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1. Introduction
In [1], the description of one-to-one communication is as below:
	ProSe direct communication one-to-one is realised by establishing a secure layer-2 link over PC5 between two UEs.
Each UE has a Layer-2 ID for unicast communication that is included in the Source Layer-2 ID field of every frame that it sends on the layer-2 link and in the Destination Layer-2 ID of every frame that it receives on the layer-2 link.
NOTE:  Conflicts between Destination Layer-2 ID for unicast and one-to-many communication will be resolved by RAN2 WG.
The UE needs to ensure that the Layer-2 ID for unicast communication is at least locally unique. So the UE should be prepared to handle Layer-2 ID conflicts with adjacent UEs using unspecified mechanisms (e.g. self-assign a new Layer-2 ID for unicast communication when a conflict is detected).
The layer-2 link for ProSe direct communication one-to-one is identified by the combination of the Layer-2 IDs of the two UEs. This means that the UE can engage in multiple layer-2 links for ProSe direct communication one-to-one using the same Layer-2 ID.


It is clear that SA2 want to reuse ProSe UE ID as Source Layer-2 ID and Destination Layer-2 ID to realize one-to-one communication. SA2 hopes Layer-2 ID collision to be resolved by RAN2. In this contribution, we discuss Layer-2 ID collision cases and give some proposals. 
2. Discussion
2.1. Scenarios and impacts of Layer-2 ID collision
Scenarios:
In PC5 interface, the receiver identifies the RLC UM entity and PDCP entity by the combination of Source Layer-2 ID, Destination Layer-2 ID and LCID. If UE receives two one-to-one communication messages with the same Source Layer-2 ID, it can be regarded as Layer-2 ID collision. The layer-2 ID collision scenarios can be analyzed from the following two stages of ProSe one-to-one communication: 
Stage 1: before one-to-one communication establishment complete. 
Stage 2: after one-to-one communication establishment complete.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In stage 1, UE does not know which UE wants to perform one-to-one communication with it, hence UE should receive all the packets with its Destination Layer-2 ID. If an UE receives two one-to-one communication messages with the same Source Layer-2 ID, Layer-2 ID collision appears. For example, as shown in Figure 1, UE2 and UE3 may use the same Source Layer-2 ID to send the one-to-one communication establishment messages (include one-to-one communication request, setup, reject and complete messages) to UE1, hence Layer-2 ID collision happens and UE1 can’t distinguish UE2 from UE3 because they uses the same  the Source Layer-2 ID. 


Figure 1: Layer-2 ID collision scenario in stage 1

In stage 2, UE has established one-to-one communication with other UE, it only needs to receive the packets which have the certain Source Layer-2 ID and Destination Layer-2 ID. Hence, a pair of UEs which have established one to one communication can be considered as a unit to distinguish. Only the scenario that more than two pairs of UEs with the same Source Layer-2 ID and Destination Layer-2 ID is considered to be Layer-2 ID collision. For example, as shown in Figure  2, UE1 is performing one to one communication with UE2, UE3 is performing one to one communication with UE4, if the Source Layer-2 ID of UE1 is same as UE4, the Source Layer-2 ID of UE2 is same as UE3, Layer-2 ID collision happens and hence UE1 and UE4 can’t distinguish the received packet is from UE2 or UE3. 


Figure 2: Layer-2 ID collision scenario in stage 2

Impacts:
If Layer-2 ID collision happens, UE may receive packets from different UEs  with the same Source Layer-2 ID, it will combine the packets from these different UEs, some packets may be discarded in RLC entity, and the reassemble of RLC SDU may be confused.
2.2. Probability of Layer-2 ID collision
Because the probabilities of Layer-2 ID collision for two stages may be different, thus the probability of Layer-2 ID collision will be analyzed individually for stage 1 and stage 2.
For stage 1, probability of Layer-2 ID collision is computed by
									 (1)
Where,
-	Prob is probability of Layer-2 ID collision.
-	N is total number of Layer-2 ID. N=224=16777216.
-	k is the number of UEs.
From the formula (1), we can get the probability of Layer-2 ID collision for stage 1 is:
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Figure 3: Layer-2 ID collision probability for stage 1
Some reference value is shown in table 1:
Table 1:  typical values for Layer-2 ID collision probability for stage 1
	Number of UE
	Probability of Layer-2 ID collision

	581
	1%

	1312
	5%

	1881
	10%

	2737
	20%

	3460
	30%

	4140
	40%

	4823
	50%

	5545
	60%

	6356
	70%

	7349
	80%

	8790
	90%
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For stage 2, probability of Layer-2 ID collision is computed by
						(2)
Where,
-	Prob is probability of Layer-2 ID collision, 
-	N is total number of Layer-2 ID. N=224=16777216.
-	j is the number of UE pairs.
From the formula (2), we can get the probability of Layer-2 ID collision for stage 2 is:
[image: ]
Figure 4: Layer-2 ID collision probability for stage 2
According to the above figure, when j≤100000, Prob<1.8 x 10-5.

