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1	Introduction
In the revised NR Rel-18 WID on NTN enhancement [1], the objective on network verified UE location is defined as follows:
· Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. 
· DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4: Multiple satellite in view by the UE may be considered if time allows
Note 5: The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6: The enhancements should take into account the mirror-image ambiguity
Note 7: Network verified UE location is an optional UE feature

In light of the above objective, we share our views on enhancing the existing specification to support network verification of UE location in NR NTN.
2	Multi-RTT enhancements for NTN
In multi-RTT positioning, both the UE and the gNB measure and report their respective RX-TX time differences to the LMF. The UE RX-TX time difference can be measured using the DL-PRS or CSI-RS while the gNB RX-TX time difference can be measured using UL-SRS. In TS 38.215, the UE and gNB RX-TX time difference measurements are defined as follows:
“The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.”

We note that the transmit time in the above definition is the UE transmit timing of the uplink subframe #j that is closest in time to the downlink subframe #i, and not necessarily the transmit timing of the UL SRS.

“The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18] received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.”

The above definitions show that there is no coupling required between DL-PRS and UL-SRS for multi-RTT positioning as the RX-TX time difference measurements at the UE and the gNB can be performed independently of each other. 

According to TS 38.133, the reporting range of UE Rx-Tx time difference is ~ -0.5 ms to +0.5 ms:
“The reporting range for the absolute UE Rx-Tx time difference measurement (TUE Rx-Tx) is defined from -985024´Tc to 985024´Tc with the resolution step of 2k´Tc […]”
These definitions have been crafted for terrestrial networks where the timing advance (TA) value is typically much smaller than 1 ms. As the TA in an NTN can be several ms, the existing specification needs to be enhanced to enable multi-RTT based positioning for UE location verification in NTN. 
2.1	Reference signal enhancements
In RAN1#112, the following agreement was made on positioning reference signals:
Agreement
Existing DL/UL reference signals for positioning are used for supporting Network verified UE location in NTN. 
FFS: Whether some enhancements on these reference signals are needed for NTN
In our view, the existing DL/UL reference signals are sufficient for the purpose of network-verified UE location in NTN. Therefore, no additional enhancements are needed.
2.2	Multi-RTT design in NTN	
2.2.1	UE RX-TX time difference measurement
In RAN1#112, the following agreement was made on the way forward for UE RX-TX time difference.
Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
Option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
Option 3: 
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
· Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
· Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
· Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

We provide our views on the listed options:
Option 1: We originally proposed Option 1 which attempts to enhance the legacy definition of UE RX-TX time difference in NTN, which is based on the uplink/downlink frame timing offset at the UE instead of the actual time difference between the reception and transmission of a DL-PRS and an UL-SRS at the UE. We think that this option has a low specification effort if the concerns about the large timing drift and UE autonomous TA adjustment can be addressed.
Option 2: This is a new design for UE RX-TX measurement. We think that it may be worth discussing this option despite the relatively larger specification effort needed in this case. As both DL-PRS and UL-SRS will be used anyways in multi-RTT, defining a new UE measurement based on the actual transmission of an UL-SRS may alleviate the timing error problems due to potentially large timing drift and UE autonomous TA adjustment in NTN. 
Option 3: We note that Option 3 is based on a similar principle as Option 1. The key difference from Option 1 is that instead of modifying the legacy RX-TX time difference definition, Option 3 introduces a new UE measurement which needs to be reported to the network (e.g., in Option 3-1, the UE will need to measure and report the timing offset). 
We are not supportive of Option 3-3 since it is based on the TA report which cannot be trusted (see Section 4).
Option 4: We are not supportive of this option since it is based on the MAC layer TA report which is derived based on the GNSS information. As discussed in Section 4, any information derived from the GNSS such as the TA cannot be used for network verification of UE location.  
[bookmark: _Toc134985731]Options (1 and 3) based on enhancing the legacy UE RX-TX time difference have a low specification effort if concerns about the potentially large timing drift and UE autonomous TA adjustment can be addressed.
[bookmark: _Toc134985732]Option (2) based on introducing a new UE RX-TX time difference measurement is more robust to timing errors but entails a high specification effort.
Therefore, we have the following proposals.
[bookmark: _Toc134985742]For UE RX-TX time difference measurement in NTN, options based on TA report cannot be used since it is derived from the GNSS position which cannot be trusted.
2.2.2	gNB RX-TX time difference measurement
In RAN1#112, the following agreement was made on the way forward for gNB RX-TX time difference:
Agreement
Select one (or more) of the following options for the enhancement of gNB Rx-Tx time difference in NTN
Option 1: 
· The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
· TgNB-RX is the Transmission and Reception Point (TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TgNB-TX is the TRP transmit timing of the downlink subframe corresponding to uplink subframe #i received from the UE
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
Option 2:
· For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
Option 3: 
· Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
Option 4:
· For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

