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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#86 meeting, we have the following conclusions on NR Positioning [1]:
	[bookmark: _Hlk26783822]3GPP Rel-16 specified various location technologies to support regulatory as well as commercial use cases. The target horizontal positioning requirements for commercial use cases studied in Rel-16 were <3 m (80%) for indoor scenarios and <10 m (80%) for outdoor scenarios (TR 38.855).  The 5G service requirements specified in TS 22.261 include High Accuracy Positioning requirements, which are characterized by ambitious system requirements for positioning accuracy in many verticals. For example, on the factory floor, it is important to locate assets and moving objects such as forklifts, or parts to be assembled. Similar needs exist in transportation and logistics, for example. 
To address the higher accuracy location requirements resulting from new applications and industry verticals, NR Positioning in Rel-17 should evaluate and specify enhancements and solutions to meet the following exemplary performance targets:
(a) 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. 

For the evaluation of solutions, the Rel-16 scenarios and channel models in TR 38.855 are reused where applicable, and additional scenarios for IIoT use cases should be defined.

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. 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.

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. [bookmark: _GoBack]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]



Thus, Rel-17 NR positioning should introduce new positioning methods to support the high accuracy positioning for general commercial use cases and IIOT use cases. In this contribution, we focus on the Potential positioning enhancements based on Rel-16 PRS. We introduced 3 potential positioning enhancement methods to meet the requirement of general commercial use cases and IIoT use cases.
[bookmark: _Ref129681832]Carrier phase measurement
As a common method in GNSS, carrier phase measurement has the advantages of high ranging accuracy and low complexity. In the RAN#86 meeting, 3GPP improved the positioning accuracy of commercial use cases to 1m, and the positioning accuracy of IIoT use cases to 0.2m. In TR38.855 [2], the simulation results of various companies indicate that Rel-16 PRS can no longer meet these positioning accuracy requirements. The carrier phase measurement technology observes the carrier phase of the 5G signal to obtain a more accurate estimate of TDOA. Therefore, it can improve the positioning accuracy of PRS and meet the positioning accuracy requirements of Rel-17. However, there is no signal for carrier phase measurement in Rel-16 PRS, so we propose to increase the signal that can support carrier phase measurement to enhance Rel-16 PRS.
Proposal 1: NR should enhance PRS to support carrier phase measurement.
We propose two types of PRS that support carrier phase measurement, one is a bilateral carrier phase reference signal and the other is a center frequency carrier phase reference signal.
Option 1: bilateral carrier reference signal
In NR, there is a guard interval between the signals of different frequency points, the purpose is to prevent the signals between different frequency points from interfering with each other. We can place a pure carrier signal within the guard interval to support carrier phase measurement of UE to improve positioning accuracy. The method of double-side carrier reference signal is as follows:
[image: ]
Figure 1 Guard interval in NR
[image: ]
Figure 2 Bilateral carrier reference signal
Option 2: center frequency carrier reference signal
As we all know, a high-power single frequency signal will appear at the center frequency of the RF signal, which will cause interference to the signal at that frequency. To avoid this interference, NR leaves the corresponding resource grid empty. Therefore, a pure carrier signal can be placed at the center frequency point to support carrier phase measurement on the UE side to improve positioning accuracy. The center frequency carrier reference signal is as follows:
[image: ]
Figure 3 Center frequency carrier reference signal
Carrier Aggregation
LTE-A introduces carrier aggregation technology to improve signal transmission bandwidth. Similarly, we can also use carrier aggregation technology to improve PRS transmission bandwidth and achieve high-precision TDOA measurement. Carrier aggregation technology has the following advantages:
The positioning accuracy can be improved without changing the signal structure of Rel-16 PRS. FR1 can obtain the same positioning accuracy as FR2, the signal transmission distance is longer than FR2, and the coverage is stronger. Although receiving carrier aggregation signals from multiple base stations will improve the radio frequency performance requirements of the UE, compared to adding a radio module supporting FR2 on the UE side, the carrier aggregation technology brings acceptable radio frequency performance requirements. Therefore, we propose that NR positioning supports carrier aggregation.
[image: ]
Figure 4 Carrier Aggregation of PRS

[image: ]
Figure 5 Positioning error by using carrier aggregation

Table 1 Parameter of simulation result
	Parameter
	[Source 4, InF-DH,  FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	TS38.211 R16 PRS comb-12 pattern

	Reference signal (type of sequence, number of ports, …) 
	TS38.211 R16 PRS

	Number of sites
	18

	Number of symbols used per slot  per positioning estimate
	12 symbols

	Number of slots per positioning estimate
	8000 slots

	Power-boosting level
	1

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Phase tracking

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Chan

	Network synchronization assumptions
	Perfect Synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Ideal alignment

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	nrof antenna elements used

	Additional notes, if any
	 



The simulation results show that the positioning result of carrier aggregation method is better than that the method without carrier aggregation, thus, we have the following proposal.
Proposal 2: NR positioning should support the Carrier Aggregation for PRS.

4 Conclusions
In this contribution, we present our views on the enhancements of PRS in Rel-17. Based on the discussion, we have the following proposals:
Proposal 1: NR should enhance PRS to support carrier phase measurement.
Proposal 2: NR positioning should support the Carrier Aggregation for PRS.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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