[bookmark: _GoBack]3GPP TSG-RAN WG2 #107	R2-1910906
Prague, Czech Republic, 26th August – 30th August 2019
Agenda Item:	11.12.2
Source:	Ericsson
Title:	IMU sensor based reporting in the MDT 
Document for:	Discussion, Decision
Introduction
In RAN2#106 meeting, it was agreed to include the speed information based on IMU sensor in the MDT report.  
Agreements:
1	In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE speed.
2	In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE orientation in a global coordinate system.

This is also captured in the TR [4].
[bookmark: _Hlk3808102]· In addition to location and time information, following sensor information can be collected if available:
· NR MDT measurements can be tagged with information fields informing the network about UE speed.

In this contribution, we discuss how the speed information can be captured in the specification and how it can be used by the network.  
[bookmark: _Ref178064866]Discussion
Background from Rel-15 status
In rel-15, it has been agreed that the speed-based scaling of the cell reselection parameters is supported for the idle and inactive UEs. The parameter to be scaled based on the speed estimation is the TReselection timer and the speed itself is estimated based on the counting of the number of cell reselections (n-CellChangeMedium, n-CellChangeHigh) performed by the UE in the previous ‘X’ seconds (combination of t-Evaluation and t-HystNormal). How to perform the classification of the UEs based on number of reselections and how the scaling is performed is provided in 38.304 , see excerpts below. This procedure is similar to the speed-based scaling procedure in LTE.
[bookmark: _Toc535259764]5.2.4.3	Mobility states of a UE
[bookmark: _Toc535259765]5.2.4.3.0	Introduction
The UE mobility state is determined if the parameters (TCRmax, NCR_H, NCR_M and TCRmaxHyst) are broadcasted in system information for the serving cell.
State detection criteria:
Normal-mobility state criteria:
-	If number of cell reselections during time period TCRmax is less than NCR_M.
Medium-mobility state criteria:
-	If number of cell reselections during time period TCRmax is greater than or equal to NCR_M but less than or equal to NCR_H.
High-mobility state criteria:
-	If number of cell reselections during time period TCRmax is greater than NCR_H.
The UE shall not consider consecutive reselections where a cell is reselected again right after one reselection for mobility state detection criteria.
State transitions:
The UE shall:
-	if the criteria for High-mobility state is detected:
-	enter High-mobility state.
-	else if the criteria for Medium-mobility state is detected:
-	enter Medium-mobility state.
-	else if criteria for either Medium- or High-mobility state is not detected during time period TCRmaxHyst:
-	enter Normal-mobility state.
If the UE is in High- or Medium-mobility state, the UE shall apply the speed dependent scaling rules as defined in subclause 5.2.4.3.1.
[bookmark: _Toc535259766]5.2.4.3.1	Scaling rules
UE shall apply the following scaling rules:
-	If neither Medium- nor High-mobility state is detected:
-	no scaling is applied.
-	If High-mobility state is detected:
-	Add the sf-High of "Speed dependent ScalingFactor for Qhyst" to Qhyst if broadcasted in system information;
-	For NR cells, multiply TreselectionNR by the sf-High of "Speed dependent ScalingFactor for TreselectionNR" if broadcasted in system information;
-	For EUTRA cells, multiply TreselectionEUTRA by the sf-High of "Speed dependent ScalingFactor for TreselectionEUTRA" if broadcasted in system information.