FFS: details of report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
The main purpose of the legacy gNB RX-TX time difference measurement is to correct the residual timing errors at the gNB. The definition for the gNB RX-TX time difference in NTN will depend on which options are selected for the UE RX-TX time difference in NTN.
[bookmark: _Toc134985733]The description of gNB RX TX time difference in NTN will depend on how the UE RX-TX time difference is defined.
When the UE RX-TX time difference in NTN is defined by enhancing the legacy definition (e.g., Options 1 or 3), the corresponding gNB RX-TX time difference should also be based on the legacy definition (e.g., Options 2 or 3).   
When the UE RX-TX time difference is defined using both DL-PRS and UL-SRS (Option 2), then the corresponding gNB RX-TX time difference can also be defined using both DL-PRS and UL-SRS (Option 4).
2.2.3	Discussion
In RAN1#113, the following agreement was made on the way forward for multi-RTT measurements:
Agreement
For RTT determination in NTN, discuss further the accuracy, and reporting details of combinations of the following UE and gNB receive-transmit time difference measurements:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
FFS: One or multiple SRS can be used in determining the arrival time
FFS: Additional enhancement including additional information to be reported, if justified
Note 3: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
Note 4: The gNB Rx-Tx time difference option in the above alternatives may need updates accordingly based on the outcome of discussion on reference point for the gNB Rx – Tx time difference
Alt-1: This alternative is based on enhancing the existing definition of the UE RX-TX time difference measurement such that the UE effectively measures its TA as part of the UE RX-TX measurement. However, it is possible that the actual TA at the time of transmission of UL-SRS and/or UE RX-TX time difference report at the UE, and/or at the time of reception of UL-SRS at the gNB is different from the value reported as part of the UE RX-TX measurement. This can be due to timing drift and/or if the UE adjusts its timing during the DL-PRS reception and UL-SRS transmission instances. The gNB/LMF will not be aware of the timing adjustment if the UE applied an autonomous TA adjustment during this period. Therefore, to reduce positioning errors, the LMF/gNB may need to acquire additional information to account for the impact of the timing drift and/or the UE autonomous TA adjustment. For example, the UE may need to report the amount of autonomous TA adjustment applied after performing a UE RX-TX measurement and before transmission of UL-SRS. Additionally, it may measure and report its UE-specific TA drift information to the network. 
[bookmark: _Toc134985743]With Alt-1, UE to report its autonomous TA adjustment (if applied) during DL-PRS reception and UL-SRS transmission to the LMF/gNB. FFS: whether it is needed for other alternatives.
Alt-2: A new definition is needed for the UE RX-TX measurement as the UE will measure the actual time difference between a DL-PRS reception and the corresponding UL-SRS transmission. This also means that there is no need to provide additional information to compensate for the timing drift and UE autonomous TA adjustment in between the DL-PRS reception and UL-SRS transmission as the reported UE RX-TX time difference will already include any timing changes between the DL-PRS reception and UL-SRS transmission instances. 
This alternative suggests reusing the legacy definition of gNB RX-TX time difference measurement, i.e., the gNB will measure the frame timing offset of the received UL-SRS signal relative to its downlink frame timing. We think that the gNB needs to report additional information which enables the LMF to derive the actual time difference between DL-PRS transmission and UL-SRS reception at the gNB. 
Alt-3: With this alternative, the UE RX-TX time difference is the same as in Alt-2. 
However, for gNB RX-TX time difference, a new definition is needed where the gNB measures the actual time difference between the DL-PRS transmission and the corresponding UL-SRS reception. The key difference with respect to Alt-2 is that additional information need not be reported to the LMF.
2.3	Reference point for gNB RX-TX measurement
In RAN1#112, the following agreement was made regarding the reference point for gNB RX-TX time difference measurement.
Agreement
In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement, consider the following options:
· Option 1: Onboard the satellite
· Option 2: The uplink time synchronization reference point
· Option 3: on the gNB
In our understanding, this reference point is the TRP where the gNB RX-TX time difference measurements will be performed. Therefore, it should be a physical rather than a virtual point, which rules out Option 2 since the uplink time synchronization reference point can be located at the satellite, or at the gNB, or at any virtual point between the satellite and the gNB (please see Figure 16.14.2.1-1 copied from TS 36.300 below). 
[bookmark: _Toc134985734]The reference point for the gNB RX-TX time difference measurement is the physical 
[bookmark: _Toc134985735]point (i.e., TRP) where the measurement can be performed.



