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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 objective of this Technical Report is to identify and evaluate architecture enhancements of 5G System design needed to support proximity based services based on SA1 requirements defined in TS 22.278 [2], TS 22.261 [3] and TS 22.115 [4] and determine which of the solutions can proceed to normative specifications.
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 22.278: "Service requirements for the Evolved Packet System (EPS); Stage 1".

[3]
3GPP TS 22.261: "Service requirements for next generation new services and markets; Stage 1".

[4]
3GPP TS 22.115: "Service aspects; Charging and billing; Stage 1".

[5]
3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services".
[6]
3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[7]
3GPP TR 22.842: "Study on Network Controlled Interactive Service (NCIS) in the 5G System (5GS); Stage 1".
[8]
3GPP TS 23.502: "Procedures for the 5G System (5GS); Stage 2".

[9]
3GPP TS 23.303: "Proximity-based services (ProSe); Stage 2".

[10]
IETF RFC 826: "An Ethernet Address Resolution Protocol".

[11]
3GPP TS 38.300: "NR; NR and NG-RAN Overall Description; Stage 2".
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 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 TR 21.905 [1].

Open ProSe Discovery: ProSe Discovery without explicit permission from the ProSe-enabled UE being discovered, according to TS 22.278 [2]
Restricted ProSe Discovery: ProSe Discovery that only takes place with explicit permission from the ProSe-enabled UE being discovered, according to TS 22.278 [2]
5G ProSe Direct Discovery: A procedure employed by a ProSe-enabled UE to discover other ProSe-enabled UEs in its vicinity by using only the capabilities of the two UEs with NR technology.

5G ProSe Direct Communication: A communication between two or more UEs in proximity that are ProSe-enabled, by means of user plane transmission using NR technology via a path not traversing any network node.

5G ProSe UE-to-Network Relay: A UE that provides functionality to support connectivity to the network for Remote UE(s).

Remote UE: A 5G ProSe-enabled UE that communicates with a DN via a 5G ProSe UE-to-Network Relay.

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 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 TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Architecture Requirements and Assumptions
Editor's Note: This clause will document any architectural requirements and assumptions for FS_5G_ProSe.
4.1
Architecture Requirements

Solutions shall build on the 5G System architectural principles as in TS 23.501 [6], including flexibility and modularity for newly introduced functionalities.
In order to satisfy the normative stage-1 general requirements in TS 22.278 [2] and TS 22.261 [3] and TS 22.115 [4], the system shall:
-
enable the direct discovery of the ProSe-enabled UE by other ProSe-enabled UEs within the same PLMNs or different PLMNs, including in coverage and out of coverage.
NOTE:
This needs to be resolved by RAN.

-
enable the ProSe communication and seamless service continuity when switching user traffic between a Uu path and a PC5 path of the ProSe-enabled UEs, including in coverage and out of coverage.
-
enable the path selection between a PC5 path and a Uu path, or path selection/switching between two PC5 paths, e.g. UE-to-Network Relay or UE-to-UE Relay path selection/switching.

-
enable the service authorization and provisioning of the ProSe-enabled UEs.
-
enable QoS support on PC5.
-
enable the operators (HPLMN or VPLMN) charging for the utilization of the ProSe functionality.

-
enable UE-to-Network relay functionality.
-
enable UE-to-UE relay functionality.
4.2
Architecture Assumptions

4.2.1
General

-
Architecture reference models defined in TS 23.287 [5] (i.e. PC5 based eV2X architecture reference model) are used as reference architecture for supporting ProSe in 5GS.

-
Architecture reference model defined in TS 23.501 [6] are used as basis architecture for supporting ProSe in 5GS.

-
Group management is handled by application layer which is out of this document.

-
NG-RAN is considered; non-3GPP AN is not considered in the release.

-
NR based PC5 is considered.

-
QoS handling for V2X communication over NR PC5 reference point defined in clauses 5.4.1 to 5.4.4 of TS 23.287 [5] is used as basis for supporting PC5 direct communication.

-
The standardized PQI values defined for NR PC5 in TS 23.287 [5] can be used to support performance requirements defined in clause 7.6.2 of TS 22.261 [3] for interactive services if applicable.

4.2.2
Reference Architecture Model
V2X architecture as defined in TS 23.287 [5] will be used as baseline.
5
Key Issues
Editor's note:
This clause will describe the key issues for the enhancement of ProSe supporting in 5GS.
5.1
Key Issue #1: ProSe Direct discovery
5.1.1
General description

The ProSe direct discovery procedure is used for a UE to discover or be discovered by other UE(s) in proximity over the PC5 interface. The UE can discover other UE(s) with interested application(s) and/or interested group(s) using the ProSe direct discovery procedure. This solution for this key issue should strive to achieve the common direct discovery procedure for discovering a 5G Prose enabled UE, 5G Prose UE-to-Network Relay and a 5G Prose UE-to-UE Relay.

Following issues need to be addressed in this key issue:

-
Discover (or discovered by) other UE(s) in interested group(s) over PC5 interface, the group information can come from application layer.

-
Discover (or discovered by) other UE(s) also supporting interested application(s) over PC5 interface.

-
If the UE is out of coverage, discover (or discovered by) other UE(s) in coverage or out of coverage.

-
Network is able to control the ProSe direct discovery procedure when the UE is in coverage.

NOTE:
The ProSe direct discovery procedure can be used to perform the ProSe direct communication, e.g. one-to-many direct communication, one-to-one direct communication.
5.2
Key Issue #2: Support for NR PC5 ProSe communication
5.2.1
General description

In TS 22.261 [3] and TS 22.278 [2], use cases and requirements for ProSe services are described, including public safety and interactive services. NR PC5 ProSe communication including unicast and groupcast needs to be supported for the case of public safety and interactive service.
Following assumptions apply to this key issue:
-
For one-to-many direct communication and one-to-one direct communication differences with what is documented in TS 23.287 [5] clause 5.2 will be documented;

-
For QoS support differences with what is documented in TS 23.287 [5] clause 5.4 will be documented.

5.3
Key Issue #3: Support of UE-to-Network Relay

5.3.1
General description

According to TS 22.261 [3] and TS 22.278 [2], support for UE-to-Network Relay needs to be studied. In addition, the Rel-16 5G architectural design (e.g. flow-based QoS communication over PC5/Uu interface) shall be taken into consideration as well.

The case that UE may be able to access to network via the direct or indirect Uu path illustrated in figure 5.3.1-1 needs to be considered, where path #1 is direct Uu path that may not exist, as well as path #2 and path #3 are indirect Uu paths via different UE-to-Network Relays.
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Figure 5.3.1-1: Example scenario of direct or indirect Uu path between UE and Network
Therefore, 5G ProSe needs to support UE-to-Network Relay. In particular, the following aspects need to be studied:
-
How to establish a connection between Remote UE and a UE-to-Network Relay to support connectivity to the network for the Remote UE.

-
How to support end-to-end requirements between Remote UE and the network via a UE-to-Network Relay, including QoS (such as data rate, reliability, latency) and the handling of PDU Session related attributes (e.g. S-NSSAI, DNN, PDU Session Type and SSC mode).

-
How to transfer data between the Remote UE and the network over the UE-to-Network Relay.

NOTE 1: Security and privacy aspects will be handled by SA WG3.

