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1. Introduction
SID of NR positioning enhancement [1] focuses on IIOT use cases and includes the following objective for RAN1:
	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]


In this contribution, we present our views one various aspects of NR positioning techniques, DL and UL positioning reference signals, measurement and procedure to address the positioning requirement for industry IOT use cases.
2. Discussion
2.1. Requirements and Challenges
The objective for NR positioning enhancement is to address higher accuracy location requirements for new commercial applications and industry verticals.  TS22.661 specifies the high accuracy positioning requirement for 5G systems and performance requirements for various positioning service levels are provided. The performance requirement for 5G system can be as low as 0.2 meters positioning accuracy with 99% availability for indoor and outdoor use cases. TR 22.804 defines eight different scenarios for positioning requirement for industry IOT, which are listed in the following table:
Table 1: positioning requirement for IIOT use cases
	No.
	Scenario 
	Horizontal accuracy
	Availability
	Latency for position estimation of UE

	1
	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99.9%
	< 1 s

	2
	Mobile control panels with safety functions (non-danger zones 
	< 5 m
	90%
	< 5 s-

	3
	Augmented reality in smart factories 
	< 1 m
	99%
	< 15 ms

	4
	Process automation – plant asset management 
	< 1 m
	90%
	< 2 s

	5
	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems)) 

	< 30 cm (if supported by further sensors like camera, GNSS, IMU)
	99.9%
	10 ms

	6
	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	99%
	< 1 s

	7
	Flexible, modular assembly area in smart factories (for autonomous vehicles (only for monitoring proposes))
	< 50 cm
	99%
	1 s

