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1 Introduction
In Rel 16 initial positioning support is provided with both RAT based, and non-RAT based positioning techniques. RAT based positioning includes DL-TDOA, DL-AOD, Multi RTT and ECID as DL positioning techniques and UL-TDOA, UL-AOA, Multi-RTT as UL positioning techniques. In RAN#86 meeting, the study item on NR positioning enhancements was approved under release 17 [1]. From RAN1’s perspective, the SI includes the following objectives:
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.


Rel 17 study focuses on the more advance commercial use cases rather than just satisfying the public safety requirements. One such commercial use case is the Industrial IoT (IIoT) scenario agreed in RAN1 #101-e with more stringent positioning requirement in terms of accuracy, latency, and power consumption. In RAN 1 #101-e few agreements on commercial use case requirements are achieved. Following are the relevant agreements from RAN1# 101-e, 
Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
· Note: Target positioning requirements may not necessarily be reached for all scenarios

Agreement:
· InF-SH and InF-DH models in TR 38.901 are adopted as the baseline scenarios for defining the channel models, parameters, and modelling techniques for performance evaluations in the Rel. 17 positioning enhancements at least for IIoT use cases
· Note: Modifications to parameters in the InF-DH models will be discussed separately.
· Note: Target performance and performance gap identification will be discussed separately. 
· Note: Individual companies may consider additional InF models in TR 38.901 as complementary evaluation scenarios in their simulation investigation and the evaluation results can be considered to be captured in the TR 38.857.
· Note: Target positioning requirements may not necessarily be reached for all scenarios.

The present contribution discusses the possible enhancements in terms of the improved accuracy, reduced latency, network efficiency and device efficiency. 

2 Accuracy enhancement in NR RAT based positioning
As mentioned in last section the positioning accuracy expected for new commercial use cases is less than 1 m in both horizontal and vertical direction where as in IIoT case it is less than 20 cm. Release-16 study satisfies the accuracy around 3 m for indoor scenario and 10 m for outdoor scenarios. Further in some cases due to the network synchronization error, the achievable accuracy is much higher than the required accuracy. Therefore, the improvement of accuracy of release-16 positioning techniques is very important to satisfy the expected targets.
2.1 Reliability indication along with timing measurement reports for position-calculation
NLOS is one of the major sources of error in positioning. Release 16 support reporting of up to 3 RSTD values for TDOA based positioning. However, this does not provide enough information about whether an RSTD value corresponds to the LOS or NLOS path. Additional information such as confidence in the path being LOS and path AoA can help in the detection and mitigation of NLOS paths. Performance evaluation of the effect of LOS is performed in our companion contribution [5]. 
Observation 1: Reporting LOS confidence and path AoA can help in detection and mitigation of NLOS paths. 
Proposal 1: Reporting of LOS confidence and angle information of LOS path should be studied in Release-17.
2.2 Network synchronization error estimation
To achieve high detection accuracy measurement, slot boundaries need to be aligned across different neighbouring gNBs. Such ideal synchronization is challenging across gNBs. Synchronization error of order 50ns will cause error of 15m in positioning measurement. This is highly undesirable as required accuracy in in sub meter level in release 17. Performance evaluation of this error is performed in our companion contribution [5]. Therefore, network synchronization error should be accurately measure and compensated at LMF from the reported measurements of the UE. 
In IIoT or indoor scenario a reference UE node can be deployed for measurement of network synchronization error. Location of the reference node will be known and therefore it will estimate the network synchronization error with different gNB pairs and report back to the LMF. The placement of the reference node can be planned in such a way that there is high chance of the LOS path (e.g. deployment of reference UE above the IIoT maximum gNB height). This will increase the hearability of all the gNB PRS signal and measurement error in network synchronization error will be minimum. 
Proposal 2: Deployment of reference UE in IIoT and indoor office scenario should be studied for determination of the network synchronization error. 
Similarly effect of achievable clock accuracy of network synchronization techniques like syncE and PTP should be studied.
Proposal 3:  achievable clock accuracy of network synchronization techniques like syncE and PTP should be studied.

2.3 Advance positioning algorithms
The cusp of accuracy lies with the amount of information that the estimation algorithm can process. Simple algorithms such as TDOA, other angle-based schemes can yield estimates with an accuracy of 1m for 80% of the devices in the LOS scenario with 100 MHz of bandwidth. However, these methods fail to exploit the correlation between the parameters, such as angle and range, and perform poorly in NLOS scenarios. Super-resolution hybrid positioning methods can easily outperform these conventional methods if provided with the parameter correlation and error covariance matrices. These methods can also utilize the reliability of observations to mix the information judicially while estimating the device's position.
Moreover, the angle and time information can be employed to detect the NLOS observation if some crude information about the geometry of the indoor scenario is known.  The release-16 positioning standards support the super-resolution methods, but it is limited to angle-based positioning only. The support should be extended for TOA/TDOA and RTT positioning methods too. Moreover, there are patterns in the motion of machines and devices. Hence simultaneous localization and mapping (SLAM) can be used for tracking the motion of the devices. It allows us to estimate the 6-D position, [x, y, z] and [yaw, pitch, roll], of the UEs where the additional three dimensions enhance the UE tracking.
Proposal 4: Support for enabling advanced positioning algorithms should be studied in Release-17.