-
How to (re)select a UE-to-Network Relay for communication path selection between two indirect Uu paths (i.e. path #2 and path #3 in figure 5.3.1-1).

-
How to perform communication path selection between a direct Uu path (i.e. path #1 in figure 5.3.1-1) and an indirect Uu path (i.e. path #2 or path #3 in figure 5.3.1-1) via a UE-to-Network Relay.

-
How to perform communication path switch between a direct Uu path and an indirect Uu path via a UE-to-Network Relay, or between two indirect Uu paths via different UE-to-Network Relays. And how to guarantee service continuity during these communication path switch procedures.

NOTE 2:
Support of non-unicast mode communication (i.e. one-to-many communication/broadcast or multicast) between network and UE-to-Network Relay UE and between UE-to-Network Relay and Remote UE(s) depends on the result of FS_5MBS work.

Two cases can be considered regarding support of UE-to-Network Relay, i.e., UE-to-Network Relay served by gNB as shown in Figure 5.3.1-2 and UE-to-Network Relay served by ng-eNB as shown in Figure 5.3.1-3.
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Figure 5.3.1-2: UE-to-Network Relay served by gNB
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Figure 5.3.1-3: UE-to-Network Relay served by ng-eNB

NOTE 3:
Whether to support the case that a UE-to-Network Relay is served by ng-eNB depends on solution to be identified in this study and RAN decision.
5.4
Key Issue #4: Support of UE-to-UE Relay
5.4.1
General description

This key issue intends to support for UE-to-UE Relay, including support for in coverage and out of coverage operation.

At least the following aspects need to be considered in potential solutions:

-
How to (re)-select a UE-to-UE Relay UE in proximity?

-
Whether and how for the network can control the UE-to-UE Relay operation, at least including how to:

-
Authorize the UE-to-UE Relay, e.g. authorize a UE as UE-to-UE Relay?

-
Provide the visibility of source/target UE and the UE-to-UE Relay to the network for the purpose of, e.g. charging?

-
How to establish the connection between the source UE and the target UEs via UE-to-UE Relay?

-
How to provide end-to-end QoS framework to satisfy the QoS requirements (such as data rate, reliability, latency)?

-
How to enhance the system architecture to provide the security protection for relayed connection?

-
How to provide a mechanism for path changing in case of e.g. UE-to-UE Relay changes?

NOTE 1:
For the involvement of NG-RAN, coordination with RAN WGs is needed.

NOTE 2:
For security aspects, coordination with SA3 is needed.

5.5
Key Issue #5: Support direct communication path selection between PC5 and Uu
5.5.1
General description
For 5GS, the proximity services are expected to be an important system wide enabler to support various applications and services (both in commercial and public safety domains). As an example, TR 22.842 [7] identified emerging Network-controlled Interactive services (NCIS) that share some commonality of requirements with public safety services and applications.

For either form of services, supporting the requirements for throughput, latency, reliability or other service requirements calls for employing path selection. To improve the support of proximity services, the appropriate direct communication path (or interface) could be selected by the UE based on some policy which may also be configured by the operator or assisted by the network when available. Therefore, this key issue addresses how to enhance the 5GS to support direct path selection. When studying the above aspect, the following needs to be considered:

-
How to enable direct communication path selection.

-
What functional entities and triggers are responsible for direct communication path selection.

5.6
Key Issue #6: Support direct communication path switching between PC5 and Uu
5.6.1
General description
This key issue addresses how to enhance the 5GS to support direct communication path switching (when needed) from 5GC Uu path to PC5 (ProSe) path or vice versa for both commercial and public safety services.

When studying the above aspect, the following needs to be considered:

-
How to enable network-controlled/network-assisted direct communication path switching between 5GC Uu path and PC5 path.

-
What functional entities and triggers are responsible for direct communication path switching and their impact on the corresponding interfaces.

-
How service continuity could be preserved during direct communication path switching, i.e. Uu to PC5 or PC5 to Uu.

-
What are the possible impacts of direct communication path switching on QoS handling for ProSe Communication over PC5 path vs. over 5GC Uu path?

5.7
Key Issue #7: Charging for PC5 
5.7.1
General description

In order to fulfil the requirements in TS 22.115 [4] and TS 22.261 [3], this key issue is proposed to study how to accommodate charging for PC5 for commercial and public safety services based on the 5G service-based architecture.

This Key Issue shall study:

-
Identify any architecture enhancements are needed to accommodate charging for PC5 on the 5G architecture.

-
How to collect and report charging related data to accommodate charging for PC5?

5.8
Key Issue #8: Support of PC5 Service Authorization and Policy/Parameter Provisioning 
5.8.1
General description
In order to enable PC5 service authorization and policy/parameter provisioning following aspects need to be studied:
-
For the procedures related to PC5 service authorization and policy/parameter provisioning to a UE, only necessary enhancement with what is specified in TS 23.287 [5] clause 6.2 and TS 23.502 [8] clause 4.2.2.2 (Registration Procedure), 4.2.4.3 (UE Configuration Update procedure for transparent UE Policy Delivery), 4.16.11 (UE Policy Association Establishment procedure), 4.16.12 (UE Policy Association Modification procedure), will be documented.

-
Identify necessary information for PC5 service authorization and provisioning based on what is specified in TS 23.287 [5] clause 5.1.2.1.

Authorisation and Provisioning as documented in TS 23.287 [5] clause 5.1 will be used as baseline for this key issue.
6
Solutions
6.0
Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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6.1
Solution #1: Restricted direct discovery

6.1.1
Description

This solution provides the discovery procedure based on 5GC architecture, including authorization and provision, announcing and monitoring procedures, and protocol for discovery as detailed in clause 6.1.2.

In EPS, there are two types of ProSe Direct Discovery: open and restricted. Open is the case where there is no explicit permission that is needed from the UE being discovered, whereas restricted discovery only takes place with explicit permission from the UE that is being discovered. In this solution, only restricted type is proposed.

Besides, there are two models for ProSe Direct Discovery exists in EPS: Model A and Model B. These two models are re-proposed in this solution as the same mechanism in EPS. And the definition for Model A and Model B is as defined in clause 5.3.1.2 of TS 23.303 [9].

6.1.2
Procedures

Editor's note:
This clause describes services and related procedures for the solution.

6.1.2.1
Procedure for authorization and provision
1. Authorization and provision to the UE

For the direct discovery authorization and provision to the UE, it is expected the AF can provide the groups and/or service information to the PCF via NEF and the PCF provides the authorization to the UE according to the received information from the AF. The authorization and provision procedure in clause 6.2.2 and 6.2.5 of TS 23.287 [5] is reused to provide at least the following configurations:
1)
The AF request sent to the PCF (or via NEF) contains the information as below,

-
The service information to be directly discovered over PC5 interface. The service information can contain, e.g. Application identifier,

-
The group information (e.g. the external group identifier) to be directly discovered over PC5 interface.

-
The information can per announcing and monitoring direction for Mode A or per discoverer UE and discoveree UE for Mode B

-
The area information.

2)
The provision to the UE from PCF, contains the following information contained based on the information received from the AF and local policy,

-
The service information to be directly discovered over PC5 interface. The service information can contain, e.g. Application identifier,

-
The group information (e.g. the external group identifier) to be directly discovered over PC5 interface.

Editor note:
It is FFS whether Uu RAT information is needed, e.g. to authorise the UE to sending or monitoring direct discovery message only when the UE camps on NR.

