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1 Introduction

At the last RAN3 meeting, the following issues were captured for further discussion [1].

· OAM configuration: whether the NTN related configuration information (e.g. satellite ephemeris, association between satellite and TRP ID) are dynamic information?

1) Whether satellite ephemeris should be configured into the LMF via OAM

2) Whether the association between satellite and TRP should also be configured into the LMF via OAM

3) Whether the TRP information exchange procedure can be applicable to NTN without standards impact.

· Location verification solution:

1) Reusing the existing NR-CGI IE to transfer the mapped cell ID, or

2) Including the mapped cell ID in the Measured Quantities Value IE in the E-CID MEASUREMENT INITIATION REQUEST message, and defining a new Mapped Cell ID IE in the E-CID Measurement Result IE, or

3) By implementation, or
4) Providing additional information from LMF to gNB on top of the mapped cell ID, or

5) Providing “right/left of satellite orbit” indication from gNB to LMF.

This contribution discusses how to progress the above open points. Some background on E-CID is also provided as reference.
2 Discussion
2.1 Some Background on E-CID
In E-CID (Enhanced Cell ID) the UE position is estimated with the knowledge of the geographical coordinates of its serving gNB. The “enhancements” refer to techniques using UE and/or NG-RAN radio resource related measurements to improve the UE location estimate. [2] The information that may be transferred from the RAN to the LMF includes, on top of the serving cell ID and TAC [3]:
1) Geographical position of the antenna of the cell

2) For E-UTRA serving cell (not relevant for NR NTN):

· Angle of arrival

· Timing advance

· RSRP, RSRQ, PCI, EARFCN

3) For NR serving cell:

· Angle of arrival

· Timing advance

· RSRP (aggregated at cell level / per SSB resource / per CSI-RS resource), RSRQ (aggregated at cell level / per SSB resource  / per CSI-RS resource), PCI, ARFCN, CGI

4) Cell portion

5) Inter-RAT measurements (GERAN, UTRAN, E-UTRA, NR cells) – up to 64 measurements can be reported, each including up to 8 GERAN, 8 UTRAN, 8 E-UTRA, and/or 8 NR cells
6) WLAN measurements (RSSI, SSID, BSSID, HESSID, operating class, country code, WLAN channel list, WLAN band) – up to 63 measurements can be reported, each including up to 16 WLAN channels.

The information related to an E-UTRA serving cell (2) is obviously not relevant for NR NTN. Then 1), 3) and 4) are all available at the serving gNB and do not require any RRC signaling or any action from the UE. Furthermore, 5) and 6) refer to UE measurements configured by the serving cell; the UE reports measurements that it has available rather than being required to take additional measurement actions. [2]
In principle, apart from 2) which is obviously not relevant, all information currently supported in NRPPa for E-CID seems applicable to NTN. We see no reason to preclude its usage.
Observation 1: Apart from the information related to an E-UTRA serving cell, all information currently supported in NRPPa for E-CID seems applicable for NR NTN; its usage should not be precluded.
2.2 OAM, NTN and LCS

2.2.1 Whether to Configure Satellite Ephemeris in LMF via OAM

Ephemeris information describes “the orbital trajectory information or coordinates for the NTN payload”, and it shall be provided by OAM to NTN gNBs (Sec. 16.14.7 of [4]):
· Position

· Velocity

· Semi-major axis

· Eccentricity

· Argument of periapsis

· Longitude of ascending node

· Inclination

· Mean anomaly at epoch time

· The explicit epoch time associated to ephemeris data

· The location of the NTN Gateways.

