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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The objectives of this Technical Report are to enhance the service-based architecture used for location services in the 5G system, and corresponding Network Functions (NFs) and procedures, to meet the service requirements defined in, SA1 (e.g. TS 22.261 [2] and TS 22.071 [3]), including the consideration of roaming and non-roaming scenarios, and access via 3GPP as well as non-3GPP access technologies (un-trusted, and trusted in TR23.716 [zz]). Of particular consideration is how to support location services in 5GS and EPS interworking scenarios, and in non-3GPP access and 3GPP access interworking scenarios. 
This Technical Report will need to consider related architectures and functions developed in RAN, and implications if any.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 22.261: "Service requirements for next generation new services and markets; Stage 1".
[3]
3GPP TS 22.071: "Technical Specification Group Systems Aspects; Location Services (LCS)".
[4]
3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".

[5]
3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[6]
3GPP TS 23.271: "Functional stage 2 description of Location Services (LCS)".
[7]
3GPP TS 38.305: "NG Radio Access Network (NG-RAN); Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN". 
[8]
3GPP TR 38.913: "Study on scenarios and requirements for next generation access technologies".
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Architectural Requirements and Assumptions 

4.1 
Architectural Requirements 

The following requirements should be applicable to 5GC LCS feature:

-
The 5GC LCS architecture should incorporate flexible modular components with open interfaces that facilitate equipment interoperability and the evolution of service providing capabilities.
-
The 5GC LCS architecture should be future proof e.g. should be able to support high accuracy positioning method and low latency positioning method.
-
Support of one or more positioning methods in order to determine the location of user equipment (UE). Such positioning method includes methods in NG RAN (To be specified in TS38.305 [7]) 
-
It should be possible to provide position information to location services consumer existing within the PLMN, external to the PLMN, or in Mobile Equipment;
-
It shall be possible to support Immediate Location Request, Deferred Location Request, and Concurrent Location Requests, defined in TS23.271 [6]. 
-
Support for location services as per the related service requirements defined in TS 22.261[2] and TS 22.071 [3].
4.2
Architectural Assumptions

As a basis for the further development work on commercial LCS in 5GC the following assumptions apply:

-
Positioning methods may be Access Network specific, although commonalties should be encouraged between Access Networks;

-
The location services in the Access Network is optional through support of the specified method(s);
-
The service based architecture defined in TS23.501 [4] section 4.4.4 shall be used as a starting point for this study.
5
Key Issues
5.1
Key Issue 1: Enhancement to LCS Architecture
5.1.1
Description

Editor’s note: This clause provides a short description of the key issue.
The Rel-15 LCS architecture is SBI based and should be used as base for rel-16 study.
For 5G, new requirements have been defined for LCSs. More stringent parameter e.g. High Accuracy Positioning services, has already been captured in TS22.261. Hence, how to do architecture enhancement should be considered.  
For this key issue the following aspects need to be studied at least:
· whether there is new functional entities needed for (new) LCS requirements, 
· whether all existing functional entities in TS23.271[6] is needed, 
· How to do functionality distribution among NFs e.g. AMF, LMF, GMLC, etc.
Editor’s note:  For the eMBB, Massive IoT and URLLC scenario, related special requirement on LCS, e.g. scalability, reliability and etc, should also be considered when define solutions for this key issues.
Editor’s note: Solutions to this key issue may have dependency on other key issues.
5.2
Key Issue 2: Positioning via user plane transmission

5.2.1
Description 
Positioning via user plane transmission is to transfer position signalling between UE and network over the UE’s established UP connection, in order to relieve the massive load of control plane signalling. It is expected that positioning via user plane transmission is supported by 5G system.

For this study it is assumed SUPL as user plane positioning protocol.

NOTE: this key issue will not cover the study on SUPL enhancement or alternatives.

