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Introduction
A study on NR positioning enhancement for Rel-17 was approved and the objective of this study related to RAN1 perspective is captured from [1] as follows: 
	
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.


This contribution discusses potential enhancements for NR positioning to achieve quite challenging positioning accuracy than Rel-16 with consideration of network efficiency and device efficiency, and we also deal with the potential enhancements especially for industrial UE. 

Potential enhancements for general UEs
Enhancements for positioning accuracy
General enhancements
For the improvement of positioning accuracy, timing measurement accuracy would be still considered as a critical factor for NR positioning techniques such as DL-TDOA (Time Difference Of Arrival), UL-TODA, and Multi-RTT (Round Trip Time). Without a doubt, frequency bandwidth resource is the most dominant factor highly related to timing measurement accuracy. In Rel-17, we might need to discuss more how to effectively utilize more frequency resource considering CA, EN-DC, and/or SUL (supplementary uplink), where those issues were not sufficiently discussed due to the limited discussion time.
Also, transmission and reception beam for both gNB/TRP and the UE need to be discussed. It is obvious that the current beam management framework has been designed for the purpose of effective data communications, rather than support for effective positioning. For example, UEs are indicated to perform RSRP measurements for SSBs and/or CSI-RS resources and report RSRP with their index/ID. Then, gNB gets to know which beam direction is best for the UEs to transmit data, based on the reported information, transmission and/or reception beam of the UE is configured, but it does not guarantee the best beam for positioning.
In addition, transmission power control for SRS resource for positioning is also one of the important factors to improve positioning accuracy especially for UL TDOA and Multi-RTT technique. Rel-16 NR positioning introduced the elementary open loop power control considering physically neighbour cells/TRPs as well as serving cell/TRP, so that UE can send SRS resource intended to a target cell/TRP. In Rel-17, we may need to discuss potential enhancements on the power control considering interference issue and association with beam direction.

Proposal 1:
· Rel-17 NR positioning need study on radio resource optimization for the positioning purpose in order to achieve the challenging accuracy requirement.

TDOA and Multi-RTT
For high accuracy positioning in horizontal plane, it is necessary to consider height difference between the gNB/TRP and the UE. We describe this issue by taking a simple example based on Figure 1 in below. Let us assume that location server wants to find the UE’s location by using NR positioning technique based on timing measurement, so the UE is indicated to obtain timing measurements for the three TRPs and report them. In this figure, two-dimensional distances between the UE and TRPs are respectively denoted as  and .
The propagation distances through which the signals are actually transmitted from TRPs correspond to three-dimensional paths denoted as  and  in this figure, and the UE actually estimates timing measurement for those signal paths, but the UE’s location in horizontal plane should be actually estimated based on  and . For example, depending on the height difference between TRP1 and the UE and the distance between TRP1 and the UE, the difference between and  could be high so that it exceeds the accuracy requirement. 
In Rel-17, the accuracy requirement is quite challenging, so potential enhancement need to consider the horizontal accuracy degradation according to the height difference between UEs and TRPs.
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[bookmark: _Ref40370915]Figure 1. An illustrative example of the height difference between the UE and the TRP

Proposal 2:
· For NR positioning technique(s) using timing measurement, we need to consider the horizontal positioning accuracy degradation according to the height difference between the UE and TRP.

DL-AoD
DL-AoD (Angle of Departure) positioning technique has been introduced in Rel-16 NR positioning. In the current DL-AoD technique, the UE’s location is estimated through multiple RSRP measurements corresponding to the multiple transmission beam directions. However, sometimes a transmission beam direction maximizing RSRP could be different from a transmission beam direction for LoS signal path between the TRP and the UE. As shown in Figure 2, there may be obstacle(s) between the UE and TRP where the obstacle causes high penetration loss for the transmission signals from TRP. For example, as shown in Figure 2, location server would estimate the UE’s location in the transmission beam direction corresponding to RSRP maximization, which could results in non-negligible positioning accuracy error for either or both of the horizontal and vertical plane. As a potential enhancement of Rel-17 NR positioning, timing measurement based DL-AoD technique needs to be considered.

Proposal 3:
· As a potential enhancement of Rel-17 NR positioning, timing measurement based DL-AoD technique needs to be considered.
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[bookmark: _Ref40382314]Figure 2. An illustrative example of the transmission beam directions for AoD based positioning.

UL-TDOA
In UL-TDOA technique, gNB/TRP estimates and reports RTOA (Relative Time Of Arrival) for the SRS resources transmitted from the UE. For the enhancement of UL-TDOA, we need to study the impact of variation of the SRS transmission timing at the UE. As an example, let us consider a SRS resource for positioning which is periodically transmitted, and then the gNB/TRP would periodically estimate RTOA for the SRS resource. If the UE changes uplink transmission time between SRS transmission occasions/periods according to change of downlink reception time, then the RTOA measurement value for a single SRS resource could be different. Even if how to decide RTOA measurement value for reporting is up to the gNB, it might be worthwhile to study the performance degradation according to the transmission timing change and identify necessary enhancements.