The above information is not “dynamic” in the sense that orbits do not arbitrarily change once configured (apart from some drift). For this reason, we see no reason to signal any of the above from gNB to LMF because it would be a waste of signaling.
Ephemeris information is broadcasted by the gNB to the UEs over SIB19 (Sec. 16.14 of [4]). The network sets a validity time limit when broadcasting ephemeris information to the UEs. This should not be taken as an “expiration time” of the ephemeris as far as the RAN or the CN are concerned: the validity time limit over Uu descends from different requirements (e.g. the requirement for UEs to always acquire and maintain the most up-to-date information from the network). This configuration information is maintained via OAM under different (and implementation-dependent) time frames. In other words, the time frame of OAM is not the same as the frequency of update over RRC.
Observation 2: The fact that the network sets a validity time when broadcasting ephemeris to UEs should not be taken as an “expiration time” of the ephemeris information for the network.
In terrestrial networks, the OAM configuration of the LMF may include the information below (Sec. 8.2.2.2 of [2]):
· PCI, GCI, and TP IDs of the TPs served by the ng-eNB

· Timing information of TPs served by the ng-eNB

· PRS configuration of the TPs served by the ng-eNB

· Geographical coordinates of the TPs served by the ng-eNB
While not directly applicable to the NR NTN scenario, the above list shows that in general, if certain information is not assumed to change, network signaling can and should be avoided, and OAM may be used instead
. It seems appropriate to maintain this same principle also for NTN.
Proposal 1: Ephemeris information listed in Sec. 16.14.7 of TS 38.300 should not be signaled from gNB to LMF; it seems logical to allow it to also be configured into the LMF (see the corresponding draft CR in [5]).
2.2.2 Whether to Configure the Association Between Satellite and TRP via OAM

In Rel-17 and Rel-18 the gNB is on the ground, but a TRP can be assumed to be located on board the satellite. We propose a draft CR [5] to add such a statement to positioning stage 2 (“For NTN, a TRP may be located on board the satellite”).
Proposal 2: A TRP may be located on board the satellite; we propose to capture this in normative stage 2 text for positioning (see the corresponding draft CR in [5]).
Under this assumption, each TRP ID (signaled over the TRP Information Exchange procedure [3]) is associated with one specific satellite. One satellite may include one or more TRPs.

Assuming the geographical coordinates of the TRP are known, in principle it is possible for the LMF to associate a certain TRP with its hosting satellite looking at the satellite ephemeris.

Observation 3: Assuming the geographical coordinates of the TRP are known, it is possible for the LMF to associate a certain TRP with its hosting satellite.

Proposal 3: If the geographical coordinates of the TRP are available at the LMF, it is possible to retrieve the association between satellite and TRP with OAM information.
2.2.3 Whether the Existing TRP Information Exchange Procedure is Applicable Without Standards Impact
Among the TRP information that can be reported from the RAN to the LMF (Sec. 9.2.25 of [3]) are the TRP ID (mandatory) and its geographical coordinates (Sec. 9.2.46 of [3], upon request
).

It was proposed to add ephemeris information to the TRP Information IE signaled in the TRP INFORMATION RESPONSE message [9]. Ephemeris information would then be treated as one more TRP information type. We see some possible problems with this approach:
a) As already mentioned, orbit does not change on the fly (drift adjustments are handled via OAM), so sending ephemeris over signaling does not seem appropriate.

b) Ephemeris information is per-satellite, but in [9] it is proposed to report it per-TRP. Multiple TRPs may be on the same satellite, so this seems like a waste of signaling.

c) For a non-stationary TRP, it is perhaps more important for the LMF to know its exact coordinates when receiving a positioning measurement from the RAN than it is when receiving TRP information.
d) With this “per-TRP ephemeris” approach, the LMF needs to track each individual TRP position. NRPPa supports reporting up to 65535 TRPs per gNB to a single LMF: clearly this approach is not scalable for large numbers of TRPs and/or NTN gNBs.

