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Introduction
The Rel 16 study item on NR positioning aims at different types of use cases, including both regulatory and commercial use cases. The study item description [1] defines the objectives, including the following for the potential solutions:
· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· [bookmark: _GoBack]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.
Furthermore, during the RAN1#94b meeting0, it was agreed to include uplink/downlink positioning methods. In a previous contribution during ran1#95, we presented our view on uplink solutions for NR positioning0. In this paper, we continue discussing uplink/downlink positioning solution. 
Candidate uplink/downlink positioning methods
Basic Round Trip Time (RTT) positioning method
Ranging is one basic and classical positioning measurement. In wireless networks, it is typically estimated based on roundtrip time procedures. One example of a roundtrip time procedure is the uplink time alignment procedure, which is based on uplink TOA based on PRACH or UL DMRS and downlink TOA based on DL PSS/SSS.
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Figure 1 RTT between a gNB and a UE
The basic RTT procedure can be explained from Fig.1. As seen in the Fig.1 the RTT between the gNB1 and user equipment (UE) can be given as
(1)
Where,  is the time a signal takes to reach from BS1 to UE.  D is a fixed known delay at the UE.   
[bookmark: _Toc534989730]The basic RTT procedure can be implemented in cellular networks in different scenarios, where the RTT can be measured using DL reference signal and UL reference signal. 

RTT and overhearing by other gNBs
Figure 2 shows a scenario in which there are three base stations and one UE. The base station nodes are numbered 1,2 and 3, BS1, BS2 and BS3. Signals are being exchanged between the BS1 and the UE. The other base stations, BS2 and BS3 are listening to exchanges between the BS1 and the UE. There can be many base stations listening to the BS1 and UE exchanges, hence the scenario is very scalable in terms of the listening base stations. As the listening base stations would collect TDOA measurements, number of TDOA measurements collected at listening base stations would also be scalable. Further in the discussion time  The distance is the distance between node i and node j.
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Figure 2. Node 1, node 2 and Node 3 are anchor nodes (base stations in cellular networks). A user node to be localized is shown as a pink diamond. Node 1 and the UE are doing signal exchanges for RTT measurements. Node 2 and Node 3 are listening to the exchanges between the node 1 and the UE. 
Figure 3 illustrates the timing relations between the different nodes in the scenario discussed in the Fig.2. From Fig.3, RTT measurements between BS1 and UE can be given as following,
(1)
Where,  is the time a signal takes to reach from BS1 to UE.  D is a fixed known delay at the UE.   
[image: ]
Figure 3 RTT timing diagram for the scenario shown in the Figure 1. BS1 and the UE exchange the signaling between them. BS2 and BS3 are just receivers and collect TDOA measurements.
As shown in the Fig.3, BS2 measures the TDOA of signals received from BS1 and the UE. The measurement is given as,
.		(2)
Where,  is the time of flight between BS2 and UE.  is the time of flight between BS1 and BS2.

Similarly, the TDOA measurement at BS3 on the signals received from BS1 and the UE is,
 		(3)
Where,  is the time of flight between BS3 and UE.  is the time of flight between BS1 and BS3. 
Equation (1) is the RTT measurement equation and is used by BS1 in estimating the distance between itself and the BS1. The trajectory of UE location is found on a circle with BS1 at the center of the circle and the estimated distance as the radius of the circle. However, the position of the UE on the circle is not observable from the distance estimate alone.
Now the equation (2) can be simplified with the assumption of the known distance between BS1 and BS2 and hence the known time of flight,   as it is true in the wireless networks. The distance between base stations to be known is a necessity for estimating UE position. As discussed earlier, the delay D is also known at the UE. Thus, the equation (2) reduces to,
.		(4)
Where, . The above equation (4) can be further written as,
	(5)
Where,  are coordinates of the BS1 and  are coordinates of the UE.  is the speed of light. In the above equation (5), the left hand side is a measurement adjusted with known constants, the D and 
Similarly, the reduced measurements at BS3 will be,
.		(6)
The equation (5) defines an ellipse where the foci of the ellipse are at  and . The unique trajectory of the ellipse is defined by the measurement , and is the possible trajectory of UE location . Similarly, the measurements at the BS3, , as in equation (6) also gives rise to an elliptical trajectory of possible UE location. The two ellipses are shown in the Fig.3. The two ellipses intersect at two different points, which can be possible UE locations.
As said previously, the RTT between BS1 and the UE gives rise to a circular trajectory between BS1 and the UE, which can be superimposed on the elliptical trajectories, as shown in the Figure 4. Now the intersection of both the ellipses and the circle is at a unique location. The location is the UE location.
[image: C:\Users\esatdwi\Documents\IVDs\IVDs in preparation\ellipse_hyperbola_circle\ellipses.bmp]Figure 3 Elliptical trajectories around BS1, BS2 and BS3 formed from RTT between BS1 and the UE.

