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Abstract: 

This contribution proposes to analyse the requirements for positioning service for UEs connecting via dual 3GPP access.
1 Introduction
Positioning has become an integral part of cellular system standardisation since 4G. In 5G, guided by the new requirements from the use cases such as factories, V2X, etc., the required positioning accuracy targets are in the order of a few decimetres as described in TS 22.261 [1].
3GPP has specified new architecture, protocols, signalling, and measurements to support these requirements for the UE in the following scenarios:

-
UE registers to one PLMN over a 3GPP access or over a 3GPP access and a non-3GPP access;
-
UE registers to different PLMNs over a 3GPP access and a non-3GPP access.

But it has not been considered the requirements brought by positioning for UEs connecting to two 3GPP access networks, the example scenarios are as follows:
-
UE registers to one PLMN over two 3GPP access networks, e.g., one access is E-UTRA/ EPC and another access is NR/5GC, or two accesses are satellite access (e.g., LEO and MEO/GEO).

-
UE registers to different PLMNs or to a PLMN and an NPN over two 3GPP access networks, e.g., one access is satellite access and another access is 3GPP terrestrial access; the two 3GPP access networks can also be two 3GPP terrestrial access networks, using the same RAT (e.g., NR&NR, satellite access& satellite access) or different RATs (e.g., NR plus E-UTRA). In this scenario,

-
The networks can be managed by one operator or different operators.

-
UE may have one subscription or two subscriptions.

The benefits to support the requirements for positioning for UEs connecting to two 3GPP access networks are enable additional 5GS tools to improve access/NW resource utilization and location service availability and reduce positioning latency. So it is worthwhile to discuss whether there are additional requirements to support positioning service for UEs connecting to two 3GPP access networks, which are not covered by current TS 22.261.

Let’s consider the following use cases of positioning service for UEs connecting to two 3GPP access networks, and then we can discuss possible requirements observed from them.

2 Use Cases
2.1
UE Positioning based on measurements from two 3GPP access networks
In the environment with many objects, the objects in the environment can block radio signals which lead to the accuracy of the positioning measurements is reduced. For example, the (semi-)static objects like high shelters in warehouse, buildings or moving objects like big trucks, block the radio signals. When UE is in such environment, the required UE location accuracy cannot be fulfilled if the positioning measurements from one access network are considered.
The placement of the RAN node in different access network is different, so in the same environment for one UE, the accuracy of positioning measurements is different in different access network. When UE connects to two 3GPP access networks, in the environment above, the required UE location accuracy can be fulfilled/ improved if the positioning measurements from two access networks are considered.

Observation 1: for environment with many objects, the required positioning accuracy can be fulfilled/ improved by collecting the measurements from two 3GPP access networks connected by UE.
Furthermore, at the edge of the radio coverage of a terrestrial access network, the operator may deploy a few RAN nodes to cover large geographical area, so the positioning performance is limited. It is hard to fulfil the accuracy requirements or even to use the positioning service, especially for emergency services. When UE connects to the terrestrial access and the satellite access as shown in Figure 1 [2], the positioning accuracy can be improved by using measurements from both access networks.
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Figure 2.1-1 Deployment of terrestrial access and satellite access

Observation 2: at the edge of the radio coverage of a terrestrial access network, it can improve positioning accuracy, positioning service availability and access/NW resource utilization to calculate UE location based on measurements from the terrestrial access and satellite access connected by the UE.
Observation 3: the UE supports proper radio capabilities (e.g. dual radio) and could register to one PLMN, one PLMN and one SNPN or two PLMNs via two 3GPP access networks. The one PLMN and one SNPN or the two PLMNs could be operated by one or two operators. The UE could have one subscription with one PLMN or two subscriptions with two PLMNs or multiple subscriptions with multiple PLMNs.
Observation 4: the 3GPP access network could be NR, E-UTRA or satellite access RAT.

2.2
Access Selection to Reduce Positioning Latency
When a UE enters the area covered by both terrestrial access and satellite access, e.g. for UEs in a train/ cruise-ship/ plane (served normally by satellite access), arriving at a stopover (where dual terrestrial access and satellite access coverage is available) as shown in Figure 2.1-1. The UE connects to terrestrial access and satellite access simultaneously.
Based on the UE to satellite propagation delay as shown in Table 2.2-1 [3], if the positioning procedure which includes several interactions between UE and network is performed via the satellite access, it is impossible to meet some positioning service latency requirements defined in TS 22.261 [1], e.g. 10ms, 15ms. In this case, if the terrestrial access is selected to perform positioning procedure, the positioning latency can be reduced and the latency requirements can be fulfilled.
Table 2.2-1: UE to satellite propagation delay
	
	UE to satellite Delay [ms]
	One-Way Max propagation delay [ms]

	
	Min
	Max
	

	LEO
	3
	15
	30

	MEO
	27
	43
	90

	GEO
	120
	140
	280


Observation 5: for a UE connecting to terrestrial access and satellite access simultaneously, terrestrial access is selected to perform positioning procedure to reduce positioning latency.

Based on Table 1, the propagation delay for LEO, MEO and GEO satellite access is different. When UE connects to LEO and MEO satellites, the LEO satellite is selected to perform positioning procedure to reduce the positioning latency.
Observation 6: for a UE connecting to dual-satellite accesses, the LEO satellite access is selected to perform positioning procedure to reduce the positioning latency.

