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Motivation for potential positioning enhancements
In Ran#88-e, the SID (RP-200928)  on NR positioning enhancement was approved as below:
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.
2. Study solutions necessary to support integrity and reliability of assistance data and position information: [RAN2]
a. Identify positioning integrity KPIs and relevant use cases.
b. Identify the error sources, threat models, occurrence rates and failure modes requiring positioning integrity validation and reporting. 
c. Study methodologies for network-assisted and UE-assisted integrity.
NOTE 4:	Objective 2 is applicable to both, RAT-dependent and RAT-independent positioning methods.

In this document, we focus on potential enhancements of NR positioning techniques allowing a reduced latency and higher accuracy and device efficiency which could be useful for various scenarios such as automotive and IIOT.

RRC_inactive / RRC_idle states positioning
As positioning is becoming an essential feature in many wireless devices, lower power consumption target is getting more attraction in recent RAN email discussions of devices manufacturers and network operators. As example, many positioning applications and devices of vulnerable person emerged recently such as elder/children tracking services. Such battery-based devices require periodic positioning with least power consumption. Current NR positioning methods rely on RRC_connected state which forces devices to perform many switching between connected and idle/inactive states which incurs a large signaling overhead, access latency and high power consumption. Thus, positioning should be supported in RRC_idle and RRC_inactive states. This enhancement should be enabled for UE-based and UE-assisted positioning methods. As the transmission of small data or Early Data Transmission (EDT) in RRC_inactive state was already introduced in LTE-M and NB-IoT, positioning-related signal transmission for UE-assisted positioning could also be introduced as an enhancement to Rel-17 positioning. Thus, to help reduce RRC mode-switching-related impact, some modification can be introduced such as:
· Reporting DL PRS measurements to network (for UE-assisted) in RRC inactive
· SRS transmission in RRC inactive state
· enabling measurements of DL PRS in RRC_idle/inactive states

Proposal 1: Support positioning in RRC_IDLE/INACTIVE states.

Enhancement to physical layer procedure
On-demand PRS
In Rel-16, DL PRS are transmitted with a periodicity pattern configured by the network. This seems inefficient for reduced latency positioning as the device may have a different positioning update pattern from the network. Then, the device has to either monitor each PRS occasion where it is not required to do it incurring a higher power consumption. On the contrary, UE has to wait for the next occasion which is causes a larger position acquisition delay. Hence, to address this problem, potential enhancement can comprise on-demand PRS transmission where UE requests PRS following its required positioning update. The network can decide to transmit specific PRS to a given user or it can decide to choose the best PRS periodicity pattern for a group of users to satisfy a trade-off between them.
Proposal 2: Study and support aperiodic and on-demand PRS transmission.

SRS power control
In Rel-16, UL SRS based positioning rely only on open-loop power control. Such behaviour can be a cause of potential interference for the serving cell as well for neighbouring cells involved in positioning procedure. Closed-loop power control can then be used for SRS transmission and TPC command can be originated from the serving cell or a neighbouring cell as well. In addition to interference reduction, this mechanism helps UE to adjust SRS transmission power in order to reduce power consumption.
Proposal 3: Support Closed-loop power control for the transmission of SRS for positioning

Improving positioning accuracy
In the last RAN1 102-e meeting, this agreement was made:
Agreement:
The scenario, benefits, methods and signalling for improving positioning accuracy in the presence of the UE Rx/Tx transmission delays, and/or and gNB Rx/Tx transmission delays, will be investigated for UE-based and network-based (including UE-assisted) positioning in Rel-17.

In out of coverage scenario, positioning accuracy and acquisition delays could be compromised due to the lack of GNSS or cellular positioning service. This could happen in scenarios where a user switches from in coverage to out-of-coverage zone or vice versa, in the entry or exit from a tunnel or underground parking for instance. Switching from positioning service to another should be assisted in order to reduce the switching operation latency. Positioning assistance information could be transmitted from the last node of a positioning system to a UE when the latter is about to enter another localization system area. We give below an example of such scenario.
[image: ]
Figure 1: Positioning assistance via network for Out Of Coverage positioning

We consider a scenario where UE are passing through a tunnel where there is no GNSS-based or network-based positioning service, in a tunnel for instance. In the tunnel, fixed or moving Road Side units take over the positioning service for UEs inside. Outside the tunnel, when UE1 is in a configured position P1, it receives positioning assistance data from its serving cell, here gNB3.  The transmission of assistance data could be triggered by a UE request or directly from network upon detection (and potentially notification) of imminent transition from an IC to an OOC zone. Assistance data comprises all information required by UE to be able to acquire its position in the tunnel such as the list and the position of each RSU and positioning signal characteristics they transmit. Similarly, at the exit of the tunnel, UE3 at a configured position P3 (about to switch to in Coverage zone) receives assistance information from RSU3 to help UE3 find positioning signals from gNB4 it will camp on once in coverage again.   

Proposal 4: Support transmission of assistance information to UEs switching between positioning systems to reduce position acquisition delay.



Conclusions
Following proposals have been made in this document:
Proposal 1: Support positioning in RRC_IDLE/INACTIVE states.
Proposal 2: Study and support aperiodic and on-demand PRS transmission.
Proposal 3: Support Closed-loop power control for the transmission of SRS for positioning.
Proposal 4: Support transmission of assistance information to UEs switching between positioning systems to reduce position acquisition delay.
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