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Abstract of the contribution: This paper provide a solution on how UEs can re-use an existing unicast link for multiple V2X services.
Discussion
In 3GPP SA2#132 no conclusion was taken regarding how a UE associates a unicast direct communication link to a V2X service.
It is currently agreed that a UE creates a "PC5 link identifier" that is associated to a Unicast Link Profile. The Unicast Link Profile includes the application layer identifier(s) and Layer-2 IDs of the pair of UEs that establish the unicast communication over PC5.
Based on the above a unicast link can be re-used for multiple V2X services (i.e. identifier by a PSID) if:
1.	The UE(s) use the same pair of layer-2 IDs for each V2X service supported.
2.	The application(s) in each UE use the same Application Layer Identifiers when requesting to send a V2X message over unicast link for a different V2X service

Point 1. is not valid as a UE may assign different layer-2 IDs for sending a V2X message for each V2X service 
Point 2. is only valid only if all applications within the same pair of UEs use the same application-layer identifiers. However, this is not a valid assumption since:
-	Different applications in the UE may use different application layer identities. When such applications request to send a V2X message over the same V2X service, the UE cannot associate different application layer identifiers to the same unicast link as the Unicast Link Profile include only one pair of source and target application layer identities.
-	The Application-Layer ID is not a constant identity. For example, it is clearly stated that the Vehicle-Temp-ID is required to change to maintain privacy requirements.

Hence, based on the above, re-using the same unicast link is an opportunistic case that cannot be guaranteed. 

Observation 1: It cannot be guaranteed that a pair of UEs can re-use an existing unicast link (between the same pair of UEs) by relying on the layer-2 IDs+application layer IDs.

Another approach is to establish a separate unicast link for each V2X service to the same pair of UEs. However, this approach also has its problems since:
-	It is unclear how a source UE knows that a second unicast link is sent to the same target UE given that each UE may have different layer-2 ID for each unicast link, and different applications within the UE may use different application layer IDs.
-	This has also repercussions on the AS layer (PC5-RRC signalling) as the UE would send multiple (different) RRC connections to the same UE for different unicast links. In that case the UEs would have to exchange the same information (e.g. radio capability, AS configuration, etc.) over PC5-RRC signalling, thus reducing the resource efficiency over a unicast link.

Observation 2: Establishing multiple unicast links between the same pair of UE increases the complexity at the AS layer as the pair of UEs would need multiple (different) RRC connections for each unicast link

An alternative approach to ensure the same unicast link is re-used is to allow a method where UEs advertise their active unicast link(s) during a unicast link establishment procedure. If the target UE identifies that it has the same unicast link active the target UE can respond with a match, which would allow the source UE to associate the V2X message to an existing unicast link.
This can be supported as follows:
-	When a UE is triggered to start a unicast link the UE generates a Unicast Link Identifier (ULI) (can be the same as the PC5 Link Identifier) that is broadcasted within the Direct Communication Request. The UE also includes all its active unicast links by including their corresponding ULI(s) as metadata.
NOTE: The Unicast Link Identifier is the same as the "PC5 Link Identifier" described in 3GPP TS 23.287, that is, the UE uses the ULI to associate a link to a Unicast Link Profile (pair of layer-2 IDs, application layer IDs).
-	When the receiving UE identifies itself as the target UE (from the User Info information) the UE checks if any of the ULIs included as metadata match to existing active unicast links in the target UE. If there is a match the target UE includes the "matched ULI(s)" in the Direct Communication Response message. If there is no match the receiving UE includes in the response the new Unicast Link Identifier generated by the Source UE.
-	The source and target UEs associate the V2X message to a unicast link as follows:
-	If matched ULIs are included in the response the source UE associates the unicast link to a "matched" unicast link and updates the Unicast Link Profile.
-	If matched ULIs are not included in the response the source UE associates the V2X message to a new unicast link using the generated ULI and updates the Unicast Link Profile
-	The source UE informs the target UE of the ULI identifier to use for the unicast link which allows both Source and Target UE use the same ULI to associate a V2X message to a unicast link. 
-	The Unicast Link Identifier can be configured to be long enough to avoid any clash during discovery of links. It is proposed that the semantics of the ULI itself to be discussed in stage 3. 
Figure 1 below describes the procedure.



Figure 1 - Procedure to re-use an existing unicast link.
Proposal
It is proposed to agree the following changes within 3GPP TS 23.287.

