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In RAN1#95 it was agreed that combination of DL, UL, DL and UL techniques can be used for NR positioning. This contribution presents a potential procedure to combine UL and DL timing measurements for a generalized RTT procedure.

RTT motivation
Compared to TDOA, RTT has the advantage that no tight synchronization is required between the infrastructure (or gNBs). This comes at the expense of extra signaling when compared to TDOA. For TDOA one-way transmission from a UE to multiple gNBs in the uplink or from multiple gNBs to the UE(s) in the downlink is sufficient to find the device position.  
In LTE, the RTT procedure can be performed using the TADV type1 or type2 for E-CID [1]. This implies the use of UE Rx-Tx time difference measurement to compute the distance between the two ranging devices. Three distances are needed between different gNBs and the UE to apply unambiguous RTT-based positioning as shown in Figure 1. However in LTE, the Rx-Tx time difference measurements are restricted to the serving eNB and cannot be performed simultaneously over multiple eNB.
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Figure 1- Positioning with three RTT measurements
The NR positioning method based on timing measurements using both UL and DL (NR-RTT) shall enable measurements with multiple gNBs and target at minimizing the signaling overhead in the E-CID procedure. The signaling resources can be split into signaling used for UL and DL measurements and signaling used for access and reporting. Minimizing the signaling overhead is needed in both cases to enable an efficient NR-RTT procedure that can be performed between multiple gNBs or multiple UEs.
Proposal 1: Any NR-RTT procedure shall support neighbor gNB measurements.

 NR-RTT Procedure
The procedure for NR-RTT can be divided into three parts: initial measurements procedure, signaling measurement procedure and ranging measurements reporting procedure: 

In the initial measurements procedure similar E-CID procedure, the LMF can firstly identify if ranging shall be performed 
(1) between a single UE and the serving gNB (s-gNB), 
(2) between a single UE/multiple UEs and multiple gNBs or 
(3) between multiple UEs and the s-gNB. 
In case of (2), the LMF or LMC can identify the neighboring gNBs (n-gNBs) based on UE measurement reports (based on SSB or CSI-RS measurement reports) and assign the UL and DL frequency and time resources. Then, it may group shared resources in addition to the UE-gNB beam pair assignment.
The LMF can also set a device (UE or gNB) as an initiator or a responder, whereby the initiator sends to one or more responding transceivers.

Proposal 2: 	An initiating RTT device can trigger multiple groups of responders with a single signaling frame; whereas the responders reply and report the time between the reception of the initiator signal and the transmission of the response.

For the signal measurement procedure, an initiator sends reference signals to one or more responding transceivers. The responding transceivers reply after a defined reply time after the TOA of the initiator signal.
Figure 2 visualizes an example for the UE initiation procedure considering two UEs to be simultaneously positioned. Initially, UE1 is scheduled to transmit a single uplink reference signal to the gNBs (Figure 2 displays two gNBs). The UL signal will be received at the gNBs at different time instances depending on the distance separating the UE and each gNB. This approach is attractive and reasonable because the UE has limited antennas that enable only wide beams to be realized such that the reference signal can be received by multiple gNBs. Compared to traditional RTT, where the UE communicates with a single gNB at a time, this combined UL signaling approach saves significant resources in the especially in the UL, if the number of gNBs to do ranging with is high.
Subsequently, UE2 applies the same procedure, however in our example the n-gNB cannot be addressed (reached) with the same UL-PRS (e.g. using SRS) as the s-gNB. If the n-gNB receives the signal with sufficient quality (i.e. SINR) the n-gNB sends out a DL signal for TOA measurements in the UE, where the resources are either already allocated or configured during the initial negotiation procedure or the resources are assigned on demand and coordinated between the s-gNB and n-gNB.
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Figure 2 - RTT procedure between multiple UEs and multiple gNBs (UE as initiator).
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Figure 3- RTT procedure between multiple UEs and multiple gNBs (gNB as initiator).

The procedure may also be initiated by a serving or neighboring gNB (Figure 3), where the gNBs are scheduled for initiating the range measurements by the serving gNB, the LMF or the UE. The gNB sends one or more reference signals that are received by multiple UEs and the addressed UEs act as responders. 

Observation 1: 	The proposed scheme reduces signaling overhead (for measurement and reporting) for ranging between multiple gNBs and/or multiple mobile devices (UEs).

If both OTDOA and UTDOA solutions are supported in NR positioning, the NR-RTT measurement signaling can adapt the same physical layer procedure. However RAN1 specification effort on issues like power control and beam selection may be required to allow simultaneous transmission between multiple gNBs.

Additional RTT Consideration 
Hardware delays calibration, TOA estimation quality, accuracy resolution from Rx-Tx reporting and clock oscillator quality are among the main factors that controls the accuracy of the range estimates. For example, the components in the transceiver chain like filters, amplifiers and transmission lines add additional delay to the signal.  This makes a time calibration necessary before measurements can be evaluated accurately. Note that a calibration error of 1 ns translates to a one-way distance error of 30 cm. The transceiver delays can vary between different NG-RAN architectures or components from different manufacturers. Even manufacturing tolerances as well as ageing may affect internal delays of the whole device. The impact on such aspects on the RTT measurements needs further analysis.
Proposal 3: The impact of aspects like hardware delays calibration, TOA estimation quality, Rx-Tx reporting on the RTT measurements quality needs further study.

Conclusion
The following proposals and observation are concluded:
Proposal 1:  	     Any NR-RTT procedure shall support neighbor gNB measurements.
Proposal 2: 	An initiating RTT device can trigger multiple groups of responders with a single signaling frame; whereas the responders reply and report the time between the reception of the initiator signal and the transmission of the response.
Proposal 3: 	The impact of aspects like hardware delays calibration, TOA estimation quality, Rx-Tx reporting on the RTT measurements quality needs further study.

Observation 1: 	The proposed scheme reduces signaling overhead (for measurement and reporting) for ranging between multiple gNBs and/or multiple mobile devices (UEs).
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