-
The area information used for direct discovery over PC5 interface.

Editor note:
It is FFS how the PCF determines the area used for direct discovery.

-
Security parameters used for direct discovery over PC5.

2. Authorization and provision to NG-RAN

If the AMF determines the UE is authorised to direct discovery based on the authorised area information, the AMF provides the UE is authorized to use direct discovery over PC5 interface to corresponding NG-RAN during N2 establishment for the UE.
6.1.2.2
Procedure for announcing and monitoring discovery message
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Figure 6.1.2.2-1: Procedure for discovery procedure
0.
The user may obtain ProSe application user ID and ProSe application code for ProSe direct discovery using application layer mechanisms. The application layer in the UE provides application user ID and the application identifier to the ProSe Application Function. The ProSe Application Function allocates a ProSe application user ID and ProSe application code to the application layer in the UE.

NOTE:
Step 0 is out of this specification. And this step is only needed for the applications for which there is privacy issue.

1.
The UE obtains the authorization and provision for announcing discovery and/or for monitoring/ solicitation discovery as defined in clauses 6.2.2 and 6.2.5 of TS 23.287 [5]. The authorized parameters are shown in clause 6.1.2.1.

2a.
When the announcing UE is triggered e.g. by an upper layer application to announce availability for associated groups and/or for associated applications, if the UE is authorised to perform the announcing UE procedure for the associated groups and/or the associated applications in step 1, then the UE shall generate a PC5 direct discovery message for announcement and includes the following information in this message. The announcing UE computes a security protection element (e.g., for integrity protection) and appends it to the PC5 message.

1)
ProSe UE ID e.g. ProSe application user ID, Layer 2 ID.

2)
The group ID(s) provided by the application layer.

3)
The application ID(s) or ProSe application code(s) provided the application layer.


When the monitoring UE is triggered e.g. by an upper layer application or by the user to monitor proximity of other UEs for the associated group(s) and/or associated applications, and if the UE is authorised to perform the monitoring procedure for the group(s) and/or applications, then the UE monitors the discovery message. The monitoring UE verifies the security protection element using the provisioned security parameters corresponding to the application. If the verification of the security protection element succeeds, the service is successfully discovered by the monitoring UE. The monitoring UE may then notify the application layer using the result of the discovery.

2b.
When the discoverer UE is triggered e.g by an upper layer application or by the user to discover other UEs for the associated group(s) and/or associated applications, and if the UE is authorised to perform the discovery solicitation procedure for the group(s) and/or applications in step1, then the UE sends solicitation message with the information of discoverer ProSe UE ID, application ID(s) or ProSe application code(s), group ID(s). The discoverer UE computes a security protection element (e.g., for integrity protection) and appends it to the PC5 message.


If the discoveree UE is able to and authorised to respond to the discovery solicitation according to the received information in the solicitation message, then responds to the discovery message with the discoveree ProSe UE ID, the supported application ID(s) or ProSe application code(s) and group ID(s).

6.1.3
Impacts on Existing Nodes and Functionality
Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.

6.2
Solution #2: V2X based solution
6.2.1
Description

6.2.1.1
General

A UE may either listen for other UEs it is interested in, or it may broadcast its interest. TS 23.287 [5] already has the concept of Discovery, clause 6.3.3 for Unicast mode link establishment. It is proposed to use PC5-S procedure for Direct Discovery.

The ProSe application layer, which in TS 23.287 [5] is the V2X application layer will determine what type of information should be either looked for or broadcast in the direct discovery procedure which includes an Application ID and a Destination Layer-2 ID.

Editor's note:
It is FFS how to identify a UE at the ProSe layer and if a ProSe layer UE identity needs to be provided.

There may be situations when a unique Destination Layer-2-ID has been assigned to identify an application (e.g. as in TS 23.287 [5] a V2X service can be assigned a unique Destination Layer-2 ID), in such a situation it would not be expected to receive Destination Layer 2-ID from the application layer. In addition, a UE may be interested in only communicating with another specific UE(s), in such situations a Destination Layer-2-ID maybe sufficient or there might be a need to look for a specific UE that is independent of the Destination Layer-2-ID. The procedure is flexible so that ProSe Layer is provided a set of identities from the ProSe application layer and the ProSe Layer then uses these identities to do a match.
6.2.2
Procedures

6.2.2.0
Policy/Parameter Description

6.2.2.0.1
General

The following identities are required:

a)
ProSe Application ID:
An identity used by a UE to indicate a specific ProSe application. The ProSe application ID is assigned (provided) by the ProSe application layer and can be used to identify e.g.:

-
An application e.g. Mission Critical Voice, Game A, Game B, Taxi Communications company Y

NOTE:
This is a form of ProSe Application Code as described in TS 23.303 [9].

b)
Destination Layer-2 ID
Indicate any of the following:

-
Type of Direct Discovery (group or unicast).

Editor's note:
It is FFS how to identify a UE at the ProSe layer.

All of the above identities can be either fixed over time or can be dynamic depending on operator configuration. When an identity is dynamic it will have a validity timer. Dynamic allocation of the identities by the ProSe Application layer allows for privacy support.

6.2.2.0.2
Policy/Parameter provisioning
The same concept as in TS 23.287 [5] clause 5.1.1 shall be used.

See TS 23.287 [5] clause 5.1.2. Replace:

-
V2X service by ProSe Application.

-
PISD and ITS-AID by Application ID

Add the following new requirements:
X)
Policy/parameters related to if ProSe application is allowed to use PC5 direct discovery:

-
The list of ProSe Applications that are allowed to use PC5 direct discovery.

Y)
Policy/parameters related to Destination Layer-2-ID for or unicast discovery

-
The mapping of default Destination Layer-2 ID(s) for initial PC5 direct discovery

6.2.2.1
General

ProSe Direct Discovery consists of 2 components:

Listening: This procedure consists of the UE listening for broadcast data. Depending on the ProSe application that the UE is wanting to use, the UE maybe required to listen for any or all of the following:

I
Destination Layer 2-ID;

II
ProSe Application ID;

Editor's note:
It is FFS how to identify a UE at the ProSe layer.
Broadcasting: This procedure consists of the UE broadcasting data that other UEs will be listening for. Depending on the ProSe application that the broadcasting UE is wanting to use, in addition to broadcasting the Origination and Destination Layer-2-IDs, the broadcasting UE maybe required to also broadcast any of the following:

I
ProSe Application ID;

Editor's note:
It is FFS how to identify a UE at the ProSe layer.
Clause 6.2.2.2 is based upon TS 23.287 [5] clause 6.3.3.
6.2.2.2
ProSe Direct Discovery Procedure 

To perform ProSe Direct Discovery communication over PC5-S reference point, the UE is configured with the related information as described in clause 6.2.2.0.2.
Figure 6.2.2.2-1 shows the procedure for ProSe Direct Discovery Announcement over PC5 reference point.
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Figure 6.2.2.2-1: ProSe Direct Discovery procedure

1.
The ProSe application layer in UE-2-4 provides for PC5 Discovery Listening communication from the ProSe application layer to the ProSe layer at least one of the following information:
-
Destination Layer-2 ID;

-
ProSe Application ID;

Editor's note:
It is FFS how to ensure there is no collision of ProSe Application IDs between applications.