This key issue will study: 
· The 5GS architecture enhancement to support LCS via user plane transmission, including the required NFs, the corresponding function assignment;

· The configuration and selection of PDU session used for LCS via user plane transmission;

· The system procedures to support LCS via user plane, including: MT-LR, MO-LR, the assistance data transfer; 

5.3
Key Issue 3: Support of low latency LCS
5.3.1
Description

Latency concerns the delay in obtaining location information for a target UE (e.g. a location estimate). From a LCS client perspective and for on demand location, the positioning (or location) latency would comprise the time between sending a request for location to the 5GC and receiving a location response from the 5GC. For periodic or triggered location, the latency would be the time interval following a location related event (e.g. a trigger event or periodic event) until the event and associated location information was notified to a LCS client.

For some services and some clients, latency requirements may be quite loose. Examples of these may include applications where a LCS client is a computer system or other automated device and the location is not associated with an emergency related event or an event where the safety or a person, animal or asset is at stake. Other examples may include low priority on demand service where a LCS client is prepared to receive a response at a later time (e.g. such as when requesting the locations of a group of UEs).
For many other services, however, there may be strict latency requirements ranging from perhaps a minute to millisecond level for interactive on demand service or for triggered services. For some services, where the client is a machine or computer system, latency requirements may be less than one second when some critical action needs to be taken that is dependent on a high-accuracy location result (e.g. such as in a factory or in association with vehicles, drones and other moving objects). In particular, in TS 22.261 (SMARTER) the high-accuracy positioning requirements are introduced, for instance, 0.5 m for mobile objects on factory floor. The corresponding positioning information shall be acquired in a timely fashion. Otherwise, due to the delay the high-accuracy positioning information can become out-of-date for high-speed moving devices even though initially it was calculated with required accuracy. There is also ongoing SA1 Rel-16 SID “FS_HYPOS” that identifies more positioning use cases and associated KPIs on high-accuracy and low latency in TR 22.872. 5GC location solutions that enable reduced latency and other KPIs related to positioning support are therefore preferable.

Criteria to study solutions for low latency LCS support include the following:

- Ability to reduce latency to all UEs

- Ability to reduce latency for selected UEs (e.g. based on external client QoS)

- Ability to support different levels of latency (e.g. sub 1 second, 1 second-1 minute, over 1 minute)

- Ability to support low latency LCS mechanisms defined for the NG-RAN and UE

- Ability to reduce network resource usage in support of low latency

- Ability to support high accuracy and real-time positioning requirements.
5.4
Key Issue 4: Reduce overhead for repetitive non-successful privacy verification 
5.4.1
Description

For a UE subscribing to LCS for value added service, the user may change the setting of the location privacy at any time.
When the UE user has temporarily disallowed location exposure in the UE, LCS privacy verification request towards the UE will always be rejected. But the network still need to trigger signalling to the UE for privacy verification for subsequent LCS request. That will result in the overhead especially when the UE in idle mode. How to reduce the overhead for repetitive non-successful privacy verification procedure needs to be studied. 
5.5
Key Issue 5: Slicing dependent location service
5.5.1
Description 
5G system supports network slicing. Network slices may differ for supported features and network functions optimizations, in which case such Network Slices may have e.g. different S-NSSAIs with different Slice/Service Types. It is possible location service has varied requirement according to different slice types. 
This key issue will study: 
· The architecture enhancement to support location service in different certain slice types.
· The system procedures for location service in different certain slice types. 
5.6
Key Issue 6: Scalability
5.6.1
Description

Scalability of location support in the 5GC concerns the ability of 5GC location services to support all of the following:

- Providing support for location requests for large numbers of UEs (e.g. tens of millions)
- Location for a high density of UEs at particular locations (e.g. tens of thousands per square km)
- Requests for repeated (e.g. periodic or triggered) location for some subset of UEs
Simplistically, the location service capacity of 5GC in any PLMN would need to be responsive to the number of UEs being located, the average rate of locations over all UEs and, for support dedicated to a specific area, the density of UEs requiring location support in the area. The overall number of UEs requiring location support may affect resources used to maintain state information and setup and tear down location sessions; the rate of locations may affect resources for requesting and obtaining location information and computing or verifying locations in the network; and the density of UEs requiring location in a particular area may affect the amount of resources allocated to or available to the area.

