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1 Introduction
The REL-15 work item objectives for NB-IoT and MTC have a similar objective for power savings [1], [2]:
· Relaxed monitoring for cell reselection [RAN2, RAN4]

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

For NB-IoT this objective is prioritized, i.e. in case a solution is agreed RAN2 should provide complete running CRs/draft CRs to RAN#78 [3]. 

According to the workplan RAN2 should identify use cases for relaxed monitoring for cell reselection and identify potential solutions [4], [5].
In this contribution possible solutions for relaxed monitoring in NB-IoT is discussed further. Similar discussion and solutions are proposed for MTC in [6]. 
2 Background

Measurements and mobility in LTE vs NB-IoT/MTC

The measurement requirements in LTE have been designed with mobile devices in mind i.e. LTE is a mobile network. For this purpose the UE performs more or less “continuous” measurements, i.e. when it wakes-up from a short DRX, to be on the strongest/best cell continuously and to be reachable all the time, as depicted below: 
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When the UE wakes-up prior to the start of a Paging Occasion (PO), the UE synchronizes with the serving cell, and performs cell search. The UE can perform intra-frequency measurements simultaneous while it monitors paging. For inter-frequency measurements the UE requires additional “radio on” time to perform those measurements. In MTC neighbour cells are perhaps more likely to be found on the same frequency (6 center PRBs) compared to NB-IoT, where a neighbour cell could be on a different PRB (i.e. NB-IoT carrier), i.e. MTC is more likely to provide single frequency coverage compared to NB-IoT. 
When the serving cell becomes weak, the UE triggers intra-frequency measurements, and starts combining samples from consecutive DRX cycles to find a better cell, and when a target cell becomes higher ranked than the serving cell, the UE re-selects to that cell, and starts monitor paging on the target cell in the next DRX. Thus the UE is continuously on the best cell and continuously reachable. 
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In NB-IoT and MTC the use case can be fundamentally different, i.e. UE may have a fixed geo-stationary positioning (e.g. fixed to the wall), or only slowly moving (pedestrian speed). Further a NB-IoT/MTC device may only have little data to send and/or receive, and may be sleeping most of the time when configured with eDRX or PSM, i.e. the UE is not reachable most of the time, but the traffic is delay tolerant. When the UE wakes-up from a long sleeping period, the UE may wake-up in another cell with different neighbours, and measurements from the previous wake-up period may no longer be relevant. 
Which measurements can be relaxed and potentially save power?
The NRSRP/NRSRQ measurements on the anchor carrier of the serving cell in Idle mode are critical and should not be relaxed. Also note that the neighbour cell measurements in Idle mode are triggered based on serving cell measurements. The serving cell measurements in connected mode, on anchor carrier or non-anchor carrier when configured, are also critical and should not be relaxed (e.g. they are used for open loop power control). The UE is not required to perform neighbour cell measurements in connected mode, because HO and measurement reporting is not supported in NB-IoT.
In the list of measurement activities of the UE (see below), in our view only neighbour cell measurements in Idle mode are subject to relaxation, i.e. intra-frequency and inter-frequency measurements in Idle mode: 

· Idle mode measurements:
· Serving cell (NRSRP/NRSRQ measurements on anchor carrier)
· Intra-frequency NRSRP/NRSRQ neighbour cell measurements when below SintrasearchP
· Inter-frequency NRSRP/NRSRQ neighbour cell measurements when below SnonintrasearchP
· Connected mode measurements:
· Serving cell (anchor or non-anchor carrier (if configured) measurements):

· NRSRP/NRSRQ measurements
· RLM measurements of SNR on NRS
The measurement requirements, both in Idle and Connected mode, scale with the DRX cycle, i.e. the UE is only required to measure when waking up to monitor NPDCCH. This principle should be kept also when the neighbour cell measurements are relaxed. 
When the NRSRP of the serving cell is below the measurement threshold the UE is required to continuously perform intra- and/or inter-frequency measurements in Idle mode (see measurements rules in 36.304). 

