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Introduction
At RAN1 #95 meeting, there was agreement on considering the hybrid use of DL and UL positioning techniques for NR positioning study [1]:
	Agreement:
The following candidate techniques are considered for study of DL and UL positioning:
· Timing based techniques
· Round trip time measurement including support for multiple TRPs
· Combination of DL and UL techniques for NR positioning
· e.g. E-CID like techniques (including one or multiple cells)


In this contribution, we review the existing combined DL and UL techniques for LTE positioning, and discuss some possible advanced techniques for improving positioning accuracy for NR positioning.
Multi-cell RTT
In LTE, the ranging functionality is supported by measuring the distance between the Serving Cell eNB and the camped-on UE. The distance between the eNB and the UE can be calculated from the Round Trip Time (RTT), which is measured based on the Timing Advance (TA) defined in 3GPP [2] as follows:

TA = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference) for Type 1 TA,
TA = (eNB Rx – Tx time difference) for Type 2 TA.

For NR positioning, this ranging process can be easily extended for measuring UE location if the distances between multiple gNBs/TRPs and the UE are utilized together. In this case, the gNB/TRPs of the neighbour cells as well as the Serving Cell should be involved in measuring the corresponding RTTs.
The simplest way of extension for UE positioning is the well-known circle-based calculation. For each RTT measurement, a circle can be drawn with the gNB/TRP location and the distance as a center and a radius respectively. The UE location is determined as the intersection of more than three circles.
[bookmark: _GoBack]Figure 1 shows the overall procedure required for positioning based on the multi-cell RTT measurement, where the Base Station (BS) is gNB or TRP in NR. BS1 first measures the gNB RS-TX time difference (Δ0) and reports to the UE through TA signalling. UE then measures the UE RS-TX time difference (Δ1) and reports it for calculating the RTT, which is based on two time difference measurements. This is done for the Serving Cell (BS1) and the same procedure is done for the neighbour cell (BS2). That is, both the time differences Δ2 and Δ3 are reported for RTT calculation. It was assumed that the BS2 can hear the UE as in UTDOA case. If there are more BSs that can hear the UE and the corresponding RTTs are calculated, the UE location is determined as described above.
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Figure 1 Multi-cell RTT procedure

The TA-related process for a neighbour cell is not LTE-compatible operation as LTE-UE only adjusts its transmit timing according to the TA signalling from the Serving Cell BS (BS1 in this case). One possibility of keeping UE operation in a backward compatible way is to signalling Δ4 in Figure 1, instead of signalling Δ3 for BS2. The value Δ4 is the difference between two UE time differences Δ1 and Δ3, which is nothing but the RSTD (Reference Signal Time Difference) value reported for OTDOA (Observed Time Difference of Arrival) positioning. The BS2 time difference Δ2 should still be reported for RTT calculation. In this way, the legacy UE can support multi-cell RTT based positioning functionality without modification in UE operation.
Different from the OTDOA or UTDOA, mult-cell RTT method provides high positioning accuracy regardless of the network synchronization error between BSs. It’s a big advantage in that it doesn’t require any new hardware installation or software update on the network side to achieve a required level of synchronization for high positioning accuracy.
Proposal 1: Multi-cell RTT based positioning method should be supported in NR as highly accurate network synchronization is not required for high positioning accuracy.
Observation 1: Multi-cell RTT based positioning method using OTDOA as a part of its process does not increase the UE operational complexity.

There was a proposal to study the potential advantage of utilizing the phase difference measurement for NR positioning accuracy enhancement [3]. The basic idea is that the positioning accuracy through the timing difference measurement (OTDOA) is constrained by the sampling frequency, while the phase difference measurement in the frequency domain provides unconstrained accuracy by its nature. The oversampling or the interpolation method can be used to overcome this constraint for timing measurement method, but it results in increased hardware complexity of the UE.
In PDOA (Phase Difference of Arrival) approach, the phase difference between multiple sub-carriers of RS is used to measure the timing of reception impacted by the propagation delay between TX and RX. The number and the locations of RS sub-carriers to be used for PDoA-based positioning need further study to mitigate the multi-path effect for high accuracy positioning. Another advantage is the reduced signalling overhead if the estimated timing difference at the RX side is sent back to the TX through the phase modulation of the corresponding RS. It does not require any explicit reporting of the timing difference information. The TX side then simply measures the integrated phase difference of the received RS, and reports to the Location Server for final RTT calculation.
Proposal 2: PDOA-based positioning technique for RTT measurement needs to be further studied in the aspects of higher accuracy and signalling overhead reduction.

Combined DL and UL technique
Both DL positioning technique OTDOA and UL positioning technique UTDOA (Uplink TDOA) in LTE are based on so-called Hyperbola-based calculation using the multiple arrival timing differences. The more TRPs are involved, the more accurate positioning estimation is acquired. However there are some worst cases, where the Hyperbola-based positioning estimation does not provide good performance. In the worst case, the Hyperbolas intersect each other in an almost overlapped way, which makes it difficult to correctly estimate the intersection point with a reasonable reliability. For the case when the Hyperbolas intersect in an orthogonal way, the intersection point is relatively exactly determined [4].
This kind of worst case issue is not a problem of the hyberbola-based estimation only. Other type of estimation such as a circle-based (TOA) or Ellipse-based positioning has its own worst case, which may be different from each other. It’s noteworthy that one estimation technique may compensate the drawback of the other estimation techniques. As a result, the combined use of several types of DL and UL positioning techniques provides better performance than use of a single positioning technique.
Figure 2 shows the positioning procedures that utilize both DL and UL positioning of different types of estimation method. The left and right dotted circle indicate the OTDOA and the UTDOA positioning technique respectively. According to the description above, also the TOA can be measured through the RTT estimation.
Another way of providing divergent positioning estimation is to use Eclipse-based estimation. In Figure 2, the propagation delay between BS1 and UE (d1/c) and the delay between UE and BS2 (d2/c) can be added. This allows to draw an Ellipse surrounding two focuses, each of which is the location of each BS, and the UE position can be one of the points on the Ellipse. Similar to the Hyperbola-based method, if at least three Ellipse curves are drawn from multiple BSs, the UE location is determined by the intersection point of the Ellipse curves. The Ellipse-based estimation can be done with the signalling used for RTT described above, or a stand-alone estimation process is also possible by reporting the time period Δ6 in Figure 2.
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Figure 2 Combined DL and UL positioning techniques

The Location Server can combine all the possible measurements to improve positioning accuracy by complementing a possible worst case of one measurement method by another. As shown in Figure 2, the following positioning techniques are combined for hybrid use:
1) TOA estimation between UE and BS(s)
2) OTDOA for DL positioning based on Hyperbola method
3) UTDOA for DL positioning based on Hyperbola method
4) Accumulated Time of Arrival (ATOA) estimation for combined DL and UL positioning based on Ellipse method
Proposal 3: The combined use of DL and UL positioning techniques with divergent estimation methods needs to be further studied to avoid performance degradation of a single positioning technique in the possible worst cases.

Conclusion
In this contribution, we made the proposals for NR positioning techniques as follows:
Proposal 1: Multi-cell RTT based positioning method should be supported in NR as highly accurate network synchronization is not required for high positioning accuracy.
Proposal 2: PDOA-based positioning technique needs to be further studied in the aspects of higher accuracy and signalling overhead reduction.
Proposal 3: The combined use of DL and UL positioning techniques with divergent estimation methods needs to be further studied to avoid performance degradation of a single positioning technique in the possible worst cases.
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