Proposal 4:
· Need study to find solution(s) to minimize positioning performance degradation according to the transmission timing change between SRS transmission occasions especially for UL-TDOA technique.
Enhancement of Latency
In RAN1 discussion, we suggest that RAN1 discussion on the latency only focuses on the physical-layer aspect, since it is quite difficult to touch high level latency performance in RAN1 discussion. Additionally, in our view, even if the latency performance would be highly improved, positioning accuracy should be guaranteed above a certain level. Before specific discussion on the latency enhancements, it should be clarified that whether the discussion of latency enhancement is an independent discussion irrespective of the positioning performance, or whether the latency enhancement is discussed under conditions that guarantee accuracy performance above a certain level.
As a first priority for the latency enhancement, our view is that latency reduction for Multi-RTT technique needs to be discussed. Among NR positioning technique, only Multi-RTT technique uses both of the DL RS and UL RS, so this technique inherently has a long latency property.

Proposal 5:
· RAN1 discussion on the latency only focuses on the physical-layer aspect.
· Physical-layer latency means the required latency to obtain measurements and report them, and does not include processing time to calculate UE’s location using measurements.

Network efficiency
RS overhead could be considered as one of the potential issues in terms of network efficiency. In Rel-16 NR positioning, SSB from serving and neighbouring cells can be used for various purposes such as ECID (Enhanced Cell ID) positioning technique, QCL configuration for DL PRS resources, spatial relation information configuration for SRS resources, and reference RS configuration for path-loss compensation. In order for this, the information on SSB is shared between gNB, location server, and UE(s).
In addition to ECID technique, SSB could be discussed as a possible candidate used for other techniques in NR positioning, which is transmitted in a burst form with periodicity from 5 ms to 160 ms, so the UE could obtain measurements continuously. In addition to SS-RSRP measurement, timing measurements from the SSB could be also appropriate for the OTDOA and/or multi-cell RTT technique(s), even though the bandwidth size is limited, 20 RBs signals would be useful to rough or initial estimation of the UE’s location. For some UEs which requires relatively low positioning accuracy requirement, SSB could be used without PRS configuration, which resultantly could be helpful for PRS overhead reduction when the number of UEs is large enough.
As another perspective of network efficiency, on-demand PRS might be helpful. It was agreed in Rel-16 NR positioning but there was no specific discussion. A study might be needed to figure out how useful it is in terms of network efficiency, and identify the potential impacts from the perspective of RAN1.

Proposal 6: 
· Need study on RS overhead reduction by introducing the SSB for timing measurement and the on-demand type PRS. 

Device efficiency
Power consumption and complexity would be potential issues closely related to device efficiency. Positioning support for the UEs under RRC idle/inactive mode is beneficial in terms of signalling overhead and UE power consumption, so we need study on how to effectively support it for the UEs which are incapable of UE-based positioning with consideration of random access procedure. 
Especially for the positioning techniques using timing measurements, a joint utilization of both the narrow-band and wide-band based DL-TDOA could be helpful in terms of the UE complexity, since the timing measurements obtained through the narrow-band RS could be employed as a priori information for the UE and/or the network before the wide-band based operation to reduce the computational complexity and so forth. In addition, 

Proposal 7: 
· Need study to find solution(s) for the UE complexity reduction and low power consumption.


Further enhancements for IIoT
Emerging new applications/services with industrial automation and industrial IoT such as AGV (Automated Guided Vehicle), UAV (Unmanned Aerial Vehicle) and road vehicle will require high accurate, available and reliable positioning over various indoor/outdoor environments. As a result, NR system needs to be able to supply positioning solutions with high accuracy, availability and reliability [TS 22.261]. In order to achieve the objectives efficiently, we propose two promising methods: 1) positioning using distributed multi-panel antenna, 2) cooperative positioning using on-board sensor. The proposed positioning can be readily realized and operated by considering additional information (e.g. measurements obtained from distributed multi-panel antenna or on-board sensor) into the conventional positioning methods such as DL-TDOA, UL-TDOA, etc. The followings describe the proposed positioning by considering AGV as an example in the industrial UE applications such as AGV, UAV and road vehicle.    

Positioning using distributed multi-panel antenna 
A multi-panel antenna system has been being investigated to increase potentially UE coverage as well as data efficiency [RP-193133]. In terms of positioning performance, such a UE coverage is also important issue since the accuracy, availability and reliability of positioning can be degraded according to UE coverage. For example, positioning performance can be degraded if LOS between UE and BS is not be guaranteed or if PRS reception quality is low due to huge equipment/machine on the factory floor or highly stacked logistics on the AGV. In order to mitigate such performance losses, it is necessary for positioning to exploit a multi-panel antenna system. Furthermore, considering the size of industrial UE, we propose a distributed multi-panel antenna system for positioning. For example, it is readily understood that distributed multi-panel antenna system will allow for benefits compared to non-distributed multi-panel antenna system when logistics is stacked highly on the AGV. A distributed multi-panel antenna system can be composed by installing multiple single-panel antennas in a distributed manner on the UE. The number of single-panel antennas can be determined according to the size of UE and the service requirements on positioning accuracy and reliability. The distance between single-panel antennas can be determined for the best estimation performance. Such a distributed multi-panel antenna system can allow multiple benefits and opportunities for positioning by properly combining the positioning-related information measured from distributed single-panel antennas. To help understand the proposed positioning, as an example, the multi-panel antenna system using two single-panel antennas is considered as shown in Figure 3. The followings describe the properties of the proposed positioning: 

In terms of a positioning performance, combining measurements obtained from two single-panel antennas can significantly reduce an error variance of position estimation (e.g. diversity gain), if the PRS attributes received at single-penal antenna are independent each other. Furthermore, exploiting the known distance between two single-panel antennas can provide the robustness for positioning when UE locates at a certain region where PRS reception number is not sufficient to perform positioning. That is, it requires the less number of PRS receptions (or less number of BSs) compared to a conventional positioning using a single-panel antenna.  