When considering relaxed monitoring it should be assumed that some UEs may only implement the minimum requirements that are specified. Even though it might be beneficial for the UE to support additional measurements, the system should still work with the minimum requirements: 
Observation 1: The minimum UE measurement requirements are specified, and there will be UE implementations that only implement the minimum measurement requirements.  

One of the primary reasons for the UE to perform measurements is to support mobility, i.e. when the UE moves the serving cell strength may deteriorate, and neighboring cells may become better. But even when the UE has a fixed geo-stationary position there is a need for (some) measurements, because the radio environment may change (e.g. blocking objects may move, and new cells may be activated). 
3 Discussion
In this chapter first relaxed monitoring of neighbour cells in Idle mode based on parameters in System Information is discussed. Such a feature is early implementable, and could for example be introduced in REL-14. Next relaxed monitoring enhancements in REL-15 are discussed, which are based on dedicated signalling between the UE and the NW. The main purpose of these REL-15 enhancement is to inform the eNB when the UE has a fixed geo-stationary position, which the eNB can use for RRM purposes. Finally a potential UE distribution feature is discussed, which can be useful when the UE performs relaxed monitoring (i.e. fewer measurements) to ensure an equal distribution of UEs among the supported NB-IoT carriers.
Relaxed monitoring in REL-14

First it should be noted that the intra-frequency measurement threshold range (SIntraSearchP) has been extended in REL-13. A UE could be below the measurement thresholds (SIntraSearchP and SnonIntraSearchP) for a long time while there are no stronger/better ranked neighbour cell to re-select to. This for example may happen when the UE is stationary in enhanced coverage (e.g. a fixed metering device in the basement).

