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1 Introduction
In RAN2#100 the CRs to introduce “relaxed monitoring” for cell reselection measurements were agreed for NB-IoT in [1], [2], [3].
The expectation is that this feature will be enabled, with identical behaviour, for efeMTC in Rel-15.  

As discussed in the last meeting, the current implementation of relaxed monitoring is sufficient to cover geostationary devices as well as a limited set of mobility scenarios.

There are some scenarios in which the conditions for relaxed monitoring reference RSRP setting could be improved and in this paper we summarise those cases and propose ways in which to improve.
2 Discussion
In summary, we think there are two main scenarios in which the current relaxed monitoring behavior may not always work. 
The first scenario results in the relaxed monitoring condition not being met, and therefore UEs in these circumstances cannot benefit from the improved power saving. An example is shown in figure 1 below.
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Figure 1: Scenario 1: Stationary UE unable to enter relaxed monitoring.

In the scenario shown in figure 1, the UE enters the cell in good radio conditions (e.g. the UE is powered on). 

The current relaxed monitoring requirement is as follows:

-
SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:

-
After cell reselection or selection, the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell
The UE in this scenario, therefore, sets SrxlevRef to a relatively high value since it is powered on in relatively good coverage close to the centre of the cell. 
The UE then moves towards the edge of coverage such that both the conditions are true

Srxlev < SIntraSearchP  

(SrxlevRef – Srxlev) > SSearchDeltaP
This results in the UE being required to perform cell reselection measurements. If the UE becomes stationary in this case, then the UE needs to continue performing measurements indefinitely and can never take advantage of the relaxed monitoring until the time the UE moves to a new cell.
Observation 1: A UE entering a cell in good radio conditions (e.g. at power on) will set SrxlevRef relatively high and therefore may never be able to enter relaxed monitoring if later stationary closer to the edge of the cell. 

In order to address scenario 1, we suggest that the UE is allowed to periodically reset the reference power. The value of the periodic “reset” timer needs to be discussed.. 

Observation 2: If the UE periodically resets SrxlevRef the problem above can be avoided.

The second scenario results in the relaxed monitoring condition never being lifted, and therefore UEs may not enable measurements in time to perform cell reselection – this results in the UE having to perform a cell selection once coverage of the current cell is lost.
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Figure 2: Scenario 2: Stationary UE unable to leave relaxed monitoring.

In the second scenario, the UE sets SrxlevRef upon reselecting to a cell. Since the UE is moving, it is quite likely the UE will move to better coverage before moving again towards worse coverage. If the difference between Srxlevmin and SrxlevRef is less than SSearchDeltaP then this may result in the UE entering relaxed monitoring and never performing measurements until the UE has gone out of the coverage of that cell, and having to perform cell selection, even if the UE has moved more than SSearchDeltaP compared to the best Srxlev measured. In a less severe case, the UE may move to better coverage, and enable measurements later (because it will take longer to detect SSearchDeltaP because the cell quality has improved since setting the reference). 

Observation 3: A UE entering a cell in poorer radio conditions (e.g. at cell reselection) will set SrxlevRef relatively low and therefore may never enable measurements or enable measurements too late. 

A good UE implementation may take measures to improve this (since the relaxed monitoring allows UE not to perform measurements, but does not prevent this). However, we think it would be good to provide some standardized requirement to avoid this – failing to perform cell reselection measurements is a far more severe issue than being unable to use relaxed monitoring therefore we think that if the UE always uses the best Srxlev as a reference, then this problem can be avoided altogether. In combination with the periodic reset we think both issues are sufficiently addressed in a simple way.
Observation 4: If the UE resets SrxlevRef if (Srxlev - SrxlevRef) > 0 then the problem in observation 3 can be avoided.
The solutions in observations 2 and 4 are relatively simple to implement, and they only involve updating the conditions for the setting of SrxlevRef. (see the CR in [4] )
However, we think there is a more efficient solution which works better for moving UEs as shown in the CR in [5]. If the relaxed monitoring condition is evaluated during a time window then the condition can be updated such that the highest measured Srxlev is compared to the current Srxlev during the time window as follows:

	The relaxed monitoring criterion is fulfilled when: 

-
(SrxlevRef – Srxlev) <  SSearchDeltaP
Where:

-
Srxlev = current Srxlev value of the serving cell (dB).

-
SrxlevRef = Highest measured Srxlev value of the serving cell (dB) within TSearchDeltaP.



