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This document analyses the connection concept in upper layers and AS layers, and proposes an approach to the management of PC5-RRC connections for unicast.
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Granularity of different link concepts
In SA2#134, the document [1] was agreed, bringing some clarification to the PC5 unicast link concept.  In essence, the PC5-S link is understood to be a logical link between a pair of Application Layer IDs, where each UE may have multiple Application Layer IDs, resulting in potentially multiple PC5-S links between the same pair of UEs.  (There may also be multiple links between the same pair of Application Layer IDs, e.g. due to different links for IP and non-IP traffic.)
In [2] (see e.g. Figure 5.4.1.1.3-1), the concept of a “Layer-2 link” is used as a container for one or multiple radio bearers on the sidelink between a given pair of UEs.  The figure indicates that these links are “Identified by source and destination L2 IDs, and the mode (broadcast, groupcast, unicast)”, but the structure of the figure also seems to indicate that IP and non-IP traffic are carried on different L2 links under different PC5 unicast links.  (For the broadcast and groupcast cases, the L2 link is still assumed to exist but goes to multiple recipient UEs identified by the same destination L2ID.)
Based on [2] (e.g. in section 5.6.1.4), different PC5-S links may use the same L2IDs or different L2IDs for their endpoints.  However, a PC5-S link does not multiplex together communications between different L2IDs; that is, the source and destination L2IDs are part of the PC5 unicast link profile as described in [2], section 5.2.1.4.  Thus the scenario of Figure 1 seems possible: Two physical UEs share multiple PC5 unicast links, each associated with a pair of Application Layer IDs, and each associated with an L2 link between a particular pair of L2IDs.  The L2IDs may be the same between different L2 links (e.g. links D and E in the figure).


[bookmark: _Ref15632069]Figure 1: PC5 and L2 links
As the figure suggests, there seems no reason for a single PC5 unicast link to comprise multiple L2 links (recall that the L2 link endpoints, the L2IDs, are part of the profile of the PC5 unicast link).  The relation between the L2 link and the PC5 unicast link is not completely explicit in [2]; we understand that the L2 link is logically contained in the PC5 unicast link, i.e. the relation is one-to-one.  However, there does not seem to be any actual prohibition on reuse of the same L2IDs across different PC5 unicast links, e.g. the duplication of IDs between links D and E in the figure is possible.
The relation between the PC5-RRC connection and SA2’s link concepts needs to be clarified.  We understand that the PC5-RRC connection, being an AS construct, should be blind to the ALIDs and rather should function as a connection between UEs identified by L2IDs.
Proposal 1: The PC5-RRC connection is a logical connection between a pair of L2IDs.
This proposal may suggest that the PC5-RRC connection is isomorphic to the L2 link.  However, there does not seem to be any reason to constrain the UE to have separate PC5-RRC connections for the same L2IDs if there are multiple corresponding L2 links (e.g. corresponding to different transport protocols).  The PC5-RRC connection is essentially a container for signalling and an association for maintaining the UE capability and configuration; such a container can be established for a pair of L2IDs, irrespective of whether they have separate L2 links between them.
Proposal 2: A given pair of L2IDs has a single PC5-RRC connection (even if there are multiple L2 links).
Proposals 1 and 2 imply that a given pair of UEs, if equipped with multiple L2IDs, might have multiple PC5-RRC connections between them.  This is not an ideal outcome (it results in extra signalling of the capabilities, which in principle should be unnecessary, for example), but it seems to be unavoidable if the different L2IDs cannot be reliably identified as belonging to the same UEs.  [2] is not explicit on this point, but it does specify (in a NOTE in section 5.2.1.4) that “A source UE is not required to know whether different target Application Layer IDs over different PC5 unicast links belong to the same target UE.”  The ALIDs are mapped to the L2IDs, and when they are updated to prevent trackability, the two IDs change together; thus it seems that the source UE also cannot be assumed to know when different L2IDs belong to the same target UE.  With this in mind, the behaviour of PC5-RRC connections should allow for multiple connections between the same physical UEs.
As observed in [3], having multiple PC5-RRC connections has some suboptimal consequences: PC5 capabilities may be exchanged repeatedly between the same UEs under different L2IDs, RRM measurements may be reported redundantly for the same physical link, and so on.  However, avoiding these problems would require being able to identify reliably when multiple L2IDs represent the same UE, which seems to be an intractable problem given that the L2IDs are intended to be infeasible for a listener to correlate in this manner.  Considering the available time, we consider that designing a solution to reliably identify redundant L2IDs is not very practical.  Moreover, since the security association comes from the PC5-S connection, if a PC5-RRC connection spans across multiple PC5-S connections, it raises the question of where the control plane security would be derived from—the answer needs to be reliably aligned across the two UEs participating in a connection.  (We assume that security will ultimately be deemed necessary for the control plane.)  Accordingly, we submit that having multiple PC5-RRC connections constitutes the most reasonable approach.
Proposal 3: A pair of UEs may have multiple PC5-RRC connections corresponding to multiple associated L2IDs.  In this case the signalling for the PC5-RRC connections takes place independently.
Connection establishment
Since the L2ID is part of the PC5 unicast link profile, the UE should be able to know when a PC5 unicast link is first established between ALIDs corresponding to a given pair of L2IDs.  This event can serve as the trigger for establishment of a PC5-RRC connection, and thus there seems no reason to have an explicit trigger for connection establishment (e.g. a ConnectionSetup message).
There is something of a bootstrap problem in connection establishment: A sidelink SRB is required in order to exchange the UE capabilities (and the first configuration message), but the capabilities may be needed in order to configure a sidelink SRB appropriately.  This suggests that the initial connection signalling, i.e. the UE capability messages and the first configuration message, should be sent based on a default configuration, effectively using a kind of SL-SRB0.  If this is done, there seems no need for an explicit connection establishment message.  The first configuration message can establish a non-default sidelink SRB if one is needed.
Proposal 4: No explicit connection establishment message is needed.
Conclusion
This document promulgated the following proposals:
Proposal 1: The PC5-RRC connection is a logical connection between a pair of L2IDs.
Proposal 2: A given pair of L2IDs has a single PC5-RRC connection (even if there are multiple L2 links).
Proposal 3: A pair of UEs may have multiple PC5-RRC connections corresponding to multiple associated L2IDs.  In this case the signalling for the PC5-RRC connections takes place independently.
Proposal 4: No explicit connection establishment message is needed.
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