In case the UE can detect when it is stationary based on its serving cell measurements, then the UE can apply relaxed monitoring of neighbour cells when it is stationary and save power while in Idle mode: 
Proposal 1: Relaxed monitoring specifies when the UE is not required to perform neighbour cell measurements in Idle mode.
Thus relaxed monitoring impacts the measurement rules as specified in 36.304 but the measurement performance requirements for neighbour cell measurements, as specified in 36.133, remain unchanged.
The relaxed monitoring requirements are motivated to save power with neighbor cell measurements, especially when the UE is stationary, and should work with DRX, eDRX and PSM. The measurement framework that the UE is only required to measure when waking up from DRX is kept: 
Proposal 2: Relaxed monitoring is supported with DRX, eDRX and PSM and the basic measurement framework is kept
When the UE wakes-up before the Paging Occasion (PO) in Idle mode to monitor potential incoming paging messages, the UE tries to synchronize with the old serving cell first. After the UE has synchronized with the old serving cell the UE measures the NRSRP of the serving cell and checks if the old serving cell is still suitable: 
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It is possible that the old serving is lost (i.e. synchronization fails), or that the serving cell is no longer suitable due to mobility. In such cases the UE has to try to find another suitable neighbour cell. In case the old serving cell is not suitable the UE shall initiate measurements of all neighbor cells indicated in system information to find a suitable cell during 40 sec with DRX and MAX(40, eDRX_IDLE cycle) sec with eDRX (see section 4.6.2.1 in 36.133). If still no suitable cell is found the UE shall initiate cell selection (see section 5.2.3.1 in 36.304). 
In case the UE wakes up to monitor the first PO of the Paging Transmission Window (PTW), but the old serving cell is lost/not suitable, then the UE may miss the first POs of the PTW because it has to find a new suitable neighbor cell. A UE implementation may wake-up earlier to be prepared for such an event, especially when there is a need to support mobility, but no “pre-wake-up” requirement to compensate for mobility has been agreed for eDRX in 3GPP. It is noted that such “pre-wake-up” requirement has been agreed for UE supporting EC-GSM 
. In case the UE wakes-up to send UL data or TAU request (with PSM) there is also a delay when the old serving cell is lost, but traffic is assumed to be delay tolerant, and in this case there is no NW impact. In case the UE misses the first POs of the PTW due to mobility then the NW has to ensure that a sufficiently large PTW is configured such that the paging message can still be delivered reliably within the PTW:
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It is assumed that the UE determines the need for neighbor cell measurements based on the serving cell measurements when waking up from DRX. In case neighbor cell measurements are triggered the UE should be able to reselect to a higher ranked neighbor, if such exists, within the current PTW (eDRX) or Active Timer (Timer T3324 with PSM, see TS 24.301): 
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According to the RAN4 measurement requirements the UE is required to detect, measure and evaluate (in that sequential order) with a certain minimum latency, dependent on the DRX cycle and dependent if the UE is in normal or enhanced coverage, the serving and (new) neighbor cells (see 36.133 section 4.6). The UE first has to detect new neighbor cells, then has to measure them for a minimum time to make sure that it has correctly established the quality of the cell (at least 2 measurements spaced at least Tmeasure/2), and finally it has to wait a minimum time to make sure that it makes the right reselection decision (i.e. the target cell is higher ranked for Treselection or X
 dB higher ranked when Treselection = 0). The measurement and evaluation latencies are reasonably short, i.e. they can be completed within a single PTW. The detection latencies however are defined for detectable cells, i.e. meaning very weak cells. These detection latencies are very long (51-102 sec (normal coverage) 58-113 sec (enhanced coverage, good condition) 532-1063 sec (enhanced coverage, bad condition). In practice the possible neighbor cells that are higher ranked than the serving cell are much stronger, and thus will be detected more quickly. Nevertheless those detection latencies are not defined, and it is not clear what PTW size (i.e. how many POs per PTW) the NW should configure such that the UE is able to (re-)select a suitable cell within a single PTW. In our view the NW should be able to reach the UE in a single PTW also in case of mobility:  
Proposal 3: RAN2 to discuss the maximum number of POs of the PTW the UE may miss due to mobility.
In this contribution it is assumed that the UE determines the need for neighbor cell measurements before the PTW/Active Timer, and executes those measurements during the PTW/Active Timer and is able to perform a cell re-selection during the PTW/Active Timer in case there is a higher ranked cell. This should at least be possible in normal coverage. Mobility in enhanced coverage is overall more questionable, but also in enhanced coverage the UE should be reachable for paging, and the UE should also be on the best cell (most of the time). 
The eNB should be able to indicate in system information if the eNB supports relaxed monitoring, and the relaxed monitoring parameters in system information indicate when the UE shall trigger neighbor cell measurements:  
Proposal 4: In REL-14 the eNB can broadcast relaxed monitoring parameters in system information which the UE may use to decide when it is not required to perform neighbour cell measurements in Idle mode.

It is proposed that based on the serving cell measurements the UE detects when it is stationary and when it is mobile. A drop in the measured NRSRP of the serving cell (dB) is an indication that the UE is moving, i.e. an indication of the distance the UE has moved from the serving cell: 
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An algorithm to detect mobility and potential neighbours will have its flaws and shortcomings. Furthermore a geo-stationary UE does not detect a drop in serving cell but still have a need to perform neighbour cell measurements once in a while. Therefore there should be a certain low duty cycle period after the UE will measure neighbour cells as well: 
Proposal 5: The relaxed monitoring parameters specify when the UE based on the current serving cell measurements shall trigger new neighbor cell measurements and the relaxed monitoring parameters specify a low duty cycle period when the UE shall perform neighbor cell measurements.
For EC-GSM relaxed monitoring was agreed in TS 45.008 see section 6.6.1a. A more detailed description of the trigger condition for neighbor cell measurements based on these principles is given below:
· Neighbour cell measurements are triggered when either condition 1 or 2 is fulfilled:
1. Strongestserving – Currentserving > Deltaneighbour (Deltaneighbour = Currentserving – Strongestneighbour)
Or
2. Tscan has passed since last neighboor cell measurements
· With:
· Strongestserving = strongest serving cell NRSRP since last cell (re-)selection

· Currentserving = current serving cell NRSRP 

· Strongestneighbour = strongest neighbour cell NRSRP from last neighbour cell measurements
· Δmin < Deltaneighbour < Δmax
The rationale of condition 1 is that the UE must have experienced a large enough drop in the serving cell and be sufficiently close to a potential neighbor to start neighbor cell measurements again. The measured difference with neighbours (Deltaneighbour) is between certain bounds (Δmin and Δmax), i.e. configurable parameters in system information. When the UE does not have neighbor cell measurements yet (e.g. after cell selection Deltaneighbour is initialized with Δmin. 

