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As described in 3GPP TSG RAN WG1#112 meeting, the multi-RTT method in NTN was discussed elaborately and the following agreement had been concluded [1].
	
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
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
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
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
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 positioningOther solutions are not precluded




In this document, following the discussion in last RAN1#112 meeting, the continuous analysis and proposals will be further studied for the topic of Multi-RTT applied in UE location verification in Non-terrestrial Networks.
Discussion of measuring reference point for gNB Rx-Tx
As shown in the last meeting, the reference point for gNB Rx-Tx time difference measurement had been discussed. There were three options proposed as onboard satellite, the uplink time synchronization reference point and on the gNB. In [2], the gNB Rx-Tx time difference measurement is defined as the Transmission and Reception Point (TRP) Rx-Tx time difference measurement. The antenna of TRP should be treated as the reference point, such as described in TS 38.215 clause 5.2.3. 
The TPR is the real point to participate the positioning measurements in terrestrial network. Compared with the terrestrial network, the satellite plays the role as TRP in NTN to implement the time difference measuring. In order to reuse the legacy of RAT-dependent position solutions, it is better to treat the satellite as the reference point for gNB Rx-Tx time difference measurement. For distinguished with the terrestrial RAT-dependent position solutions, the Sat Rx-Tx time difference measurement can be defined as the following.
The Sat Rx-Tx time difference is dedined as TSat-RX – TSat-TX.
Where:
· TSat-RX is the satellite received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TSat-TX is the satellite transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
· The reference point for TSat-RX shall be:
· the Rx antenna of satellite (i.e. the centre location of the radiating region of the Rx antenna).
· The reference point for TSat-TX shall be:
· the Tx antenna of satellite (i.e. the centre location of the radiating region of the Tx antenna).

Proposal 1: Support the satellite as the reference point for gNB Rx-Tx time difference measurement in NTN.
Proposal 2: Defined the Sat Rx-Tx time difference parameter as TSat-RX – TSat-TX in NTN, replacing the gNB RX-TX time difference.
Where:
· TSat-RX is the satellite received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TSat-TX is the satellite transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
· The reference point for TSat-RX shall be:
-	the Rx antenna of satellite (i.e. the centre location of the radiating region of the Rx antenna).
· The reference point for TSat-TX shall be:
-	the Tx antenna of satellite (i.e. the centre location of the radiating region of the Tx antenna).

Analysis of Multi-RTT method in NTN
As described in TS 38.305, in the Multi-RTT positioning method, the UE position is estimated based on measurements performed at both UE and TRPs [3]. The measurements performed at the UE and TRPs are UE/gNB Rx-Tx time difference measurements of DL-PRS and UL-SRS, which are used by an LMF to determine the RTTs.
0. Rx-Tx time difference
In the NTN transparent scenario, due to the long distance between the satellite and the UE or gNB, a large propagating delay is involved in procedure of Multi-RTT method. The large delay will affect the scope of UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement. The influence of the large propagating delay on Multi-RTT can be described in the following figure.


Figure 1 the influence of propagating delay on Multi-RTT method in NTN
As shown in figure above, the (a) indicates the DL signal ahead of the UL signal, and the (b) describes the UL signal before the DL signal. In the transparent NTN model, the satellite transfers the signals between gNB and UE, so the large propagating delay is involved in calculating the Rx-Tx time difference. As shown in (a), at the gNB side, the time difference measurement TgNB-Rx-TgNB-Tx includes the RTT which contains both gNB to satellite and satellite to UE. For the 600km altitude LEO satellite, the minimum RTT between UE and satellite is 4ms, and the minimum RTT between satellite and gNB is also 4ms. In this condition, the value of TgNB-Rx-TgNB-Tx is larger than 8ms, which has exceeded the range of gNB Rx-Tx time difference defined in clause 13.2 in [4], such as -985024Tc to +985024Tc (That is almost equal to -0.5ms to +0.5ms). Because of the limited scope of the cell in terrestrial network, the Multi-RTT measuring can be done with a subframe length which is equal to 1ms. However, in NTN scenario, such as 600km LEO satellite, the RTT of UE to satellite is almost exceeding several ms. Therefore, the legacy range of gNB Rx-Tx time difference can not satisfy the requirement in NTN. So the range of gNB Rx-Tx time difference should be modified or expanded.
As analysis above, for the UE Rx-Tx time difference, the legacy range cannot satisfy the requirement, too. So the range of legacy Rx-Tx time difference should be modified to satisfy the NTN scenario.
There are two options to modify the Rx-Tx time difference in NTN scenario.
Option 1: Expand the range of legacy parameter.
Option 2: Add additional information and indicate the Rx-Tx time difference together with the legacy parameter.
1) Option 1
The range of legacy Rx-Tx time difference is -985024Tc to +985024Tc, and the minimum resolution is 1Tc. Thus, there is at least 21bit to indicate the legacy parameter. As described in TR 38.821 clause 7.1.1, the RTT for GEO transparent payload is almost 541.46ms in the worst case, and for LEO (600km orbit) is about 25.77ms. In order to including the GEO scenario, the range should be expanded to larger than 542ms, or 1064833006Tc. Consider the negative or positive indication, there is at least 31bit needed to express the new range.
2) Option 2
Another solution to indicate the large range of the Rx-Tx time difference is adding additional information. In this way, the legacy Rx-Tx time difference can be reused. In our proposal, the additional information can be shown as the following.