Editor's note:
It is FFS how to identify a UE at the ProSe layer.


The ProSe application layer determines the contents of the Origination and Destination User Info if they have been provided to the ProSe Layer.

2.
The ProSe application layer in UE-1 provides to the ProSe layer for PC5-S Broadcast Discovery Announcement (DBA)at least one of the following:

-
ProSe Application ID;
Editor's note:
It is FFS how to ensure there is no collision of ProSe Application IDs between applications.

-
Destination Layer-2 ID;

Editor's note:
It is FFS how to identify a UE at the ProSe layer.

The Prose layer shall check to see if the Application ID received from the ProSe application layer is allowed to use ProSe PC5 communications.
a.
If the Application ID is allowed per policy defined in clause 6.x.2.0.2 to use ProSe PC5 communications, if the ProSe layer:
i.
receives a Destination Layer-2-IDs from the ProSe application layer it shall be used as the Destination Layer-2-ID in step 3; or

ii.
did not receive a destination layer 2-ID from the ProSe application layer, the ProSe layer shall determine if it has a provisioned Destination Layer-2-ID for that Application Layer ID as described in clause 6.2.2.0.2 If a Destination Layer-2 ID:

-
has been provisioned it shall be used in step 3; or

-
has not been provisioned then the ProSe Layer shall determine if a Destination Layer 2-ID has been provisioned for the type of communication being requested by analysing the ProSe Device ID to determine if group communication or unicast is being requested.

Editor's note:
It could be possible that there is a Destination Layer-2 ID just for announcement purposes. This is FFS.

b.
If the Application ID is not allowed per policy defined in clause 6.2.2.0.2 to use ProSe PC5-S communications then an error shall be indicated to the ProSe Application Layer. The procedure shall be terminated.

3.
For the Broadcasting UE, UE-1, if the ProSe Layer received Location information, the ProSe Layer will only send a Broadcast Discovery Communication request message to announce itself in that location, else the ProSe Layer sends a Broadcast Discovery Communication request message to announce itself. The Broadcast Discovery Communication request message includes:

-
Application Layer ID (if received in the User info);

-
The Destination Layer-2-IDs as determined in step 2.

Editor's note:
It is FFS how to identify a UE at the ProSe layer.

For the listening UE(s), UE-2 to UE-4, the ProSe Layer will listen for a Broadcast Discovery Communication message. Upon receiving a Broadcast Discovery CommunicationUE-2 will perform a match using the information received in step 1:

6.2.3
Impacts on Existing Nodes and Functionality

Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.
6.3
Solution #3: Solution for ProSe 5G Direct Discovery using PC5 communication channel
6.3.1
Description

ProSe 5G Direct Discovery using PC5 communication channel relies on signalling messages that are carried within the same layer-2 frames as those used for ProSe direct communication over NR PC5 reference point defined in TS 23.287 [5], clause 6.1.1.
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Figure 6.3.1-1 : Layer-2 frame format for ProSe 5G Direct Discovery

A simplified layer-2 frame format for ProSe Direct Discovery is shown in Figure 6.3.1-1. In reference to the header fields the following applies:
NOTE 1:
The exact frame format for the discovery messages will be specified together with RAN WG2 and CT WG1.
-
The Destination Layer-2 ID that can be set to a unicast, groupcast or broadcast identifier.

-
The Source Layer-2 ID that is always set to a unicast identifier of the transmitter.

-
Frame type indicates that it is a ProSe Direct Discovery message.

NOTE 2:
Which protocol identifier in the Access Stratum the Frame Type field corresponds to will be decided by RAN2

-
The following ProSe Direct Discovery messages are needed:

-
Announcement message (for Model A discovery as defined in TS 23.303 [9])

-
Solicitation message (for Model B discovery as defined in TS 23.303 [9])

-
Response message (for Model B discovery as defined in TS 23.303 [9])

The information contained in each discovery message is similar to what is described in TS 23.303 [9] clause 4.6.4.

NOTE 3:
Depending on the use cases to be supported in ProSe 5G, not all information elements defined in TS 23.303 [9] need to be supported. For example, if only restricted, UE-to-UE Relay Discovery and UE-to-Network Relay Discovery need to be supported, there is no need for ProSe Application Code that is only used for open discovery.

6.3.2
Procedures

6.3.2.1
Procedures for Direct Discovery Model A and B

Depicted in Figure 6.3.2.1-1 is the procedure for ProSe Direct Discovery with Model A.
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Figure 6.3.2.1-1: ProSe Direct Discovery with Model A

Depicted in Figure 6.3.2.1-2 is the procedure for ProSe Direct Discovery with Model B.
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Figure 6.3.2.1-2: ProSe Direct Discovery with Model B

Editor's Note: In order to reduce power consumption whether there is an incentive to reduce the size of information carried in discovery messages and potentially also define some "longer" DRX values compared to the equivalent values that will be used for communication will be decided in RAN. 

6.3.2.2
Procedures for assignment of ProSe identifiers

Depending on the use cases of Direct Discovery e.g. commercial vs. public safety, and restricted vs. open, etc., the related information in the ProSe Direct Discovery message is either preconfigured in the UE or assigned dynamically. For instance, for Group Member Discovery, the information needs to be pre-configured in the UE in order to support "out of coverage" operation for public safety use. For cases where information needs to be assigned by the PLMN, the PC3 procedures defined in TS 23.303 [9] clause 5.3 between UE and a ProSe Function can be used, since PC3 is using user plane (HTTPS) and therefore the procedures are access agnostic. Only the the procedures in clause 5.3 of TS 23.303 [9], i.e. the Direct Discovery Name Management Function, needs be supported by the ProSe Function in 5GS.

Editor's note:
The location of the ProSe Function in 5GS depends on deployment requirements.

The Direct Provisioning Function (DPF) defined in TS 23.303 [9] as part of the ProSe Function is separated from the Direct Discovery Name Management Function and is replaced by PCF, based on the V2X architecture as defined in TS 23.287 [5].

6.3.3
Impacts on Existing Nodes and Functionality
New UE procedures for using ProSe Direct Discovery with NR PC5 communication channel.

UE and ProSe Function need to support the PC3 procedures defined in TS 23.303 [9] clause 5.3.

PCF needs to support the delivery of the ProSe 5G authorization and provisioning information using the PCF based Service Authorization and Provisioning mechanism defined in TS 23.287 [5] clause 6.2.2.

6.4
Solution #4: PC5 group communication for commercial services
6.4.1
Description

6.4.1.1
General
This solution addresses Key Issue #1 (ProSe Direct discovery) and Key Issue #2 (Support for NR PC5 ProSe communication), and is mainly to support group communication over PC5 reference point for commercial services, e.g. interactive services.

The following steps describe an outline of the proposed solution:

1)
USER#1 initiates to discover other users who are interested in APP#1 and in proximity by using direct discovery. For example, USER#1 wants to play some interactive game with other users by using group communication over PC5 reference point.

2)
USER#1 gets a response from some users who want to play the interactive game together.

3)
A UE of USER#1 (i.e. A leading UE) provides a Group Communication Candidate List including USER#1 and the users sent a response, and checks with an Application Server associated with APP#1 regarding which users can participate in the group communication.

4)
After checking, the Application Server provides a Group Communication Member List and various information for this group communication including Application Layer Group ID and Destination IP address to the leading UE.