Figure 16.14.2.1-1: Illustration of timing relationship, TS 38.300
Therefore, the gNB RX-TX measurement reference point can be onboard the satellite or on the gNB. With both Options 1 and 3, it is possible that the uplink time synchronization reference point will not be co-located with the gNB RX-TX reference point, i.e., the uplink/downlink frames will potentially be misaligned at the gNB RX TX reference point by a known time offset. For example, with Option 1, this additional misalignment will be given by the common TA (see the figure above) whereas with Option 3, it will amount to the RTT between the uplink time synchronization reference point and the gNB.    
[bookmark: _Toc134985736]The reference points for the gNB RX-TX time difference measurement and the uplink time synchronization will possibly be different.
If the reference points for the gNB RX-TX time difference and the uplink time synchronization are not co-located, the gNB RX-TX time difference measurement or the multi-RTT calculation may need to account for the round-trip time (RTT) between the two reference points. When the gNB RX-TX is measured at the satellite, this uplink/downlink frame timing misalignment at the satellite will be given by the common TA (plus ). When the gNB RX-TX is measured at the gNB, the uplink/downlink frame timing misalignment at the gNB will be given by the RTT between the uplink time synchronization reference point and the gNB (plus ), which may not necessarily be the same as . This follows because  has been defined as a configured scheduling offset which needs to be equal to or larger than the RTT between the uplink time synchronization reference point and the gNB. 
[bookmark: _Toc134985737]With Option 1, the uplink/downlink frame timing will be misaligned at the gNB RX-TX reference point (i.e., satellite) by an additional amount given by the common TA. 
[bookmark: _Toc134985738]With Option 3, the uplink/downlink frame timing will be misaligned at the gNB RX-TX reference point (i.e., gNB) by an additional amount given by the RTT between the uplink time synchronization reference point and the gNB (which may not necessarily equal ). 
We prefer to set the reference point at the satellite to simplify the design. The additional timing offset of common TA can potentially be accounted for in the gNB RX TX definition or the multi-RTT calculation. However, to make progress, we suggest assuming that gNB RX-TX reference point may or may not be aligned with the UL time synchronization reference point. This will cover all the three options without significant overhead as for both option 1 and 3, a timing offset needs to be included in the multi-RTT calculation. RAN1 can leave it up to RAN4 if it wants to further down-select the reference point from the three options.
[bookmark: _Toc134985739]For both Options 1 and 3, a timing offset needs to be reported to the LMF for multi-RTT calculation which suggests that the specification effort and signalling overhead to support all the three options is about the same as supporting only a single option (for option 2, the timing offset can be set to 0 or not reported at all). 
Therefore, to make progress, we suggest supporting all the three options for the gNB RX-TX reference point as the same signalling method can be used to report the time difference between reference points for Options 1 and 3. For option 2, the reported value can be set to 0 or not reported at all. Eventually, it can be left up to the network which option to configure as the reference point for the gNB RX-TX measurement.
[bookmark: _Toc134985740]Network may choose which of the option to configure for the reference point of the gNB RX-TX measurement multi-RTT measurement.
[bookmark: _Toc134985744]RAN1 to support reporting the timing offset between the gNB RX-TX reference point and the UL time synchronization reference point assuming that the gNB RX-TX reference point may or may not be aligned with the UL time synchronization reference point.
[bookmark: _Toc134985745]RAN4 to down select the reference point for gNB RX-TX measurement from the three options (if needed). 
3	Mirror image ambiguity
In a previous RAN1 meeting, the following agreement was made on mirror image ambiguity.
Agreement
Study the following options to resolve the mirror positions ambiguity for multi-RTT positioning:
· Option 1: gNB or LMF implementation to solve the mirror error issue.
· FFS: whether there is spec impact
· Option 2: Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· Option 3: NR NTN UE should report the Doppler calculated on the service link
· Option 4: a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Option 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF
· Option 6: Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning
· Other solutions are not precluded