Figure 2 illustration of the new method to express the gNB Rx-Tx time difference
As shown in the figure above, the count of frame of system and sub-frame is involved to expand the range of gNB Rx-Tx time difference. The TgNB-Rx-TgNB-Tx can be express as: count of frame + count of subframe + legacy Rx-Tx parameter. For the legacy gNB Rx-Tx parameter, if the left part of the sub-frame#3 is counted, the positive legacy parameter is used. If the right part of sub-frame#3 is counted and the sub-frame#3 is counted, then the negative legacy parameter is used. In this example, the TgNB-Tx is ahead of TgNB-Rx at the gNB side, so the TgNB-Rx-TgNB-Tx is positive. In some situation, the TgNB-Tx is behind of TgNB-Rx, the TgNB-Rx-TgNB-Tx is negative. In order to indicate the polarity of the Rx-Tx time difference, 1 bit for polarity indicated is necessary. Finally, the new style of gNB Rx-Tx time difference can be shown as following.


Figure 3 illustration of additional information to indicate the gNB Rx-Tx in NTN
According to the figure above, the new style of gNB Rx-Tx time difference includes additional information and legacy Rx-tx parameter. The additional information consists of 1bit polarity indication, 8bit count number for frame, 4bit count number for subframe. The legacy Rx-Tx is equal to the parameter of gNB Rx-Tx time difference in [2].
Meanwhile, the UE Rx-Tx time difference can also be expressed as these solutions above.
Proposal 3: For Rx-Tx time difference measurement, NTN specific signaling for RX-TX signaling indication is introduced on top of legacy RX-TX 21 bits as following:
· 1bit for polarity
· 8bit for count of frame.
· 4bit for count of sub-frame
0. Sat Rx-Tx time difference calculation
Compared with the terrestrial network, satellite involved in NTN network brings the long propagating delay and motivation in Multi-RTT positioning. In order to reuse the positioning calculation mechanism, the Sat Rx-Tx time difference was defined in clause 2 as the TRP Rx-Tx time difference. Then the RTT between satellite and UE can be calculated by Sat Rx-Tx and UE Rx-Tx. There are two options to calculate the Sat Rx-Tx time difference. One option is that the gNB deduces the Sat Rx-Tx time difference and reports to LMF. The other option is that the LMF compute the Sat Rx-Tx time difference based on reported information.
In order to illustrate how to calculate the Sat Rx-Tx time difference, the case of figure 1 (a) is taken for instance. In this case, the TgNB-Tx is ahead of TgNB-Rx. As the definition, Sat Rx-Tx time difference is equal to TSat-Rx-TSat-Tx. In figure 1(a), the RTT of feedlink which can be indicated by RTTgNB-Sat should be considered in calculating TSat-Rx-TSat-Tx. In order to calculate the feedlink RTT, the TAcommon, TAcommonDrift, TAcommonDriftVariation, K-Mac and epoch time were indicated by network in 3GPP. So the RTTgNB-Sat can be approximated by the following equation.

Where  is the epoch time indicated by network. And it is valid during the procedure of Multi-RTT measuring. Then, then Sat Rx-Tx time difference can be calculated as following.

