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1. Introduction
At RAN#80 the study item on NR positioning – "Study on NR Positioning Support" – was approved [1], and revised at RAN#81 [2]. The objectives of this SI include (among others) the following:
	Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
-	The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
-	Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.

At RAN1 Ad Hoc Meeting, significant progress was made with the following agreements:

Agreement:
1. NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
0. UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
1. NR should support UL-AoA based positioning techniques in FR1 and FR2
1. UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported
Round-trip time (RTT) with one or more neighboring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2

Agreement:
The following measurements for NR DL PRS for serving and neighbor gNBs should be supported:
UE RX-TX time difference measurements

Agreement:
Further study whether it is beneficial to support and if so, how to support, NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE states
Note: This involves RAN2 aspects

However, a few major aspects have not been addressed yet. In this paper, we present our views on DL & UL RAT-dependent NR positioning techniques. 
2. [bookmark: _Hlk1134175]UE-Based positioning
We would like to highlight a selection of benefits of RAT-dependent UE-based positioning.
· Enables new use cases
· NR is driven by commercial requirements with support for location-hungry applications on the UE
· Mobility use cases include UE tracking, XR, automotive, factory automation, UE navigation, gaming, etc.
· Enables improved performance of existing use cases
· Fusion with other measurement types available on the UE can improve accuracy, availability, responsiveness, integrity and overall reliability of positioning
· Native support for Kalman filtering etc.
· Improved scalability
· Data reduction can be done on the UE, and there’s no inherent computational capacity limit involved with adding more UEs.  The UE-Assisted alternative requires the location management function serving a multitude of users, and the LMF would have an upper capacity limit.
· Improved operational range
· Measurements of reference signals can be done at a lower power level than what is required for data demodulation, and DL Tx power is generally higher than UL Tx power.
· UE-Based positioning could operate at lower received power levels than UE-assisted
· Low UL overhead
· If the UE is also the consumer of the location information, no UL data is required.  Even if the UE is not the end-user of the location information, the UE location data content is small.  Conversely, the UE-Assisted alternative would require reporting of a multitude of measurement information with significantly larger data volume.
· Low latency
· Position fixes can be produced virtually instantaneously after making the measurements.  A UE-Assisted alternative would experience delay through RAN and CN.
· Very low specifications impact
· Adding new measurement types (say Doppler) can be done without impact to standards documents and protocols.  Furthermore, positioning applications can be more readily tailored to a specific device category or service requirements.
· Parity with RAT-independent UE-Based features
· UE-Based RAT-independent features, like GNSS and Wi-Fi, are in prevalent use on UEs.  UE-based RAT-dependent positioning would enable service differentiation for operators.
[bookmark: _Ref951269][bookmark: _Ref1133493]Observation 1:	RAT-dependent UE-Based positioning has an abundance of beneficial characteristics including but not limited to the following:
· Enables new use cases
· Enables improved performance of existing use cases
· Improved scalability
· Improved operational range
· Low UL overhead
· Low latency
· Very low specifications impact
· Parity with RAT-independent UE-Based features

[bookmark: _Ref1133511]Observation 2:	RAT-dependent UE-Based positioning was agreed, but not yet implemented for Rel-15 (RP-172313 (RP-78)).
[bookmark: _Ref1133515]Observation 3:	RAT-dependent UE-Based positioning exists for RAT-independent methods.
[bookmark: _Ref951222][bookmark: _Ref1133585]Proposal 1:	Support RAT-dependent UE-Based positioning for NR in Rel-16
3. Combination of DL & UL Positioning Techniques
2.1 Multi-RTT
In previous meeting it was agreed to support multi-RTT positioning technique and the related “UE Rx-Tx” and “gNB Rx-Tx” measurements were agreed. Main advantage of a multi-RTT positioning technique is the well-known, from e.g. LTE deployments, that TDOA methods require fine (e.g., nano-second level) synchronization across the TPs (gNBs) in the network. On the other hand, RTT methods are also based on TOA measurements but require only coarse gNB timing synchronization, e.g. similar to the TDD synchronization requirements. However, it typically involves an exchange of measurements between the two nodes as illustrated in Figure 1. 


Figure 1: Illustration of RTT Principle.
Figure 1 illustrates the basic principle of RTT where TOA measurements are made at both, initiating and responding device, and where the responding device provides its TOA measurements to the initiating device for RTT calculation. The initiating device may be a gNB or a UE, and the responding device a UE and gNB, respectively. The RTT measurement would then correspond to the double-range measurement between the two devices. Using this information, the entity performing the positioning estimation could use well-known principles of multilateration to proceed with the positioning estimation, as illustrated in Figure 2.