	8
	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	1 s



The performance requirement for NR positioning in industry IOT use cases has the following characteristics. It could be very high positioning accuracy requirement, in some future factory scenario, the positioning accuracy could be as low as 0.2 meters, which is much lower than what can be supported in release 16. Some service requires extra high arability 99.9%. In contrast, the design target in release 16 is 80% availability. Milliseconds-level requirement on latency for positioning: some service requires 10ms latency of positioning estimation.
In IIOT scenarios, we would meet the following factors that have negative impact on NR positioning performance. In indoor factory scenarios, multi-path is rich and the probability of NLOS is high. The NLOS could result in large error in timing estimation and angle estimation and thus cause big error in positioning estimation. The number of TPs is limited. Positioning estimation function is conducted by the location server which is usually located in the network side, which would obstruct further reduction in positioning latency.
Considering those performance requirement and design challenges, we shall consider the following enhancement for NR positioning: enhance positioning reference signal and NR positioning measurement to support higher accuracy in timing and angle estimation,  the method to minimize the impact of NLOS, enhancement of NR positioning in FR2 system to fully utilize the high bandwidth and high beamforming capability, UE-based positioning for low latency and methods to minimize the impact of TP synchronization errors.  
2.2. Potential enhancements for Rel17
RAT-dependent positioning techniques include DL-TDoA, DL-AoD, UL-DToA, UL-AoA and multi-cell RTT. All of the methods use timing estimation and/or angle estimation from some downlink or uplink reference signals. Release 16 specified DL PRS to support DL-RTOA, PRS-RSRP and UE Rx-Tx time difference measurement and also specified UL SRS for positioning to support UL-RToA, UL-AoA and gNB Rx-Tx time difference measurement. To support higher position estimation accuracy and higher availability for IIOT use cases, some enhancements for positioning reference signal can be considered.
One issue of the DL PRS and SRS for positioning is the relative RE offset design in release 16 would result in interference to two DL PRS resource or two SRS for positioning even through they choose initial RE offset for orthogonal. As analyzed in our companion contribution, two partially overlapped DL PRS resources could occupy the same RE offset even though they are orthogonal in frequency domain in other symbols. For example, for Comb Size 4, we should have four DL PRS resources that are totally orthogonal on any symbols. But the method of determining relative RE offset specified in release 15 does not support that. The consequence is the number of orthogonal DL PRS resources are reduced. The same issue exists in SRS for positioning. One implementation solution to resolve the issue is all the gNB shall only allocate fully-overlapped or non-overlapped DL PRS resources or SRS resource for positioning. However, it would impose great limitation on system implementation. Considering 5G system is a single platform to support multiple various services and verticals flexibly, introducing such an implementation limitation is definitely not preferred.
Proposal 1: Study to support enhancement of DL PRS and SRS for positioning to resolve the interference issue.
Another issue is the method of muting the transmission of DL PRS. The current design supports two modes of muting. One supported mode is muting all the PRS resources in one PRS resource set in some periodic transmission instance. Another supported mode is muting one or more repetitions of all PRS resources in one PRS resource set in all the periodic transmission instances. Release 16 also supports configuring both modes, i.e., using the AND of two muting pattern bitmaps. The issue of muting methods is we are not able to support PRS resource-specific muting. We shall note that supporting multiple PRS resources in one set is to support multi-beam transmission in FR2 system and each PRS resource corresponds to one gNB transmit beam. The purpose of muting PRS resource is to mute one PRS resource transmission temporarily so that the UE is able to receive other PRS resource transmitting on the same time and frequency resource. In multi-beam system, the PRS resources are highly beamformed. One UE does not receive all the PRS resource with good signal strength. Thus, for that UE, we do not need to mute the PRS resources transmitted with Tx beam not aligned with the UE, from which the UE only experiences weak signals. However, the muting methods supported in release 16 mute the transmission of all the PRS resources, i.e., all the gNB transmit beam directions, by the same means. That would cause waste of resource overhead used to transmit DL PRS and limit the flexibility of PRS transmission.  
Proposal 2: Study to support enhancement of DL PRS to support DL PRS resource-specific muting.
The transmission of SRS for positioning targets to serving cell or non-serving cell. Thus, the path loss RS and spatial relation info configured to one SRS resource for positioning can be a DL RS from either serving cell or non-serving cell. The issue in power control of SRS for positioning is we can only configure one path loss RS, which is from either a serving cell or a non-serving cell. But an SRS resource for positioning are generally received by more than one non-serving cells, which is an effective way to reduce the resource overhead for SRS for positioning and also reduce the power consumption of UEs. The current power control method does not efficiently support transmitting one same SRS resource for positioning to multiple cells and thus enhancement on SRS for positioning is needed. 
Proposal 3: Study to support enhancement of uplink power control of SRS for positioning that are received by multiple cells.
For positioning in indoor industry scenarios, one server problem is the issue of multipath and NLOS and less chance of LOS. RAT-dependent positioning methods utilize the timing, signal strength or arrival angle estimation of radio signals. If the path between one TP and one UE does not have LOS, those measurement would be calculated from NLOS path and large errors are expected. NLOS would also cause large errors to AoA and AoD estimation. Therefore, to achieve high accuracy positioning from RAT-based method, we shall minimize the negative impact of NLOS, especially for indoor scenarios. One example solution is to identify NLOS TP and then remove the identified NLOS TP from the measurement results so as to only utilize LOS TPs to estimate the location. Another example solution is to utilize ultra-wide signal to resolve each individual multi-path, including specular reflections. These individual multi-path components can provide additional information for positioning, which can be exploited to enhance the performance of the NR positioning system. To support that, measuring the TDOA, AoA, AoD and RSRP of each path is needed. 
Proposal 4: Study to support mechanisms to minimize the impact of NLOS and multi-path on indoor positioning and multi-path-based positioning measurement.
To support sub-meter accuracy with high availability, NR positioning based on FR2 mmWave system is promising. We shall focus on enhancing the NR positioning in mmWave systems. FR2 systems utilize high carrier frequency and the radio signal experience high penetration and diffraction losses. The propagation is dominated by LOS and the channel could be highly dependent on the UE position and orientation.  mmWave systems support large bandwidth, which is helpful to improve the delay resolution and time-based accuracy. Large signal bandwidth can also reduce the signal transmission latency due to shorter transmission length. Massive antenna arrays are usually deployed in mmWave systems, which allows more effective beamforming and thus supports more accurate angle estimation, can also reduce the impact of multi-path.  Due to the large path loss, mmWave system usually are deployed with ultra-dense network, which can provide more reference points for positioning and higher probability for LOS. 
Proposal 5: Study to enhance the NR positioning in FR2 systems and support beam-specific measurements
3. Conclusion
In this contribution, we presented our views on enhancements for NR positioning. Based on the discussion, the following proposals are provided:
Proposal 1: Study to support enhancement of DL PRS and SRS for positioning to resolve the interference issue.
Proposal 2: Study to support enhancement of DL PRS to support DL PRS resource-specific muting.
Proposal 3: Study to support enhancement of uplink power control of SRS for positioning that are received by multiple cells.
Proposal 4: Study to support mechanisms to minimize the impact of NLOS and multi-path on indoor positioning and multi-path-based positioning measurement.
Proposal 5: Study to enhance the NR positioning in FR2 systems and support beam-specific measurements
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