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1	Introduction
The current Release 17 WI on positioning enhancements for NR [1] has the intention to cover wide-scope enhancements for positioning accuracy including different use-cases such as MBB, IIoT, automotive, V2X and public safety.
While the main NR positioning support has been provided in Rel-16 and Rel-17, in with this paper we discuss three positioning objectives which may need to be considered within Rel-18 scope, including:
1. Redcap positioning
2. RAT-dependent positioning integrity support
3. In coverage, partial coverage and out of coverage positioning supports 
2	Justification of Release 18
2.1	Redcap positioning
The massive industrial wireless sensor network use cases and requirements include not only IIoT services with very high requirements for latency and reliability, but also relatively low, mid-end services with the requirement of small device form factors, and/or being completely wireless with a battery life of several years. Other scenarios with relatively low, mid-end services include smart city vertical for efficiently monitoring and controlling city resources and providing services to city residents, and wearables use cases such as smart watches, eHealth related devices and medical monitoring devices. Video surveillance without power consumption limitation is also the use case for such kind of services in the scenarios for industry and smart city. To support these low mid-end services, 3GPP introduces reduced capability (RedCap) UE devices in Release 17, the maximal UE bandwidths are 20MHz in FR1 and 100MHz in FR2, and the number of UE RX branches are 1 or 2. 
While we believe that the NR positioning support has all the enhancements needed to provide sufficiently good positioning support for the RedCap UEs, and we don’t expect any need to define new positioning reference signals for these devices, there is still some 3GPP work needed in order to fully claim that 5G is able to provide this UE category with proper positioning support.
A system level simulation study in RAN1 or RAN4 can be used to identify the potentials of Rel-17 5G positioning support in fulfilling the positioning requirements for most well-presented RedCap use-cases and enable the update of specifications in terms of RedCap positioning. 
In RAN2, there is at least the need to define capability signaling, how these devices would receive positioning assistance information from the LMF and how the positioning measurements are performed in respect to their power consumption limitations.
In RAN4, for RedCap positioning requirements need to be defined for:
· NR DL-TDOA
· NR Multi-RTT
· NR DL AOD

For each of these methods RAN4 could define requirements for the corresponding measurements (i.e. for RSTD, UE Rx-Tx time difference and DL PRS RSRP) for a UE with reduced number of RX-branches. We believe that this part can be already included in the Rel-18 RedCap enhancement WI. However, there may still be a need for RAN1 involvement earlier to identify specific requirements and use-cases for positioning RedCap UEs.
[bookmark: _Toc73998402][bookmark: _Toc73998439][bookmark: _Toc73999040]While the current Rel-17 NR positioning support can provide a decent positioning support for RedCap UE use-case requirements, more study is needed in 3GPP, including the need for additional specification and signaling support. 
[bookmark: _Toc73998403][bookmark: _Toc73998440][bookmark: _Toc73999041]RedCap device characteristics can have an impact on NR positioning capabilities and requirements
We propose:
[bookmark: _Toc73998116][bookmark: _Toc73998222][bookmark: _Toc73999068]Study the RedCap aspects of NR positioning
[bookmark: _Toc73998117][bookmark: _Toc73998223][bookmark: _Toc73999069]The RAN4 measurement requirements for RedCap devices can be captured in the Rel-18 RedCap WI.  

2.2	RAT-dependent positioning integrity support
Emerging applications relying on high-precision positioning technology in autonomous applications (e.g., automotive), has brought with it the need for high integrity and reliability in addition to high accuracy. Integrity is the measure of trust that can be placed in the correctness of information supplied by a navigation system. Integrity includes the ability of a system to provide timely warnings to user receivers in case of failure. Figure 1 presents how integrity and reliability of a positioning solution is different from the accuracy metrics and how much it is important that each of these metrics would be supported for an ultimate high performance.
[image: ]
Figure 1. Examples of different definition terms for a positioning estimation.

The 5G service requirements specified in TS 22.261 include the need to determine the reliability, and the uncertainty or confidence level, of the position-related data. This justified the work of positioning integrity for the first time in Rel-17. However, while in the beginning of the SI, the objective was to include both RAT-dependent and RAT-independent positioning methods. Due to a large amount of effort it required compared to the planned time allocation, RAN plenary decided to down scope the SI to support integrity for GNSS-only methods. One should also consider the fact that to fulfil the high reliability requirements for autonomous applications, it is not sufficient to only consider GNSS integrity as there are many scenarios such as tunnels and urban canyons in which GNSS does not have a good observability and hence a 5G RAT-based method can insure a reliable positioning estimation in those conditions.
This contribution describes the need of integrity support for a more-wider range of positioning methods to also support use-cases in which GNSS is not always or at all available and proposes for Rel-18 positioning studies and the next steps during Release 18 timeframe.
Until now, accuracy has been the main positioning performance metrics which have been discussed and supported by the requirements in 3GPP. In RP-193237, a new SI on “New SID on NR Positioning Enhancements” was approved in Rel-17 which one of the two objectives was to:
· Study solutions necessary to support integrity and reliability of assistance data and position information: [RAN2]
· Identify positioning integrity KPIs and relevant use cases.
· Identify the error sources, threat models, occurrence rates and failure modes requiring positioning integrity validation and reporting. 
· Study methodologies for network-assisted and UE-assisted integrity.