A variant on the 45.008 approach above is to have a fixed delta in system information (DeltaSI), instead of a delta compared with previous neighbor cell measurements (Deltaneighbour). In case of mobility the UE is likely to move away from previously strongest neighbours. But the rationale to only trigger neighbor cell measurements when the UE is mobile, and expected to be close to potential neighbor cells makes perfectly sense, i.e. this can be achieved when neighbor cell measurements are only triggered when the UE is below the measurement threshold, i.e. close to the cell border. The neighbor cell measurement trigger would thus look like:

· Neighbour cell measurements are triggered when either condition 1 or 2 is fulfilled:

1. Strongestserving – Currentserving > DeltaSI AND Currentserving < SMeasure
Or
2. Tscan has passed since last neighboor cell measurements

· With:
· SMeasure = Measurement threshold in system information 
When the neighbor cell measurements are triggered it is possible that a higher ranked neighbor cell is detected, and the UE performs cell re-selection. After cell (re-)selection the trigger condition is reset, i.e. the UE has to experience a drop in serving cell NRSRP first before any neighbor cell measurements are triggered again. The drop in serving cell is measured from the strongest NRSRP measurements, which enables to detect movement of a slow moving UE. But to avoid that neighbor cell measurements are continuously triggered, when neighbor cell measurements do not trigger a cell re-selection the UE shall discard the strongest NRSRP measurements of the serving cell after some time:

 

Strongestserving = Currentserving after TObsolete
This avoids that a UE that is/becomes stationary at the cell border continuously has to perform neighbor cell measurements. 

When the UE detects the need for neighbor cell measurements the UE shall trigger both intra-frequency and inter-frequency measurements. Typically intra-frequency measurements can be performed more quickly, and in a single NB-IoT carrier deployment scenario these measurements will result in a possible neighbor to reselect to. It is proposed that the UE is not required to perform inter-frequency measurements, when the UE finds a suitable intra-frequency neighbor: 

Proposal 6: When neighbor cell measurements are triggered the UE is required to perform both intra-frequency and inter-frequency measurements, i.e. when intra-frequency measurements do not trigger cell reselection the UE shall trigger inter-frequency measurements.
Neighbour cell measurements are stopped when a higher ranked cell is found, i.e. when cell re-selection is triggered. Neighbour cell measurements are also stopped implicitly after the end of the PTW (eDRX) or Active Timer (PSM), i.e. the UE is only required to perform neighbour cell measurements during DRX.  
It is proposed that RAN2 discusses the details of the trigger condition for neighbor cell measurements. CRs to 36.331 and 36.304 that capture the trigger condition described above are provided for discussion and agreement [7], [8]. 

Relaxed monitoring enhancements in REL-15

In NB-IoT there can be many use cases where the UE has a fixed geo-stationary position (e.g. metering device attached to the wall). There are two potential enhancements to consider for such use case:

1. It is beneficial for the eNB to know if the UE has a fixed geo-stationary position, i.e. the eNB could use this information to handle paging, scheduling and resource configuration for such UE more efficiently.
2. A UE that has a fixed geo-stationary position does not have the need to perform neighbour cell measurements for mobility purpose, but only low duty cycle background measurements to detect any network changes.