In terms of a positioning operation, exploiting two single-panel antennas can enable synchronization among BSs to loose. For instance, when it is assumed UE-based TDOA positioning is supported from BSs, the accuracy and reliability can be significantly degraded by an imperfect synchronization among BSs. Whereas, the effect of the timing error can be mitigated by subtracting TDOA measurements (obtained for the same BSs) from two single-panel antennas.  
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[bookmark: _Ref40440343]Figure 3. An example of the proposed positioning using two single-panel antennas

Proposal 8:
· Rel-17 NR positioning needs to consider new use-cases/scenarios for positioning using distributed multi-panel antenna.

Proposal 9:
· Rel-17 NR positioning needs to consider channel model for the performance evaluation of positioning using distributed multi-panel antenna.

Cooperative positioning using on-board sensor
Compared to conventional non-cooperative positioning (e.g. DL-TDOA, UL-TDOA, etc), the proposed cooperative positioning leverages additional information measured from on-board ranging sensor in order to improve the accuracy and reliability of positioning. The additional information includes the relative position (or ToA and AoA/AoD) of neighbor UEs surrounding ego-UE. Such a measurement of relative position will not require an additional sensor implementation since the UE already has been exploiting on-board ranging sensor to work or move autonomously. From a statistical performance perspective, the cooperative positioning can be considered as a promising solution to improve the accuracy and reliability of positioning, for example, when UE locates at a certain region where PRS quality is not good to satisfy a service requirement. That is, the position estimation performance of UE can be improved by additionally exploiting UE position calculated from the absolute position and relative position of neighbor UE. To help understand, Figure 4 shows an example of the proposed cooperative positioning, where it is assumed that UE has an on-board ranging sensor and two UEs (UE-a, UE-b) locate within sensor range. Considering DL-TDOA positioning, the overall positioning procedure example can be described as follows:
· Step-1: each UE measures the relative position of neighbor UE from on-board ranging sensor as well as information needed for DL-TDOA positioning from PRS receptions.
· Step-2: each UE delivers the measurements from Step-1 to a location server.
· Step-3: the location server estimates each UE position via the following procedure example:
· As the conventional DL-TDOA positioning, the absolute position of each UE is estimated from the DL-TDOA positioning-related information.  
· Thereafter an additional absolute position of each UE is calculated from the absolute position (e.g. position estimated from DL-TDOA positioning) and relative position of neighbor UE.
· The final absolute position is calculated from two position information above. 
[image: ]
[bookmark: _Ref40440449]Figure 4. An example of the proposed cooperative positioning

Proposal 10:
· Rel-17 NR positioning needs to consider how to effectively utilize RAT-independent positioning-related information (e.g. relative position measured from on-board ranging sensor) in order to achieve challenging accuracy requirement.



Conclusion
In this contribution, we have discussed potential enhancements for Rel-17 NR positioning, and our proposals are summarized below. 

Proposal 1:
· Rel-17 NR positioning need study on radio resource optimization for the positioning purpose in order to achieve the challenging accuracy requirement.

Proposal 2:
· For NR positioning technique(s) using timing measurement, we need to consider the horizontal positioning accuracy degradation according to the height difference between the UE and TRP.

Proposal 3:
· As a potential enhancement of Rel-17 NR positioning, timing measurement based DL-AoD technique needs to be considered.

Proposal 4:
· Need study to find solution(s) to minimize positioning performance degradation according to the transmission timing change between SRS transmission occasions especially for UL-TDOA technique.

Proposal 5:
· RAN1 discussion on the latency only focuses on the physical-layer aspect.
· Physical-layer latency means the required latency to obtain measurements and report them, and does not include processing time to calculate UE’s location using measurements.

Proposal 6: 
· Need study on RS overhead reduction by introducing the SSB for timing measurement and the on-demand type PRS.

Proposal 7: 
· Need study to find solution(s) for the UE complexity reduction and low power consumption.

Proposal 8:
· Rel-17 NR positioning needs to consider new use-cases/scenarios for positioning using distributed multi-panel antenna.


Proposal 9:
· Rel-17 NR positioning needs to consider channel model for the performance evaluation of positioning using distributed multi-panel antenna.

Proposal 10:
· Rel-17 NR positioning needs to consider how to effectively utilize RAT-independent positioning-related information (e.g. relative position measured from on-board ranging sensor) in order to achieve challenging accuracy requirement.
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