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1 Introduction
The Rel17 SID on NR Positioning has the following objective [1] :
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):

a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]

b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]


c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]

NOTE 1:
Sidelink is not part of this objective.

NOTE 2:
Involve RAN4 for validating assumptions for the systems evaluations where appropriate.

NOTE 3:
The commercial use cases and requirements are applicable to a limited geographic area.
In RAN2#111e, the following agreement was made [2]:
RAN2 to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.

In this contribution, we discuss the potential enhancements for supporting on-demand reference signals (RS) for positioning solutions that can be targeted for Rel-17.

2 Discussion
For supporting the positioning requirements of commercial use cases and verticals, Rel-16 has added the support of new NR positioning reference signals (DL PRS and UL SRS for positioning) and different RAT-dependent positioning methods based on NR signals:

· Timing-based methods: Downlink Time Difference of Arrival (DL-TDOA), Uplink Time Difference of Arrival (UL-TDOA) and Multi-Round Trip Time Positioning (MT-RTT)
· Angle-based methods: Downlink Angle-of-Departure (DL-AoD) and Uplink Angle of Arrival (UL-AoA)
· NR enhanced cell ID (E-CID) methods
While the new positioning methods in Rel-16 enables achieving high accuracy, the end-to-end latency requirement is relatively relaxed with a target of < 1s.
For supporting more diverse commercial use cases, in Rel-17 the positioning accuracy and latency have more tighter target requirements.
· Positioning accuracy ranges from < 1 m for general commercial use cases to < 0.2 m for IIoT Use Cases
· Target latency requirements is set to < 100 ms and for some IIoT use cases, latency in the order of 10 ms is desired 
Given the Rel-17 objective in SID and the agreement from R2#111e, we believe that the potential enhancements related to on-demand RS for UE-assisted and UE-based positioning should be studied by RAN2 for achieving low end-to-end (E2E) latency and high positioning accuracy targets. 
2.1. Enhancements for on-demand RS for positioning 
In Rel-16, the PRS and SRS for positioning (SRSp) are semi-statically configured. As such, it is challenging to achieve low latency and high accuracy positioning. Specifically, dynamic optimization of the PRS/SRSp configurations for ensuring consistent positioning accuracy based on conditions of UE (e.g. mobility, coverage) may not be feasible within the low latency requirements.

The semi-static PRS/SRSp configuration may also pose a limitation for achieving high accuracy and low latency positioning in certain environments (e.g. factory floor), which may be dynamic due to the presence of moving barriers and blockages to LOS paths. Additionally, the positioning method (e.g. DL-TDOA vs. UL-TDOA) applied may need to be dynamically varied depending on the UE condition and the deployment environment. In these scenarios, the existing techniques used for reactively reconfiguring the PRS or SRSp based on the measurement reports sent by UE or gNBs/TRPs to LMF (for UE-assisted) or based on reports sent to the UE (for UE-based) may not be adequate to satisfy the low E2E latency requirement targeted for Rel-17.

Observation 1: Semi-static configuration of positioning reference signals is inadequate for achieving high accuracy and low latency positioning in dynamic environments

To address latency, a mechanism to allow the UE to request for certain PRS/SRSp configurations for positioning may be considered. For example, the UE may request the PRS/SRSp configuration based on the change in the environment (e.g. mobility, coverage, poor quality of measurements, etc.) or the demand for services. The UE may also request certain configuration parameters in the on-demand request that can increase the positioning accuracy. For example, for DL or UL&DL methods, when measuring low RSRP on the PRS the UE may request for increased periodicity, change in time offset, change in TX power or frequency of PRS or beam transmitted from a cell or TRP. The UE may also indicate in the request to turn off or mute certain PRS originating from a cell/TRP when measuring high interference. The indication of the above parameters along with the cell/TRP IDs in the on-demand request will be beneficial for the LMF to coordinate PRS transmission. For minimizing the latency associated with coordination and reconfiguring PRS the support for pre-configurations of PRS at UE and gNBs/TRPs can be considered such that the PRS transmission may be dynamically activated/deactivated based on the on-demand request sent by UE.   
Observation 2: On-demand PRS provides flexibility in configuration of PRS to achieve high accuracy and low latency positioning

