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Introduction
During RAN2#91bis some agreements were achieved about ProSe one to one communication Layer-2 ID [1]. According to the agreements, the initial assumption in RAN2 is that the ProSe one to one communication Layer-2 ID is 24 bits and a new MAC PDU format version number is used to indicate that unicast addresses are set in SRC and DST fields. However, there is still one FFS issue on whether more bits are required for the ProSe one to one communication Layer-2 ID. In this contribution, we discuss the FFS issue and the potential ProSe one to one communication Layer-2 ID collision issue and present our considerations on this matter. 
Discussion 
ProSe layer-2 ID size
During RAN2#91bis meeting, the following agreements about ProSe one to one communication Layer-2 ID were reached [1]:
· Unicast addresses i.e. Source UE ID and Destination UE ID are set in SRC and DST fields respectively in MAC header. RAN2 makes an initial assumption that the ID remains 24 bits (16MSBs of destination UE ID is set in the DST field in MAC header and 8 LSBs of destination UE ID are included in scheduling control information).  FFS if more bits are required.  
· A new MAC PDU format version number indicates that unicast addresses are set in SRC and DST fields.
According to the above agreements, the ProSe UE could distinguish whether the received data packet is for group communication or for one to one communication via the MAC PDU format version number. In this way the collision issue between ProSe L2 Group ID and ProSe unicast L2 ID could be resolved. However, the introduction of new MAC PDU format version number couldn't resolve the potential collision between ProSe unicast L2 IDs. Based on these observations, some companies raised whether 24 bits are sufficient to ensure the uniqueness of ProSe unicast L2 ID in the RAN2#91bis meeting. And it is FFS whether the length of the ProSe unicast L2 ID should be extended (i.e. if more bits are required). 
In order to solve this issue, we could first review the SA2’s progress about the ProSe unicast L2 ID. During SA2#110 meeting the following agreements about the layer-2 ID for unicast communication were reached [2] as below. According to the agreements, there are several ways for the configuration of the L2 ID.  
It was agreed that for Layer 2 ID:
Layer-2 ID for unicast communication is provided to the UE during provisioning time according to the provisioning options
Configuration in the UICC. 
Provisioning in the ME from the Direct Provisioning Function (DPF). 
Provisioning in the ME from a 3rd party public safety provider application server (e.g. GCS AS as in TS 23.468). 
The Layer-2 ID can also be self-assigned by the UE (e.g. to avoid Layer-2 ID conflict with adjacent UEs, or for ProSe UE-to-Network Relay operation). 
An LS is sent to SA3(S2-152693) to check whether SA3 see problem with these three options. In Bearer level security mechanism L2 ID is assigned from ProSe Key Management Function.
In a summary, L2 ID for one to one communication is assigned from ProSe Key Management Function in bearer level security mechanism. It could also be provided to the UE during provisioning time or could be self-assigned by the UE. From the perspective of SA2, only local uniqueness should be ensured for the layer-2 ID for unicast communication. As stated in TS 23.303, each PLMN has one logical ProSe Function that supports Proximity Services. Generally, ProSe Key Management Function and ProSe function are deployed in the same physical network entity. That means, if the L2 ID is assigned by the ProSe Key Management Function or ProSe function, it could only ensure the uniqueness of unicast L2 ID within one PLMN. When it comes to the multi-PLMN scenario, the ProSe unicast L2 ID assigned by ProSe Key Management Function or ProSe Functions from different PLMNs may collide with each other since there is no coordination between ProSe Key Management Function/ProSe Functions in different PLMNs. In this case, even the extension of the length of ProSe unicast L2 ID could not completely ensure the global uniqueness. Based on these analysis, we think the extension of the length of ProSe unicast L2 ID is not necessary. We need to find other ways to solve the collision issue between ProSe unicast L2 IDs. 
Observation 1: Since there is no coordination between ProSe Functions in different PLMNs, it is hard to ensure the global uniqueness of ProSe unicast L2 ID assigned by different ProSe function only through the extension of ProSe unicast L2 ID length. 
Proposal 1: It is not necessary to extend the length of ProSe unicast L2 ID. 
Scenarios for ProSe unicast L2 ID collision
In this section, we identify five different scenarios for ProSe unicast L2 ID collision and discuss them one by one. 
· Scenario 1: Collision between the layer-2 IDs for one to one communication of two remote UEs which connect to the same relay UE. 
As illustrated in Figure 1, remote UE1 establishes a layer 2 link with the relay UE and performs one to one communication with the relay UE. After a while, remote UE2 discovers the relay UE and tries to establish a layer 2 link with the relay UE. 
Assuming that remote UE1’s layer-2 ID is the same with remote UE2’s layer-2 ID for relay communication, the relay UE may regard it as an error when receiving the PC5 link establishment request message from the remote UE2 since it has already established a PC5 link with a remote UE1 which has the same ProSe L2 ID. Even if the PC5 link could be established successfully between the relay UE and remote UE2, remote UE1/remote UE2 would wrongly receive the one to one communication data packets destined to remote UE2/remote UE1. And the relay UE also could not differentiate the data packets from the two remote UEs. 


Figure 1. Collision between the layer-2 IDs of two remote UEs which connect to the same relay UE.
· Scenario 2: collision between ProSe unicast L2 IDs of relay UE and remote UE which has no PC5 connection.