This was mainly a RAN2 objective and it was intended for both RAT-dependent and RAT-independent positioning methods, however, in the RAN2 first discussions of Rel.17 integrity support, RAN2 came to the conclusion that the error sources of RAT-dependent positioning integrity needs to be studied by RAN1, hence the following agreement:
· The error source for RAT-dependent positioning methods should be studied under RAN1.
Furthermore, RAN2 suggested that the study for integrity should be to use CONOPS (concept of operations) as a guideline to determine the set of error categories for RAT-dependent positioning methods.

RAN2 has also considered the study of error sources under various aspects, including 
· Angle-based measurement and timing-based measurement
· Unintentional causes and intentional causes
· The errors affecting the measurement including 
· Reference signals; 
· Network timing synchronization
· Propagation channel; 
· Location calculation.

Finally, RAN decided to down scope this objective to GNSS-only integrity solutions.
[bookmark: _Toc73998404][bookmark: _Toc73998441][bookmark: _Toc73999042]Integrity and reliability support for both RAT-dependent and RAT-independent positioning methods were included in Rel-17 scope, however, the work was down-scoped to GNSS-only due to lack of time planned within Rel-17 work.
[bookmark: _Toc73998405][bookmark: _Toc73998442][bookmark: _Toc73999043]RAN2 has previously agreed that the error source for RAT-dependent positioning methods should be studied under RAN1.
We propose:
[bookmark: _Toc73998118][bookmark: _Toc73998224][bookmark: _Toc73999070]In Rel-18 there is a need for a SI with a follow-up WI on providing integrity and reliability solutions for all types of use-cases even those which do not have full access to GNSS.
[bookmark: _Toc73998119][bookmark: _Toc73998225][bookmark: _Toc73999071]Rel-18 positioning SI shall also consider RAN1 work on identifying and analyzing the impact of error sources for different RAT-dependent positioning methods. 
[bookmark: _Toc73998406]Any use-case related to positioning in Ultra Reliable Low Latency Communication (URLLC) naturally requires high integrity performance. Some use-cases comprise V2X, autonomous driving, UAV (drones), eHealth, rail and maritime, emergency and mission critical. In use-cases in which large errors can lead to serious consequences such as health-related impacts, wrong legal decisions or wrong charge computation, etc., the integrity reporting becomes crucial.
Integrity is the measure of trust that can be placed in the correctness of information supplied by a navigation system. Integrity includes the ability of a system to provide timely warnings to user receivers in case of failure. There are many indoor use-cases including the IIoT services which cannot rely on GNSS positioning support while based on 5G service requirements specified in TS 22.261 they require to determine the reliability, and the uncertainty or confidence level of the position-related data. Therefore, NR positioning in Release 18 should specify RAT-dependent integrity positioning solutions to fulfil the reliability measure in indoor scenarios including IIoT use-case. Moreover, even for the automotive and railway use-cases which were mainly considered in Rel-17, there are still many conditions in which GNSS does not have enough observable and hence the presence of 5G and a hybrid consideration of RAT-dependent and RAT-independent based solutions can still very relevant for those scenarios as well. Consideration of sensors such as IMU within the integrity solution are also part of the methods which have not been considered in Rel-17. 
Figure 2 presents the main integrity KPIs and protection level definitions for GNSS-based integrity solution which can be simply extended to RAT-based integrity platform as well. The RAT-dependent positioning integrity can inherit many parts from the already standardized solution in Rel-17, however, there is a need for further study on the error sources and how the alerts can be triggered based on different integrity classification levels. 

[image: ]
Figure 2: The integrity KPIs and protection level definitions in Rel-17. 