-	If Medium-mobility state is detected:
-	Add the sf-Medium of "Speed dependent ScalingFactor for Qhyst" to Qhyst if broadcasted in system information;
-	For NR cells, multiply TreselectionNR by the sf-Medium of "Speed dependent ScalingFactor for TreselectionNR" if broadcasted in system information;
-	For EUTRA cells, multiply TreselectionEUTRA by the sf-Medium of "Speed dependent ScalingFactor for TreselectionEUTRA" if broadcasted in system information.
In case scaling is applied to any TreselectionRAT parameter, the UE shall round up the result after all scalings to the nearest second.
1. [bookmark: _Toc4417080][bookmark: _Toc5672907][bookmark: _Toc5673135][bookmark: _Toc5872990][bookmark: _Toc6337167][bookmark: _Toc16805335][bookmark: _Toc16805460][bookmark: _Toc16805796]Speed based scaling of cell reselection parameters is supported in rel-15 and the procedure is like the one captured in LTE.
Limitations of the existing speed-based scaling method
The current standardized methods relies on counting the number of reselections in the past ‘X’ seconds may work reasonably well in ideal scenarios wherein the cell sizes are uniform and the UE mobility direction is radial to the transmission beam direction from the network point of view. However, this scaling mechanism is not ideal from the network configuration point of view, as the real network deployments include small cells and macro cells and the UE mobility can be in a radial direction in one cell and tangential direction in the neighbour cell. When the UE is a macro cell wherein the mobility of the UE is in radial direction of the cell coverage, the UE spends more time in the cell compared to another cell of the same coverage size but wherein the UE moves in a tangential direction to the cell coverage. This makes it hard to estimate the speed based on counting the number of reselections.  
In addition, our observation shows that the UE speed can be drastically varying and the current speed-based scaling mechanism may not capture the UE mobility pattern and its speed correctly. Having a wrong estimation of the UE speed not only does not bring any vantage for the network but may also deteriorate the UE performance while increasing the signalling overhead in the network. Figure 2.2 shows a time series of the UE speed onboard a public transportation bus, and one can see that the Figure 2.2 the speed of the UE may change its mobility state quite fast (from zero to 25mps [90kmph] and return back to zero). Such changes in UE mobility state would not be rapidly captured by the specified mobility state detection mechanism.
[image: ]
Figure 2.2 UE speed measured onboard a public transportation bus.
1. [bookmark: _Toc6337168][bookmark: _Toc5872991][bookmark: _Toc6337169][bookmark: _Toc16805336][bookmark: _Toc16805461][bookmark: _Toc16805797]A UE’s dwelling time in a cell depends on the cell size (macro cell or small cell).
1. [bookmark: _Toc5872992][bookmark: _Toc6337170][bookmark: _Toc16805337][bookmark: _Toc16805462][bookmark: _Toc16805798]A UE’s dwelling time in a cell depends on whether the UE is moving tangentially or radially to the SSB beamforming direction.
1. [bookmark: _Toc6337171][bookmark: _Toc16805338][bookmark: _Toc16805463][bookmark: _Toc16805799]Current mobility state estimation mechanism is not able to detect fast changes in the UE mobility state.
1. [bookmark: _Toc5872993][bookmark: _Toc6337172][bookmark: _Toc16805339][bookmark: _Toc16805464][bookmark: _Toc16805800]Based on the previous observations, the estimation of the speed with the existing parameters is sub-optimal.