From the results above, we can conclude that probability of Layer-2 ID collision for stage 2 is low enough to ignore. However, the probability of Layer-2 ID collision for stage 1 can’t be ignored.
Observation 1: The Layer-2 ID collision for stage 2 can be ignored, but it cannot be ignored for stage 1.
2.3. Solutions for Layer-2 ID collision in one-to-one communication stage 1
In ProSe one to one communication establishment procedure, L2 ID collision may be happened either between request UEs or response UEs. To resolve the Layer-2 ID collision, the receiving UE should distinguish the transmission UEs who using the same Layer-2 ID. To realize the differentiation, a UE ID, e.g. IMSI, IMEI, even random value, should be introduced in one-to-one communication messages. 
In RAN2#91 meeting, RAN2 has agreed that no layer-2 link establishment messages will be defined in RAN2. 
	Agreements on connection establishment
· Authorization of remote UEs is done by higher layers 
· A relay UE performing relay communication has to be in RRC connected mode.  
· After receiving a layer-2 link establishment request from a remote UE, the relay UE informs the eNB using UESidelinkInformation.  The relay UE indicates in the message that the request is for relay one-to-one communication purposes.  The eNB similar to rel-12 can chose to provide or not provide resources for relay communication. 
· RAN2 will not define any layer-2 link establishment messages.  



Hence, Layer-2 ID collision in one-to-one communication establishment procedure should be solved in PC5 signaling protocol layer. 
Observation 2: Layer-2 ID collision in one-to-one communication establishment procedure should be solved in PC5 signalling protocol layer.
In [2], the DIRECT_COMMUNICATION_REQUEST message content for one-to-one communication is as below:
	Table 11.x.2.1.1: DIRECT_COMMUNICATION_REQUEST message content
	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	DIRECT_COMMUNICATION_REQUEST message identity
	PC5-SP Message Type
12.x.1.1.
	M
	V
	1

	
	Sequence Number
	Sequence Number
12.x.1.2
	M
	V
	2

	
	User Info
	User Info
12.x.1.3
	M
	V
	9-17

	
	IP Address Config
	IP Address Config
12.x.1.4
	M
	V
	1

	3
	Link Local IPv6 Address 

	IPv6 Address
12.x.1.5
	O
	TV
	17






For UE-to-Network Relay, the DIRECT_COMMUNICATION_REQUEST message is sent by Remote UE. It includes User Info of Remote UE to unique identify the source of the message. This message will be transmitted based on that SRC is the Remote UE's Layer 2 ID (for unicast communication) and DST is the Relay UE's Layer 2 ID (for unicast communication).
In [2], Layer 2 ID collision of initiating UEs can be aware by the target UE with the following method:
	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 "Conflicting Layer 2 ID usage".



For UE-to-Network Relay, Relay UE can aware Layer 2 ID collision of Remote UEs and reject the one-to-one communication establishment.
In [2], there isn’t solution for Layer 2 ID collision of target UEs. However, for UE-to-Network Relay, the target UE is Relay UE, the Layer 2 ID will be assigned by network (ProSe Function). It can be configured to locally unique.
Observation 3: The Layer-2 ID collision in one-to-one communication establishment procedure for UE-to-Network Relay has been solved in PC5 signalling protocol layer. 
Proposal 1: No specification effort in AS to solve the Layer-2 ID collision for UE-to-Network Relay.
3. Conclusion
According to the analysis in section 2, the following observations are obtained：
Observation 1: The Layer-2 ID collision for stage 2 can be ignored, but it cannot be ignored for stage 1.
Observation 2: Layer-2 ID collision in one-to-one communication establishment procedure should be solved in PC5 signalling protocol layer.
Observation 3: The Layer-2 ID collision in one-to-one communication establishment procedure for UE-to-Network Relay has been solved. 
Based on these observations, it is proposed:
Proposal 1: No specification effort in AS to solve the Layer-2 ID collision for UE-to-Network Relay.
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