5)
The leading UE provides the Application Layer Group ID and Destination Layer-2 ID to other member UEs in the Group Communication Member List.

6)
Other member UEs obtain various information for this group communication including Destination IP address from the Application Server by submitting the Application Layer Group ID.

7)
Based on the information for this group communication provided by the Application Server, all member UEs can perform the group communication.

As such, dynamic group communication can be achieved in a network controlled manner.

The application/service performing group communication proposed in this solution is operated with a group locally formed, that is, whose group member UEs are in proximity each other. Therefore, any Application Server, e.g. interactive game server, does not have to be involved to run the application/service. The Application Server introduced in this solution exchanges application layer signalling with UEs to support group communication over PC5 reference point.

6.4.1.2
Differences from groupcast mode of V2X communication over PC5 reference point
The proposed solution has the following main differences from groupcast mode of V2X communication over PC5 reference point defined in TS 23.287 [5]:

-
Discovery of other UEs participating in group communication is performed by using PC5 discovery messages.

-
Application Server is involved in group management.

-
Application Layer Group ID is provided by the Application Server.

-
Destination Layer-2 ID for groupcast is assigned by a UE. i.e. leading UE.

-
Information/parameters needed for groupcast are provided from the leading UE by using PC5 discovery messages and from the Application Server by using application layer signalling.

6.4.2
Procedures

NOTE:
The application layer signalling messages exchanged between UE and Application Server in the procedures described in this clause are for information and out of scope of this study.
6.4.2.1
PC5 group communication establishment for commercial services
The procedure is initiated when a UE wants to perform group communication over PC5 reference point with other UE(s) for any application, e.g. interactive game.
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Figure 6.4.2.1-1: PC5 group communication establishment for commercial services
1.
UE-1 sends a Discovery Request message. The broadcasted Discovery Request message includes:

-
Application ID: the application requesting group communication. This is provided by the application layer.

-
Application Layer User ID: the initiating UE's Application Layer User ID (i.e. UE-1's Application Layer User ID). This is provided by the application layer.

2.
The UEs that are interested in performing group communication for the requested application respond to the request by sending a Discovery Response message (i.e. UE-2, UE-3 and UE-5 in Figure 6.4.2.1-1).

The Discovery Response message includes:
-
Application ID: the application whose group communication was requested.

-
Application Layer User ID: Application Layer User ID of the UE sending the Discovery Response message (i.e. UE-2's Application Layer User ID in step 2a, UE-3's Application Layer User ID in step 2b and UE-5's Application Layer User ID in step 2c). This is provided by the application layer.


After sending the Discovery Request message in step 1, UE-1 collects the Discovery Response message sent from other UE(s) during a configured time interval.
Editor's note:
It is FFS how to handle the case that more than one UEs send a Discovery Request message including same Application ID almost simultaneously, so one UE receives multiple Discovery Request messages including same Application ID.

Editor's note:
It is FFS how privacy is supported regarding Application Layer User ID in step 1 and step 2.

3.
The application layer of UE-1 sends a Group Communication Check Request message to the Application Server associated with the application. The Group Communication Check Request message includes:

-
Application ID: the application requesting group communication.

-
Group Communication Candidate List: a list of Application Layer User IDs of the initiating UE and the UE(s) sent a response (i.e. UE-1's Application Layer User ID, UE-2's Application Layer User ID, UE-3's Application Layer User ID and UE-5's Application Layer User ID).


The Application Server checks whether the UEs in the Group Communication Candidate List can perform group communication. In addition, the Application Server can check whether UE-1, i.e. initiating UE can be a leading UE for this group communication.

NOTE 1:
UE-1 can continue group communication establishment although Discovery Response message was received from only one UE in step 2.
4.
The Application Server sends a Group Communication Check Response message to the application layer of UE-1. The Group Communication Check Response message includes:

-
Application ID: the application whose group communication was requested.

-
Application Layer Group ID: an identity uniquely identifying a group communication (i.e. a group of users) within the context of the application whose group communication was requested.

-
Group Communication Member List: a list of Application Layer User IDs of UEs that are authorized to participate in this group communication.

In Figure 6.4.2.1-1, UE-5 is not in this list because this user/UE is not authorized to participate in this group communication. Therefore, the list includes UE-1's Application Layer User ID, UE-2's Application Layer User ID and UE-3's Application Layer User ID.

-
Destination IP address: a destination IP address to be used for this group communication.

-
(Optional) Application Requirements: service requirements for this group communication, e.g. priority requirement, reliability requirement, delay requirement, range requirement.

-
(Optional) Security related information: security related parameters used for this group communication.


The Application Layer Group ID, Destination Layer-2 ID and Destination IP address are assigned by the Application Server.
5.
UE-1 sends a Discovery Accept message to each member UE included in the Group Communication Member List received in step 4 (to UE-2 and UE-3 in Figure 6.4.2.1-1).

The Discovery Accept message includes:
-
Application Layer Group ID: provided by the Application Server in step 4.

-
Destination Layer-2 ID: a destination link-layer identity to be used for this group communication. This is assigned by UE-1.

-
HARQ operation related information: this information includes a Group Size and a Member ID.


The Member ID is an identifier uniquely identifying a member in this group communication. For example, 1 is provided to UE-2 as Member ID and 2 is provided to UE-3 as Member ID. UE-1 uses 0 as Member ID.


In Figure 6.4.2.1-1, the group size is 3.

6a.
UE-2 needs to obtain information for this group communication from the Application Server.


Therefore, the application layer of UE-2 provides the Application Layer Group ID received from UE-1 in step 5 and its Application Layer User ID to the Application Server in order to request information for this group communication.


The Application Server provides Destination IP address for this group communication to the application layer of UE-2. Optionally, Application Requirements and Security related information are provided to the application layer of UE-2.

6b.
UE-3 obtains information for this group communication from the Application Server as described in step 6a.

7a.
UE-2 sends a Discovery Complete message to UE-1.

7b.
UE-3 sends a Discovery Complete message to UE-1.


Each member UE determines the PC5 QoS parameters for this groupcast. (Please refer to TS 23.287 [5].)


The ProSe layer of each member UE passes groupcast related information/parameters such as Layer-2 ID information (i.e. source Layer-2 ID and destination Layer-2 ID), QoS related information, HARQ operation related information to the AS layer.

8.
UE-1 sends the service data using the source Layer-2 ID/IP address and the destination Layer-2 ID/IP address by using groupcast.

NOTE 2:
UE-2 and UE-3 can also send the service data using the source Layer-2 ID/IP address and the destination Layer-2 ID/IP address and this is not illustrated in Figure 6.4.2.1-1 for simplicity.
Editor's note:
It is FFS how to update HARQ operation related information to the group member UE(s) when some member UE leaves the group communication.
6.4.2.2
PC5 group communication termination for commercial services
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Figure 6.4.2.2-1: PC5 group communication termination for commercial services
1.
The group communication is over in the application layer. For example, interactive game that UE-1, UE-2 and UE-3 play together ends.

2.
The application layer of UE-1 that is a leading UE sends a Group Communication Termination Request message to the Application Server associated with the application. The Group Communication Termination Request message includes:

-
Application ID: the application that has performed group communication.

-
Application Layer Group ID: an identity identifying a group communication whose termination is requested.

3.
The Application Server sends a Group Communication Termination Response message to the application layer of UE-1.


The ProSe layer of each member UE informs the AS layer that this groupcast has been terminated.

