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Introduction
In RAN2#98 the range for SIntraSearchP was extended to cope for the too late re-selection effects observed in [1]. 
Furthermore it was concluded that the SIntraSearchP extension solves the issue for outdoor devices but with higher values indoor devices also with good levels may need to measure also and more in general power consumption of such static devices was seen critical. Hence it was agreed that:
· We need methods beyond Sxsearch method to limit power consumption for neighbour cell search and measurements for UEs (e.g. UEs that are stationary or deep indoor)

Such solutions if any suitable found should be made available as early as possible e.g. Rel.-14. Hence one aspect when evaluating solutions should always be complexity and for early adaption should a simple solution to limit power consumption of static devices caused by neighbor cell search and measurements.
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Discussion
Prior discussing a certain method to solve the problem for static or deep indoor devices , it should be clarified which devicse are to be addressed in “radio-suitable” terms and also here for simplicity especially when targeting an early release a clear and simple definition should be used. More advanced approaches can be addressed for higher releases according to RP-171428.

Static device in opposite to mobile 
It is important to define the terms “static” device for which measurements are intended to be adapted in a way that is sensible from radio perspective.
A device can be fixed to a wall (geostatic) but it is located right at the border between two cells and hence depending on circumstances it may need to be connected to the one or other NB-IoT cell. Such a scenario is depicted in Fig. 1.
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Fig.1 Device fixed to a wall/geographically static in overlapping area between cell1 and cell 2, depending on time and varying receiving conditions cell 1 or cell2 may be selected.
Depending on the situation the device, even being fixed to a static wall, connects to cell 1 and later to cell 2. Such a device needs to do measurements for its “radio” mobility.
However, a device which is always attached/camped on the same cell is static from radio perspective. This can also easily be controlled and tested. A device intended to be used in static conditions shall consider itself as static if it has camped always on the same cell within the last [X] DRX cycles. 
Observation1: A device shall be considered as stationary when it always uses the same network entry point/cell.
Note: it is well acknowledged that static devices at cell borders and semi-static devices are excluded by that approach but for early availability e.g. in Rel.-14 simple solution addressing majority of devices should be targeted.
Indoor versus outdoor
Considering a device to be static as outlined in section 2.1. It is questionable whether there is really a need to further distinguish indoor from outdoor devices.
If a device is not moving, it does not need to perform measurements for mobility purposes. However, this is for outdoor devices already handled via SIntraSearchP. SintraSearchP can be configured in such a way, that only devices at cell borders receive a Srxlev which is below SIntraSearchP, so that these devices need to perform measurements. All outdoor or more in general all devices being in LOS propagation condition being closer to either of the NB-IoT base-stations will receive a signal level above SIntraSearchP and hence do not need to perform any measurements.
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Fig2. Indoor and outdoor devices. Due to LOS conditions outdoor devices in cell area receive signal levels above SIntraSearch and hence do not need to perform measurements. Indoor devices due to additional wall penetration losses have high probability to receive a signal below SintraSearch, and hence not to perform measurements whether in cell center or at cell boarder.

The problem of two frequent measurements only arises for indoor devices (or more in general for devices with non-LOS condition) with higher probability, i.e. also devices which are in the coverage center of a cell but due to additional wall penetration or other effects experience such high propagation losses that received Srxlev is below SIntraSearchP and hence need to perform the measurements according to current rules.
However, these device i.e. receiving a low signal power even being in cell center fulfill also the condition formulated for static devices. I.e. they will not change cell and hence they can be considered as static.
Observation2: There is no need to consider besides the condition static a further condition such as indoor or outdoor. 
The only difference between indoor and outdoor devices is that for indoor devices the problem arises with a higher probability. Due to additional wall loss it is also very likely for indoor devices in proximity to a NB-IoTs serving base station to receive a power level below the measurement threshold whilst for static outdoor devices the problem will rather not occur or only with low probability when not being located at the cell boarder.
Devices only need to be considered/distinguished whether being stationary or not.  

Ways to determine being static
There are several ways to define, or evaluate whether a device is a static device, e.g. via subscription information, UE intrinsic parameter/setting such as band support or evaluated by the UE.
To evaluate or distinguish whether a device is static or not via subscription information for sure would be feasible but this is rather complex 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. However, such a setting on its own is not believed to be sufficient as a device may be used in  an application with limited mobility or even  in a fixed/geographically static deployment but at cell boundary and hence due to changes in propagation condition a change between cells as outlined in Fig1 may be needed/occur. Furthermore such UE settings require in addition logistic efforts which is also a source of errors.
The above problems resulting from actual deployments could also occur in case of static configuration would be part of subscription information. 
The only way to overcome these deployment/scenario impacts is to include the Ue observation/measurements in the determination whether a device is static.
Observation3: In the evaluation whether being a static device the UE observation/measurement needs to be included. 
The device when brought to the field or installed anyway measures its environment according to the actual measurement rules to perform cell selection/re-selection according to configured parameters (SIntraSearchP). If the device receives levels above said parameter it anyway does not need to perform measurements and hence there is no issue to be solved. If the device needs to perform measurements it shall monitor its environment for a sufficient time for evaluating whether it is static.
A device is static if it has recognized within [X] consecutive DRX cycles that it always has camped on the same cell. As a device may also be placed on a certain location for a certain time, i.e. POS terminal in a parked car or overnight. The value [X] should be sufficiently long or also accompanied by a second condition the device configured to operate in static. According to our understanding constantly static devices of NB-IoT such as meters are configured to work for years hence studying environment even for several days should be fine as [X] cycles. Consideration of neighbour cells and or related observations should be discussed further.
Whether to include/specify for momentarily static, or semi-static NB-IoT devices measurement relaxations based on the number of DRX cycles or time they have monitored unchanged surrounding should be separately discussed. (Rather Rel.-15 issue) 