2.3	In coverage, partial coverage and out of coverage positioning support
During RAN#91e, the first objective of the study item on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage positioning use cases was started and an update to TR 38.845 was agreed. This study is important to cover all deployment scenarios for public safety and V2X scenarios.
For V2X or public safety use cases whenever the user is in coverage (such as when responding to a building emergency in a densely built area), the responders can rely on a combination of the network infrastructure (macro nodes, roadside/lamppost mounted gNBs, etc.) and RAT-independent solution (such as on-board sensors for altitude, GPS receivers, WIFI, Bluetooth, etc.) to enable positioning services.  
Since Rel-17, in-coverage deployment has been shown to provide down to decimeter-level accuracy for RAT-based positioning (i.e. only with NR signals). The accuracy can be further improved with the use of on-board sensors and other RAT-independent signals.  
If a fully deployed network is not available, it is possible to use either a fully autonomous network deployed in a local area or an extended network access through integrated access backhaul (IAB) nodes. Such deployment can reach similar accuracy to what in-coverage solution can provide, if a suitable number of nodes are deployed.  
This extension of network coverage can of course be permanent, e.g. in tunnels or parking garages, but it can also be operated just temporal, e.g. during power breakout or during a very remote wildfire. Nodes for creating temporary coverage can be equipped, e.g., on police cars, fire trucks, drones or even backpacks.

[bookmark: _Toc73998407][bookmark: _Toc73998443][bookmark: _Toc73999044]The current NR RAT-dependent and RAT-independent positioning solutions are able to cover the deployment scenarios for public safety and V2X.
3	Proposed release 18 SI objectives
Based on the above three different topic discussions, we propose the following objectives in Release 18 SI. 
· Study potential solutions for improved support of positioning for RedCap UEs [RAN1, RAN2]
· Define RedCap scenarios based on TR 38.875. [RAN1] 
· Evaluate the achievable positioning accuracy, latency, scalability, and UE complexity with the Rel-17 positioning solutions in RedCap scenarios and identify any performance gaps. [RAN1] 
· Identify potential improvements of positioning techniques, signaling and procedures for improved accuracy, scalability, and reduced UE complexity and/or UE power consumption in RedCap scenarios. [RAN1, RAN2] 

· Study solutions necessary to support RAT-dependent integrity and reliability of assistance data and position information: [RAN1, RAN2]
· Identify positioning integrity KPIs and relevant use cases.
· Identify the error sources, threat models, occurrence rates and failure modes requiring positioning integrity validation and reporting. 
· Study methodologies for network-assisted and UE-assisted integrity.

· Study and identify positioning support for all deployment scenarios in coverage, partial coverage and out of coverage scenarios in order to address positioning for public safety and V2X use-cases. [RAN1] 

4	Conclusion
Based on the discussion in the previous sections we made the following observations: 
Observation 1	While the current Rel-17 NR positioning support can provide a decent positioning support for RedCap UE use-case requirements, more study is needed in 3GPP, including the need for additional specification and signaling support.
Observation 2	RedCap device characteristics can have an impact on NR positioning capabilities and requirements
Observation 3	Integrity and reliability support for both RAT-dependent and RAT-independent positioning methods were included in Rel-17 scope, however, the work was down-scoped to GNSS-only due to lack of time planned within Rel-17 work.
Observation 4	RAN2 has previously agreed that the error source for RAT-dependent positioning methods should be studied under RAN1.
Observation 5	The current NR RAT-dependent and RAT-independent positioning solutions are able to cover the deployment scenarios for public safety and V2X.

Based on this we propose the following:
Proposal 1	Study the RedCap aspects of NR positioning
Proposal 2	The RAN4 measurement requirements for RedCap devices can be captured in the Rel-18 RedCap WI.
Proposal 3	In Rel-18 there is a need for a SI with a follow-up WI on providing integrity and reliability solutions for all types of use-cases even those which do not have full access to GNSS.
Proposal 4	Rel-18 positioning SI shall also consider RAN1 work on identifying and analyzing the impact of error sources for different RAT-dependent positioning methods.
[bookmark: _In-sequence_SDU_delivery]
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Alert Limit

The maximum allowable
positioning error such that
the positioning system is
available for the intended
application. If the
positioning error is beyond
the AL, operations are
hazardous, and the
positioning system should
be declared unavailable
for the intended
application to prevent loss
of integrity.

Time to Alert (TTA)
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allowable elapsed time
from when the
positioning error
exceeds the Alert Limit
(AL) until the function
providing position
integrity annunciates a
corresponding alert.

Target Integrity Risk

The probability that
the positioning error
exceeds the Alert Limit
(AL) without warning
the user within the
required Time-to-Alert
(TTA).

NOTE: The TIR is usually
defined as a probability rate
per some time unit (e.g. per
hour, per second or per
independent sample).

Protection Level

The PL is a statistical
upper-bound of the
positioning error that
ensures that, the
probability per unit of
time of the true error
being greater than the AL
and the PL being less
than or equal to the AL,
for longer than the TTA, is
less than the required
TIR.

Specified by applications

If PL > AL then “the alert triggers” Calculated by users