Examples where large numbers of UEs could require location support would include support for IoT UEs (e.g. tracking of packages, vehicles, pets, children, assets, drones, etc.) and networks with a high level of location subscription. Examples where a high density of UEs could require location support could include factories, shopping malls, airports, sports stadiums, convention centers, parades, theme parks, etc. Examples where repeated locations for certain UEs could be needed could include applications for navigation, tracking, geofencing, tourism, schools, etc.

As part of supporting scalability, 5GC location services need to avoid bottlenecks and allow capacity to be increased by adding extra network elements and/or expanding the capacity (resources) for existing network elements. Criteria for evaluating support of scalability include the following:

· Ability to increase location capacity (number of UEs located and rate of UE locations) in direct proportion to assigned network resources (software and hardware)

· Avoidance of network bottlenecks that limit how much system capacity can be increased

· Ability to flexibly change resource allocation or availability to different areas depending on demand

· Ability to reduce resource usage, e.g. signalling, information storage, etc., per UE location determination
5.7
Key Issue 7: Location service exposure
5.7.1
Description 

Location service exposure is to allow the authorized external party to obtain the UE location to enable their application and services, and location service exposure needs to comply with privacy and security regulation. It is expected that location service exposure is supported by 5G system.

This key issue will study: 
· The LCS services that can be exposed by 5G system and the corresponding service requirements, including the service type of Location Immediate Request and Location Deferred Request; 
· The architecture enhancement for LCS service exposure, the required NF and NF services;
· The privacy authorization and protection;
· The system procedures to enable each exposed location service.
5.8
Key Issue 8: Support of IoT UEs
5.8.1
Description

Support of IoT UEs already has some requirements from SA1 as documented in TS 22.261 clause 6.4.2.2 and 6.4.2.3, specifically on support of efficient bulk operations and efficient management for IoT. 

From a UE perspective, minimizing resource usage in an IoT UE for each location determination for the UE is an obvious objective. Resource usage can include power consumption, use of signaling and available bandwidth, use of processing and use of memory. The lower these are, the more location service can be provided for a UE for any given level of resource availability. Reducing network resources to support very large numbers of IoT UEs would also be an objective but is considered separately as part of the scalability key issue.

A 5GC location solution that did not support these IoT objectives could make massive IoT deployment less feasible or less attractive to subscribers.

Criteria to study support of IoT UEs include the following:

- Ability to save UE processing, UE memory, UE signaling and UE battery consumption for LCS

- Ability to allow a UE to remain idle for long periods without impacting latency of LCS

- Ability to locate a massive number of UEs or grouped UEs without increasing latency of LCS or UE resources

- Ability to maintain location accuracy requirements
6
Solutions
Editor's Note:
This clause is intended to document the agreed architecture solutions. Each solution should clearly describe which of the key issues it covers and how.
6.X
Solution #X: <Solution Title>

6.X.1
Introduction
Editor's Note:
This clause lists the key issue(s) addressed by this solution.

6.X.2
Functional Description

Editor's Note:
This clause outlines solution principles and documents any assumptions made.

6.X.3
Procedures

Editor's Note: This clause describes high-level procedures and information flows for the solution.
6.X.4
Impacts on existing entities and interfaces
Editor's Note: This clause describes impacts to existing entities and interfaces.

6.X.5
Evaluation

Editor's Note: This clause provides an evaluation of the solution.

7
Evaluation
Editor's note:
This clause will provide a general evaluation of the solutions.
8
Conclusions

Editor's Note:
This clause will capture conclusions from the study.
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