2.4 Simultaneous reporting and processing of multiple frequency layers
[bookmark: __DdeLink__4571_584735043]Current standards allow configuration and reporting of measurements per frequency layer. Processing the layer individually results in lower time resolution while measuring the RSTD. The RSTD measurements are aggregated/averages at server/BS, but it does not benefit much. The UE should be enabled to aggregate multiple adjacent frequency layers. The low-end UEs, which cannot process multiple layers simultaneously, should be supported to receive the PRS in adjacent bands across time. The aggregated processing of frequency layers increases the overall bandwidth, which can help achieve accuracy targets.
Proposal 5: Simultaneous reporting or processing of multiple frequency layers can improve the positioning accuracy.
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Fig 1:  Realization of larger spectrum based on aggregation of channel from the adjacent bands.
2.5 Introduction of new KPIs
In IIoT positioning, the constraints on latency, accuracy, and reliability are very tight. Hence, it becomes crucial to introduce new performance indicators to enforce these constraints and evaluate the performance of the proposed methods. Latency is an important parameter in IIoT positioning. The network should indicate the priority of the job and time-to-alarm to the receiver to achieve the latency requirement. Similarly, to ensure the required accuracy, the network should indicate the false alarm rate and the number of detectable false transmitters. This allows the UEs to request/trigger configurations and choose methods/algorithms based on the desired accuracy and the time it has to report back the measurements/position estimate. 
Proposal 6: New KPIs such as priority, time-to-alarm, the false alarm rate and number of detectable false transmitters should be considered in Release 17 study.

3 Latency reduction in NR positioning
3.1 Positioning Architecture changes
[bookmark: __DdeLink__764415_1679379148]For commercial use cases like IIoT, locating position of device with very minimum delay is very essential and sometime very critical. Therefore, the time to first fix (TTFF) of position of a device should be as low as 10ms as expected for some commercial cases. Main hurdle in achieving this latency requirement is the positioning architecture. Fig 1 shows the positioning architecture for NG-RAN from TS 38.305 [2]. In NR, AMF receives the request for positioning for a particular UE from the external application or the AMF itself initiate the positioning request to the LMF. Then the LMF configures the appropriate positioning method based on the UE capability and provides the assistance information to the UE and configures gNBs for PRS transmission or reception if RAT based method is configured. Then UE performs the measurement and/or position calculation and report back to the LMF. Then the LMF performs the position calculation in case of the UE assisted positioning and provide result to the AMF. Then the AMF will send the result to external application e.g. GMLC. Thus, the step involved in this messaging and reporting the actual position will suffer the processing delay and channel delay in every step. This makes it difficult to satisfy the latency constraints envisioned in Release 17 enhancements. Therefore, positioning architecture need to be carefully modified to reduce the step of reporting the final position measurement. 

[image: ]
Fig 2: UE positioning architecture for NG-RAN
One solution to this is allowing the serving gNB to measure the final position of the UE and report back the external application directly through AMF. This will reduce LMF to AMF signalling delay.  Similarly, assistance information pre-configuration signalling also will reduce the latency of every time signalling the assistance information to the UE at least in controlled environment like IIoT or indoor office. 

Proposal 7: Positioning architecture for NG-RAN should be optimised to reduce the latency incurred in TTFF of position of the UE.

4 Device power reduction for IIoT scenarios
UE power consumption efficiency is very important in positioning of IoT devices as it is expected to last their batteries for very longer period. Therefore, power optimization solution needs to be studied in this study item. 
4.1 Trigger based UE position measurement reporting
In IIoT scenario, one of the objectives of positioning is to locate the motion of UEs like AGVs or objects on conveyor belt. In these cases, when an object reaches certain location, a particular operation needs to be performed. Therefore, reporting of the location can be triggered when a certain event occurs in UE and no need of periodic reporting of the UE location and/or measurements. For example, in case of conveyor belt, location information is necessary for an object on conveyor belt when it is being put on the belt and at the end of the belt when it is being moved at other place. In this case the object will report its location and/or measurement update when preconfigured events occur. One advantage of this approach is, it will save the UE power as reporting and measurement will happen when certain events get triggered. To achieve this, LMF should configure the positioning assistance information for certain duration and it will be valid over multiple reports. Thus, separation of LMF configuration and measurement reporting should be studied in this study. Similarly, validity of this approach for UE based and UE assisted positioning need to be further studied.  