When the Sat Rx-Tx time difference is derived, the RTT of the satellite to UE can be calculated by Sat Rx-Tx and UE Rx-Tx according to method of Multi-RTT solution.
Proposal 4: The Sat Rx-Tx time difference should be calculated by following options:
· Option 1: Sat Rx-Tx time difference is deduced by gNB based on the gNB Rx-Tx time difference measurements and system information indicated by network which includes TAcommon, TAcommonDrift, TAcommonDriftVariation, epoch time, ephemeris and so on. Then gNB sends Sat Rx-Tx time difference to LMF.
· Option 2: The gNB sends the assistant information to LMF which includes gNB Rx-Tx time difference measurements, TAcommon, TAcommonDrift, TAcommonDriftVariation, epoch time, ephemeris and so on. The LMF calculates the Sat Rx-Tx time difference based on the collected information.

Discussion of multiple satellites case
As shown in the past meeting, the multiple satellite support for Multi-RTT position in NTN had been discussed. The advantages of multiple satellites involved in UE location verification were shown as time saving and high positioning accuracy. In the terrestrial networks, the multi-RTT method has been applied to position the location of UE. Due to the static TRPs location and limited scope of cell, the uplink synchronizations of UE to neighbour cell are easy to realize, and almost simultaneously measured with multi-TRPs is easily done. But in NTN scenarios, the UE should pre-compensate the UE specific TA to achieve the uplink synchronization according to ephemeris of serving satellite. In multiple satellites scenario, the ephemerides of satellites are different. So the UE specific TAs for multiple satellites are various. For multi-RTT method, the UE should not only synchronize the downlink signal of multiple satellites, but also achieve the uplink synchronization of multiple satellites to realize the RTT measuring. Because of the different UE specific TA for multiple satellites, it is difficult to achieve the uplink synchronization of the multiple satellites in short time that will result in a complex procedure to sustain. 
For simplicity, the DL-TDOA method is more suitable to the multiple satellites case. In the DL-TDOA method, it is just to consider the downlink synchronization which has no time pre-compensation by gNB or satellite. And the downlink synchronization of neighbour satellites can be assisted by the ephemeris provided by serving cell. In multiple satellites scenario, the UE can achieve measurements of the time difference of time arrival by neighbour cell measuring, in which the neighbour cell measuring procedure can be reused as NR. Compared with the Multi-RTT method, it is no necessary to consider the synchronization of uplink. So the DL-TDOA method is the better in multiple satellite case.
Proposal 5: For multiple satellites case, the DL-TDOA is a better choice.
Conclusion
In this contribution, the Rx-Tx time difference of Multi-RTT method is discussed further, and a few of proposals are made as follows:
Proposal 1: Support the satellite as the reference point for gNB Rx-Tx time difference measurement in NTN.
Proposal 2: Defined the Sat Rx-Tx time difference parameter as TSat-RX – TSat-TX in NTN, replacing the gNB RX-TX time difference. 
Where:
· TSat-RX is the satellite received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TSat-TX is the satellite transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
· The reference point for TSat-RX shall be:
-	the Rx antenna of satellite (i.e. the centre location of the radiating region of the Rx antenna).
· The reference point for TSat-TX shall be:
-	the Tx antenna of satellite (i.e. the centre location of the radiating region of the Tx antenna).
Proposal 3: For Rx-Tx time difference measurement, NTN specific signaling for RX-TX signaling indication is introduced on top of legacy RX-TX 21 bits as following:
· 1bit for polarity
· 8bit for count of frame.
· 4bit for count of sub-frame
Proposal 4: The Sat Rx-Tx time difference should be calculated by following options:
· Option 1: Sat Rx-Tx time difference is deduced by gNB based on the gNB Rx-Tx time difference measurements and system information indicated by network which includes TAcommon, TAcommonDrift, TAcommonDriftVariation, epoch time, ephemeris and so on. Then gNB sends Sat Rx-Tx time difference to LMF.
· Option 2: The gNB sends the assistant information to LMF which includes gNB Rx-Tx time difference measurements, TAcommon, TAcommonDrift, TAcommonDriftVariation, epoch time, ephemeris and so on. The LMF calculates the Sat Rx-Tx time difference based on the collected information.
Proposal 5: For multiple satellites case, the DL-TDOA is a better choice.
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