6.4.3
Impacts on Existing Nodes and Functionality
UE:
-
Performs direct discovery regarding an interested application for group communication.

-
For a leading UE (i.e. initiating UE), checks the group members with the Application Server by using application layer signalling and provides Application Layer Group ID assigned by the Application Server to other member UEs by using PC5 discovery message.

-
Obtains information for the group communication from the Application Server by using application layer signalling.

Application Server:
-
Checks the group members that can participate in the group communication.

-
Provides Application Layer Group ID to the leading UE.

-
Provides information for the group communication to the leading UE and other group member UE(s).

6.5
Solution #5: ProSe communication based on V2X communication over PC5
6.5.1
General Description

This solution addresses Key Issue #2 on ProSe communication. The solution takes V2X communication over PC5 in TS 23.287 [5] as a baseline.

In order to support unicast, groupcast and broadcast communication, the mechanism defined in TS 23.287 [5] clause 5.2 is reused with the following differences:

-
Both IPv6 and IPv4 based ProSe communication are supported.

-
IPv4 address allocation is defined in TS 23.303 [9] clause 4.5.3.

6.5.2
Procedures
The "Procedures for V2X communication over PC5 reference point" defined in TS 23.287 [5] clause 6.3 is reused to support ProSe communication, and the differences are highlighted as followings.

For broadcast and groupcast mode ProSe communication procedures as defined in clauses 6.3.1 and 6.3.2, the following differences are identified:

-
The following data unit types are supported: IP, non-IP and Address Resolution Protocol (see RFC 826 [10]).

-
The ProSe Group IP multicast address for groupcast communication may be provisioned by PCF and is used to send and receive IP data.

For unicast mode ProSe communication procedure as defined in clause 6.3.3, the following differences are identified:
-
DHCPv4 based IP address allocation is supported.

Editor's note:
Any additional differences from V2X communication are FFS.
6.5.3
Impacts on Existing Nodes and Functionality
UE impact:
-
UE is enhanced to support ProSe communication over NR based PC5 reference point.

6.6
Solution #6: Layer-3 UE-to-Network Relay
6.6.1
General Description

This is a solution for key issue #3, UE-to-Network Relay.

The ProSe 5G UE-to-Network Relay entity provides the functionality to support connectivity to the network for Remote UEs (see figure 6.6.1-1). It can be used for both public safety services and commercial services (e.g. interactive service).

A UE is considered to be a Remote UE for a certain ProSe UE-to-Network relay if it has successfully established a PC5 link to this ProSe 5G UE-to-Network Relay. A Remote UE can be located within NG-RAN coverage or outside of NG-RAN coverage.


[image: image13.emf] 

   

Remote  

UE  

ProSe UE  -  to  -  

Network   

Relay  

NG - RAN  

AS  

PC  5  

Uu  

5GC  

N6  


Figure 6.6.1-1: Architecture model using a ProSe 5G UE-to-Network Relay

The ProSe 5G UE-to-Network Relay shall relay unicast traffic (UL and DL) between the Remote UE and the network. The ProSe UE-to-Network Relay shall provide generic function that can relay any IP traffic.

Editor's note:
Support for non-IP traffic is FFS.

Editor's note:
Support of non-unicast mode communication (i.e. one-to-many communication/broadcast or multicast) between network and UE-to-Network Relay UE and between UE-to-Network Relay and Remote UE(s) depends on the result of FS_5MBS work.

One-to-one Direct Communication is used between Remote UEs and ProSe 5G UE-to-Network Relays for unicast traffic as specified in solutions for Key Issue #2.

The protocol stack for Layer-3 UE-to-Network Relays is shown in Figure 6.6.1-2.
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Figure 6.6.1-2: Protocol stack for ProSe 5G UE-to-Network Relay

Hop-by-hop security is supported in the PC5 link and Uu link. If there are requirements beyond hop-by-hop security for protection of Remote UE's traffic, security over IP layer needs to be applied.

Further security details (integrity and privacy protection for remote UE-Nw communication) will be specified in SA WG3.

6.6.2
Procedures

A ProSe 5G UE-to-Network Relay capable UE may register to the network (if not already registered) and establish a PDU session enabling the necessary relay traffic, or it may need to connect to additional PDU session(s) or modify the existing PDU session in order to provide relay traffic towards Remote UE(s). PDU session(s) supporting UE-to-Network Relay shall only be used for Remote ProSe UE(s) relay traffic.
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Figure 6.6.2-1: ProSe 5G UE-to-Network Relay

0.
During the Registration procedure, Authorization and provisioning is performed for the ProSe UE-to-NW relay and Remote UE. Authorization and provisioning procedure may be any solution for key issue #1 and #3.

1.
The ProSe 5G UE-to-Network Relay may establish a PDU session for relaying with default PDU session parameters received in step 0 or pre-configured in the UE-to-NW relay, e.g. S-NSSAI, DNN, SSC mode. In case of IPv6, the ProSe UE-to-Network Relay obtains the IPv6 prefix via prefix delegation function from the network as defined in TS 23.501 [6].

2.
Based on the Authorization and provisioning in step 0, the Remote UE performs discovery of a ProSe 5G UE-to-Network Relay using any solution for key issue #1 and #3. As part of the discovery procedure the Remote UE learns about the connectivity service the ProSe UE-to-Network Relay provides.

3.
The Remote UE selects a ProSe 5G UE-to-Network Relay and establishes a connection for One-to-one ProSe Direct Communication as described in TS 23.287 [5].


If there is no PDU session satisfying the requirements of the PC5 connection with the remote UE, e.g. S-NSSAI, DNN, QoS, the ProSe 5G UE-to-Network Relay initiates a new PDU session establishment or modification procedure for relaying.

Editor's note:
How the ProSe UE-to-NW relay determine the requirement of PC5 Connection, e.g. S-NSSAI, DNN, QoS will be specified in other solutions for KI#3.

4.
IPv6 prefix or IPv4 address is allocated for the remote UE as it is defined in TS 23.303 [9] clauses 5.4.4.2 and 5.4.4.3.From this point the uplink and downlink relaying can start.

Editor's note:
General functionality for IPv6 prefix delegation as defined in TS 23.401 clause 5.3.1.2.6 needs to be added in 5GS and reference to TS 23.501 [6] can be added above.

5.
The ProSe 5G UE-to-Network Relay sends a Remote UE Report (Remote User ID, IP info) message to the SMF for the PDU session associated with the relay. The Remote User ID is an identity of the Remote UE user (provided via User Info) that was successfully connected in step 3. The SMF stores the Remote User IDs and the related IP info in the ProSe 5G UE-to-Network Relay's for the PDU connection associated with the relay.


For IP info the following principles apply:

-
for IPv4, the UE-to-network Relay shall report TCP/UDP port ranges assigned to individual Remote UE(s) (along with the Remote User ID);

-
for IPv6, the UE-to-network Relay shall report IPv6 prefix(es) assigned to individual Remote UE(s) (along with the Remote User ID).

Editor's note:
Storage of Remote User ID in SMF is FFS.

The Remote UE Report message shall be sent when the Remote UE disconnects from the ProSe 5G UE-to-Network Relay (e.g. upon explicit layer-2 link release or based on the absence of keep alive messages over PC5) to inform the SMF that the Remote UE(s) have left.