Proposal 8: Aperiodic reporting of position and/or positioning measurements based of pre-configured trigger should be studied for IIoT scenario.
4.2 Idle and inactive mode support 
Most of the time UEs will be in RRC idle or inactive mode and will switch to RRC connected mode when there is any transmission or reception scheduled. This is primarily done to avoid unnecessary power consumption in RRC connected mode due to continuous monitoring of control channels and some other channels. This will save great amount of UE power. In IIoT, UE power is major constraint. Moreover, in some case, the IIoT UE may perform positioning operation more frequently than the normal data transmission and/or reception. Thus, performing positioning in the RRC connected mode will drain UE battery very rapidly. To avoid this, positioning support in RRC Idle / inactive mode should be supported. 
Both DL and UL positioning methods should be studied for this purpose. To support this, one solution could be that the positioning assistance information and location request should be preconfigured and should not be released even in RRC idle/inactive mode. Thus, UE can expect the PRS to be transmitted as per the configuration conveyed by LMF. Aperiodic reporting should be configured in this case and should be reported the position and/or positioning measurements at a preconfigured event/s. UE based positioning and trigger-based positioning measurement reporting should be configured to save power and reduce latency in RRC idle/inactive mode.
Proposal 9: RRC Idle and inactive mode positioning should be supported considering power saving at UE and reducing the latency of the positioning.

5 Network signalling optimization
5.1 Position estimation based on UE groups
Warehouses and inventories contain a massive number of devices that are kept and moved in groups. The positioning of these devices poses a huge measurement and reporting overhead and consumes much power. Many of these devices may not even be in LOS with multiple BSs degrading the accuracy of position estimates. The network can group these devices, and their location of most of the UEs in the group can be estimated based on relative positioning. Standards should support reporting of measurements by a UE performed on the SRS transmitted by other UEs. The network can position a few UEs who have a good connection with multiple BSs. The rest of the UEs in the group can be positioned considering these UEs as a reference or anchor UEs. CLI measurement mechanism can be used for this purpose which is standardised in Release 16.
 


[image: ]Fig 3: Positioning a UE in the group based on relative positioning.

Proposal 10: Release-17 should support reporting of measurements by a UE performed on the SRS transmitted by other UEs. Release-16 CLI measurement mechanism can be baseline.
5.2 On demand PRS
In FR2, finding the effective Tx-RX pair for transmission of PRS is very important. This is done by doing Tx beam sweeping and Rx beam sweeping and finding the appropriate PRS measurement. But this is increasing the PRS signalling overhead. Moreover, it will decrease device efficiency in terms of power and latency as it needs to monitor many PRS on different beam pairs. Therefore, it is necessary to optimise in Release-17 for better network and device efficiency. One solution to this is configuring the multiple PRS configurations through LMF but trigger few of them through gNB (may be via DCI) dynamically based on UEs demand signalled to the gNBs. UE may choose the appropriate configuration based on favourable Tx-Rx pair for better hearability of the PRS.
Proposal 11: Dynamic and on demand PRS transmission should be studied in Release-17.
6 Conclusions
Following are the observations and proposals for positioning enhancement in Release-17 proposed in present contribution.
Observation 1: Reporting LOS confidence and path AoA can help in detection and mitigation of NLOS paths. 
Proposal 1: Reporting of LOS confidence and angle information of LOS path should be studied in Release-17.
Proposal 2: Deployment of reference UE in IIoT and indoor office scenario should be studied for determination of the network synchronization error. 
Proposal 3:  Achievable clock accuracy of network synchronization techniques like syncE and PTP should be studied.
Proposal 4: Support for enabling advanced positioning algorithms should be studied in Release-17.
Proposal 5: Simultaneous reporting or processing of multiple frequency layers can improve the positioning accuracy.
Proposal 6: New KPIs such as priority, time-to-alarm, the false alarm rate and number of detectable false transmitters should be considered in Release-17 study.
Proposal 7: Positioning architecture for NG-RAN should be optimised to reduce the latency incurred in TTFF of position of the UE.
Proposal 8: Aperiodic reporting of position and/or positioning measurements based of pre-configured trigger should be studied for IIoT scenario.
Proposal 9: RRC Idle and inactive mode positioning should be supported considering power saving at UE and reducing the latency of the positioning.
Proposal 10: Release 17 should support reporting of measurements by a UE performed on the SRS transmitted by other UEs. Release-16 CLI measurement mechanism can be baseline.
Proposal 11: Dynamic and on demand PRS transmission should be studied in Release-17.
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