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Introduction
In 3GPP NR Ad-Hoc 1901 meeting, there was agreement on considering the hybrid use of DL and UL positioning techniques for NR positioning study [1]:
	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
· 


In this contribution, we reveal our views on the potential techniques for NR positioning especially for combined DL and UL techniques based on the agreements.

Discussion on Combination of DL & UL based Positioning
Multi-cell RTT
In the previous meeting, it was agreed that round-trip time (RTT) with one or more neighboring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2.
There are two methods for multi-cell RTT based positioning:
1) Method 1
It performs per-gNB/TRP RTT measurement over multiple gNB/TRPs for triangulation localization.
2) Method 2
It performs the RTT measurement over a single gNB/TRP (e.g. in the serving cell), and measures RSTD over the other gNB/TRPs and gNB RX-TX time difference.
Figure 1 shows the overall procedure and measurements required for multi-cell RTT based positioning technique. Details of the method 1 and method 2 are described in the following sections.
2.1.1 Multi-cell RTT based positioning method 1
Figure 1 shows an example for the two BSs (Bate Station, which means gNB or TRP) case. The same process can be extended to multiple BSs case for triangular localization. For the uplink PRS, BS1 measures the gNB RX-TX time difference (Δ0). For the downlink PRS, UE measures the UE RX-TX time difference (Δ1). The RTT is calculated from the difference between the two measured time difference (Δ1- Δ0 in this case).
The same process is done for BS2 and the RTT over BS2 is calculated as Δ3- Δ2. If more than one BS is also available for RTT measurement in this case, the UE position can be determined by the triangular localization. In this case, all the relevant time difference measurements should be reported to the Location Server, which finally decides the UE position based on the reported measurements.
The reporting process over the Serving Cell BS for RTT measurement is already specified in Release 9. The reporting over the Neighbour Cell, for example, requires a new process.
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Figure 1 Multi-cell RTT procedure

2.1.2 Multi-cell RTT based positioning method 2
The method 2 reuses the reporting process defined for OTDOA. As shown in Figure 1, the UE RX-TX time difference over BS2 (Δ3) is the sum of the UE RX-TX time difference over BS1(Δ1) and the RSTD (Δ4) between BS1 and BS2 in DL OTDOA measurement. In method 2, after reporting RTT-related time difference measurements over BS1 (Δ0 and Δ1), UE reports the RSTD (Δ4) value instead of reporting UE RX-TX time difference over BS2 (Δ3). The BS2 measures gNB RX-TX time difference (Δ2) and reports to the Location server. The same OTDOA-relevant process is done for other BSs for RTT measurement, and the Location Server decides the UE position based on the reported measurements and triangular localization.
The advantage of the method 2 is that the multi-cell RTT based positioning feature can also be used by the LTE UE. This is because the method 2 doesn’t require any new operation and process from UE perspective. Note that unlike the DL OTDOA positioning, the gNB/TRPs doesn’t have to send the DL PRS at the same time instant, as shown in Figure 1.
Proposal 1:
· DL OTDOA RSTD measurement and reporting process can be merged into the multi-cell RTT measurement process.
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.

Hyperbola and Ellipse based Positioning
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 hyperbola-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 Ellipse -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 UL 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.

Transmission and Reception beam
For the combination of DL and UL based positioning such as multi-cell RTT technique and/or OTDOA with UTDOA, the transmission and reception procedure for both DL RS resource(s) and UL RS resource(s) is required. If TX/RX beam sweeping behaviour of TRP/gNB and UE is required for both DL and UL RS signalling, the RS resource transmission and reception latency would be unnecessarily increased and hence, it is important to effectively determine the TX/RX beam direction of gNB/TRP and UE.
Assuming that DL based positioning is performed first and then UL based positioning is performed, we suggest how to determine the UL beam direction of gNB/TRP and UE based on DL RS signals.
For DL based positioning such as OTDOA, the gNB/TRP sends multiple PRS resources in multiple directions using multiple TX beams. For the PRS resources transmitted on a specific TX beam, ToA values can be measured by the target UE while changing RX beam. After this ToA measurement procedure is performed on the PRS resources transmitted in all TX beams, the UE can find a specific transmission TX beam (PRS resource index) and a specific reception RX beam that have a minimum propagation time or ToA value. Then, the DL RX beam of the UE can be used as a UL TX beam for transmitting UL SRS resource(s) intended to the gNB for UL based positioning, and the DL TX beam of the gNB/TP corresponding to the PRS resource index can be used as a receiving RX beam when SRS resources are transmitted in the uplink in the future. For this purpose, the PRS resource index needs to be reported by the UE.

Conclusion
In this contribution, we made the proposals for the combination of DL and UL based positioning techniques in NR as follows:
Proposal 1:
· DL OTDOA RSTD measurement and reporting process can be merged into the multi-cell RTT measurement process.
Proposal 2: 
· PDOA-based positioning technique for RTT measurement 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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