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Introduction
The location is one of the most demanded applications, which is continuing to more stringent requirements on the latency and accuracy of positioning, which is in the ideal case should be independent of the environment (e.g. indoor, outdoor, tunnel etc.). In many locations based services, the accurate positioning is typically achieved through the combination of multiple positioning technologies, including 1) GNSS based solutions, 2) radio-technologies (e.g. LTE networks, Wi-Fi networks, terrestrial beacon systems, etc.), 3) inertial measurement units (IMU) or sensors. All these technologies are expected to continue playing a significant role to achieve accurate user positioning in the future. Also, positioning Accuracy Enhancements for LTE WI is agreed and it supports the broadcasting of assistance information in RAN # 75 meeting [1]. Rel-15 NR WI specified Cell-ID and RAT-independent positioning methods by reusing LPP. However, NR standalone based RAT-dependent positioning has not been specified yet.
The NR positioning study item has been agreed in RAN#80 [1]. According to the 5G positioning requirements, this contribution focuses on the potential positioning technique, and with brief introductions of our views for improving the latency and accuracy of hybrid positioning technologies. Where it is agreed that Combination of DL, UL and DL + UL techniques can be used for NR positioning in RAN1#95, Also, in the same meeting it is agreed that combination of RAT-dependent and RAT-independent techniques can be considered for NR positioning. 
In RAN1#95, the following agreements regarding candidate techniques are considered for study of DL positioning in NR Positioning: 
· Timing based techniques 
· Timing of arrival path(s)
· Phase difference based techniques
· Note: feasibility needs to be further assessed
· Angle-based techniques
· Downlink angle(s) of departure 
· Downlink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID)

In Agreement from RAN1#95, the following candidate techniques are considered for study of UL positioning:

· Timing based techniques 
· Timing of arrival path(s)
· Angle-based techniques
· Uplink angle(s) of departure 
· Uplink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques

In this contribution, we proposed further consideration on design issues for Potential Techniques for NR Positioning in DL and UL. Besides, we will present our views on how signalling additional UE-geo information positioning will enhance the positioning service. In particular, routing information effect on positioning service continuity if transmitted periodically. 
Overview of existing positioning technologies 
The existing positioning technologies cloud be classified into two categories: one is RAT-dependent positioning and the other is RAT-independent positioning. We list the capabilities and limitations of RAT-dependent positioning and RAT-independent positioning technologies in table 1[2]. In the previous release, 3GPP has so far studied the following positioning techniques:
· RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, RFPM, etc 
· RAT-independent systems, e.g. A-GNSS, Terrestrial Beacon Systems (TBS), etc.
Based on the improvements for the existing positioning technologies, there are several viewpoints as following.
Observation 1: A standalone operation of the above methods is very unlikely to meet the 5G requirements proposals. The usage of two positioning techniques and combine them together can improve accuracy. We need to investigate the technologies, which provide better accuracy when combined and how these can be implemented with reasonable complexity.
Observation 2: LTE based techniques (E-CellID, U/OTDoA, etc.) will serve in the future to provide coarse accuracy. However, they are not capable of reaching 1m accuracy even under the nearly perfect environment (e.g. perfect synchronization). Considering the accuracy of current LTE based positioning technologies below 30m does not seem achievable with existing RAN-dependent technologies. NR needs new positioning technologies to support the high accuracy performance.
Proposal 1: To enhance RAT dependent positioning performance, the potential enhancements like RAT-dependent physical layer redesign options including signals and frequencies and the new RAT-dependent procedures, measurements and measurement reports should be considered and FFS. 
	positioning technologies
	Capabilities and Limitations

	RAT-dependent positioning
	OTDoA in LTE
	· Simultaneous coverage of UE by at least three Base Stations (BSs) with good geometry for UE positioning.
· Limited coverage due to the BS density.
· High accurate synchronization of the base stations required.
· Low accuracy (46 m at 67% and 92 m at 95%).

	
	UTDoA in LTE
	· Interference when more UEs are used.
· Low accuracy, mostly due to the deployment of base stations (typically 100 m at 95%).