***************************** FIRST CHANGE ********************************************
[bookmark: _Toc6292940]5.2.1.4	Unicast mode communication over PC5 reference point
Unicast mode of communication is only supported over NR based PC5 reference point. When Application layer initiates a V2X service which requires PC5 unicast communication, the UE establishes a PC5 unicast link with the corresponding UE as specified in clause 6.3.3.1. 
After successful PC5 unicast link establishment, UE A and UE B use a same pair of Layer-2 IDs for subsequent PC5-S signalling message exchange and V2X service data transmission as specified in clause 5.6.1.4. V2X layer of the transmitting UE indicates to AS layer whether the message is for PC5-S signalling message (i.e. Direct Communication Accept, Link Layer Identifier Update Request/Response, Disconnect Request/Response) or service data transmission when it sends message over the established PC5 link. V2X layer of receiving UE handles message if it is PC5-S signalling message whilst the V2X layer of receiving UE forwards the message to the upper layer if it is application data message.
The unicast mode supports per-flow QoS model as specified in clause 5.4.1.4. 
During the unicast link establishment, each UEs self-assign PC5 Link Identifier and associate the PC5 Link Identifier with the Unicast Link Profile for the established unicast link. 
When a UE is triggered to establish a unicast link, the UE initiating the link establishment self-assigns a Unicast Link Identifier (ULI) which is associated to the new unicast link. During the link establishment procedure the initiating UE broadcast the self-assigned ULI as well as its existing unicast links by including their associated ULIs to determine with the peer UE if a new unicast link should be established or an existing unicast link can be used as described in clause 6.3.3.1.
Each UEs maintain the ULI(s) of active unicast link(s) for the duration each unicast link is active.
NOTE:	The semantics of the Unicast Link Identifier is defined in stage 3.
The PC5 Link Identifier is a unique value within the UE. The UE associates the unicast link to aThe Unicast Link Profile identified by PC5 Link IdentifierULI. The Unicast Link Profile, includes application layer identifier and Layer-2 ID of UE A, application layer identifier and Layer-2 ID of UE B and a set of PC5 QoS Flow Identifier(s) (PFI(s)). Each PFI is associated with QoS parameters (i.e. PQI and optionally Range). The PC5 Link IdentifierULI and PFI(s) are unchanged values for the established unicast link regardless of the change of application layer identifier and Layer-2 ID. The UE uses PFI to indicate the PC5 QoS flow to AS layer, therefore AS layer identifies the corresponding PC5 QoS flow even if the source and/or destination Layer-2 IDs are changed due to e.g. privacy support. The UE uses PC5 Link Identifierthe ULI to indicate the PC5 unicast link to V2X Application layer, therefore V2X Application layer identifies the corresponding PC5 unicast link even if there are more than one unicast link associated with one service type (e.g. the UE establishes multiple unicast links with multiple UEs for a same service type).
Editor's note:	It is FFS how to determine PC5 QoS Flow Identifiers, i.e. self-assigned or pre-configured.
After successful PC5 unicast link establishment, UE A and UE B use a same pair of Layer-2 IDs for subsequent PC5-S signalling message exchange and V2X service data transmission as specified in clause 5.6.1.4. V2X layer of the transmitting UE indicates to AS layer whether the message is for PC5-S signalling message (i.e. Direct Communication Accept, Link Layer Identifier Update Request/Response, Disconnect Request/Response) or service data transmission when it sends message over the established PC5 link. V2X layer of receiving UE handles message if it is PC5-S signalling message whilst the V2X layer of receiving UE forwards the message to the upper layer if it is application data message.
The unicast mode supports per-flow QoS model as specified in clause 5.4.1.4.
***************************** SECOND CHANGE ********************************************
[bookmark: _Toc6292994]6.3.3	Unicast mode V2X communication over PC5 reference point
[bookmark: _Toc6292995]6.3.3.1	Layer-2 link establishment over PC5 reference point
To perform unicast mode of V2X communication over PC5 reference point, the UE is configured with the related information as described in clause 5.1.2.1.
Figure 6.3.3.1-1 shows the layer-2 link establishment procedure for unicast mode of V2X communication over PC5 reference point.

