


3GPP TSG-RAN WG2 Meeting #124	R2-2313050
Chicago, USA, 13 – 17 November 2023	


Agenda item:	7.7.2
Source:	Nokia, Nokia Shanghai Bell
Title:	Remaining Aspects on Network Verified UE Location
WID/SID:	NR_NTN_enh -Core - Release 18
Document for:	Discussion and Decision
1	Introduction
This TDoc discusses open issues on Network verified UE location.
2	Discussion
RAN1 has agreed in RAN1#114bis the following definition for DL timing drift [1]:
DL timing drift
	Definition
	DL timing drift measurement is defined as the variation rate of the downlink delay in ppm due to the as estimated service link Doppler as the DL timing to be shifted due to Doppler over the service link associated with over the UE Rx-Tx time difference measurement period.

For frequency range 1, the reference point for the DL timing drift measurement shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for the DL timing drift measurement shall be the Rx antenna of the UE.
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In [2] we raised the issue that the feeder link and feeder link compensation ran by the UE may be a source for error in the UE Rx-Tx time difference and proposed to use the maximum values of the drift value to indicate that the network should ignore the UE Rx-Tx time difference, as they are erroneous.
Observation 1: The maximum value of the timing drift rate can be used to indicate that a UE Rx-Tx value is erroneous and should be ignored by the network.
In [3] we raised the issue whether the location procedure should be able to support cell change and/or satellite change. In case of Earth Fixed Cells (EFC), and ignoring UE movement, the UE may only be connected/camping on a single satellite during the fly over of that satellite. However, if the procedure is started close to t-service a cell switch may happen and next satellite may serve the UE afterwards. If the system is using Earth Moving Cells (EMC) a UE maybe connected to several cells over the duration of minutes or even seconds (the average serving time in a cell of 50 km diameter is around 4 seconds for EMC from LEO satellites). As the verification period has been agreed to be within approximately 1 minute maximum and 30 seconds preferably, there is a high likelihood that the satellite will have passed over enough for the cell to change. This means, that upon initial attachment, the UE may need to restart the verification procedure at least once, potentially doubling the verification period and - in case the cell service times are short – never being able to finalise the procedure.
Observation 2: A UE connected to a system using EMC will have a high likelihood of experiencing cell change during the initialisation of the verification procedure.
Observation 3: A UE connected to a system using EFC will have a non-zero likelihood of experiencing cell change during the verification process if it is started.
As of this, it is important to support cell change, but given the remaining time for the WI, the procedure also needs to be reasonably simple. One simple approach is to utilise what has been stated in Observation 1 and indicate the maximum value of the timing drift information if a cell change was experienced during the UE Rx-Tx measurement, such that the network will ignore the measurement.
Observation 4: The maximum value of the timing drift rate can be used to indicate an erroneous value of the UE Rx-Tx measurement incl. when a cell change has been experienced during the measurement.
Proposal 1: Use the maximum value of the timing drift to indicate erroneous values and/or cell change, such the network can ignore those measurements.
RAN2 made the following agreements [4]:

Agreements:
1. Add in NR-Multi-RTT-SignalMeasurementInformation the measurements relevant to RAN1 agreed offset (e.g., the actual index difference between subframe j and subframe i and the DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period) with detailed definition referred to RAN1 agreements.
2. Ephemeris and corresponding time information (e.g., epochTime) is not provided by the UE. How this is provided to the LMF is up to RAN3 (can come back to see whether the problem that the UE could use a different ephemeris – and then should report it back to the gNB – is a valid case to consider)
3. RAN2 assumes that FG 44-3 should be an LPP capability to be reported to the LMF (no need for other capabilities)
4. RAN2 understands that to solve the mirror point issue, the measurements reported by RAN should include the information of the cells on the opposite side

As an example, this is illustrated in Figure 1, where the network verified location procedure is intended to prevent the UE to maliciously report itself being in the below part of the cell although it is actually in the upper part, thus being allowed to access services not available in the country covered by the upper part of the cell. In order to detect this, neighbour cell measurements can be applied, as i.e. SB7 would provide a higher RSRP than i.e. SB10, thus allowing the LMF to detect the actual side in which the UE is.
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Figure 1 UE placement (red triangle) with respect to a country border (blue line)
In case of legacy procedures, LMF provides assistance data to UE which can be a list of PRS reference signal configuration for each TRP (i.e. gNB). UE uses the PRS assistance data to perform PRS based positioning measurements. However, as measurement based on the provided PRS config for a list of TRPs is up to UE implementation this solution may not be sufficient to achieve the desired behaviour for network verified location, as the UE in this case should report at least a cell on each side of the country border (i.e. SB6, and a worse cell i.e. SB10) as this would indicate to the LMF which side the UE is closest to. Thus, we propose to have a new information element in the LPP for network verified UE location, which is then used to indicate to the UE which cells specifically to measure and report. Such an information element may also reduce overhead in respect to reporting as the report will contain fewer entities.
Proposal 2: RAN2 to specify a new ECID information element representing the neighbour cell measurements needed for network verified UE location.
In case of network verified UE location, the actual measurements of the cells may not matter, as it is only the ratio of power between each group of cells on either side of the mirror point location which is of interest. Therefore, an improvement of the measurement report could be to allow the UE to only report a difference in dB between two cells, or cell groups dictated by the network.
Proposal 3: RAN2 to discuss overhead enhancements to the report i.e. by allowing the new information element to include only a difference in dB between one or more cells measured.
3	Conclusion
This document has made the following observations:
Observation 1: The maximum value of the timing drift rate can be used to indicate that a UE Rx-Tx value is erroneous and should be ignored by the network.
Observation 2: A UE connected to a system using EMC will have a high likelihood of experiencing cell change during the initialisation of the verification procedure.
Observation 3: A UE connected to a system using EFC will have a non-zero likelihood of experiencing cell change during the verification process if it is started.
Observation 4: The maximum value of the timing drift rate can be used to indicate an erroneous value of the UE Rx-Tx measurement incl. when a cell change has been experienced during the measurement.
Proposal 1: Use the maximum value of the timing drift to indicate erroneous values and/or cell change, such the network can ignore those measurements.
Proposal 2: RAN2 to specify a new ECID information element representing the neighbour cell measurements needed for network verified UE location.
Proposal 3: RAN2 to discuss overhead enhancements to the report i.e. by allowing the new information element to include only a difference in dB between one or more cells measured.
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