We support Option 6 as the Rel-17 specification already supports using optional UL-AoA measurements at the gNB in conjunction with the UE/gNB RX-TX time difference measurements to improve the performance of multi-RTT positioning. We think that UL-AoA measurements can be used for resolving the mirror image ambiguity for UE location verification in NTN. We are also open to considering Options 1 and 2. We do not think that Option 3 and 4 are needed.
In the previous RAN1 meeting, some companies questioned if the Rel-17 UL-AoA measurement can be performed at the satellite antenna with a transparent NTN payload. To address this concern, let us consider the following image and excerpt from the Rel-17 Stage-2 description for NR (Section B.4, TS 38.300, Version 17.3.0) that illustrates an example implementation for an NTN system. It is clear from the specification text that both the “NTN service link provisioning system” (i.e., the NTN payload/gateway) and the “non-NTN infrastructure gNB functions” (i.e., the gNB on ground) are considered a part of the gNB:      


Figure B.4-1: NTN based NG-RAN
The gNB depicted in Figure B.4-1 may be subdivided into non-NTN infrastructure gNB functions and the NTN Service Link provisioning system. The NTN infrastructure may be thought of being subdivided into the NTN Service Link provisioning system and the NTN Control function. The NTN Service Link provisioning system may consist of one or more NTN payloads and NTN Gateways.
Our view is that in the existing Rel-17 specification, the NTN payload is considered a part of the gNB. Moreover, the communication protocol between the “NTN service link provisioning system” (i.e., the NTN payload/gateway) and the “non-NTN infrastructure gNB functions” (i.e., the gNB on ground) is up to implementation. More specifically, for the purpose of configuring and performing positioning measurements, the payload with its antenna can be considered as a TRP as defined in TS 38.305. Therefore, no specification change is necessary to use the Rel-17 UL-AoA measurement functionality in NTN. For NTN positioning, the NTN payload can be considered as a TRP of the gNB, i.e., the Rel-17 UL-AoA measurements can be performed at the satellite antenna without requiring a specification change.    
[bookmark: _Toc134985741]UL-AoA measurement can be performed at the satellite antenna with a transparent NTN payload. 
Additionally, SA2 has requested to complete location verification within a preferred period of 30 s and a maximum period of 1 min. In addition to resolving mirror image ambiguity, UL-AoA measurements can also help reduce the verification latency for UEs located sufficiently away from a regional or country border [5]. This is because UL-AoA measurement can be performed instantly, thereby reducing the time needed to verify UE location in certain scenarios (otherwise, relying solely on multi-RTT positioning with a single satellite may take a long time). Therefore, we support Option 6.
[bookmark: _Toc134985746]RAN1 to support the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning with potential enhancements (if needed) to help resolve mirror image ambiguity and reduce UE location verification latency in NTN.
[bookmark: _Ref131701044]4	Trustworthiness of UE reporting
In the revised WID [1], the following ensures that the trustworthiness of location verification cannot be compromised.
“Note 5: The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved”
