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1. Introduction
In RAN#84 the new WI was approved in [1] in which the following objective is listed.

	5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]

a) Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].

i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 




 In this contribution we discuss how to determine the UE is stationary or with low mobility.

2. Discussion
In the TR [2] some conclusions are provided in section 7, in particular: 
	For adapting/relaxing RRM measurement in time domain

-
11.1% - 26.6% and 7.4% - 17.8% power saving gains are shown for increasing measurement period 4 times and 2 times respectively for RRC CONNECTED state, 17.9%-19.7% and 0.89%-5.36% power saving gains are shown RRC IDLE/INACTIVE state by increasing measurement period for 1 SSB burst set for measurement and periodic activities and 2 or 3 SSB burst set for measurement and periodic activities respectively. 

-
For stationary or low mobility (e.g., 3km/h) case, increasing measurement period has less impact (e.g., handover failure rate changes from 0% to 0.26% for 3km/h by extending 4 times measurement period) to the mobility performance compared to high mobility cases (e.g., handover failure rate changes from 0%-1% for 60km/h by extending 4 times measurement period).



Relaxed monitoring for neighbour cells was discussed extensively for introducing the feature in eMTC and NB-IoT from Rel-14 onwards. It was concluded at that time, that in order to address both the UEs which are truly stationary (for example installed in a building) as well as UEs which are temporarily stationary (for example a personal device in an airport lounge for several hours while waiting for a connecting flight to an obscure 3GPP meeting location) then a criteria based on monitoring the change of serving cell RSRP was the most suitable. Such criteria could then be implemented regardless of device type and could benefit the widest range of scenarios. 
The following criteria is defined in 36.304 [3]: 

	5.2.4.12.0
Relaxed monitoring measurement rules

When the UE is required to perform intra-frequency or inter-frequency measurement according to the measurement rules in sub-clause 5.2.4.2 or 5.2.4.2a, the UE may choose not to perform intra-frequency or inter-frequency measurements when:

-
The relaxed monitoring criterion in sub-clause 5.2.4.12.1 is fulfilled for a period of TSearchDeltaP, and

-
Less than 24 hours have passed since measurements for cell reselection were last performed, and

-
The UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after selecting or reselecting a new cell.

5.2.4.12.1
Relaxed monitoring criterion

The relaxed monitoring criterion is fulfilled when:

-
(SrxlevRef – Srxlev) < SSearchDeltaP
Where:

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

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

-
After selecting or reselecting a new cell, or

-
If (Srxlev - SrxlevRef) > 0, or

-
If the relaxed monitoring criterion has not been met for TSearchDeltaP:

-
the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell;

-
TSearchDeltaP = 5 minutes, or the eDRX cycle length if eDRX is configured and the eDRX cycle length is longer than 5 minutes.




The relaxed monitoring criterion itself in EUTRA is very simple – the UE compares the difference between a reference RSRP and the current RSRP (SrxlevRef – Srxlev) with a configurable threshold (SSearchDeltaP). This approach is not only simple, but also flexible enough to work for both the truly stationary devices, and devices which may move at times, but at other times do not. We propose to use a similar approach for NR, and base detection of stationary/slow moving mobility by use of a delta RSRP threshold.
Proposal 1: The relaxed monitoring criterion in LTE is re-used in NR, i.e. UE is considered stationary/slow moving when: (SrxlevRef – Srxlev) < SSearchDeltaP

The more complicated discussions are related to the conditions under which the criterion must be fulfilled, and when to set/reset the reference RSRP. After much discussion the following conditions were agreed for eMTC and NB-IoT: 
-
After selecting or reselecting a new cell, or

-
If (Srxlev - SrxlevRef) > 0, or

-
If the relaxed monitoring criterion has not been met for TSearchDeltaP:

Clearly, the reference RSRP needs to be set to the initial value when a new cell is selected/reselected. However, this alone is not enough. There are 2 main scenarios in which a problem may occur, and these scenarios are what the 2nd and 3rd listed conditions address.

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). After cell reselection or selection, the UE sets 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. To address this, the following condition was agreed: 
-
If the relaxed monitoring criterion has not been met for TSearchDeltaP:

By periodically resetting the reference if relaxed monitoring has not been met for some time, then UE can re-verify whether the RSRP changes over a period of time (i.e. whether UE is still moving or not).

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). 

To address this, the following condition was agreed:

-
If (Srxlev - SrxlevRef) > 0

By simply updating the reference RSRP level, in case the current RSRP level improves, the UE will not fail to detect when the RSRP starts to drop again. 

Therefore, we need to both periodically reset the reference if relaxed monitoring criterion has not been met for a period of time, as well as updating the reference to the highest measured value in case the RSRP improves.
We think that these 2 conditions can conveniently be combined, by simply having a condition which states that the highest and lowest measured RSRP within a time period are compared to the threshold. This option was considered in eMTC and NB-IoT, and although a more dynamic option, the implementation effort was seen to be slightly more complex. Since the primary aim of NB-IoT and eMTC is low complexity, RAN2 chose the less complex approach. However, for NR we expect that flexibility and a more dynamic condition is more suitable and therefore we propose the condition should be set accordingly:

Proposal 2: SrxlevRef = Highest measured Srxlev value of the serving cell (dB) within TSearchDeltaP

The final part of the criteria, is what value to give TSearchDeltaP. 
For NB-IoT and eMTC this is set to 1 minute, or the extended DRX cycle length, whichever is longer. This is because it was considered that 1 minute without a significant change of RSRP is a good indication that a UE is not moving. For longer DRX cycles greater than 1 minute then the UE would have to compare the measurements on each DRX “on” time – i.e. 1 minute is not long enough in these cases. However, NR does not support long DRX so this should not be an issue. For NR it may be beneficial to have a more conservative figure in some cases – in other cases it may be beneficial to have a more aggressive figure. Therefore we think network configurability of TSearchDeltaP as well as SSearchDeltaP should be considered.
Proposal 3: TsearchDeltaP and SSearchDeltaP are configurable by the network.

Finally, in eMTC and NB-IoT, the relaxed monitoring means that the UE can choose not to perform measurements at all when the criteria is met. To handle occasional changes in deployment (e.g. a new cell is deployed) the UE is required to perform neighbour cell measurements at least every 24 hours. 

In NR we expect that the measurement period can be reduced, rather than stopping measurements altogether. If this is the case then we do not need to specify and periodic search such as the 24 hours search defined in eMTC and NB-IoT.

Proposal 4: No additional periodic (e.g. 24 hours) measurement is needed.

These proposals are not intended to replace the proposals in [4] but rather they are intended to work alongside those proposals, resolving the FFS on how mobility is detected (criterion 3).
3. Conclusion

In this contribution we discussed how to determine the UE is stationary or with low mobility.

Proposal 1: The relaxed monitoring criterion in LTE is re-used in NR, i.e. UE is considered stationary/slow moving when: (SrxlevRef – Srxlev) < SSearchDeltaP

Proposal 2: SrxlevRef = Highest measured Srxlev value of the serving cell (dB) within TSearchDeltaP

Proposal 3: TsearchDeltaP and SSearchDeltaP are configurable by the network.

Proposal 4: No additional periodic (e.g. 24 hours) measurement is needed.
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