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1 Introduction
In this contribution, we provide summary of the main technical aspects being discussed in contributions submitted to the NR Positioning AI – “7.2.10.1.2 UL only positioning techniques” and provide tentative proposals for further discussion in RAN1 WG aiming to facilitate discussion during the meeting week.
Based on review of the submitted contributions [1]-[10], the following list of open aspects was identified:
NR UL positioning techniques
NR UL reference signals for positioning, including reference physical structure
gNB measurements and reporting for NR UL positioning
In the next sections we provide additional details and initial proposals to trigger further discussion and decision in RAN1 WG.
2 Overview of Contributions and Potential Proposals
NR UL positioning techniques
The majority of submitted contributions discuss UL timing (UL-TDOA) and angle based positioning (UL-AoA) techniques. One contributions additionally proposes to support UL carrier phase measurements [3]. The explicit support for UL-TDOA is mentioned in [1], [2], [3], while in other contributions it is rather suggested to prioritize [4], [10] or study of UL-TDOA and UL-AoA [5], [8]. One contribution says that UL-TDOA can be considered as a special case of multi-cell RTT [6]. The need for additional studies on UL-AoA techniques in NLOS conditions is highlighted in [7]. 

Proposal for discussion
NR supports UL measurements to enable timing (UL-TDOA) and angle (UL-AoA) based positioning technique in FR1 and FR2
· FFS if UL-TDOA and UL-AoA are separately defined or specified under the same UL positioning framework
· FFS measurements for carrier phase techniques

NR Reference Signals for UL Positioning
As for NR UL positioning reference signals (NR UL PRS), majority of contributions mention SRS as a primary candidate for UL positioning reference signals and considered SRS as a starting point for UL PRS design discussion, emphasizing that enhancements may be needed to improve coverage, support gNB RX beam training, improve accuracy of estimation of signal location parameters. In addition to NR UL SRS, the support of NR PRACH was discussed and proposed in [4], [8]. One contribution [3] proposed to introduce C-PRS for carrier phase based measurements and another contribution also proposed to additionally consider DMRS [8].
Proposal for discussion
RAN1 to continue study and select between the following two alternatives for NR UL positioning reference signal (NR UL PRS):
· Alt1. Both NR UL SRS and NR PRACH are considered as a starting point for NR UL PRS design
· FFS if new UL PRS is introduced or UL SRS/PRACH is enhanced
· Alt2. NR UL SRS is used as a starting point for NR UL PRS design
· FFS if new UL PRS is introduced or UL SRS is enhanced

On properties of NR reference signals for UL positioning
Multiple contributions provide description of the NR UL positioning reference signal design aspects [2], [3], [4], [5], [6], [9]. Based on review, we have following proposal for discussion/decision.
Proposal for discussion
NR UL PRS design for FR1 and FR2 supports
· Configurable NR UL PRS signal bandwidth (except based on NR PRACH signal)
· Configurable NR UL PRS signal numerology (SCS, CP)
· Configurable NR UL PRS frequency and time allocation
· Possibility of UL TX beam sweeping
· Possibility of UL RX beam sweeping
· NR UL PRS transmissions with periodic, semi-persistent and aperiodic resource allocation
· Allocation of dedicated NR UL PRS resources
· i.e. not multiplexed with other cellular transmissions from gNB and system perspective

On NR UL PRS physical structure
According to [4], [5], [6], [7], [9] main design aspects for NR UL PRS physical structure are summarized in the following proposal for discussion/decision.
Proposal for discussion
1. RAN1 to continue discussion and evaluation of the NR UL PRS physical structure for NR UL positioning
· FFS NR UL PRS pattern, density of REs, etc.
· FFS number of antenna ports
· FFS NR UL PRS signal and sequence and number of IDs for generation of NR UL PRS sequences
· FFS NR UL PRS transmission schedule (i.e. transmission schedule from UEs)
· FFS relationship with UL BWPs

On NR UL PRS beam sweeping
[bookmark: _Toc534641006]Given that UL is typically more coverage limited than DL, the importance of UL RX beamforming at gNB was mentioned in [4]. The aspects of UL TX and UL RX beam correspondence were also discussed in [6], [7], [8], [9]. In [3], it was proposed to include the beam information of the DL/UL reference signals in the messages exchanged between UE, LMU, and LMF for supporting UL positioning.
Proposal for discussion
RAN1 to continue discussion on whether and how to support TX and RX beam-sweeping / beam management procedures for NR UL positioning

On NR UL PRS measurements
Multiple companies expressed their view on measurements that can be used for NR UL positioning [3], [4], [5], [6], [7], [8], [10]. Following proposal is suggested for discussion/decision.
Proposal for discussion
The following measurements for NR UL PRS at serving and neighbor gNBs are supported:
· UL RSTD measurements
· FFS details (e.g. RSTD b/w different configured UL PRS resources, beams, etc.)
· UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
· UL RSRP (reference signal received power) measurements
· FFS if UL RSRP measurement for the first arrival path is defined
· FFS if UL RSRQ/SINR measurements are introduced for NR UL PRS

On gNB reporting for NR UL positioning
As it was clearly seen in [3], [4], [5], [6], [7], [8], [10], positioning technique correlates with set of positioning measurements and reporting, thus, following proposal, which describes the report structure for NR UL positioning, is suggested for discussion/decision.
Proposal for discussion
NR UL positioning in FR1 and FR2 supports
· UL RSTD measurement for detected first arrival path and measurement quality
· UL Angle Of Arrival measurement (Azimuth and Zenith) 
· UL RSRP measurements for NR UL PRS
· FFS whether reports for all UL RX beams or subset of UL TX beams, etc.

On LMU support for NR UL positioning
In [1], the support of three LMU classes for NR UL positioning is proposed. Given that assumption on LMU deployment may have impact on physical layer aspects the following proposal is made:
Proposal for discussion
RAN1 to discuss support of NR LMU for UL-based positioning with the following three classes: 
· Integrated with gNB
· Co-sited with gNB and share antennas with gNB
· Standalone with its own antennas

3 Summary
In this contribution, we have provided overview of contributions on NR UL positioning aiming to select main aspects for discussion. Based on analysis of submitted contributions we have made potential proposals to be used as a starting point to facilitate and trigger further RAN1 discussion.
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