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Abstract: This solution enables LMF to get GNSS assistance data nearby 3GPP domain 
1. Introduction
This solution is for the KI#5:
· How could the core network (i.e., LMF) get the nearby GNSS assistance data from 3GPP domain to mitigate a lack of implementation of GNSS reference receivers to help reduce power consumption and increase the positioning accuracy?
· Whether and how existing procedures, protocols or interfaces can be re-used or enhanced to make UE get the nearby GNSS assistance data?
2. Discussion
Nowadays, GNSS-based positioning is widely used outdoors. A terminal (e.g., a car or a mobile phone) equipped with a GNSS receiver can locate itself by receiving signals from GNSS satellites. 
Usually, satellite-related error (e.g., orbit error, satellite clock bias), ionospheric delay, tropospheric delay, multipath error, electromagnetic noise in environment will cause GNSS positioning inaccuracy (normally an error of at least 5 to 10 meters), which is not acceptable for some industries such as autonomous driving. Besides, due to the limited transmission rate of GNSS signals, it usually takes more than 10 minutes for a terminal to get all related satellite information at the first time.



 Figure.1: GNSS reference station providing GNSS assistance data
To improve positioning accuracy and decrease positioning delay, GNSS reference stations are deployed to provide assistance data to GNSS receivers. Based on its own measurements of the satellites and known precise coordinates, the reference station can calibrate the positioning error caused by the satellite, ionosphere and other factors and provide related calibration information to GNSS receivers. Besides, RTK differential technology can be further used to help GNSS receiver reach a centimetre or even millimetre level positioning accuracy. Currently, a UE usually obtains the GNSS assistance data from the Internet via a user plane connection.
Observation 1: In generally, GNSS reference stations are required to help improve GNSS positioning accuracy for outdoor UEs.
To achieve the accuracy of centimetres or even millimetres of GNSS positioning, the maximum distance between a UE and a GNSS reference station is required to not exceed a value (e.g., 30 km), which is usually much larger than the distance between gNBs. Thus, currently some network operators are deploying GNSS reference stations co-located with some gNBs to provide high-accuracy outdoor GNSS positioning service to UEs. Such kind of co-location can guarantee short distance between UE and GNSS reference stations and reduce costs of GNSS reference station deployment, as power source and transport network of RAN can be reused by GNSS reference stations.


Figure.2: GNSS reference station co-located with gNB
Observation 2: GNSS reference station can be co-located with gNB to reduce deployment costs and guarantee enough short distance between UE and GNSS reference station.
3. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-71.
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[bookmark: _Toc97022938]6.x	Solution #x: Collection of nearby GNSS assistance data
[bookmark: _Toc16839383][bookmark: _Toc23236015][bookmark: _Toc97022939]6.X.1	Introduction
This solution addresses KI#5 about how LMF to obtain nearby GNSS assistance data.
[bookmark: _Toc16839384][bookmark: _Toc23236016][bookmark: _Toc97022940]6.X.2	Functional Description
Normally, a serving area of a GNSS reference station can cover one TA or multiple TAs (i.e., its GNSS assistance data applies to one TA or multiple TAs). When LMF collects GNSS assistance data, it requests corresponding data which can serve its serving area. The collection may be performed on a periodic basis.
With different GNSS reference deployment scenarios, how LMF obtain GNSS assistance data can be different. In this solution, following cases are considered: 
·  GNSS reference stations are third party functions co-located with gNBs and LMF collects data from AFs.
LMF gets GNSS assistance data through AF event exposure service as described in clause 5.2.19.2 of TS 23.502, LMF may also get the precise global coordinates of GNSS reference stations. In this case, LMF is enhanced to support utilize the Naf_EventExposure service. LMFs collected GNSS assistance data may update its NF profile in NRF by indicating the TAs of which corresponding GNSS assistance data exists, which can be discovered and used by other LMFs not having corresponding GNSS assistance data.
· For a trusted AF, AF registers at the NRF with its serving area (e.g., TAs or geographical location). LMF discovers trusted AFs which can cover its serving area through NRF and subscribes to GNSS assistance data exposure from discovered trusted AFs.
· For a third-part AF, AF registers at the NEF with its serving area (e.g., geographical location) and NEF registers itself with the serving area information (mapped into TAs) to NRF. LMF discovers corresponding NEFs which can cover its serving area through NRF then subscribes GNSS assistance data through the discovered NEFs.
[bookmark: _Toc16839385][bookmark: _Toc23236017][bookmark: _Toc97022941]6.X.3	Procedures
6.X.3.1a	GNSS assistance data collection from untrusted AF
The procedure in Figure 6.X.3.1a-1 is used by LMF to collect GNSS assistance information from AFs via the NEF, which is similar with NWDAF collecting data from untrusted AF described in clause 6.2.2.3 of TS 23.288. 


Fig.6.X.3.1a-1. GNSS assistance data collection
1a-1c. Similar with step 1a-1c in figure 6.2.2.3-1 of TS 23.288. The difference is that AF should also provide its serving area to NEF. NEF should map the serving area into TA(s) if it is presented as geographical location and update the NEF profile in NRF including the serving area information.
1d-1e. Similar with step 1d-1e in figure 6.2.2.3-1 of TS 23.288. The difference is that LMF may additionally provide TAs to discover specific NEFs.
2-5. Similar with step 2-5 in figure 6.2.2.3-1 of TS 23.288. The difference is that besides available GNSS assistance data, AF further provide associated serving area of the GNSS assistance data and optional precise global coordinates of the source of the GNSS assistance data. NEF may map the serving area into a TA or TA list.
6.X.3.1b	GNSS assistance data collection from trusted AF
For trusted AFs, LMF should collect GNSS assistance data through AFs directly. LMF discovers trusted AFs covering LMF serving area through NRF and subscribes to GNSS assistance data exposure from discovered trusted AFs.


Fig.6.X.3.1b-1. GNSS measurements transfer1a-1c. AF registers at the NRF with its serving area (e.g., TAs). 
1d-1e. LMF provide TAs to discover AFs.
2-3. LMF subscribes AF for GNSS assistance collection. Besides available GNSS assistance data, AF further provides associated serving area of the GNSS assistance data and optional precise global coordinates of the source of the GNSS assistance data.
6.X.4 Impacts on services, entities, and interfaces
LMF:
-  Support to collect and store GNSS assistance data from AF, RAN or UE.
-  When receive GNSS assistance data, send message to NRF to indicate GNSS assistance data existence in certain area
AF:
-  Support exposure of GNSS assistance data associated with geographical location.
NEF:
-  Support exposure of GNSS assistance data associated with geographical location from AF.
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