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1. Introduction
Current PC5 unicast link establishment procedure defined in TS 24.587 is not so aligned with SA2 when no target user info is provided from upper layers.
2. Discussion
In TS 23.287 subclause 6.3.3.1, SA2 has identified two different types of Layer-2 link establishment procedures (i.e. the PC5 unicast link establishment procedure in CT1): UE oriented Layer-2 link establishment and V2X service oriented Layer-2 link establishment. The biggest difference between the two types is whether the Target User Info is included in the Direct Communication Request message, as:

4.
Security with UE-1 is established as below:

4a.
If the Target User Info is included in the Direct Communication Request message, the target UE, i.e. UE-2, responds by establishing the security with UE-1.

4b.
If the Target User Info is not included in the Direct Communication Request message, the UEs that are interested in using the announced V2X service type(s) over a PC5 unicast link with UE-1 responds by establishing the security with UE-1.
5.
A Direct Communication Accept message is sent to UE-1 by the target UE(s) that has successfully established security with UE-1:
5a.
(UE oriented Layer-2 link establishment) If the Target User Info is included in the Direct Communication Request message, the target UE, i.e. UE-2 responds with a Direct Communication Accept message if the Application Layer ID for UE-2 matches.

5b.
(V2X Service oriented Layer-2 link establishment) If the Target User Info is not included in the Direct Communication Request message, the UEs that are interested in using the announced V2X Service(s) respond to the request by sending a Direct Communication Accept message (UE-2 and UE-4 in Figure 6.3.3.1-1).
For V2X service oriented Layer-2 link establishment, it is clear that multiple target UEs might be interested in the announced V2X Service, thus one link establishment request message without target user info may trigger multiple target UEs to establish multiple links with the initiating UE. The condition of multiple target UEs can be shown in below figure, which is from TS 23.287:
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Figure 2-1: Layer-2 link establishment procedure in TS 23.287
In TS 24.587 subclause 6.1.2.2, CT1 has defined the PC5 unicast link establishment procedure in stage 3, which also covers the situation when the target user info is not included in the DIRECT LINK ESTABLISHMENT REQUEST message. However, as shown in the below figure, the current PC5 unicast link establishment procedure defined in stage 3 fails to cover the situation, when multiple target UEs may send multiple DIRECT LINK ESTABLISHMENT ACCEPT messages to the initiating UE to establish multiple links, as:
a) The timer T5000, started upon sending a DIRECT LINK ESTABLISHMENT REQUEST message, shall stop upon receiving the first response message (e.g. DIRECT LINK ESTABLISHMENT ACCEPT or DIRECT LINK ESTABLISHMENT REJECT) from any one of the target UE(s), and then the initiating UE considers PC5 unicast link establishment procedure as completed and will not receive any responses messages triggered by the DIRECT LINK ESTABLISHMENT REQUEST message from other target UEs;

b) Current description of PC5 unicast link establishment procedure does not take multiple response messages from different target UEs into consideration, such as how the initiating UE handle multiple responses from potential target UEs and the limit of maximum number of existing links;
c) If two target UEs (e.g. UE A and UE B) use the same source Layer-2 ID to respond to the initiating UE at very close time (i.e. Layer-2 ID conflict), then the initiating UE might get confused by different DIRECT LINK AUTHENTICATION REQUEST messages or DIRECT LINK SECURITY MODE COMMAND messages sent from two target UEs using the same source Layer-2 ID. This issue gets further more complicated when considering that the PC5 unicast link authentication procedure may be run multiple times between a pair of UEs. And one target UE (e.g. UE A) might take the DIRECT LINK AUTHENTICATION REPONSE message or DIRECT LINK SECURITY MODE COMPLETE message targeted for another target UE (e.g. UE B) as for its own, leading to the failure of security establishment.
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Figure 2-2: PC5 unicast link establishment procedure in TS 24.587
There might be following application scenarios for unicast mode communication:
a) Scenario 1: Free-Flow Charging services (similar to ETC), the vehicle UE will pass a few gates to get charged and every gate are equipped with one or multiple UEs (e.g. RSU UE).
b) Scenario 2: Automatic parking assisted by RSU UEs set up in a parking lot, there can be multiple RSU UEs equipped with cameras or sonic radars to assist automatic parking from different dirrections, angles or even layers (e.g. parking garage).

c) Scenario 3: Potential commercial services such as HD map downloading provided by RSU UEs, or drive-through restaurants ordering and charging, and there can be multiple RSU UEs or multiple drive-through restaurants in one small location.
For scenarios above, if no target user info (i.e. target UE’s application layer ID) provided by upper layers and there are multiple potential target UEs which are interested in the V2X service (identified by the V2X service identifier included in the Direct Link Establishment Request), then all those potential target UEs will respond a DIRECT LINK AUTHENTICATION REQUEST message or a DIRECT LINK SECURITY MODE COMMAND message to the initiating UE, in order to establish security first and then establish unicast link.
3. Proposals
If the initiating UE sends out the DIRECT LINK ESTABLISHMENT REQUEST message without target user info IE included, and multiple target UEs are interested in the V2X service(s) identified by the V2X service identifier IE in the DIRECT LINK ESTABLISHMENT REQUEST message, following solutions are proposed to address this situation:
Solution 1: The initiating UE accepts the DIRECT LINK AUTHENTICATION REQUEST messages and DIRECT LINK SECURITY MODE CONTROL messages from different target UEs to establish security, assigning new unique source Layer-2 IDs for later unicast communication with each target UE (i.e. new unique destination Layer-2 ID for each target UE), and then the initiating UE establishes multiple unicast links with those target UEs, until the implementation-specific maximum number of established NR PC5 unicast links is reached. 

Solution 2: The UE 1 (i.e. initiating UE) sends out the DIRECT LINK ESTABLISHMENT REQUEST message with an Passive Trigger Indication IE, to indicate the potential target UEs (e.g. UE 2, UE 3 and UE 4) act as initiating UEs in return (with UE 1’s user info already known to those potential target UEs), and UE 1 will be the only target UE then. This solution could use existing mechanisms of target UE to handle source Layer-2 ID conflict and implementation-specific maximum number of established NR PC5 unicast links. This solution solves the problem but however note that it is not aligned with the work flow of Layer-2 link establishment procedure defined in TS 23.287. Hence, this would require changes in other groups first, i.e. SA2 while Rel-16 is frozen.
4. Conclusion

To be better aligned with SA2, solution 1 is preferred to address this issue and is available in C1-204816
