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Introduction
In this contribution, we provide summary of the main technical aspects being discussed in contributions submitted to the NR Positioning AI – “7.2.10.1.1 DL 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]-[17], the following list of open aspects was identified:
NR DL positioning techniques
NR DL reference signals for positioning, including reference physical structure and 
UE measurements and reporting for NR DL positioning
Support of UE-based and UE-assisted positioning
In the next sections we provide additional details and initial proposals to trigger further discussion and decision in RAN1 WG.
Overview of Contributions and Potential Proposals
NR DL Positioning Techniques
The majority of submitted contributions focus on support of DL timing (DL-TDOA) and angle based positioning (DL-AoD) techniques. Two contributions additionally propose to support phase difference of arrival (DL-PDoA) [9] and DL carrier phase measurements [6].

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

NR Reference Signals for DL Positioning
The views on reference signals for NR DL positioning seems diverse. Almost all companies discuss support of either modified CSI-RS structures or introduction of new DL positioning reference signals. In addition, some contributions mentioned that legacy reference signals such as SSB [12], [17] and CSI-RS [7] can be also useful for positioning in certain scenarios, while some contributions do not consider SSB [8] or CSI-RS as a suitable reference signals for NR DL positioning [1], [3], [6], [13].
Proposal for discussion
RAN1 observes that in order to improve performance of NR DL positioning the existing NR DL reference signal framework is not sufficient for accurate NR DL positioning. Enhancements should be introduced to facilitate more accurate measurements of signal location parameters.
RAN1 is to further study and select between the following two alternatives for NR DL PRS design
· Alt. 1: New NR DL positioning reference signals (NR DL PRS) are defined for NR DL positioning
· Alt. 2: NR DL positioning reference signals are based on modified CSI-RS (TRS) configuration to be defined for NR DL positioning
FFS whether it is beneficial and how to utilize legacy NR reference signals (i.e. R15 SSB and CSI-RS) independently or in combination with NR DL PRS and in which scenarios
· SSB only transmissions
· CSI-RS only transmissions
· Combination of SSB, CSI-RS and NR DL PRS

On properties of NR reference signals for DL positioning
Multiple contributions discussed and provided the list of desirable properties for NR DL positioning reference signals [1], [4], [5], [6], [7], [8], [13], [14]. Based on review, we have following proposal for discussion/decision.
Proposal for discussion
NR DL PRS design for FR1 and FR2 supports:
· Configurable NR DL PRS signal bandwidth
· Configurable NR DL PRS signal numerology (SCS, CP)
· Configurable NR DL PRS frequency and time allocation
· Unique identification of DL transmission points
· Possibility of DL TX beam sweeping
· Possibility of DL RX beam sweeping
· Localized in time NR DL PRS transmissions with periodic, semi-persistent and aperiodic resource allocation
· Allocation of dedicated NR DL PRS resources 
· i.e. not multiplexed with other cellular transmissions from gNB and system perspective

On amount of NR DL PRS IDs and antenna ports
Regarding the number of DL TX antenna ports supported for PRS transmission, the views seem diverse: single port [6], up to two ports [8] and configurable number of ports [13]. In [3], the number of required NR DL PRS IDs was raised, where it is stated than existing NR reference signal may not have sufficient number of IDs for sequence generation. Based on discussion, we have following proposal.

Proposal for discussion
For NR DL PRS design in FR1 and FR2, the following aspects are FFS:
· FFS number of antenna ports and whether it is configurable
· FFS number of NR DL PRS IDs for generation of PRS sequences

On NR DL PRS physical structure
Multiple contributions provide analysis of the NR DL PRS physical structure. The work in [5], [13], [17] analyzes various “comb” structures for NR DL PRS pattern design. The staggered “comb” structure is proposed in [13], [17]. The pros and cons of “comb” structure are presented in [8], [13]. In [6], the design based on primary (P-PRS) and secondary (S-PRS), where P-PRS is a wideband signals and S-PRS narrow band signal. In the same paper it is also proposed to use C-PRS for carrier phased based positioning. The C-PRS signal is a narrow band signal that can be configured to be transmitted in guard bands. The work in [5] proposed unified framework to define RS structure for the purpose of evaluation. The possibility of SFN-based transmission of NR DL PRS is discussed in [17], where it is stated that it can save resources and still distinguish TRPs.

Proposal for discussion
RAN1 to continue discussion and evaluation of the NR DL PRS physical structure for NR positioning
· FFS NR DL PRS pattern design
· FFS NR DL PRS signal and sequence design
· FFS NR DL PRS transmission schedule (e.g.  transmission schedule from multiple TRPs including potential SFN transmission, muting, etc.)
· FFS relationship with DL BWPs

On NR DL PRS Resource
The notion of NR PRS resource is discussed and proposed in [8].
Proposal for discussion
NR DL PRS resource is defined as a set of resource elements used for NR DL PRS signal transmission that can span multiple consecutive symbols and PRBs.

On NR DL PRS UE Measurements
Regarding UE measurements, for NR DL Positioning the following UE measurements were discussed and proposed: 1) RSTD measurements, 2) RSRP measurements as well as metric to characterize quality of RSTD measurements.
Proposal for discussion:
NR UE supports RSTD measurements for NR DL PRS
· FFS details (e.g. RSTD b/w different configured PRS resources, beams, TRPs, cells, etc.)
NR UE supports RSRP measurement for NR DL PRS
· NR DL RSRP measurement is used at least for NR DL AoD determination
· FFS if NR DL RSRP measurement for the first arrival path is defined
· FFS if RSRQ/SINR measurements are introduced for NR DL PRS
NR UE supports RSTD measurement quality metric for NR DL PRS
· FFS definition of RSTD measurement quality metric based on NR DL PRS

On UE reporting for NR DL positioning
For NR DL positioning, contributions mainly propose to report RSTD and RSRP measurements conducted on NR DL PRS. In [8], the benefits of reporting received signal waveform are discussed and evaluated. 
Proposal for discussion:
UE support reporting of the following information
· RSTD measurements for NR DL PRS
· FFS whether UE reports for all DL TX beams or subset of DL TX beams, etc.
· RSRP measurements for NR DL PRS
· FFS whether UE reports for all DL TX beams or subset of DL TX beams, etc.
· Received signal waveform for NR DL PRS
· FFS details

On UE coordinate estimation for NR DL positioning
Two contributions [8], [13] have proposed additional support of UE based positioning, so that UE can utilize its measurements of signal location parameters for self-positioning (location estimate at UE side) using NR DL positioning techniques.

Proposal for discussion:
NR support both UE-based and UE-assisted DL positioning
· FFS details on UE-based positioning aspects

On NR DL PRS support in TBS 
Two contributions [8], [13] have mentioned that NR DL PRS design should allow configuration and deployment of DL PRS in Terrestrial Beacon Systems (TBS).

Proposal for discussion:
NR DL PRS design allows deployment in TBS


Summary
In this contribution, we have provided overview of contributions on NR DL 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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