	
	E-CellID in LTE
	· Performance is heavily dependent on the terrestrial infrastructure deployment:
· Cell size
· Power based position estimation accuracy highly dependent
on the quality of the path-loss model
· Accuracy: usually, few hundreds of meters.

	
	RF fingerprinting in LTE
	· prior RF power pattern survey for each site.
· Ambiguous and unstable RF fingerprints over time.
· UE antenna characteristics variability.
· Accuracy: 100 m at 80%

	RAT-independent positioning
	GNSS
	Service provision limited to outdoor or light indoor. Availability/accuracy issues when operating in deep urban environments.
Vulnerability to jamming and spoofing.
Accuracy: 2 – 4m for double frequency and 3 – 10 m for a single frequency.

	
	DGNSS
	Shadowing from buildings, foliage causes temporary losses of signal if corrections are transmitted by satellite. This problem can be overcome by using terrestrial wireless networks.
Accuracy: 50 cm to 1 m.

	
	AGNSS
	Enhanced sensitivity and time to first fix.
Dependency on an assistance server.
Accuracy: 5 m.

	
	GNSS - RTK
	High costs for building the infrastructure: a network of permanent stations.
Accuracy: ~ 5 cm at baseline of 10km

	
	GNSS - PPP
	PPP solution depends on GNSS satellite clock and orbit corrections, which normally are not available in real-time.
Corrections offered based on fees.
A period to converge to reach decimetre accuracy is required: < 10 cm horizontal error reached between 20 and 40 min.
Accuracy: 40 cm


Table 1: the capabilities and limitations of RAT-dependent positioning and RAT-independent positioning technologies
Potential enhancements to Hybrid solution for NR positioning 
Considerations on the hybrid solution for NR positioning need to be discussed. In general, most of the commercial UEs include the RAT-independent/RAT-dependent solutions and the most estimate positioning information can be processed by UE. The UE could be coordinated the measurements of signal location parameters from RAT-independent/RAT-dependent solutions. Therefore, RAT-independent techniques such as GNSS based solutions and UE sensors should be seriously considered as an option to meet the new NR positioning requirements. 
A hybrid solution that combines results from a combination of RAT-independent/RAT-dependent solution (when available) or a combination of location measurement from the network side and UE side has the following advantages:
· Reliability: RAT-dependent solution can provide full coverage in the Urban area; If the small cell can be deployed in the Urban area, the accuracy requirement can achieve the NR requirement easily. Multiple access point measurements, as well as cross-checks with other available technologies (e.g. cell), provide reliability
· Device support: Most devices today support RAT-independent/RAT-dependent. They could be used for NR positioning requirements with easy integration.
Today, most of the devices are able to perform “RAT-independent/RAT-dependent.” passive and active measurements in parallel. They can determine, at any moment, the availability of any technology and could combine any available measurements to meet new positioning requirements.
Observation 3:  Only, based on the RAT-independent or RAT-dependent positioning technologies could not meet the new positioning requirement in the whole environment (eg. Including Suburban、Urban and rural scenarios). 
Observation 4:  Taking the advantage of RAT-independent and RAT-dependent positioning and fusing the estimating positioning information will achieve the positioning target in the whole environment. 
Observation 5:  Considering emerging commercial use cases, the support of UE based positioning technology cloud be also beneficial for overall NR system.
Observation 6:  From statistical theory and viewpoints, the UE can fuse the positioning measurement results from RAT-dependent and RAT independent positioning technologies to enhance the accuracy. 
Proposal 2: Potential enhancements to Hybrid RAT-independent/RAT-dependent solution should be FFS.