Observation 7: the UE supports proper radio capabilities (e.g. dual radio) and could register to one PLMN, one PLMN and one SNPN or two PLMNs via two 3GPP access networks. The one PLMN and one SNPN or the two PLMNs could be operated by one or two operators. The UE could have one subscription with one PLMN or two subscriptions with two PLMNs.
Observation 8: the 3GPP access network could be NR, E-UTRA or satellite access RAT.
2.3
Access Selection to Fulfil Positioning Accuracy Requirement
Alice owns a factory to produce mechanical parts under Additive Layer Manufacturing processes. Thanks to an attractive financing scheme, Alice has installed a first factory in a rather remote area. The factory is at the edge of the radio coverage of a 5G terrestrial access. Besides the terrestrial access, there also has satellite access coverage.
The factory is almost fully automated, with a minimum number of staff allocated to operations, maintenance and surveillance of the production. Because the factory is big and has several workspaces, there are several trucks are used to transport the materials between different workspaces. The trucks are tracked with the required horizontal positioning accuracy better than 5m.

Because the factory is at the edge of the radio coverage of a 5G terrestrial access, due to the limited number of the deployed RAN node, the horizontal positioning accuracy via the terrestrial access is lower than 10m which cannot fulfil the required horizontal accuracy of 5m. In this case, satellite access is selected to perform the positioning procedure to fulfil the required horizontal accuracy.

Observation 9: for a UE connecting to terrestrial access and satellite access simultaneously, the positioning access is selected to fulfil the required positioning accuracy.

Observation 10: the UE supports proper radio capabilities (e.g. dual radio) and could register to one PLMN, one PLMN and one SNPN or two PLMNs via two 3GPP access networks. The one PLMN and one SNPN or the two PLMNs could be operated by one or two operators. The UE could have one subscription with one PLMN or two subscriptions with two PLMNs.
Observation 11: the 3GPP access network could be NR, E-UTRA or satellite access RAT.
2.4
Access Selection for UE to send positioning message
In this use case, as shown in Figure 2.4-1, UE registers to PLMN via 3GPP Access1 and 3GPP Access2 separately.
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Figure 2.4-1: access selection for UE to send positioning message
3GPP Access 1 and 3GPP Access 2 may support different latency and different congestion status, so the location service availability can be improved if access can be selected to transfer positioning message.

Observation 12: for a UE connecting to two 3GPP access networks, the UE selects one 3GPP access to send positioning message can improve location service availability and access/NW resource utilization.

Observation 13: the UE supports proper radio capabilities (e.g. dual radio) and could register to one PLMN, one PLMN and one SNPN or two PLMNs via two 3GPP access networks. The one PLMN and one SNPN or the two PLMNs could be operated by one or two operators. The UE could have one subscription with one PLMN or two subscriptions with two PLMNs.
Observation 14: the 3GPP access network could be NR, E-UTRA or satellite access RAT.
2.5
UE location information sharing between PLMNs
When UE registers to the different PLMNs (i.e. PLMN1 and PLMN2) over different 3GPP access networks, the location information which is obtained via positioning procedure defined in TS 23.273 [4] is stored in PLMN1 and PLMN2 separately as shown in Figure 2.5-1.
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Figure 2.5-1 Location information stored in PLMNs registered by UE
As shown in Figure 2.5-1, for the UE identified by GPSI1, the PLMN1 and PLMN2 store the following location information separately:

-
PLMN1 stores UE location at 10:00 am and the horizontal accuracy of the location is 10m and the vertical accuracy of the location is 3m;
-
PLMN2 stores UE location at 10:05 am and the horizontal accuracy of the location is 15m and the vertical accuracy of the location is 4m.
If the UE location information can be shared between PLMN1 and PLMN2, the UE positioning procedure at 10:05 in PLMN2 can be avoided because the UE location stored in PLMN1 can fulfil the requested accuracy. In this case, the network resource can be saved, the UE power consumption can be reduced and UE positioning latency can be reduced.
Observation 15: for a UE registered with two core networks over two 3GPP access networks, the UE location sharing between core networks can save network resource and UE power, reduce positioning latency and improve LCS Client experience.

Observation 16: the UE supports proper radio capabilities (e.g. dual radio) and could register to one PLMN, one PLMN and one SNPN or two PLMNs via two 3GPP access networks. The one PLMN and one SNPN or the two PLMNs could be operated by one or two operators. The UE could have one subscription with one PLMN or two subscriptions with two PLMNs.
Observation 17: the 3GPP access network could be NR, E-UTRA or satellite access RAT.
3 Proposals
Based on observations, we propose to include following requirements to enable the positioning improvement for UE connecting to two 3GPP access networks.
Based on the observation 3, 4, 7, 8, 10, 11, 13, 14, 16 and 17, it is proposed that
Requirement 1: The 5G system shall be able to support positioning service for a UE registering to one PLMN, both a PLMN and a SNPN or two PLMNs via two 3GPP access networks each of which could be NR, E-UTRA or satellite access RAT. The PLMN and the SNPN or the two PLMNs to which the UE registers may be operated by same or different operators. The UE can have subscription with one PLMN, or two subscriptions with two PLMNs or two subscriptions with the PLMN and the SNPN or multiple subscriptions with the multiple PLMNs.
Based on the observation 1 and 2, it is proposed that 
Requirement 2: The 5G system shall be able to provide more accurate UE location based on information collected from two 3GPP access networks serving the UE.

Based on the observation 5, 6, 9 and 12, it is proposed that 
Requirement 3: The 5G system shall be able to enable positioning services for the UE via one 3GPP access.
Based on the observation 15, it is proposed that 
Requirement 4: The 5G system shall be able to share UE location information between networks registered by UE via two 3GPP access networks separately.

It is proposed to include the above requirements into the TS 22.261.
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