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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution discusses the operation principles of PC5 RRC connection for V2X communication over PC5 interface in unicast, groupcast, and broadcast modes.
Discussions
As shown in Figure 1 [1], there may be multiple PC5 unicast links between a pair of UEs. A PC5 unicast link is identified in a UE by a PC5 Link Identifier pointed to the corresponding Unicast Link Profile which includes:
-	service type(s) (e.g. PSID or ITS-AID), Application Layer ID and Layer-2 ID of UE A; and
-	Application Layer ID and Layer-2 ID of UE B; and
-	network layer protocol used on the PC5 unicast link; and 
-	for each V2X service, a set of PC5 QoS Flow Identifier(s) (PFI(s)). Each PFI is associated with QoS parameters (i.e. PQI and optionally Range). 


Figure 1: Example of PC5 Unicast Links
[bookmark: _Hlk20771365]In order to support privacy of UE involved in V2X communication over PC5 interface, 
· If UE has more than one Application Layer IDs, each Application Layer ID of the same UE may be seen as different UE's Application Layer ID from the peer UE's perspective;
· 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 Application Layer IDs and Layer-2 IDs may change during the lifetime of the PC5 unicast link
· Source Layer-2 IDs are self-assigned by the UE, and may be changed over time and may be randomized;
· The UE maintains a mapping between the Application Layer IDs and the source Layer-2 IDs used for the PC5 unicast links; 
· when the Application Layer ID changes, the source Layer-2 ID and the source IP address need to be changed.
[bookmark: Observation1]Observation 1: Unicast link over PC5 interface is operated in a way to hide the association of V2X application with an involved UE.
[bookmark: Proposal1]Proposal 1: Associating a group of PC5 unicast links to the same pair of peer UEs is not supported at AS layer.
[bookmark: _Hlk20771452]As shown in Figure 2 [1], there may be multiple radio bearers, each corresponding to a different PC5 QoS level, for a given pair of source and destination Layer-2 IDs in SL unicast, groupcast, or broadcast mode. The AS layer may determine to map different PC5 QoS flows to multiple radio bearers. That is, before a V2X communication starts over PC5 interface in SL broadcast, groupcast, or unicast mode, a PC5 RRC configuration may be needed to establish SL radio bearers. 



Figure 2: Per-flow QoS model
[bookmark: Observation2]Observation 2: Per-flow QoS model for SL broadcast, groupcast, or unicast requires PC5 RRC configuration to establish radio bearer for V2X communication over PC5 interface.
[bookmark: Proposal2]Proposal 2: PC5 RRC connection should be supported per broadcast, groupcast, or unicast link.
[bookmark: _Hlk20772896][bookmark: _Hlk20775018]Unlike communication over Uu interface, in which NAS and AS layer terminate at different entities (UE  AMF vs. UE  gNB), V2X communication, either at V2X layer or at AS layer, involves the same pair of peer UEs. In other words, connections at V2X layer and AS layer have the same coverage and quality. Furthermore, the source and destination Application IDs should be linked respectively to the source and destination Layer-2 IDs in a Unicast Link Profile. There doesn’t seem to be benefit of keeping context at V2X layer, but releasing context at AS layer. Hence, PC5 RRC connection can be established together with PC5-S connection.
[bookmark: Observation3]Observation 3: There doesn’t seem to be benefit of keeping context at V2X layer, but releasing context at AS layer, as connections at V2X layer and AS layer have the same coverage/quality and the source and destination Application IDs should be linked respectively to the source and destination Layer-2 IDs in a Unicast Link Profile.
[bookmark: Proposal3]Proposal 3: PC5 RRC connection should be established together with PC5-S connection in broadcast, groupcast, or unicast mode of V2X communication over PC5 interface.
An SRB with default configuration needs to be used at the beginning to start the configuration process between a pair of peer UEs. For example, transmission may be performed with a fixed MAC TB and without HARQ retransmission, before feedback channel is configured and running at the receiving UE. Given the working assumption of that “Do not encapsulate PC5-S message related to link setup into PC5-RRC message for AS-layer configuration”, all the required context information would exist at the pair of peer UEs through PC5-S connection before PC5 RRC connection starts. Hence, unlike SRB0 in Uu, the default SRB can already have encryption and integrity protection from the very beginning, fulfiling the working assumption that “PC5-RRC message for AS-layer configuration is not to be sent unprotected, so is not to be sent together with PC5-S messages like Direct Communication Request.”
[bookmark: Observation4][bookmark: _Hlk20822171]Observation 4: PC5 RRC connection can start with an SRB with encryption and integrity protection and default AS configuration.
[bookmark: Proposal4][bookmark: _Hlk20827573]Proposal 4: PC5 RRC connection and AS layer security mode starts with SL SRB1 with encryption and integrity protection and default AS configuration for broadcast, groupcast, or unicast mode of V2X communication over PC5 interface.
[bookmark: _Hlk20827817][bookmark: _Hlk20830633]As destination Layer-2 ID addresses to a group of UEs in V2X communication over PC5 interface in broadcast and groupcast mode, a transmission on PC5 RRC connection can be received by any UEs in the transmission range. Hence, there is no need of individual acknowledgement from any particular UE. Therefore, UM mode should be configured for SL SRB1 of V2X communication over PC5 interface in broadcast or groupcast mode.
