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Introduction
The Rel.18 work item on Non-Terrestrial Network (NTN) [1] has been started with the following scope:
· Coverage enhancement
· NR-NTN deployment in above 10 GHz bands 
· Network verified UE location
· NTN-TN and NTN-NTN mobility and service continuity enhancements 

On network verified UE location, the study phase in RAN has been finished and TR 38.882 on the necessity of network verified UE location was created [2]. The scope of study in the working groups is as follows:

	The study in [RAN2, RAN1, RAN3], which will study and evaluate solutions for the network to verify UE reported location information, shall consider the following aspects:
-	The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority.
-	Multiple satellite (or HAPS) in view by the UE may be considered if time allows
-	Assume that the UE is attached to a network (so that its context has been set up in the network) for the purpose of positioning
-	Different solutions or positioning methods for NGSO, GSO or HAPS are not precluded
-	When considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline. Other methods are not precluded.
-	Solutions using existing NG-RAN architecture and procedures shall be considered


In this document, we discuss aspects of network-verified UE location for NR NTN.
Multi-RTT Positioning
We discuss a method to determine the RTT from measurements in downlink and uplink. Since R16, NR provides DL-PRS and UL-SRS signals. The DL-PRS signal is a permuted and staggered comb-QPSK signal carrying a PN sequence, while the UL-SRS signal is a regular comb signal carrying a Zadoff-Chu sequence. Both types of signals can be correlated against at the respective end point with a corresponding replica signal. The time instance where the correlation peak occurs allows to determine the delay between transmitter and receiver. 
Determination of RTT
Figure 1 depicts an example for how RTT could be measured. gNB initiates the measurement at  with the transmission of a DL-PRS signal, which passes the satellite at time  and is received by UE at time  After some processing delay, UE initiates the transmission of a UL-SRS signal at time , which passes the satellite at time  and reaches gNB at time time . At time , gNB determines RTT as , which in terms of the propagation delays means .
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[bookmark: _Ref118195427][bookmark: _Ref118195422]Figure 1: Example for RTT-determination



The gNB knows the delays on the feeder link  and  and subtracts these terms from the RTT, i.e., . The service link delays in downlink and uplink are computed as follows



 denotes the satellite location at time t and  denotes the location of UE at time t. Thus, the actual RTT-measurement which gNB uses as part of the UE localization is given by


The UE-position enters the equation above at the times  and . Due to the Earth’s rotation, due to the UE movement and due to the time interval between RTT measurements, the UE position is not a constant. Assuming that it is constant, leads to an increased localization error. In our previous contribution (R1-2210069 [3]), we have shown how to modify the equations to account for the UE movement based on the approximation that the service link delay in uplink and downlink is half of the RTT.

The main error sources are uncertainties of the satellite position , uncertainties of the UE position  and uncertainty of the RTT measure itself, e.g., the signalling granularity.

Dedicated positioning signals (DL-PRS, UL-SRS) are used in a trusted system. UE and gNB trust each other in the sense that they actively cooperate, e.g., gNB sends DL-PRS, UE correlates against the received signal and sends its measurement report back to gNB/LMF where it is processed further. Here we’d like to note that dedicated positioning signals (DL-PRS, UL-SRS) are not the only means to determine RTT. In fact, any process which elicits a reply from UE can be used for measuring RTT.

In TS 38.133 [4], the reporting range for UE and gNB Rx-Tx time difference measurements (TUE Rx-Tx and TgNB Rx-Tx) are defined from -985024Tc to 985024Tc, which is roughly equal to the range between -0.5ms and +0.5ms. These figures were designed for a terrestrial network. Larger figures are needed for larger cell sizes and propagation delays which are characteristic for NTN deployments. For a GEO satellite at altitude of ~36000 km a round trip time of 240 ms applies, which can be considered the worst case RTT. With a similar logic as in the TN case, time differences between -120ms and +120ms would be needed for NTN. 

Observation 1: The currently specified range of UE and gNB Rx-Tx time difference measurements is insufficient to cover NTN use cases.

The definition of gNB Rx-Tx time difference in TS 38.215 [5] is the difference TgNB-RX – TgNB-TX, where TgNB-RX is the TRP received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time, and TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE. Similarly, the definition of UE Rx-Tx time difference is the difference TUE-RX-TUE-TX, where TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP), defined by the first detected path in time, and TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

The term “closest in time to subframe #i” suggests the following timing sequence for measuring RTT:
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[bookmark: _Ref118294117]Figure 2: Timing sequence for measuring RTT (Alt 1)



The underlying assumptions are that the system operates in connected mode and that timing advance provides negligible error at the alignment point RP. With this understanding, each endpoint (gNB and UE) measures independently the respective timing difference and their sum yields an estimate for the round-trip time: . 

In other contributions, the sequence diagram is shown as:
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Figure 3: Timing sequence for measuring RTT (Alt 2)


The most significant difference to the previous alternative in Figure 2 is that TUE-Tx and TUE-Rx have swapped their positions. Thus, their difference would become negative. As such there is no problem since the sum of the the two differences UE Rx-Tx and gNB Rx-Tx still yields a viable estimate for the RTT. However, the association between, e.g., TgNB-RX as received timing of uplink subframe #i containing SRS and TgNB-TX as the transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE, no longer works due to NTN’s large propagation delays which exceed the subframe duration of 1ms.