Observation3: A stationary device being camped/always active towards same network entry point (cell) within [X] DRX cycles can consider itself as being static. [X] is FFS.

If the device is sent to a different cell/frequency by RRC re-direction or has selected a new cell due to network layout change, the evaluation in the device whether being static restarts.


Signaling support 

NB-IoT device
Signaling on UE to indicate that it is static and from network side for control purposes is needed. Signaling done by the UE can be done on different ways but also signaling control from the network can be distinguished in dependence whether an individual device need to control the functionality is concluded or just for all devices in a cell/area as such. Both aspects will be discussed hereafter.

A device which has evaluated itself being static shall indicate this via signaling towards the network. The indication is important for either the network to be able perform corresponding actions but also for device testing purposes. If a behavior change is related to this evaluation of being static there should be corresponding test cases and hence for this an indication visible from outside is necessary. 

The indication done by the device can be done via UE capability update or RRC signaling. It needs to be clear that the capability update could require a power cycle hence this is rather only suitable if really happening very seldom, means only for permanent static devices so such a way would not be suitable for future considerations on momentary stationary NB-IoT devices.
Besides this, Also the static indication could be included in the ATTACH_Request when having next active phase, which would also allow to minimize the extra signaling effort.
Observation4: The device shall indicate that it has positively evaluated that it is static. The related signaling can be done in conjunction to an ATTACH_Request or as a UE capability update

Network
In addition there needs to be related signaling from the network to control the monitoring relaxation, i.e. indicate whether it is allowed to be used whether due to e.g. network updates monitoring according to the normal SIntraSearchP rules need to be performed. 
The signaling can be done UE individual, i.e. every device indicating its stationary conditions to MME e.g. in ATTACH/TAU_Request and MME confirms in ATTACH/TAU_Accept that relaxed monitoring can be applied. As it is included in signaling anyway required the extra signaling load is rather low, even though it is a change to existing signaling. However, when there is a layout change in network each device needs to be informed to stop the monitoring and afterwards each device needs to re-activate it. This could be also handled via ATTACH/TAU_Request and ATTACH/TAU_Accept but would cause subsequent indication. The benefit of UE individual control/granting is rather low because there is no additional information for network to base its decision upon and the UE behavior for relaxed monitoring should anyway be subject for test.
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Fig3. Potential ways for doing related signaling, i.e. UE indication for the support and network control for measurement relaxation. Via dedicated signaling in
Alternatively the indication whether the relaxed monitoring is allowed for stationary devices in a cell could also be indicated via broadcast by 2 bits. If these bits are set the device does not need to perform intra or inter-frequency measurements respectively. In case they are not present of not set the NB-IoT devices shall perform its measurements according to the SintraSearchP rules. In the latter option there is no need to adopt anything for an operator or network vendor not intending to support said feature.
Observation5: 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 can be done via RRC or broadcast. Details for FFS.
We would prefer network indication via broadcast as no need for individual signaling/control is seen by the network.

Measurement relaxation  

For stationary devices the measurements performed for mobility purposes can be omitted/reduced. In principle there are two possibilities, either the density of the measurements can be reduced or the Stationary NB-IoT device abandons them in general.
The measurement rules are define by RAN2 [3] whilst measurement density in conjunction with measurement accuracy is defined by RAN4. 
To avoid a longer discussion with following discussions on accuracy 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 a DRX cycle in idle mode 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.
Observation 6: 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. In such a case the UE shall do an intra-frequency measurement prior starting an uplink transmission.

Conclusions
Proposal 1: A device shall be considered as stationary when it always uses the same network entry point/cell.
Proposal 2: A stationary device being camped/always active towards same network entry point (cell) within [X] DRX cycles can consider itself as being static. [X] is FFS.
Proposal 3: The device shall indicate that it has positively evaluated that it is static. The related signaling can be done in conjunction to an ATTACH_Request or as a UE capability update
Proposal 4: 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 can be done via RRC or broadcast. Details for FFS.
Proposal 5: 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. In such a case the UE shall do an intra-frequency measurement prior starting an uplink transmission.

A static device 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.
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