[image: C:\Users\esatdwi\Documents\IVDs\IVDs in preparation\ellipse_hyperbola_circle\ellipses_circle.bmp]
Figure 3 Intersection of ellipses generated from measurements at BS2 and BS3 and the circle generated from RTT measurements at BS1. 
As the BS2 and BS3 are only receiving signals from BS1 and the UE, the number of network nodes similar to BS2 and BS3 are infinitely scalable. Hence, theoretically, there can be infinite number of ellipses and one circle intersecting to give the UE location. 
[bookmark: _Toc534989476][bookmark: _Toc534989688][bookmark: _Toc534989709][bookmark: _Toc534989731][bookmark: _Toc534989477][bookmark: _Toc534989689][bookmark: _Toc534989710][bookmark: _Toc534989732][bookmark: _Toc534989733]Additional gNBs listening to RTT exchange between a gNB and a UE would provide more independent measurements to estimate position of the UE.
 RTT among gNB and overhearing by UE
[image: ][image: ]Figure 5 A scenario depicting base stations and a UE. The UE collects TDOA measurements from the RTT signaling between the two base stations. The figure also shows two possible hyperbolas from the two possible set of RTT exchanges among base stations. 

Another form of RTT and overhearing is shown above in Fig.5. As shown, the UE can overhear RTT measurements between two pair of base stations. It turns out that UE can be localized by the TDOA measurements collected at the UE from RTT procedures at pairs of base station. 
[bookmark: _Toc534961253][bookmark: _Toc534961303][bookmark: _Toc534989479][bookmark: _Toc534989691][bookmark: _Toc534989712][bookmark: _Toc534989734][bookmark: _Toc534989735]UE obtain positioning measurements by listening to RTT procedure signals between pairs of base stations
[bookmark: _Toc534989714][bookmark: _Toc534989693][bookmark: _Toc534989715][bookmark: _Toc534989694][bookmark: _Toc534989716][bookmark: _Toc534989695][bookmark: _Toc534989717][bookmark: _Toc534989696][bookmark: _Toc534989718][bookmark: _Toc534989697][bookmark: _Toc534989719][bookmark: _Toc534989698][bookmark: _Toc534989720][bookmark: _Toc534989699][bookmark: _Toc534989721][bookmark: _Toc534989700][bookmark: _Toc534989722][bookmark: _Toc534989701][bookmark: _Toc534989723][bookmark: _Toc534989702][bookmark: _Toc534989724][bookmark: _Toc534989703][bookmark: _Toc534989725][bookmark: _Toc534989704][bookmark: _Toc534989726][bookmark: _Toc534989705][bookmark: _Toc534989727][bookmark: _Toc534989706][bookmark: _Toc534989728]Conclusion
In the previous sections we made the following observations: 
Observation 1	The basic RTT procedure can be implemented in cellular networks in different scenarios, where the RTT can be measured using DL reference signal and UL reference signal.
Observation 2	Additional gNBs listening to RTT exchange between a gNB and a UE would provide more independent measurements to estimate position of the UE.
Observation 3	UE obtain positioning measurements by listening to RTT procedure signals between pairs of base stations
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