Usage of IMU information in speed-based scaling and reporting 
In RAN2#106 meeting, it was agreed to include the speed information based on IMU sensor in the MDT report.  
Agreements:
1	In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE speed.
2	In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE orientation in a global coordinate system.

This is also captured in the TR [4].· In addition to location and time information, following sensor information can be collected if available:
· NR MDT measurements can be tagged with information fields informing the network about UE speed.

Most of the modern UEs are configured with many sensors, amongst which an IMU of some kind is one of them. The IMU may consist of accelerometers, gyros and magnetometers and provides information related to the bearing, acceleration in three dimensions, as well as yaw, pitch and roll as experienced by the UE. The IMU measurements will be the actual instantaneous value at high frequency such as hundreds of Hz. By integrating and fusing the IMU sensor measurements, the UE can estimate attributes such as horizontal and vertical displacement, velocity and acceleration. These attributes can be in a device centric coordinate system, but preferably in an earth-centered, earth-fixed (ECEF) coordinate system. Such measurements have been introduced in LPP, Rel 15 (TS 36.355 V15.1.0) to represent relative displacement, but can naturally be extended to include the horizontal and vertical velocity and acceleration as well  as orientation
1. [bookmark: _Toc5872994][bookmark: _Toc6337173][bookmark: _Toc16805340][bookmark: _Toc16805465][bookmark: _Toc16805801]Horizontal speed can be estimated by the IMU measurement  in the UE.
The UE can then use these samples to classify itself into a slow-moving UE, medium speed UE or a fast-moving UE just like the current classification captured in the specification. For example, the network can inform the UE to classify itself as the slow-moving UE if the average speed in the past ‘X’ seconds (X can be configurable or fixed in the specification) is below a certain threshold. One could have similar threshold for the high-speed classification as well. The advantage of such a solution would be that the speed estimations are more accurate and any UE that comes from no mobility to high mobility within the same cell will also be captured as part of the high-speed classification. 
1. [bookmark: _Toc5872995][bookmark: _Toc6337174][bookmark: _Toc16805341][bookmark: _Toc16805466][bookmark: _Toc16805802]IMU based horizontal speed classification aids in identifying the UE speed changes within the same cell.
 Based on the above observations, we propose that the UE shall include the IMU-based readings as part of the measurements report.  
1. [bookmark: _Toc1046624][bookmark: _Toc1059611][bookmark: _Toc1061181][bookmark: _Toc1062132][bookmark: _Toc3216785][bookmark: _Toc3267461][bookmark: _Toc4417083][bookmark: _Toc4607281][bookmark: _Toc5872996][bookmark: _Toc5873950][bookmark: _Toc7004131][bookmark: _Toc16805343][bookmark: _Toc16805468][bookmark: _Toc16805804]IMU sensor-based information is included in the MDT report, if available.
0. [bookmark: _Toc5872998][bookmark: _Toc5873952][bookmark: _Toc7004133][bookmark: _Toc16805344][bookmark: _Toc16805469][bookmark: _Toc16805805]FFS: Whether the sensor info is included in both logged and immediate MDT.
From the above, there are at least three clear uses of IMU data for MDT:
1. estimate UE displacement from a reference time to a current time
2. estimate the UE speed
3. estimate the UE orientation
  
In LPP [2], 1. can be reported via the Sensor-MotionInformation IE, while 2. can be reported via the generic CommonIEsProvideLocationInformation IE. Both these are addressed by the generic test proposal in [3]. The last one, 3., cannot currently be represented by LPP.
1. [bookmark: _Toc16805342][bookmark: _Toc16805467][bookmark: _Toc16805803]Current LPP cannot represent UE orientation based on IMU sensor information.
1. [bookmark: _Toc16805470][bookmark: _Toc16805806]RAN2 to add orientation representation to the location information in LPP.
Conclusion
In section 2 we made the following observations:
Observation 1	Speed based scaling of cell reselection parameters is supported in rel-15 and the procedure is like the one captured in LTE.
Observation 2	A UE’s dwelling time in a cell depends on the cell size (macro cell or small cell).
Observation 3	A UE’s dwelling time in a cell depends on whether the UE is moving tangentially or radially to the SSB beamforming direction.
Observation 4	Current mobility state estimation mechanism is not able to detect fast changes in the UE mobility state.
Observation 5	Based on the previous observations, the estimation of the speed with the existing parameters is sub-optimal.
Observation 6	Horizontal speed can be estimated by the IMU measurement  in the UE.
Observation 7	IMU based horizontal speed classification aids in identifying the UE speed changes within the same cell.
Observation 8	Current LPP cannot represent UE orientation based on IMU sensor information.

Based on the discussion in section 2 we propose the following:
Proposal 1	IMU sensor-based information is included in the MDT report, if available.
a.	FFS: Whether the sensor info is included in both logged and immediate MDT.
Proposal 2	RAN2 to add orientation representation to the location information in LPP.
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