For the first enhancement it is proposed to enable signalling between MME and eNB to indicate that the UE has a fixed geo-stationary position: 

Proposal 7: RAN2 considers it beneficial if the MME can indicate in S1-AP signaling towards eNB  that the UE has a fixed geo-stationary position. 
The MME could determine that the UE has a fixed geo-stationary position based on subscription information, or any other policy that is found suitable. The S1-AP signaling could for example be included in INITIAL CONTEXT SETUP REQUEST and DOWNLINK NAS TRANSPORT. But these details would be up to RAN3 to discuss further. 
A UE with a fixed geo-stationary position does not have the need to detect mobility based on serving cell measurements, i.e. such UE is only required to perform periodic neighbour cell measurements to detect any network changes. However, in our view, such relaxed monitoring requirements should only be allowed for UEs that are really permanently stationary, and this should be authorized by the NW. Therefore it is proposed for RAN2 to discuss:
Proposal 8: RAN2 considers it beneficial if the UE can indicate in NAS signaling towards MME that it has a fixed geo-stationary position, and the MME can indicate/confirm in NAS signaling towards UE that the UE has a fixed geo-stationary position. 
When the eNB indicates support for relaxed monitoring and the MME has indicated that the UE is geo-stationary the UE supporting relaxed monitoring is only required to perform periodic neighbor cell measurements (i.e. the UE is not required to trigger neighbor cell measurements based on the serving cell measurements). The NAS signaling could for example be included in  ATTACH/TAU REQUEST and. ATTACH/TAU COMPLETE. But  these details would be up to CT1 to discuss further. 

It can also be discussed if it is useful for the NW to know if the UE supports relaxed monitoring e.g. for diagnostics when problems are detected in the network. 
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UE distribution function
UEs may concentrate on certain bands / frequencies, e.g. lower bands typically can provide better coverage. Furthermore the UE is expected to perform fewer neighbour cell measurements when it performs relaxed monitoring. Therefore there might be a need to trigger distribution of the UEs among the supported NB-IoT carriers:  
Proposal 9: The UE can be requested to find a suitable cell on another frequency.

If any solution is needed, a simple solution is sufficient that aims to distributes UEs equally over the NB-IoT supported carriers, for example: 

· When requested the UE measures the strongest cell on two inter-frequencies randomly selected from interFreqCarrierFreqList in SIB5-NB
· The UE selects randomly one of the two strongest cells (provided that they are suitable)
4 Summary

RAN2 is kindly asked to discuss relaxed monitoring: 

Proposal 1: Relaxed monitoring specifies when the UE is not required to perform neighbour cell measurements in Idle mode.
Proposal 2: Relaxed monitoring is supported with DRX, eDRX and PSM and the basic measurement framework is kept

Proposal 3: RAN2 to discuss the maximum number of POs of the PTW the UE may miss due to mobility.

Proposal 4: In REL-14 the eNB can broadcast relaxed monitoring parameters in system information which the UE may use to decide when it is not required to perform neighbour cell measurements in Idle mode.

Proposal 5: The relaxed monitoring parameters specify when the UE based on the current serving cell measurements shall trigger new neighbor cell measurements and the relaxed monitoring parameters specify a low duty cycle period when the UE shall perform neighbor cell measurements
Proposal 6: When neighbor cell measurements are triggered the UE is required to perform both intra-frequency and inter-frequency measurements, i.e. when intra-frequency measurements do not trigger cell reselection the UE shall trigger inter-frequency measurements.
Proposal 7: RAN2 considers it beneficial if the MME can indicate in S1-AP signaling towards eNB  that the UE has a fixed geo-stationary position. 

Proposal 8: RAN2 considers it beneficial if the UE can indicate in NAS signaling towards MME that it has a fixed geo-stationary position, and the MME can indicate/confirm in NAS signaling towards UE that the UE has a fixed geo-stationary position. 

Proposal 9: The UE can be requested to find a suitable cell on another frequency.
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� TS 45.008 section 6.6.1a.2:


- In case of paging block monitoring, the MS shall wake up sufficiently in advance so that, in the event that cell reselection becomes necessary, there will be sufficient time to complete the cell reselection prior to the paging block monitoring.


� Cell Reselection Margin ‘X’ is 8.3 or 4 dB.
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