By evaluating the SSearchDeltaP over a period of one minute, it allows UEs to detect that they are moving to enable measurements immediately avoiding the problem in observation 2 (as soon as the difference between highest and lowest measured Srxlev exceeds the configured threshold). It also allows UEs to enter relaxed monitoring after a maximum of [1] minute if the UE has temporarily been moving but then the radio conditions stabilize. The delta condition is not met if radio conditions improve (so no need to enable measurements when moving to better coverage), but it is met when the radio conditions become worse compared to the reference (so measurements are enabled only when conditions worsen beyond the configured delta within the past minute). The drawback is that this could be slightly more complex for the UE to implement, however we think the solution works better for more scenarios and requires only a minor update to the reset condition. 
Observation 5: If the relaxed monitoring condition is updated such that the highest and current measured Srxlev are compared to SSearchDeltaP during a specified time period, then this addresses both mobility scenarios as well as stationary UE.
We therefore propose that RAN2 discusses both of the alternative solutions shown in this paper. Both solutions seem acceptable, but we have a preference for solution alternative 2. 

Proposal 1: Relaxed monitoring is updated according to one of the following alternatives: 

· Alternative 1: The UE periodically resets SrxlevRef and the UE resets SrxlevRef if (Srxlev - SrxlevRef) > 0.

· Alternative 2: The relaxed monitoring condition is updated such that the highest and current measured Srxlev are compared to SSearchDeltaP during a specified time period.
On the period of time for the above alternatives, we need to consider the UEs with a relatively short DRX cycle as well as UEs using a relatively long DRX cycle. Both types of UE need to be able to detect whether the RSRP level has changed significantly (i.e. beyond SSearchDeltaP) in order to enable measurements when UE is moving, and at the same time we need to allow UEs to enter relaxed monitoring within a reasonable time when the UE is stationary. 

For this, we propose that a period of 1 minute is a reasonable time for UE to wait before entering relaxed monitoring. This applies when UE is within the same cell, and when UE performs cell selection and reselection (so upon selecting a new cell the UE will wait for 1 minute before relaxed monitoring can be enabled). This allows a relatively slow moving UE to perform measurements for sufficient time to detect a change of RSRP and to perform neighbor cell measurements in case further cell changes are requires, while it allows for a UE which is static to relax the measurements in a reasonable time. 

Observation 6: A time period of 1 minute is a reasonable amount of time to wait before measurements can be relaxed for a stationary UE, while it allows enough time to detect a change of RSRP for a relatively slow moving UE. 

A UE using a long DRX (more than 1 minute DRX) may not be active for as long as 1 minute. If the RSRP changes while the UE is in DRX then applying a 1 minute window to the measurements will cause UE to fail to detect the change of RSRP and therefore might remain in relaxed monitoring when it should perform a neighbor cell measurement. A UE using a DRX of more than 1 minute, will therefore need to compare the measurements taken before and after the sleep time. Therefore, we think that the time window for measurements need to be at least as long as the DRX cycle. 
Observation 7: A UE with a longer DRX than 1 minute needs to perform measurements before and after the DRX sleep period in order to detect a change of RSRP during the sleep period. 

Bearing the above 2 observations in mind, we propose:

Proposal 2: The period of time over which change of RSRP is monitored is 1 minute or the DRX cycle length, whichever is longer.

3 Conclusion
In this paper, we have made the following observations on 2 problematic scenarios with relaxed monitoring:
Observation 1: A UE entering a cell in good radio conditions (e.g. at power on) will set SrxlevRef relatively high and therefore may never be able to enter relaxed monitoring if later stationary closer to the edge of the cell. 

Observation 2: If the UE periodically resets SrxlevRef the problem above can be avoided.

Observation 3: A UE entering a cell in poorer radio conditions (e.g. at cell reselection) will set SrxlevRef relatively low and therefore may never enable measurements or enable measurements too late. 

Observation 4: If the UE resets SrxlevRef if (Srxlev - SrxlevRef) > 0 then the problem in observation 3 can be avoided.

Observation 5: If the relaxed monitoring condition is updated such that the highest and current measured Srxlev are compared to SSearchDeltaP during a specified time period, then this addresses both mobility scenarios as well as stationary UE.

To solve these issues we propose: 
Proposal 1: Relaxed monitoring is updated according to one of the following alternatives: 

· Alternative 1: The UE periodically resets SrxlevRef and the UE resets SrxlevRef if (Srxlev - SrxlevRef) > 0.

· Alternative 2: The relaxed monitoring condition is updated such that the highest and current measured Srxlev are compared to SSearchDeltaP during a specified time period.
On the length of time used in proposal 1, we observed: 

Observation 6: A time period of 1 minute is a reasonable amount of time to wait before measurements can be relaxed for a stationary UE, while it allows enough time to detect a change of RSRP for a relatively slow moving UE. 
Observation 7: A UE with a longer DRX than 1 minute needs to perform measurements before and after the DRX sleep period in order to detect a change of RSRP during the sleep period. 

Therefore we propose: 

Proposal 2: The period of time over which change of RSRP is monitored is 1 minute or the DRX cycle length, whichever is longer.
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