Observation 2: The sum of the Rx-Tx timing differences at gNB and UE yield an estimate of the RTT.

Observation 3: For the validity of the definition of UE Rx-Tx timing difference and gNB Rx-Tx timing difference, DL-PRS and UL-SRS may need to be transmitted near in time but at least within the duration of a subframe.

Proposal 1: RAN1 to discuss the applicability of R16/17 UE and gNB Rx-Tx time difference measurements for location verification and the signalling range adjusted for NTN cell sizes.
Resolving the ambiguity of the mirror image position
Several companies pointed out that UE positioning based on a single satellite suffers from the ambiguity created by the mirror image of a UE perpendicular to the orbital plane of the satellite. Basically, UEs at opposite sides of the orbital plane are characterized by the same delays and cannot be differentiated apart based on time measurements alone. In our understanding, this affects both Multi-RTT and XL-TDOA methods. In its simplest form the problem is similar to choosing one of the roots of a quadratic equation. Additional information is needed to solve for the correct location.

To this end, AoA estimation has been suggested for which various methods seem to be possible. Digital beamforming requires that the satellite has some means of signal processing. Already the possibly simplest method for an antenna array (delay-and-sum beamforming) requires down-mixing, multipliers, and adders. If transmission/reception signal on each antenna element is transferred from/to the ground, the signal processing can be done in the ground GW/gNB. But, such functionality might not be implemented in the existing transparent satellite already operated. Other methods like MUSIC or ESPRIT mandate even more processing capabilities. If analog or hybrid beamforming is considered, then still the satellite must have some means to transmit the information gained from beamforming back to the network. This is certainly possible as part of proprietary telemetry channels, but a 3GPP specified solution is needed.

Observation 4: AoA techniques may not be possible with the existing transparent satellite payload.

While UE localization based on AoA as a standalone technique seems to require a rather high number of antenna panels (to provide the necessary resolution), it seems that Multi-RTT paired with a low resolution antenna array for AoA estimation is a good WF. Network can then numerically search for multiple solutions (i.e., UE location candidates) and select one solution based on the AoA estimate.

Proposal 2: RAN1 should study the combination of Multi-RTT paired with a low resolution antenna array for AoA estimation with low priority.

As another method to complement timing-based methods, the use of neighbor cell measurements was suggested in RAN1-110bis-e. With such a measurement the network can conceptually identify if a UE in a cell is closer towards a neighbor cell A or towards a neighbor cell B. But we are not confident of the achievable accuracy of such a method. 
Network verified UE location based on UE TA reporting
For FR1 TS 38.321 [6] defines a 14-bit Timing Advance field. It indicates the least integer number of slots greater than or equal to the Timing Advance value, i.e, the TA value is reported as ceil(TA value/slot)*slot.

Slot granularities of 1ms, 0.5ms, and 0.25ms correspond to position uncertainties of 300km, 150km, and 75km, which exceed the envisioned error thresholds of 5 to 10 km by far. To make TA-reporting viable for position verification, at least the granularity would need to be adjusted. In addition, the TA reporting in Rel.17 includes common TA, UE specific (autonomous) TA and TA controlled by TA command. But the necessary information for location verification is UE specific TA which corresponds to service link RTT. Therefore, additional TA reporting of UE specific TA with finer granularity would be necessary. 

Observation 5: The currently specified TA report does not enable UE location verification.

In our understanding, TA-reports are used by gNB, e.g., to enable PUSCH transmissions by adjusting K_offset. For that purpose, slot granularity is sufficient.  But there was no consensus in RAN1 if TA-reports from UE can be trusted, since GNSS data is involved to derive the timing advance value. In our view, faking TA-reports while at the same time always maintaining a connection for data seems to be extremely difficult, if not impossible. According to a simplified calculation, slot granularity of 1ms/0.5ms corresponds to position uncertainties of 300km/150km (on the Earth surface, less than 300km/150km). Then, manipulation of locations of at most 300km/150km is possible with single TA reporting. With multiple TA reporting to different satellite locations, always reporting "consistent" fake TA value would be difficult. Hence, we think that TA-reporting could be used as a complementary method for UE location verification i.e., it can be used jointly with the other method.

Proposal 3: The specification can support TA-reporting as a complementary method for UE location verification.
Conclusion
In this document, we discussed issues on network verification of UE location for NTN. We observe and propose the following:
Observation 1: The currently specified range of UE and gNB Rx-Tx time difference measurements is insufficient to cover NTN use cases.

Observation 2: The sum of the Rx-Tx timing differences at gNB and UE yield an estimate of the RTT.

Observation 3: For the validity of the definition of UE Rx-Tx timing difference and gNB Rx-Tx timing difference, DL-PRS and UL-SRS may need to be transmitted near in time but at least within the duration of a subframe.

Observation 4: AoA techniques may not be possible with the existing transparent satellite payload.

Observation 5: The currently specified TA report does not enable UE location verification.

Proposal 1: RAN1 to discuss the applicability of R16/17 UE and gNB Rx-Tx time difference measurements for location verification and the signalling range adjusted for NTN cell sizes.

Proposal 2: RAN1 should study the combination of Multi-RTT paired with a low resolution antenna array for AoA estimation with low priority.

Proposal 3: The specification can support TA-reporting as a complementary method for UE location verification.
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