measurements the UE needs to perform. And these measurements are defined in idle mode on as per DRX (eDRX basis).
Observation 3: Relaxed monitoring and efforts in the evaluation scale for the Count method with the number or abandon/performed measurement which in idle is related to DRX/eDRX cycle.

Relaxed monitoring measurement requirements
Considering a device to be static as outlined in section 2.1, it needs to be agreed to what extend the device needs to perform measurements. The density of measurements to suite for mobility purposes was so far agreed and recommended by RAN4, i.e. per single DRX /multiple DRX cycle depending on the cycle duration and the intended accuracy requirement.
To avoid a longer discussion on reducing the measurement density with following discussions on accuracy which we see not entirely in the mandate of RAN2 we would prefer to perform a simple measurement rule change being in responsibility of RAN2 and having no impact on other groups.
A stationary NB-IoT device does not need to perform intra-frequency or inter-frequency measurements, if correspondingly indicated by the network. 
A stationary device which abandons all intra-frequency measurements and inter-frequency measurements during relaxed monitoring shall perform an intra-frequency measurement to re-ensure being on best intra-frequency cell prior starting an uplink transmission to avoid interference. Means a device would stay on the cell e.g. in eDRX not perform any measurements and just listen to paging. Once it wants to perform a transmission it does an intra-frequency measurement prior sending RACH access. A further requirement is not needed even so a device may listen from time to time for the downlink to synchronize.
Observation 4: A stationary NB-IoT device does not need to perform any intra-frequency or inter-frequency measurements, if networks indicates that relaxed measurement behavior is allowed. 

Depending on situation and changes in the network the network can request the device to perform intra- and/or inter-frequency measurements.
Hence, for relaxed monitoring there should be the possibility for a device to abandon all inter-frequency (SearchInter) and all intra-frequency (SearchIntra) measurements independently from each other.

Observation 5: For relaxed monitoring there should be the possibility for a device to abandon all inter-frequency (SearchInter) and all intra-frequency (SearchIntra) measurements independently from each other.

Related signaling 
The network shall be in control of the relaxed monitoring and indicate whether a stationary NB-IoT device may apply the relaxed monitoring rules or not. This can be done via presence of the related parameters in the broadcast.
The broadcast indication should be sufficient as no need for per UE signaling/control is seen.  
Observation 6: The network shall be in control of the relaxed monitoring and indicate whether a stationary NB-IoT device may apply the relaxed monitoring rules or not. The signaling is done via broadcast
As outlined in section 2.4, there is a need to indicate the XCount, i.e. the number of consecutive evaluations the UE has to perform prior it enters relaxed monitoring. The value XCount should be broadcasted by an eNodeB supporting relaxed monitoring. The value is proposed to be between [100] and [2000].
XCount
Parameter “XCount” in TS 36.304 indicates the number of consecutive evaluations an NB-IoT UE needs to perform (without re-selection/mobility) prior considering itself as being allowed to apply relaxed monitoring.

Furthermore there should be separate indications whether during relaxed monitoring intra-frequency and/or inter-frequency measurements can be abandoned.
SearchIntra indicates whether the UE shall perform intra-frequency measurements during relaxed monitoring. 
SearchInter indicates whether the UE shall perform inter-frequency measurements during relaxed monitoring.
Observation6: In case the network supports relaxed monitoring it shall signal XCount, SearchIntra and SearchInter.

Details related to signaling in the BCH can be found in the accompanying CR. The proposed signaling is depicted below.
broadcast signaling
 UE    
MME       
 eNodeB    
Control via BCH indication of Xcount, SearchIntra and SearchInter
For permanently static devices an indication to the network should be added (UE differentiation) via e.g.   UE ATTACH/TAU_Request


The UE signaling for permanently static devices could be part of Rel.-14 still, to allow also network to benefit from that or as already treated in UE differentiation.
NB-IoT device
Signaling on UE to indicate that it is permanently static/stationary, i.e. pinned to a wall is seen beneficial because this as static parameter would also allow the network to act accordingly.
This parameter should also be seen in context of UE differentiation where stationary is one of the proposed parameters.

Observation 7: Permanently static devices should indicate this status in their UE capabilities or via ATTACH/TAU_Request. 


Conclusions
A device with relaxed monitoring can stop its measurement activities when camping on a suitable cell and the network indicates in the BCH that currently no inter- and or inter-frequency measurements are needed. If indicated that measurements are needed they are performed according to the general measurement rules.

Proposal1: The evaluation when to apply measurement relaxation should be based on UE observation/measurements.
Proposal 2: The number XCount of consecutive cell re-selection evaluations done by the UE can be used as a reliable measure to evaluate whether the UE is momentary static or not.
Proposal 3: Relaxed monitoring and efforts in the evaluation scale for the Count method with the number or abandon/performed measurement which in idle is related to DRX/eDRX cycle.
Proposal 4: A stationary NB-IoT device does not need to perform any intra-frequency or inter-frequency measurements, if networks indicates that relaxed measurement behavior is allowed. 
Proposal 5: For relaxed monitoring there should be the possibility for a device to abandon all inter-frequency (SearchInter) and all intra-frequency (SearchIntra) measurements independently from each other.
Proposal 6: The network shall be in control of the relaxed monitoring and indicate whether a stationary NB-IoT device may apply the relaxed monitoring rules or not. The signaling is done via broadcast


Proposal 7: Permanently static devices should indicate this status in their UE capabilities or via ATTACH/TAU_Request.
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