As illustrated in Figure2, remote UE1 establishes PC5 link with relay UE1 and connects to the network via relay UE1. Similarly, remote UE2 establishes PC5 link with relay UE2 and connects to the network via relay UE2. In scenario 2, the L2 ID collision is between relay UE1 and remote UE2, or between relay UE2 and remote UE1. In our opinion, L2 ID collision is not a big issue in this scenario, since the receiving UE would filter the received data packet based on the combination of the source and destination L2 ID in the MAC layer. As an example, relay UE1 in Figure 2 may receive MAC PDUs from remote UE1 and relay UE2 (which intends to send to remote UE2); however relay UE1 would discard the MAC PDUs received from relay UE2 in the MAC layer since the relay UE1 didn't establish a PC5 link with relay UE2. And the relay UE1 would deliver the MAC PDUs received from remote UE1 to the upper layer. 



Figure 2. Illustration of the L2 ID collision in the two remote UE/relay UE pairs
The L2 ID in scenario 2 has no impact to ProSe discovery too. The ProSe unicast L2 ID is contained in the discovery announcement/solicitation/response message. However, although relay UE1 and remote UE2 (OR relay UE2 and remote UE1 in figure 2) have the same L2 ID, other ProSe UEs could distinguish whether it is a remote UE or a relay UE based on the type field in the received discovery messages. Moreover, other ProSe UEs could obtain an upper layer identifier for the user who sends the discovery message via the Discoverer Info/Discoverer Info/Announcer Info field in the discovery message.
· Scenario 3: collision between ProSe unicast L2 IDs of remote UEs which connect to different relay UEs. 
As illustrated in Figure 2, scenario 3 describes the L2 ID collision between remote UE1 and remote UE2.
Regarding ProSe communication, similarly to scenario 2, the L2 ID collision in this scenario doesn’t have impact on ProSe communication since the receiving UE would filter the received data packet based on the combination of the source and destination L2 ID in the MAC layer. As for ProSe discovery, if Model B is used, although remote UE1 and remote UE2 have the same L2 ID, receiving UE could differentiate different remote UEs which send the discovery solicitation messages through the Discoverer Info field in the discovery message. 
· Scenario 4. collision between ProSe unicast L2 IDs of relay UEs 
As illustrated in Figure 2, scenario 4 describes the L2 ID collision between relay UE1 and relay UE2. As analyzed in scenario 2 and 3, there is no impact to ProSe communication and ProSe discovery in this case. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Regarding ProSe communication, the L2 ID collision in this scenario doesn’t have impact on ProSe communication since the receiving UE would filter the received data packet based on the combination of the source and destination L2 ID in the MAC layer. As for ProSe discovery, although relay UE1 and relay UE2 have the same L2 ID, receiving UE could differentiate different relay UEs which send the discovery messages through the Announcer Info/Discoverer Info field in the discovery announcement/response message. 
· Scenario 5. Collision between ProSe unicast L2 IDs of relay UE and remote UE which has already established PC5 connection.
In scenario 5, a relay UE’s ProSe unicast L2 ID collides with a remote UE which connects to the relay UE. As illustrated in Figure 2, scenario 5 describes the L2 ID collision between relay UE1 and remote UE1. As analyzed in scenario 2, 3 and 4, there is no impact to ProSe communication and ProSe discovery in this scenario.
Regarding ProSe communication, the L2 ID collision in this scenario doesn’t have impact on ProSe communication since the receiving UE would filter the received data packet based on the combination of the source and destination L2 ID in the MAC layer. As for ProSe discovery, if Model B is used, although remote UE1 and relay UE1 have the same L2 ID, receiving UE could distinguish whether it is a remote UE or a relay UE based on the type field in the received discovery messages.
Observation 2: Only the collision between the ProSe unicast L2 ID of remote UEs which connect to the same relay UE should be resolved.
Solutions  
As analyzed in section 2.2, only the collision between the ProSe unicast L2 ID of remote UEs which connect to the same relay UE should be resolved. During CT1#94 meeting, the L2 ID collision detection and notification mechanism has been agreed [3], as below. 
For a received DIRECT_COMMMUNICAITON_REQUEST message from a Layer 2 ID (for unicast communication), if the target UE already has an existing link established to the UE known to use this Layer 2 ID or is currently processing a DIRECT_COMMUNICATION_REQUEST message from the same Layer 2 ID, but with User Info different from the User Info IE included in this new incoming message, the target UE shall send a DIRECT_COMMUNICATION_REJECT message containing PC5 Signalling Protocol cause value #3 "Collisioning Layer 2 ID usage".
Once the relay UE detects the collision via the reception of the DIRECT_COMMUNICATION_REQUEST message with duplicate Layer 2 ID, it shall reject the direct communication request from the remote UE. Upon receiving such a request, the UE may self assign a new Layer 2 ID or try to find other relay to connect. In this way, the Layer 2ID collision is solved. RAN2 doesn’t need to do anything for the Layer 2 ID and potential collision.  
Observation 3: The L2 ID collision issue between ProSe unicast L2 IDs has already been resolved in CT1. RAN2 doesn’t need to do anything for the Layer 2 ID and potential collision.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this paper, we discussed the ProSe one to one communication Layer-2 ID collision issue and presented our considerations on this issue. The following observations and proposals were derived:
Observation 1: Since there is no coordination between ProSe Functions in different PLMNs, it is hard to ensure the global uniqueness of ProSe unicast L2 ID assigned by different ProSe function only through the extension of ProSe unicast L2 ID length. 
Proposal 1: It is not necessary to extend the length of ProSe unicast L2 ID. 
Observation 2: Only the collision between the ProSe unicast L2 ID of remote UEs which connect to the same relay UE should be resolved.
Observation 3: The L2 ID collision issue between ProSe unicast L2 IDs has already been resolved in CT1. RAN2 doesn’t need to do anything for the Layer 2 ID and potential collision.
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