Signaling of Additional UE geo information
In [3], UE positioning is recognized as an important feature for LTE networks due to its potential for massive commercial applications, Also, all the positioning solutions specified so far involve wireless positioning, for which reliability and availability cannot be guaranteed at all time, especially in indoor scenarios. Inertial measurement units (IMUs) are now becoming increasingly widely adopted in terminals as a means of updating position estimates while out of range of GNSS or other positioning mechanisms. They use accelerometers and gyroscopes (and sometimes magnetometers) to track the movement of the UE, and were identified in the LTE Rel-13 indoor positioning study item as one potential indoor positioning enhancement technology. Therefore, provision of signaling support for IMU positioning is of interest to complement other existing positioning technologies in LTE.   
In addition, even GNSS technology include Real Time Kinematic (RTK) GNSS shows a major improvement such as enables positioning accuracy improvement up to centimeter-level in the right conditions in real-time by exploiting the carrier phase of the GNSS signal rather than only the code phase. However, the right conditions are not applicable to presents especially if the UE is moving at high speed or passing through a tunnel. One solution can help in enhance RTK GNSS in NR network in the non-right condition is to utilize the UEs supporting network-assisted positioning information [4]. This will reduce signaling load and support geofencing of broadcast warning messages. In addition, it is stated in TS36.331 that “ Unless explicitly stated otherwise in the procedural specification, the system information acquisition procedure overwrites any stored system information, i.e. delta configuration is not applicable for system information and the UE discontinues using a field if it is absent in system information unless explicitly specified otherwise.”
On the other side, obviously, the positioning function should not be limited to a single method or measurement. That is, it should be capable of utilizing other standard methods and measurements; as such, methods and measurements are available and appropriate to meet the required service needs of the location service client. This additional information could consist of readily available E-UTRAN measurements. The position estimate computation may be made by the UE or by the E-SMLC. In certain cases, if the UE access to predefined route such as highway or transport network such as Metro, it will be useful if the UE broadcast the routing path information to increase the accuracy of UE positioning. In other words, UE can save the routing information as assistance information as pre-configured, especially if the UE is using a specific routing path regularly which will enhance the accuracy and continuity up to 100% in non-right condition. Thus UE can maintain a seamless transitioning for positioning while passing into a tunnel or any condition break the connectivity while moving. In RAN1#95 meeting, the following candidate reference signals were identified for UL positioning evaluation and are to be further studied 
· NR PRACH
· NR SRS
· NR UL DMRS
· NR UL PTRS
· New UL positioning reference signals (UL PRS)
Clearly, the additional UE signaling geo location can be part of UL PRS and the mechanism is FFS.

Proposal 3: UE shall store the routing path assistance data if possible and signalling it if necessary. 
Proposal 4: The mechanism to report geographical information to gNB should be FFS as part of UL PRS.
Conclusion
To summarize, we propose to consider following enhancements for Hybrid RAT-independent/RAT-dependent solution and Signaling periodical Geo-Location information from UE as follow:
Observation 1: A standalone operation of the above methods is very unlikely to meet the 5G requirements proposals. The usage of two positioning techniques and combine them together can improve accuracy. We need to investigate the technologies, which provide better accuracy when combined and how these can be implemented with reasonable complexity.
Observation 2: LTE based techniques (E-CellID, U/OTDoA, etc.) will serve in the future to provide coarse accuracy. However, they are not capable of reaching 1m accuracy even under the nearly perfect environment (e.g. perfect synchronization). Considering the accuracy of current LTE based positioning technologies below 30m does not seem achievable with existing RAN-dependent technologies. NR needs new positioning technologies to support the high accuracy performance.
Proposal 1: To enhance RAT dependent positioning performance, the potential enhancements like RAT-dependent physical layer redesign options including signals and frequencies and the new RAT-dependent procedures, measurements and measurement reports should be considered and FFS. 
Observation 3:  Only, based on the RAT-independent or RAT-dependent positioning technologies could not meet the new positioning requirement in the whole environment (eg. Including Suburban、Urban and rural scenarios). 
Observation 4:  Taking the advantage of RAT-independent and RAT-dependent positioning and fusing the estimating positioning information will achieve the positioning target in the whole environment. 
Proposal 2: Potential enhancements to Hybrid RAT-independent/RAT-dependent solution should be FFS.
Proposal 3: UE shall store the routing path assistance data if possible and signalling it if necessary. 
Proposal 4: The mechanism to report geographical information to eNB should be FFS as part of UL PRS.
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