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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN Meeting #86, a new Study Item on Further Study on NR Positioning Enhancements was approved in RP-193237 with the following objectives:
“This study item 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, signaling 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.”
This study aims at greater accuracy improvements over Release 16 with the following guidance provided in the SID:
For general commercial use cases (e.g., TS 22.261):
		- sub-meter level position accuracy (< 1 m)
(b) For IIoT Use Cases (e.g., 22.804):
		- position accuracy < 0.2 m
The target latency requirement is < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired.”
In this contribution, some potential enhancements are described including our views on their effectiveness and complexities.

Discussions  
[bookmark: _Ref129681832]The recently completed Rel-16 Positioning WI specifies various location technologies to support regulatory as well as commercial use cases with horizontal positioning requirements for commercial use cases at <3 m (80%) for indoor scenarios and <10 m (80%) for outdoor scenarios. Since evaluation was done initially during the Release 16 Positioning study phase, one of the tasks for RAN1 now is to evaluate the performance of the standardized Release 16 Positioning to ascertain its attainable performance. Based on that, we can then determine the performance gap relative to the Release 17 performance goals.
In [1], we have emphasized the important issues of proper modeling of the indoor IIOT deployments to prevent erroneous positioning accuracy measurements that would contribute towards an incorrect positioning estimation. In this contribution, techniques to mitigate these positioning inaccuracies are addressed. Note that these are preliminary observations which needs to be further studied and validated during our study: 

· Densification of TRPs/gNBs/LMU
Greater number of TRPs/gNBs/LMUs density can be deployed to boost positioning accuracy. In deployment in which only lower PRS bandwidth can be configured, increased number of TRPs/gNBs/LMUs can be used to offset the reduced signal bandwidth. This approach has the benefit of having minimal physical layer specification impact. Some preliminary results from evaluations of Release 16 Positioning methods, specifically on DL-TDOA and UL-TDOA are shown in [2].
Observation 1: Greater densification of TRPs/gNBs/LMUs may provide a favorable positioning accuracy improvement with minimal specifications impact. 

· NLOS Channel Identification
An important aspect that needs to be considered for IIOT is the capability to take into consideration and possibly compensating errors due to the NLOS propagation excessive delay measurements. In scenarios where there is no direct path between transmitter and receiver, the distance calculated based on TOA overestimates the real distance between transmitter and receiver would lead to errors in location determination. This is also commonly referred to as the NLOS Bias. This was studied and evaluated during the Study on Channel Model for Industrial IOT that was completed in September 2019. The modeling of the NLOS Bias was described in Section 7.6.9 of TR 38.901. We proposed the use of this compensating bias for the evaluation of positioning performance and accuracy for IIOT [1].
[bookmark: _GoBack]There have been extensive studies and literature on NLOS mitigation algorithms and techniques [2]. Studies have confirmed the degradation in localization accuracy when there is presence of NLOS paths during the localization. In such NLOS deployments, the effectiveness and accuracy of localization algorithms depend on if there is any prior information available about the NLOS bias. In other words, the properties and distribution of the NLOS paths would need to be estimated in the localization algorithms.  
Alternatively, one of the simplest techniques to mitigate the NLOS effects is to identify the NLOS paths and discard them during localization. The estimation of the UE location is then performed using the various LOS techniques. With such an approach as in many other approaches, there is always the possibility of false-alarms (identifying a LOS path as NLOS) and misdetections (identifying an NLOS path as LOS) which degrade the positioning accuracy. These aspects would need to be studied and addressed.
It is thus useful to determine if the determined TOA corresponds to LOS or NLOS and select only those measurements corresponding to LOS. One approach would be on utilizing the polarization property of the received signals. We note that the reflected wave is affected differently if the plane of polarization is parallel or orthogonal to the reflective surface. The reflectance (intensity reflection coefficient) is the square of the amplitude reflection coefficient. From the Fresnel equations and the Snell’s law one derives the reflectance coefficients for the parallel and orthogonal polarizations as follows:
	

	(15)


where the angle of the incidence at the reflection surface between a first medium and a second medium is , and is the angle of transmission into the second medium. For the electromagnetic wave travelling from a medium of lower to higher index of refraction the difference  is positive.  From the above laws of physics results in order to determine if a particular wave has suffered a reflection (corresponding to NLOS propagation), one could send two different polarized signals with the same power in the same direction and then observe the changes in the intensity of the received signals. If the received intensities are different for different polarizations the wave suffered at least one reflection, i.e. it is a NLOS wave. 
Other approaches to mitigate the positioning error for the NLOS scenarios are also available and should also be considered. As a start, our Study should evaluate the positioning errors generated by NLOS versus LOS on the positioning estimations and investigate different approaches to mitigate them. In [4], some preliminary studies on the effects of NLOS on the positioning accuracy are presented. In that study, we have adopted the modeling approach described in Section 7.6.9 of TR38.901 for the NLOS Channel Impulse Response. 
Proposal 1: The study should investigate ways to distinguish between LOS and NLOS propagation measurements to address overestimation of UE locations due to NLOS paths additional propagation delays.

Conclusions
In this contribution, some aspects for further study for positioning accuracy enhancements are proposed. The following Observations have been proposed.
Observation 1: Greater densification of TRPs/gNBs/LMUs may provide a favorable positioning accuracy improvement with minimal specifications impact. 
Proposal 1: The study should investigate ways to distinguish between LOS and NLOS propagation measurements to address overestimation of UE locations due to NLOS paths additional propagation delays.
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