In the case of Registration Update procedure involving SMF change the Remote User IDs and related IP info corresponding to the connected Remote UEs are transferred to the new SMF as part of SM context transfer for the ProSe 5G UE-to-Network Relay.

NOTE 1:
In order for the SMF to have the Remote UE(s) information, the HPLMN and the VPLMN where the ProSe 5G UE-to-Network Relay is authorised to operate, needs to support the transfer of the Remote UE related parameters in case the SMF is in the HPLMN.

NOTE 2:
When Remote UE(s) disconnect from the ProSe UE-to-Network Relay, it is up to implementation how relaying PDU sessions are cleared/disconnected by the ProSe 5G UE-to-Network Relay.

After being connected to the ProSe 5G UE-to-Network Relay, the Remote UE keeps performing the measurement of the signal strength of the discovery message sent by the ProSe 5G UE-to-Network Relay for relay reselection.

The solution can also work when the ProSe 5G UE-to-Network Relay UE connects in EPS using LTE. In this case for the Remote UE report the procedures defined in TS 23.303 [9] can be used.

6.6.3
Impacts on Existing Nodes and Functionality
The solution has impacts in the following entities:
SMF:
-
Needs to support procedures for Remote UE report.

UE:
-
Needs to support procedures for Remote UE and ProSe 5G UE-to-Network Relay.

6.7
Solution #7: Indirect Communication via Layer 2 UE-to-Network Relay UE
6.7.1
Introduction

The solution addresses the following aspect highlighted in key issue #3 (Support UE-to-Network Relay UE):

-
How to transfer data between the Remote UE and the network over the UE-to-Network Relay UE.

The solution proposes a protocol architecture to support a Layer 2 UE-to-Network Relay UE (see Annex A).

This solution works only for NR/5GC network relays. It does not apply when the UE-to-Network Relay UE is out of coverage of NR/5GC.

6.7.2
Functional Description

6.7.2.1
General

In this clause, the protocol architecture supporting a L2 UE-to-Network Relay UE is provided.

The L2 UE-to-Network Relay UE provides forwarding functionality that can relay any type of traffic over the PC5 link.

The L2 UE-to-Network Relay UE provides the functionality to support connectivity to the 5GS for Remote UEs. A UE is considered to be a Remote UE if it has successfully established a PC5 link to the L2 UE-to-Network Relay UE. A Remote UE can be located within NG-RAN coverage or outside of NG-RAN coverage.

6.7.2.2
Control and User Plane Protocols

The control and user plane protocols stacks are based on the architectural reference model described in Annex A.

6.7.2.3
Network Selection

Network selection comprises PLMN selection and access network selection. Access network selection for a Remote UE comprises UE-to-Network relay discovery and selection. The Remote UE performs PLMN selection in accordance with the PLMN selected by the UE-to-Network Relay.

The Remote UE and UE-to-Network Relay UE are by definition served by the same NG-RAN.

6.7.2.4
Authorization and provisioning

In order to enable a (Remote) UE out of coverage to gain connectivity to the network, it is important to allow such UE by means of (pre)configuration to discover potential UE-to-Network Relay UEs through which it could gain access to the 5GS. To do so:

Parameters for UE-to-Network Relay UE discovery and for communication over NR PC5 may be made available to the Remote UE as follows:

-
Pre-configured in the ME and/or configured in the UICC

-
Provided or updated by the PCF to the UE in the serving PLMN.

It is also important that a UE be authorized to operate as a UE-to-Network Relay UE. A UE may only operate as a UE-to-Network Relay UE when served by the network.

Parameters for a UE to operate as a UE-to-Network Relay UE, for discovery of Remote UEs over NR PC5 and for communication over NR PC5 may be made available to the UE as follows:

-
Pre-configured in the ME and/or configured in the UICC

-
Provided or updated by the PCF to the UE in the serving PLMN

It should be possible for the HPLMN PCF to provide authorization for a UE to operate as a Remote UE or as a UE-to-Network Relay UE on a per PLMN basis. It should also be possible for the Serving PLMN to provide/revoke such authorization in which case it shall override any corresponding information provided by the HPLMN.

Editor's note:
Whether preconfigured credentials for ProSe discovery and for initial ProSe communication on PC5 out-of-coverage are needed is FFS.

6.7.2.5
Registration and Connection Management

6.7.2.5.1
Registration Management

Registration Management for the UE-to-Network Relay UE follows the principles and procedures defined in TS 23.501 [6] and TS 23.502 [8]. The UE-to-Network Relay is served by a first AMF.

Registration Management for the Remote UE follows the principles and procedures defined in TS 23.501 [6] and TS 23.502 [8]. The Remote UE is served by a second AMF that may or may not be the same as the first AMF.

Editor's note:
Which approach to select is FFS. It is dependent on whether or not to constrain the Remote UE to access the network according to only what is accessible by the UE-to-Network Relay UE or not.
6.7.2.5.2
Connection Management

Connection Management for the UE-to-Network Relay UE follows at least the principles and procedures defined in TS 23.501 [6] and TS 23.502 [8].

Connection Management for the Remote UE follows the principles and procedures defined in TS 23.501 [6] and TS 23.502 [8].

Editor's note:
Impact of the Remote UE CM states onto the UE-to-Network Relay UE CM states is FFS. E.g. the UE-to-Network Relay UE is expected to remain CM-CONNECTED when the Remote UE is CM-CONNECTED.
6.7.2.6
QoS

As shown in Annex A, the NAS endpoints between a Remote UE and the network are as currently specified such that the operation via a UE-to-Network Relay UE should be transparent to the network NAS, with the exception of authorization/provisioning identified in 6.7.2.4.

This means that the 5GS flow-based QoS concept in particular should be reused between the Remote UE and the network, with necessary adaptation over the radio interface i.e. PC5 (for the Remote UE and UE-to-Network Relay UE) and Uu (for the UE-to-Network Relay UE). In other words QoS flows established between the network and the Remote UE will be mapped to PC5 "radio bearers" seen by the Remote UE and to normal Uu radio bearers seen by the network, whereby the UE-to-Network Relay UE performs the necessary adaptation between Uu and PC5.

6.7.2.7
Mobility

6.7.2.6.1
Mobility Restrictions

The Remote UE is expected to operate within the boundaries of the Mobility Restrictions applicable to the UE to Network Relay UE.

Editor's note:
Whether the Mobility Restrictions applicable to the UE-to-Network Relay UE are impacted by those applicable to the Remote UE is FFS.

6.7.2.6.2
Other

Mobility of a Remote UE within an NG-RAN node will be handled by the NG-RAN and the UE-to-Network Relay, allowing the Remote UE to maintain service when changing from a direct network connection to an indirect network connection (i.e. via L2 UE-to-Network Relay UE) and vice-versa without 5GC involvement.
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Figure 6.7.2.6-1. Intra-NG-RAN mobility (no 5GC involvement)

Inter-NG-RAN mobility is depicted below. Mobility is expected to be possible with no impact on NAS and most impact on lower layers i.e. RAN WG2.
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Figure 6.7.2.6-2: Inter-NG-RAN mobility

Editor's note:
Further details for when the Remote UE moves in and out of coverage are FFS.
6.7.2.8
Security

Security (confidentiality and integrity protection) is enforced at the PDCP layer between the endpoints at the Remote UE and the gNB. The PDCP traffic is relayed securely over two links, one between the Remote UE and the UE-to-Network Relay UE and the other between the UE-to-Network Relay UE to the gNB without exposing any of the Remote UE's plaintext data to the UE-to-Network Relay.
Editor's note:
How and where user plane integrity protection is enforced e.g. NG-RAN node or UE-to-Network Relay UE is FFS.