[bookmark: Observation5][bookmark: _Hlk20830524]Observation 5: A transmission on PC5 RRC connection for V2X communication in broadcast or unicast mode can be received by any UEs in the transmission range.
[bookmark: Proposal5]Proposal 5: UM mode should be configured for SL SRB1 of V2X communication over PC5 interface in broadcast or groupcast mode.
[bookmark: _Hlk20830676][bookmark: _Hlk20830700]On the other hand, a transmission on PC5 RRC connection of V2X communication over PC5 interface in unicast mode targets at a specific receiving UE. Knowing if a RRC configuration message is received by the peer UE helps the transmitter UE synchronize operating context with the receiving UE. Furthermore, AM mode can avoid the need of a timer and a retransmission scheme at RRC layer for reliable transmission over RRC connection. Hence, AM mode should be configured for SL SRB1 of V2X communication over PC5 interface in unicast mode.
[bookmark: Observation6]Observation 6: Knowing if a RRC configuration message is received by the peer UE helps the transmitter UE of a unicast link synchronize operating context with the receiving UE.
[bookmark: Proposal6]Proposal 6: AM mode should be configured for SL SRB1 of V2X communication over PC5 interface in unicast mode. 
[bookmark: _Hlk20822215][bookmark: _Hlk20822495]For SL unicast, the pair of peer UEs may further exchange and coordinate UE capabilities, AS configurations on measurement and reporting, etc. These messages can be of large and variable sizes. Hence, it may be beneficial to configure an SRB2 supporting MAC TBs of variable sizes and HARQ retransmission. When there is persistent failure on SRB2, fallback to SRB1 can be used to perform reconfiguration.
[bookmark: Observation7]Observation 7: An additional SRB supporting MAC TBs of variable sizes and HARQ retransmission may be beneficial for RRC messages of large and variable sizes, such as those for exchanging UE capabilities and measurement and reporting configurations.
[bookmark: Proposal7]Proposal 7: An SRB2 supporting MAC TBs of variable sizes and HARQ retransmission may be configured for SL unicast communication. Persistent failure on SRB2 triggers fallback to SRB1. 
[bookmark: _Ref129681832]As PC5 RRC connection is not per UE, but per unicast link in V2X communication over PC5 interface, transmission failure on a PC5 RRC connection should not trigger the reset of UE, resulting in interruption on all V2X communication links the UE is involved in. Instead, persistent failure on SRB1 should be reported to V2X layer. The release/reestablishment of PC5 RRC connection can be done together with PC5-S connection release/reestablishment, controlled by V2X layer. 
[bookmark: Proposal8]Proposal 8: Persistent failure on SRB1 should be reported to V2X layer; the release/reestablishment of PC5 RRC connection can be done together with PC5-S connection release/reestablishment, controlled by V2X layer.
Conclusions
This contribution discusses the operation principles of PC5 RRC connection for V2X communication over PC5 interface in unicast, groupcast, and broadcast modes, which leads to the observations and proposals as follows:
Observation 1: Unicast link over PC5 interface is operated in a way to hide the association of V2X application with an involved UE.
Proposal 1: Associating a group of PC5 unicast links to the same pair of peer UEs is not supported at AS layer.
Observation 2: Per-flow QoS model for SL broadcast, groupcast, or unicast requires PC5 RRC configuration to establish radio bearer for V2X communication over PC5 interface.
Proposal 2: PC5 RRC connection should be supported per broadcast, groupcast, or unicast link.
Observation 3: There doesn’t seem to be benefit of keeping context at V2X layer, but releasing context at AS layer, as connections at V2X layer and AS layer have the same coverage/quality and the source and destination Application IDs should be linked respectively to the source and destination Layer-2 IDs in a Unicast Link Profile.
Proposal 3: PC5 RRC connection should be established together with PC5-S connection in broadcast, groupcast, or unicast mode of V2X communication over PC5 interface.
Observation 4: PC5 RRC connection can start with an SRB with encryption and integrity protection and default AS configuration.
Proposal 4: PC5 RRC connection and AS layer security mode starts with SL SRB1 with encryption and integrity protection and default AS configuration for broadcast, groupcast, or unicast mode of V2X communication over PC5 interface.
Observation 5: A transmission on PC5 RRC connection for V2X communication in broadcast or unicast mode can be received by any UEs in the transmission range.
Proposal 5: UM mode should be configured for SL SRB1 of V2X communication over PC5 interface in broadcast or groupcast mode.
Observation 6: Knowing if a RRC configuration message is received by the peer UE helps the transmitter UE of a unicast link synchronize operating context with the receiving UE.
Proposal 6: AM mode should be configured for SL SRB1 of V2X communication over PC5 interface in unicast mode. 
Observation 7: An additional SRB supporting MAC TBs of variable sizes and HARQ retransmission may be beneficial for RRC messages of large and variable sizes, such as those for exchanging UE capabilities and measurement and reporting configurations.
Proposal 7: An SRB2 supporting MAC TBs of variable sizes and HARQ retransmission may be configured for SL unicast communication. Persistent failure on SRB2 triggers fallback to SRB1. 
Proposal 8: Persistent failure on SRB1 should be reported to V2X layer; the release/reestablishment of PC5 RRC connection can be done together with PC5-S connection release/reestablishment, controlled by V2X layer.
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