 
Figure 6.3.3.1-1: Layer-2 link establishment procedure
1.	The UE(s) determine the destination Layer-2 ID for signalling reception for PC5 unicast link establishment as specified in clause 5.6.1.4. The destination Layer-2 ID is configured with the UE(s) as specified in clause 5.1.2.1.
2.	The V2X application layer in UE-1 provides application information for PC5 unicast communication. The application information includes the service type (e.g. PSID or ITS-AID) of the V2X application. The initiating UE's application layer ID and the target UE's application layer ID may be included in the application information.
Editor's Note: It is FFS whether same PC5 unicast link can be established for more than one service types (e.g. PSIDs or ITS-AIDs).
3.	UE-1 sends a Direct Communication Request message to initiate the unicast layer-2 link establishment procedure. The Direct Communication Request message includes:
-	If the V2X application layer provided the target UE's application layer ID in step 2, the following information is included:
-	User Info: the target UE's application layer ID (i.e. UE-2's application layer ID), besides the initiating UE's application layer ID (i.e. UE-1's application layer ID).
-	A ULI and a list of existing ULIs corresponding to active unicast links as specified in clause 5.2.1.4 
Editor's Note:	It is left to Stage 3 to decide if these IDs can be carried in the same IE or separate IEs, for example, the Station ID/Vehicle Temp ID only needs to be 4 octets.
-	V2X Service Info: the information about V2X Service requesting Layer-2 link establishment (e.g. PSID or ITS-AIDs).
-	Indication whether IP communication is used. 
-	IP Address Configuration: For IP communication, IP address configuration is required for this link.
Editor's Note: Detail of IP Address Configuration is FFS.
The source Layer-2 ID and destination Layer-2 ID used to send the Direct Communication Request message are determined as specified in clauses 5.6.1.1 and 5.6.1.4.
UE-1 sends the Direct Communication Request message via PC5 broadcast using the source Layer-2 ID and the destination Layer-2 ID.
4.	A Direct Communication Accept message is sent to UE-1 as below:
4a.	(UE oriented Layer-2 link establishment) If the User Info is included in the Direct Communication Request message, the target UE, i.e. UE-2 responds with a Direct Communication Accept message. 
-	In the Direct Communication Accept Message, UE-2 includes matched ULIs, if any of the ULIs broadcasted by UE-1 matches to the ULI(s) of active unicast links of UE-2. Otherwise UE-2 responds with the ULI that is not matched (included in step 3).
4b.	(V2X Service oriented Layer-2 link establishment) If the User Info is not included in the Direct Communication Request message, the UEs that are interested in using the announced V2X Service respond to the request by sending a Direct Communication Accept message (UE-2 and UE-4 in Figure 6.3.3.1-1).
	The source Layer-2 ID used to send the Direct Communication Accept message is determined as specified in clauses 5.6.1.1 and 5.6.1.4. The destination Layer-2 ID is set to the source Layer-2 ID of the received Direct Communication Request message.
[bookmark: _GoBack]	Upon receiving the Direct Communication Accept message from peer UE, UE-1 obtains the peer UE's Layer-2 ID for future communication, for signalling and data traffic for this unicast link. If a matched ULI was provided in step 4, UE-1 may associate the signalling and data traffic to an existing unicast link, otherwise UE-1 associates the signalling and data traffic to a new unicast link. UE-1 informs UE-2 of the ULI to use for the unicast link. 
5.	V2X service data is transmitted over the established unicast link as below:
UE-1 has a V2X service associated with this unicast link.
	The communication mode (i.e. unicast), and Layer-2 ID information (i.e. source Layer-2 ID and destination Layer-2 ID) are provided to the AS layer, together with the V2X message.
UE-1 sends the V2X service data using the source Layer-2 ID (i.e. UE-1's Layer-2 ID for this unicast link) and the destination Layer-2 ID (i.e. UE-2's Layer-2 ID for this unicast link).
Editor's Note: It is FFS whether the information such as communication mode, source Layer-2 ID, destination Layer-2 ID provided to the AS layer is needed all the time when the UE sends V2X message or only the time when the unicast lilnk established and Layer-2 ID is changed.
NOTE:	PC5 unicast link is bi-directional, therefore the peer UE of UE-1 can send the V2X service data to UE-1 over the unicast link with UE-1.
Editor's Note: The parameters included in the Direct Communication Request/Accept messages can be updated depending on RAN WGs' decision on how the Direct Communication Request/Accept messages are sent by the AS layer (e.g. by using PC5-RRC signalling).
Editor's Note: Additional parameters included in the Direct Communication Request/Accept messages (e.g. security related) are FFS.
Editor's Note: PC5 QoS related operations are FFS.
Editor's Note: Whether the unicast communication requires security protection at link layer will be determined based on feedback from SA WG3.
***************************************** END OF CHANGES *************************************
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