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1 Introduction

A new study item on “Study on NR positioning support” was approved in RAN#80 [1] and the following agreements were made in RAN1#94b [2], RAN1#95 [3] and RAN1#Ad-Hoc 1901 [4].

Agreement:
The RAT dependent solutions considered for study include

· Downlink based solutions

· Downlink and uplink based solutions

· Uplink based solutions

Agreement:
The following candidate techniques are considered for study of UL positioning:

· Timing based techniques 
· Timing of arrival path(s)

· Angle-based techniques
· Uplink angle(s) of departure 
· Uplink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques
Agreement:
The following candidate reference signals were identified for UL positioning evaluation and are to be further studied

· NR PRACH

· NR SRS

· NR UL DMRS
· NR UL PTRS
· New UL positioning reference signals (UL PRS)
Agreement:
· NR UL SRS is used as a starting point for design and analysis of UL PRS

· Further study if and which enhancements are needed

· FFS: NR UL PRS relationship with UL BWP and component carrier
Agreement:
FFS: At least the following aspects for NR UL PRS design 

· Use of UL beam sweeping at FR2 
· Beam sweeping includes possibility of quasi-omni transmission

· Use of UL beam alignment at FR2 through DL reception and beam correspondence

· UL Power control aspects

· UL timing advance aspects

Agreement:
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:

· UL RTOA measurements

· UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)

· UL RSRP (reference signal received power) measurements
· gNB RX-TX time difference measurements

In this contribution, we discuss the potential solutions for NR UL positioning technologies.
2 NR positioning techniques
NR positioning technologies can be categorized into RAN-embedded (Cell-ID, E-Cell ID, OTDOA, UTDOA, etc.), RAN-external (GNSS, Bluetooth, WLAN, Terrestrial Beacon Systems (TBS), sensors, etc.) and hybrid solutions where RAT-independent positioning techniques can be used to facilitate and/or improve the performance of RAT-dependent positioning techniques. Considering the proliferation of embedded functionality for positioning to smartphones/mobile devices, in addition to RAT-dependent techniques, the hybrid positioning techniques should also be prioritized.
UTDOA is a typical uplink based solutions. As a network based positioning technique, the basic concept of UTDOA is to measure the arrival time difference of the reference signals transmitted from a UE at a reference node, e.g., serving node, and other neighboring nodes. With this measurement, UE position can be obtained by multilateration. In LTE, the measured reference signal is SRS and the unit to measure the arrival time difference can be Location Measurement Units (LMUs), which are attached to each eNodeB. In NR, the configuration of SRS is very flexible with following features.
· The number of SRS symbol can be configured spanning 1, 2 or 4 consecutive OFDM symbols;
· Both intra-slot and inter-slot frequency hopping within a BWP is supported and SRS can switch between BWPs and CCs;
· SRS configuration is UE specific;
· Periodic, semi-persistent, and aperiodic SRS transmission are supported;
· Multiple SRS resource set and SRS resources are supported.

Given the flexibility provided by SRS configuration in NR, it is natural to choose SRS as the reference signal to measure in NR and one of the major benefits is there is almost no impact on the UE implementation and thus requires fewer efforts to a roll-out. 
In addition to SRS, other reference signals such as DMRS and PRACH can also be considered for arrival time measurement and the benefits and disadvantages of each reference signal need to be studied. For PRACH, the positioning can happen at the very beginning stage of the communication, which might be needed for some use cases requiring very short latency. 
Proposal 1: The current reference signal configuration is very flexible so that further enhancements to support positioning function should be minimized. 
A UE can be configured with up to 4 BWPs but only one BWP can be activated at one time. Even though UE might be capable of operating outside the BWP, it is not required to do so. In this regard, SRS should be constrained in the active BWP.
Proposal 2: NR UL PRS, e.g. SRS should be configured within the active UL BWP.
A major drawback for uplink based solutions is the poor hearability because of the low transmission power of the UE. For UTDOA, another issue is the interference between UEs that could significantly limit the scalability.
Observation 1: Hearability significantly limits the applicability of UTDOA and due to interferences between UE, the scalability of UTDOA is also limited.
UL PRS is expected to be received by multiple TRPs/gNBs but the current power control scheme is only based on the serving cell link quality. In order to improve the hearability of UL PRS, UE can measure received signal strength from multiple TRPs/gNBs and identify the weakest link. Then UE can transmit based on the weakest link as long as it is lower than the maximum allowed transmit power per carrier.

Proposal 3: In order to improve the hearability of UL PRS, UE can transmit based on the weakest link of surrounding TRPs/gNBs as long as it is lower than the maximum allowed transmit power per carrier.

For UL PRS, TA is configured by the serving cell but is supposed to be heard not only by the serving cell but also by neighour cells. However, even in such a case, TA should not be changed since any change of TA will have impact on RTOA measurement at the gNB side. The propagation delay difference between the serving cell and the neighbor cells can be handled by the CP. 

Proposal 4:  The propagation delay difference between the serving cell and the neighbor cells can be handled by the CP and thus there is no need to change TA configuration.
For angle based positioning techniques, beam information can be used to estimation both AoA and AoD at the network side using the existing beam management framework defined in NR. The beam measurement and reporting mechanism can also be reused for positioning. However, one issue in beam management is that the beam direction cannot be linked to geographic direction in a straightforward manner. For example, the first beam is not necessarily to be the beam pointing to a certain direction, e.g., north direction. In this regard, a benchmark beam pointing to a reference geographic direction needs to be defined.

Proposal 5: For AoA/AoD based positioning exploring beam information, the existing NR beam measurement, reporting and management mechanism is sufficiently flexibly to support positioning except a reference beam pointing to a pre-defined geographic direction needs to be defined.

3 Conclusions 

In this contribution, we discussed the potential solutions for NR positioning technologies presented our views on the potential enhancements that need to be studied. Our observations and proposals are summarized below.

Observation 1: Hearability significantly limits the applicability of UTDOA and due to interferences between UE, the scalability of UTDOA is also limited.

Proposal 1: The current reference signal configuration is very flexible so that further enhancements to support positioning function should be minimized. 

Proposal 2: NR UL PRS, e.g. SRS should be configured within the active UL BWP.

Proposal 3: In order to improve the hearability of UL PRS, UE can transmit based on the weakest link of surrounding TRPs/gNBs as long as it is lower than the maximum allowed transmit power per carrier.

Proposal 4:  The propagation delay difference between the serving cell and the neighbor cells can be handled by the CP and thus there is no need to change TA configuration.

Proposal 5: For AoA/AoD based positioning exploring beam information, the existing NR beam measurement, reporting and management mechanism is sufficiently flexibly to support positioning except a reference beam pointing to a pre-defined geographic direction needs to be defined.
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