Let us consider the TA reported by the UE. Even if the UE reports an incorrect UE location, it must still use the true UE location for calculating the TA and frequency pre-compensation values. Otherwise, the NTN UE cannot possibly communicate with the gNB (transmissions arriving at the gNB will be well outside the cyclic prefix and/or non-aligned with the intended frequency). Thus, a fake reported UE location means that the 3GPP chipset is already handling two UE locations, and it would be very simple for the UE to report a fake TA corresponding to the reported fake UE position. Therefore, we argue that the reported TA cannot be considered “independent from the location information reported by the UE” as stated in the TR recommendations [4]. 
[bookmark: _Toc115391939][bookmark: _Toc134985747]UE reporting of TA cannot be trusted for the purpose of network-verified UE location in NTN. 
5	Conclusion
Based on the discussion in the previous sections we made the following observations:
Observation 1	Options (1 and 3) based on enhancing the legacy UE RX-TX time difference have a low specification effort if concerns about the potentially large timing drift and UE autonomous TA adjustment can be addressed.
Observation 2	Option (2) based on introducing a new UE RX-TX time difference measurement is more robust to timing errors but entails a high specification effort.
Observation 3	The description of gNB RX TX time difference in NTN will depend on how the UE RX-TX time difference is defined.
Observation 4	The reference point for the gNB RX-TX time difference measurement is the physical
point (i.e., TRP) where the measurement can be performed.
Observation 5	The reference points for the gNB RX-TX time difference measurement and the uplink time synchronization will possibly be different.
Observation 6	With Option 1, the uplink/downlink frame timing will be misaligned at the gNB RX-TX reference point (i.e., satellite) by an additional amount given by the common TA.
Observation 7	With Option 3, the uplink/downlink frame timing will be misaligned at the gNB RX-TX reference point (i.e., gNB) by an additional amount given by the RTT between the uplink time synchronization reference point and the gNB (which may not necessarily equal ).
Observation 8	For both Options 1 and 3, a timing offset needs to be reported to the LMF for multi-RTT calculation which suggests that the specification effort and signalling overhead to support all the three options is about the same as supporting only a single option (for option 2, the timing offset can be set to 0 or not reported at all).
Observation 9	Network may choose which of the option to configure for the reference point of the gNB RX-TX measurement multi-RTT measurement.
Observation 10	UL-AoA measurement can be performed at the satellite antenna with a transparent NTN payload.

Based on the discussion in the previous sections we propose the following:

Proposal 1	For UE RX-TX time difference measurement in NTN, options based on TA report cannot be used since it is derived from the GNSS position which cannot be trusted.
Proposal 2	With Alt-1, UE to report its autonomous TA adjustment (if applied) during DL-PRS reception and UL-SRS transmission to the LMF/gNB. FFS: whether it is needed for other alternatives.
Proposal 3	RAN1 to support reporting the timing offset between the gNB RX-TX reference point and the UL time synchronization reference point assuming that the gNB RX-TX reference point may or may not be aligned with the UL time synchronization reference point.
Proposal 4	RAN4 to down select the reference point for gNB RX-TX measurement from the three options (if needed).
Proposal 5	RAN1 to support the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning with potential enhancements (if needed) to help resolve mirror image ambiguity and reduce UE location verification latency in NTN.
Proposal 6	UE reporting of TA cannot be trusted for the purpose of network-verified UE location in NTN.
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