NOTE:
Further analysis of security requirements will be done in SA WG3.
6.7.3
Procedures
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Figure 6.7.3-1: Connection Establishment for Indirect Communication via UE-to-Network Relay UE

0.
If in coverage, the Remote UE and UE-to-Network Relay UE may independently perform the initial registration to the network according to registration procedures in TS 23.502 [8]. The allocated 5G GUTI of the Remote UE is maintained when later NAS signalling between Remote UE and Network is exchanged via the the UE-to-Network Relay UE.

NOTE:
The current procedures shown here assume a single hop relay.

1.
If in coverage, the Remote UE and UE-to-Network Relay UE independently get the service authorization for indirect communication from the network.

Editor's note:
Details of security credentials to set up a security context for subsequent PC5 communication between the Remote UE and the UE-to-Network Relay UE are FFS.

Editor's note:
It is FFS how to perform initial registration and update authorization information when the device has not been in coverage.

2-3.
The Remote UE and UE-to-Network Relay UE perform UE-to-Network Relay UE discovery and selection.
Editor's note:
The detailed solution depends on the output of discovery procedure for both cases where the Remote UE is out of coverage or in coverage.

Editor's note:
Which entities perform UE-to-Network Relay selection and what criterion are used for UE-to-Network Relay selection are FFS.

4.
Remote UE initiates a one-to-one communication connection with the selected UE-to-Network Relay UE over PC5, by sending an indirect communication request message to the UE-to-Network Relay.

5.
If the UE-to-Network Relay UE is in CM_IDLE state, triggered by the communication request received from the Remote UE, the UE-to-Network Relay UE sends a Service Request message over PC5 to its serving AMF.


The Relay's AMF may perform authentication of the UE-to-Network Relay UE based on NAS message validation and if needed the AMF will check the subscription data.

If the UE-to-Network Relay UE is already in CM_CONNECTED state and is authorised to perform Relay service then step 5 is omitted.

Editor's note:
Whether AMF needs to further interact with PCF is FFS.

Editor's note:
Potential interaction between the Relay UE's AMF and Remote UE's AMF is FFS.

6.
The UE-to-Network Relay UE sends the indirect communication response message to the Remote UE.

7.
Remote UE sends a NAS message to the serving AMF. The NAS message is encapsulated in an RRC message that is sent over PC5 to the UE-to-Network Relay UE, and the UE-to-Network Relay UE forwards the message to the NG-RAN. The NG-RAN derives Remote UE's serving AMF and forwards the NAS message to this AMF.

Editor's note:
How the NG-RAN derives the Remote UE's AMF is FFS.

NOTE:
It is assumed that the Remote UE's PLMN is accessible by the UE-to-Network Relay's PLMN and that UE-to-Network Relay UE AMF supports all S-NSSAIs the Remote UE may want to connect to.
Editor's note:
Interaction between the Relay UE's AMF and Remote UE's AMF is FFS.

If Remote UE has not performed the initial registration to the network in step 0, the NAS message is initial registration message. Otherwise, the NAS message is service request message.

Editor's note:
How the UE-to-Network Relay UE forwards the message to the NG-RAN depends on RAN specified L2 relay method.

If the Remote UE performs initial registration via the UE-to-Network relay, the Remote UE's serving AMF may perform authentication of the Remote UE based on NAS message validation and if needed the Remote UE's AMF checks the subscription data.


For service request case, User Plane connection for PDU Sessions can also be activated. The other steps follow the clause 4.2.3.2 in TS 23.502 [8].

8.
Remote UE may trigger the PDU Session Establishment procedure as defined in clause 4.3.2.2 of TS 23.502 [8].

9.
The data is transmitted between Remote UE and UPF via UE-to-Network Relay UE and NG-RAN. The UE-to-Network Relay UE forwards all the data messages between the Remote UE and NG-RAN using RAN specified L2 relay method.

Editor's note:
How to handle the PDU Session related attributes (e.g. S-NSSAI) regarding the relay scenario is FFS.

Editor's note:
How the NG-RAN releases the Remote UE's resources when the Relay UE disconnects is FFS.

6.7.4
Impacts on Existing Nodes and Functionality
Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.

6.X
Solution for Key Issue #X: <Solution Title>
6.X.1
Description

Editor's note:
This clause will describe the solution principles and architecture assumptions for corresponding key issue(s). Clause(s) may be added to capture details.
6.X.2
Procedures

Editor's note:
This clause describes services and related procedures for the solution.
6.X.3
Impacts on Existing Nodes and Functionality
Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.

7
Overall Evaluation
Editor's note:
This clause will provide evaluation of different solutions.
8
Conclusions

Editor's Note: This clause will list conclusions that have been agreed during the course of the study item activities.
Annex A:
Layer 2 Architecture Reference Model

A.1
Introduction

The following clauses describe the control plane and user plane protocol stacks for supporting Layer 2 evolved UE-to-Network Relay UE, in case of 3GPP access.

A.2
Control and User Plane Protocols

A.2.1
User Plane Protocol Stack

Figure A.2.1-1, illustrates the protocol stack for the user plane transport, related to a PDU Session, including a Layer 2 UE-to-Network Relay UE. The PDU layer corresponds to the PDU carried between the Remote UE and the Data Network (DN) over the PDU session. The PDU layer corresponds to the PDU carried between the Remote UE and the Data Network (DN) over the PDU session. The SDAP and PDCP protocols are as specified in TS 38.300 [11]. It is important to note that the two endpoints of the PDCP link are the Remote UE and the gNB. The relay function is performed below PDCP. This means that data security is ensured between the Remote UE and the gNB without exposing raw data at the UE-to-Network Relay UE.
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Figure A.2.1-1: User Plane Stack for L2 UE-to-Network Relay UE

The adaptation rely layer within the UE-to-Network Relay UE can differentiate between signalling radio bearers (SRBs) and data radio bearers (DRBs) for a particular Remote UE. The adaption relay layer is also responsible for mapping PC5 traffic to one or more DRBs of the Uu. The definition of the adaptation relay layer is under the responsibility of RAN WG2.
Editor's note:
The details of the services provided by the adaption layer is left to RAN WG2.
A.2.2
User Plane Protocol Stack

Figure A.2.2-1, illustrates the protocol stack of the NAS connection for the Remote UE to the NAS-MM and NAS-SM components. The NAS messages are transparently transferred between the Remote UE and 5G-AN over the Layer 2 UE-to-Network Relay UE using:

-
PDCP end-to-end connection where the role of the UE-to-Network Relay UE is to relay the PDUs over the signalling radio bear without any modifications

-
N2 connection between the 5G-AN and AMF over N2

-
N3 connection AMF and SMF over N11

The role of the UE-to-Network Relay UE is to relay the PDUs from the signalling radio bearer without any modifications.


[image: image20.emf] 


Figure A.2.2-1: Control Plane for L2 UE-to-Network Relay UE

Editor's note:
The Remote UE behaviour at the RRC layer is FFS in RAN WG2.
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