Proposal 1: 
RAN2 supports on-demand PRS for flexibly configuring PRS, latency reduction and positioning with high accuracy for  DL-based methods and UL&DL-based methods (e.g. multi-RTT)
In the case of DL&UL based positioning (e.g. multi RTT), the UE and RAN determine the measurements related to the time difference between the reception of PRS and transmission of SRSp. However, DL&UL based positioning method may result in higher latency due to configuration of PRS/SRSp and transmission of both PRS and SRSp for determining the time difference/RTT at UE and RAN. In addition, the latency may increase due to changing of the PRS/SRSp configurations when the measurements made at different TRPs/gNBs and UE are not sufficient for accurately estimating the UE position. 
Observation 3: In UL&DL positioning methods (e.g. multi-RTT), it is very challenging to achieve low latency and high accuracy positioning due to coordination and reconfiguring of PRS/SRSp configurations  

In these scenarios, a mechanism can be considered for the UE to assist in determining the PRS configurations by sending the on-demand request based on different triggering conditions configured in UE. In addition to PRS, the UE should also assist in determining the SRS configuration at RAN based on similar triggering conditions. For example, the UE can send the on-demand request at different stages of the multi-RTT procedure (e.g. after receiving PRS configuration, after receiving request for location information) to ensure accurate and timely measurement of PRS at UE and SRSp at TRPs/gNBs. The criteria/conditions for sending the on-demand request that can be configured in the UE, for example, may be based on comparison of the possible PRS configurations that are non-overlapping with SRSp configurations provided to UE.

Proposal 2: 
The timing of sending on-demand PRS in the UL&DL positioning method (e.g. multi-RTT) should be studied
Proposal 3: 
RAN2 should study the benefits of on-demand SRS for positioning
In certain deployment scenarios, the detection of LOS and NLOS paths becomes a critical and impacts the accuracy of positioning since NLOS paths provides erroneous timing information to UE. In the multipath environment, it may be possible for the UE to detect multipaths in a broad beam or in different narrow beams during PRS reception. In such cases, it may be beneficial to assign identification number to the discovered path such that the ID can be related to the PRS resource number for the purpose of identifying LOS/NLOS paths. Such relation will assist LMF to understand characteristics of the channel, and consequently optimize the PRS configurations.

Observation 4: In multipath environments, the presence of NLOS paths can severely impact the positioning accuracy and hence, it is important for determining/identifying LOS and NLOS paths

Proposal 4: 
RAN2 to study the mechanism for identifying LOS and NLOS paths and assisting in RS reconfiguration  
In Multi-RTT positioning, the DL and UL channels will experience similar channel conditions, where LOS and NLOS paths can be present in both DL and UL channels. In this regard, the information related to channel characteristics determined through UL channels (e.g. during SRSp transmission) can be useful for the LMF or RAN to configure PRS or SRSp, respectively. For example, the RAN may update spatial relationship of SRSp dynamically, after reception of SRSp, such that the network can inform the UE on the arrival angle information of SRSp. The RAN may associate the received SRSp with PRS or CSI-RS resource ID. With the availability of such information, the UE will be able to understand the path information of the channel, which can possibly be applied when supporting UE-based positioning.

Proposal 5: 
The mechanism to dynamically update the spatial relationship between SRS for positioning for UL&DL positioning methods (e.g. multi-RTT) and DL reference signals should be studied
Conclusion
In this contribution, the following observation were made on: 

Observation 1: Semi-static configuration of positioning reference signals is inadequate for achieving high accuracy and low latency positioning in dynamic environments

Observation 2: On-demand PRS provides flexibility in configuration of PRS to achieve high accuracy and low latency positioning

Observation 3: In UL&DL positioning methods (e.g. multi-RTT), it is very challenging to achieve low latency and high accuracy positioning due to coordination and reconfiguring of PRS/SRSp configurations  

Observation 4: In multipath environments, the presence of NLOS paths can severely impact the positioning accuracy and hence, it is important for determining/identifying LOS and NLOS paths
Based on these observations, the following conclusions were made:

Proposal 1: 
RAN2 supports on-demand PRS for flexibly configuring PRS, latency reduction and positioning with high accuracy for  DL-based methods and UL&DL-based methods (e.g. multi-RTT)
Proposal 2: 
The timing of sending on-demand PRS in the UL&DL positioning method (e.g. multi-RTT) should be studied
Proposal 3: 
RAN2 should study the benefits of on-demand SRS for positioning
Proposal 4: 
RAN2 to study the mechanism for identifying LOS and NLOS paths and assisting in RS reconfiguration  
Proposal 5: 
The mechanism to dynamically update the spatial relationship between SRS for positioning for UL&DL positioning methods (e.g. multi-RTT) and DL reference signals should be studied
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