Figure 2: Principle of multilateration in two dimensions from three base stations.
In addition to overcoming the synchronization requirements of OTDOA, note that Multi-RTT could also be beneficial to improving synchronization between nodes for OTDOA through UE assistance. This has been acknowledged in TR 36.872 subclause 6.3.2 [5], where UEs could provide multiple RTT measurements and RSTD measurements across gNBs, so that the differences in the RTT measurements could be compared against the differences in the TOA measurements to resolve the synchronization error between the gNBs. 
[bookmark: _Ref951277][bookmark: _Hlk534972144][bookmark: _Ref1133518]Observation 4:	Multi-RTT positioning could be used to improve the gNB synchronization.
2.2 Required Measurements & Accuracy for multi-RTT positioning
RTT-related measurements are already supported in LTE but only towards the primary cell/NB (Tadv Type 1 and Type 2 measurements [6]). To be more precise, in UL E-CID procedure in LTE [7], 
· the UE reports to the serving eNB the UE Rx-Tx measurement,
· the eNB receives the "UE Rx-Tx" and adds the "eNB Rx-Tx" to derive the:
· Tadv = "UE Rx-Tx" + "eNB Rx-Tx"
which is then reported to the location server to perform the positioning. As specified in 36.331 and 36.355, we observe that the UE can report the UE Rx-Tx Time Difference towards the primary cell only: 
TS 36.331:
[image: ]
TS 36.355:
[image: ]
The UE Rx-Tx and eNB Rx-Tx measurements are illustrated in Figure 3 below. When timing advance is operating, Figure 3 illustrates the reception and transmission timings at the eNB and UE. The receive-transmit time difference at the eNB may be either negative (Figure 3a) or positive (Figure 3b), and the receive-transmit time difference at the UE is always positive due to operation of timing advance. As can be seen from Figure 3, the result of the Tadv = "UE Rx-Tx" + "eNB Rx-Tx" corresponds to twice the propagation delay (i.e., RTT). (Note, in the "ideal" case, the UE applied timing advance would correspond to twice the propagation delay and would be equal to the UE Rx-Tx Time Difference, and therefore, the eNB Rx-Tx Time Difference would be zero. However, timing advance is typically based on maximum received energy for communication, whereas Rx-Tx measurements for positioning are based on the first detected propagation path [6].) 


 Figure 3: Principle of UE and eNB Rx-Tx Time Difference.
The above RX/TX illustration can be converted into the typical "RTT diagrams" (like Figure 1), as shown in Figure 4 below ((a): eNB TX is later than RX (eNB Rx-Tx is negative); (b) eNB TX is earlier than RX (eNB Rx-Tx is positive)). 


[bookmark: _Ref951282]Figure 4: RTT estimation via UE and eNB Rx-Tx Time Difference.
In LTE, the UE Rx-Tx is measured using 12 bits, with a varying resolution of 2Ts for a difference less 4096Ts and of 8Ts for a difference more than 4096Ts. Note that Ts = 32.5 nsec, and therefore, in the best case, the reporting quality is 63 nsec which would result to very large uncertainty 
[bookmark: _Ref1133522]Observation 5:	The building block measurements of RTT-based positioning, i.e., "UE Rx-Tx" and "eNB Rx-Tx" measurements, already exist in LTE’s UE E-CID procedure, but accuracy of reporting is not enough for the 5G requirements. 
Even though already in LTE there are some RTT related measurements supported, many aspects of the multi-RTT positioning design need to be separated from an ECID procedure, including higher-layer network procedures (RAN2 work mainly), performance requirements, UE capabilities and signaling. 

[bookmark: _Ref951235][bookmark: _Ref1133591]Proposal 2:	The multi-RTT positioning technique should be specified as an individual positioning method, separately from E-CID positioning, since multi-RTT and E-CID methods may be related to different higher-layer network procedures, performance requirements, UE capabilities and signaling. 
In addition to the "UE Rx-Tx" and "gNB Rx-Tx" measurements, for multi-RTT procedure to work additional signaling may be needed, such as time-stamp information with respect to the serving cell, or measured PRS-TP location for UE-based positioning and associated signaling. 

[bookmark: _Ref951239][bookmark: _Ref1133596]Proposal 3:	NR supports the following signaling for UE-based and UE-assisted multi-RTT positioning technique:
· Time-stamp information during which each reported "UE Rx-Tx" and "gNB Rx-Tx" are valid
· Quality indicators of the “UE Rx-Tx” and “gNB Rx-Tx”  measurements
· Measured PRS-TP location/almanac information
· Study further the signaling, reporting and accuracy details of the "UE Rx-Tx" and "gNB Rx-Tx"  measurements.




Figure 5: Example of measurement quantities UE Rx-Tx, gNB Rx-Tx in a scenario with a serving gNB and neighbor gNB with an unknown synch error with respect to the serving gNB.
2.3 Procedural considerations related to multi-RTT positioning
2.3.1 Example of a UE-based multi-RTT positioning procedure

In UE-based multi-RTT positioning, one may envision the following procedure:
· the UE starts the procedure by transmitting the UL PRS signal (when commanded), which can be received by multiple gNBs in its neighborhood. 
· Each gNB receives the UL PRS signals and measures the arrival time 
· Each gNB responds with the transmission of a DL PRS signal
· The UE then measures the TOA of the DL PRS signal and calculates the RTTs for each gNB
· The network provides the UE with:
· the TgNB-RX,k – TgNB-TX,k
· the PRS ID and SRS ID
· the time-stamps  during which the reported measurements are valid (e.g., the frame number/slot number)
· the quality indicator for the UL measurement 
· gNB/PRS location information.
Using the received information and the measured TOA on the DL, the UE is now able to determine its location. Additional details are described in [8], which however, depends on RAN2/3 (and SA2) architecture decisions.
2.3.2 Example of a UE-assisted multi-RTT positioning procedure