For these reasons, RAN3 should not pursue the proposal of signaling ephemeris with the TRP information.
Proposal 4: RAN3 should not pursue the proposal to signal ephemeris with the TRP information.
We would prefer the alternative approach of properly signaling the correct TRP position when needed, especially when reporting a positioning measurement. This functionality is part of NRPPa since Rel-15: the NG-RAN Access Point Position IE [3] may be signaled when reporting an E-CID measurement, when reporting OTDOA cell information, and when reporting TRP information. 
Observation 4: Signaling the access point position is supported in NRPPa since Rel-15.
But it was also observed that the current NG-RAN Access Point Position IE cannot convey the correct altitude of a TRP located on board a satellite [6]
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[7] as the encoding does not support the correct range of values. A similar issue also exists in LPPa for IoT NTN [8].
Observation 5: Current NG-RAN Access Point Position IE cannot be used for NR NTN.
It seems feasible to introduce a new NTN Access Point Position IE, with the appropriate information to describe the orbital position of an NTN TRP. Its usage would be the same as the existing NG-RAN Access Point Position IE: it would be added to the E-CID Measurement Result IE (optional), to the OTDOA Cell Information IE (new CHOICE), and to the Geographical Coordinates IE (new CHOICE). This approach is reflected in [10]. A time stamp needs to be included in the new IE, in order for LMF to be able to correlate the TRP position with a reported measurement regardless of when it receives the NRPPa message.
By providing ECEF coordinates or orbital coordinates “in the clear”, this approach promotes better interoperability as opposed to e.g. signaling ephemeris encoded as an OCTET STRING.

Proposal 5: Add the NTN Access Point Position IE to NRPPa, with same usage as the existing NG-RAN Access Point Position IE; the new IE includes a time stamp.
2.3 UE Location Verification and E-CID
2.3.1 Mapped Cell ID

For NTN, the mapped cell ID
 is used for ULI, paging optimization, AoI and PWS, while the Uu cell ID is expected to be used for handover, Xn Setup and Xn NG-RAN Node Configuration Update [11].
Current E-CID supports signaling the NG-RAN CGI in the Serving Cell ID IE (part of the E-CID Measurement Result IE), so we need to discuss whether to signal the physical cell ID, the mapped cell ID, or both, in an E-CID measurement.

The LMF may receive positioning measurements not only from RAN over NRPPa, but also from UEs over LPP. UEs will report the Uu cell ID (the only one they are aware of). So, if RAN is allowed to only report the Uu cell ID or the mapped cell ID, the LMF will be required to maintain the same per-cell mapping as e.g. the AMF. This in turn will require the LMF and the AMF to have a common OAM configuration, which may not be desirable in some deployments.

Observation 6: Enabling to signal both Uu cell ID and mapped cell ID allows the LMF to avoid maintaining a database of mapped cells.
It seems beneficial to allow signaling the mapped cell ID upon request from the LMF. In this way, an LMF implementation that maintains such a mapped cell database will avoid requesting the same information from the gNB, thereby reducing signaling impact.
Proposal 6: Report mapped cell ID within the E-CID Measurement Result IE upon request from the LMF, according to the proposal in [12].
2.3.2 Other Proposed Indications

Other indications proposed at RAN3 #121bis include:

· Flag in request from LMF that the requested measurement is for mirror point resolution [13];
· Indication in POSITIONING INFORMATION UPDATE message that the TRP has been updated [13];

· Indication to LMF that a certain PRS beam or cell ID is to the right or to the left of the satellite orbital plane [14].
A few observations follow.