As a quick overview, one may envision the following procedure for multi-RTT positioning:
· A serving gNB may send a control signal to the UE, indicating to the UE that 
· one or more gNBs, on one or more beams, would be transmitting DL PRS signals on specific DL resources; 
· the UE is commanded to transmit (e.g., in response to the received DL PRS signals) UL PRS signals on specific UL resources towards one or more gNBs.
· The UE measures the arrival times (TOAs) relative to its own timing, like OTDOA positioning.
· The UE transmits an UL PRS signal (e.g., SRS) on the configured UL resources. 
· The gNBs measure the arrival times (TOAs) relative to their own timing.
· The UE transmits a measurement report to the network, including at least the following quantities for each measured gNB k:
· the TUE-RX,k – TUE-TX 
· DL RS and UL RS ID
· Time-stamp with respect to the serving cell during which the reported measurements are valid (e.g., the frame number/slot number)
· Quality indicator for the UE measurements.
The RTTs may then be computed from the arrival times of the UL signal, combined with the UE measurements, as described in section 2.2 above. Additional details are described in [8], which however, depends on RAN2/3 (and SA2) architecture decisions.

2.3.3 Reference Signals for multi-RTT positioning

[bookmark: _Hlk534972245]For the multi-RTT positioning technique, the same reference signals used for DL-only positioning and UL-only positioning technique can be used. Please find more details on these on the corresponding papers [10], [11].  

If special aspects are needed to be specified for multi-RTT, these can be discussed on a case-by-case basis. Such a case could be the two-step RACH which is now being discussed as a Rel-16 WI.  Multi-RTT measurements from multiple base stations can be performed using the two-step RACH procedure as a simple way to estimate the round-trip time between a UE and a gNB.
[image: ]
Figure 1: Two-step RACH used for RTT-based Positioning
 As shown in the above Figure, a UE may detect a positioning reference signal sent by a gNB and in response, it may use the two-step RACH Msg A PUSCH to report the time-difference between the transmission of the message and the reception of the PRS, namely (T3 – T2). The gNB can then use this report to compute an estimate of the RTT to the UE. Subsequently, the gNB may also transmit Msg B of the two-step RACH procedure, containing an indication of the time difference between the transmission of Msg B and the reception of Msg A. Using this indication, the UE may be able to compute an estimate of the RTT for the link to this gNB as shown. Multiple such RTT measurements can then be combined to estimate the position of the UE.
[bookmark: _Ref951245][bookmark: _Ref1133600]Proposal 4:	The reference signals used for RAT-dependent DL-only positioning techniques and UL-only positioning techniques should also be used for RAT-dependent multi-RTT. 
· Special case can be considered the two-step RACH procedure.
4. Conclusion 
In this contribution, we make the following observations:
Observation 1:	RAT-dependent UE-Based positioning has an abundance of beneficial characteristics including but not limited to the following:
· Enables new use cases
· Enables improved performance of existing use cases
· Improved scalability
· Improved operational range
· Low UL overhead
· Low latency
· Very low specifications impact
· Parity with RAT-independent UE-Based features

Observation 2:	RAT-dependent UE-Based positioning was agreed, but not yet implemented for Rel-15 (RP-172313 (RP-78)).
Observation 3:	RAT-dependent UE-Based positioning exists for RAT-independent methods.
Observation 4:	Multi-RTT positioning could be used to improve the gNB synchronization.
Observation 5:	The building block measurements of RTT-based positioning, i.e., "UE Rx-Tx" and "eNB Rx-Tx" measurements, already exist in LTE’s UE E-CID procedure, but accuracy of reporting is not enough for the 5G requirements.
In this contribution, we make the following proposals:
Proposal 1: Support RAT-dependent UE-Based positioning for NR in Rel-16
Proposal 2: The multi-RTT positioning technique should be specified as an individual positioning method, separately from E-CID positioning, since multi-RTT and E-CID methods may be related to different higher-layer network procedures, performance requirements, UE capabilities and signaling.
Proposal 3: NR supports the following signaling for UE-based and UE-assisted multi-RTT positioning technique:
· Time-stamp information during which each reported "UE Rx-Tx" and "gNB Rx-Tx" are valid
· Quality indicators of the “UE Rx-Tx” and “gNB Rx-Tx”  measurements
· Measured PRS-TP location/almanac information
· Study further the signaling, reporting and accuracy details of the "UE Rx-Tx" and "gNB Rx-Tx” measurements.

Proposal 4:	The reference signals used for RAT-dependent DL-only positioning techniques and UL-only positioning techniques should also be used for RAT-dependent multi-RTT. 
· Special case can be considered the two-step RACH procedure.
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