With respect to the “mirror point resolution” indication from the LMF, it is claimed in [13] that by receiving such flag, the NG-RAN node can configure the UE with the appropriate cells to be measured. This discussion originated in RAN2, where it was understood that to solve the mirror point issue, the measurement reported by RAN should include the information of the cells on the opposite side. It is worth noting that knowing which cells to measure assumes a certain prior knowledge by the gNB of where the served UE is located. But if the UE location is not where the gNB expects, the configured cells might not be possible to be measured, in which case the measurement will fail and a new measurement may need to be initiated. In other words, the benefit of pre-selecting a subset of cells to measure seems to be limited to certain cases, while the risk in the worst case is a waste of network signaling, and UE battery. Furthermore, we also note that it is already possible to report neighbor cell measurements available (i.e. recently measured) at the UE, including inter-RAT or WLAN, in the same procedure
: this will also help to better pinpoint the UE position. Overall, it seems beneficial to leave this choice to gNB implementation.
With respect to the “TRP Updated” indication from the gNB, the goal seems to be to notify the LMF that the TRP has changed because a different satellite is now being used by the same gNB. We note that the ephemeris information for each satellite should be known at the LMF regardless of the PCI(s) supported, so this indication does not seem needed.
With respect to the “right/left” indication from the gNB, we note that NRPPa already supports reporting the orientation of the TRP antenna from the RAN (TRP Beam Antenna Information IE, signaled within the TRP Information IE, with a much finer angle resolution than only “right/left”). Furthermore, when receiving an E-CID measurement report from RAN which includes e.g. neighbor cell measurements (TN, NTN, inter-RAT, …), the LMF knows where these measured cells are with respect to the coverage area. So, such an indication does not seem to be beneficial.
Proposal 7: No additional indication between the LMF and the RAN seems needed at this time.
3 Conclusions and Proposals
Our observations and proposals are summarized below.
Observation 1: Apart from the information related to an E-UTRA serving cell, all information currently supported in NRPPa for E-CID seems applicable for NR NTN; its usage should not be precluded.
Observation 2: The fact that the network sets a validity time when broadcasting ephemeris to UEs should not be taken as an “expiration time” of the ephemeris information for the network.
Proposal 1: Ephemeris information listed in Sec. 16.14.7 of TS 38.300 should not be signaled from gNB to LMF; it seems logical to allow it to also be configured into the LMF (see the corresponding draft CR in [5]).

Proposal 2: A TRP may be located on board the satellite; we propose to capture this in normative stage 2 text for positioning (see the corresponding draft CR in [5]).
Observation 3: Assuming the geographical coordinates of the TRP are known, it is possible for the LMF to associate a certain TRP with its hosting satellite.

Proposal 3: If the geographical coordinates of the TRP are available at the LMF, it is possible to retrieve the association between satellite and TRP with OAM information.
Proposal 4: RAN3 should not pursue the proposal to signal ephemeris with the TRP information.
Observation 4: Signaling the access point position is supported in NRPPa since Rel-15.
Observation 5: Current NG-RAN Access Point Position IE cannot be used for NR NTN.
Proposal 5: Add the NTN Access Point Position IE to NRPPa, with same usage as the existing NG-RAN Access Point Position IE; the new IE includes a time stamp.

Observation 6: Enabling to signal both Uu cell ID and mapped cell ID allows the LMF to avoid maintaining a database of mapped cells.

Proposal 6: Report mapped cell ID within the E-CID Measurement Result IE upon request from the LMF, according to the proposal in [12].

Proposal 7: No additional indication between the LMF and the RAN seems needed at this time.
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� NOTE from � REF _Ref149142927 \r \h ��[2]�: “The assistance data described in this clause are not necessarily transferred only from the ng-eNB, and in some deployment options may not be delivered from the ng-eNB at all; they may also be delivered to the LMF through OAM or other mechanisms external to the NG-RAN. In addition, in cases where assistance data are delivered from the ng-eNB, how the ng-eNB acquires the data is outside the scope of this specification.”


� The LMF initiates the TRP Information Exchange procedure to request TRP configuration from the gNB. The LMF may send the TRP INFORMATION REQUEST message to the gNB with or without a TRP List IE. If this IE is included, the gNB should provide information only for the listed TRPs, otherwise it provides information for all TRPs. So, the LMF does not need prior knowledge about all TRPs in a gNB, nor does it need to maintain a full list. Partial TRP lists may be requested, thereby avoiding unnecessary signaling.


� In NTN, a non-geostationary satellite may cover different regions as it orbits, using the same physical cell. In order to simplify the logical handling in the core network, mapped cell IDs have been introduced.


� It is also worth noting that by definition, E-CID does not trigger any L3/RRC functions: it is a “best effort” reporting method from the gNB, based on existing measurements.





