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This document discusses some of the basic procedures for layer 2 UE-to-UE relaying.
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]2	Discussion
2.1	Connections for UE-to-UE relays
In the UE-to-network case, a layer 2 relaying relationship (with active relaying of traffic) constructs an RRC connection between the serving gNB and the remote UE.  There are actually three connections: the PC5-RRC connection between the remote and the relay UEs, the RRC connection of the relay UE, and the RRC connection of the remote UE, with the first two largely using legacy procedures for their establishment and maintenance.  The analogous situation for UE-to-UE relaying would be the need to construct an indirect PC5-RRC connection between the peer remote UEs.  The PC5-RRC connection allows maintenance of SLRBs end-to-end between the remote UEs.
Like the UE-to-network case, UE-to-UE relaying demands three connections: remote to relay, relay to remote, and remote to remote.  The first two support configuration of lower layers between the adjacent UEs, and in typical cases they would not be expected to carry user-plane traffic (assuming SA2 determine the PC5 unicast link for relaying is separate, as in the UE-to-network case).  In the UE-to-UE case, all three are PC5-RRC connections.
Proposal 1: For L2 UE-to-UE relaying, three PC5-RRC connections are established: between the initiating remote UE and the relay UE, between the relay UE and the terminating remote UE, and between the initiating remote UE and the terminating remote UE.
We do not see a need to introduce an explicit PC5-RRC connection state for relaying purposes, nor to change the legacy relationship between the PC5 unicast link and the PC5-RRC connection.  The PC5-RRC layer can continue to follow the PC5-S connection state as in Rel-16 and Rel-17.
Proposal 2a: No PC5-RRC connection state is introduced for UE-to-UE relaying.
Proposal 2b: The one-to-one relationship between the PC5 unicast link and the PC5-RRC connection is kept.
2.2	Principles for connection establishment
If RAN2 keep the existing connection model, with the PC5-RRC connection implicitly established based on the PC5-S layer, the connection establishment procedure is basically in SA2 scope: From RAN2 perspective, when PC5-S establishes a connection between a pair of UEs, PC5-RRC will follow.  We do not identify spec impact to capture this, except perhaps to the general description of the PC5 unicast link in [1] section 5.8.1.
Proposal 3: RAN2 do not change the relationship between PC5-S layer and PC5-RRC connection establishment for UE-to-UE relaying.
In general, we understand that the signalling for connection setup should be minimised, e.g., reuse of a single message to set up multiple connections is helpful (as opposed to sending multiple DCRs for a single relaying connection), but given proposal 3, this issue is primarily in SA2 scope.  However, RAN2 need to provide the lower-layer configurations for transport of the initial messages.  The DCR and DCA messages, and the subsequent signalling to establish security, can be sent using specified PC5 RLC configurations on the two direct links.
Proposal 4: Hop-by-hop SL-SRB0 and SL-SRB1 (between the remote UEs and the relay UE) are carried using specified PC5 RLC configurations, as for legacy SL-SRB0 and SL-SRB1.
After the hop-by-hop connections are established, they can be used to forward end-to-end SL-SRBs between the remote UEs, to support security establishment and the delivery of a DCA message.  These SL-SRBs can also use specified configurations, as in the legacy operation; we do not identify any reason that “relayed SL-SRBx” needs to be configured differently from “direct SL-SRBx”, except that the lower-layer configurations cannot apply.
Proposal 5: End-to-end SL-SRB0 and SL-SRB1 (between the two remote UEs) are carried using specified bearer configurations, as for legacy SL-SRB0 and SL-SRB1 (without the lower layers, which do not apply to end-to-end bearers).
From the standpoint of connection configuration, PC5-RRC can use existing signalling and procedures (e.g., RRCReconfigurationSidelink between the two remote UEs, carried transparently through the relay UE).  Helpfully, all configurations in the RRCReconfigurationSidelink message are optional, meaning that the message can already carry configurations for the SDAP and PDCP layers while omitting the lower layers.
Proposal 6: After end-to-end PC5-RRC connection establishment, the remote UEs exchange an RRCReconfigurationSidelink message to configure SDAP and PDCP layers on the end-to-end connection, while omitting configurations for the (nonexistent) lower layers.
These proposals lead to a connection establishment flow as in Figure 1.


Figure 1: UE-to-UE connection establishment
Figure 1 combines aspects of the PC5-S and PC5-RRC layers (thus contains portions in both SA2 and RAN2 scope), and it embeds some assumptions about how SA2 specify the PC5-S behaviour.  (Specifically, it assumes that a single DCR message is used to initiate both the direct and indirect connections, and that the relay UE waits to receive the DCA from UE B before sending a DCA to UE A.  Neither of these assumptions is technically major from the RAN2 side; however, if the first assumption is wrong, the arrows would reverse in steps 5 and 6, which anyway are out of RAN2 scope.)
Steps 7 and 8 of Figure 1 are shown as bidirectional arrows, because each of the involved UEs may need to provide some configuration information to the other; this aspect is further discussed in section 2.3. 
Note that when the end-to-end reconfiguration (step 11) is sent, the hop-by-hop connections (A  relay and relay  B) are established and have had reconfiguration messages sent, so they can have SRAP configurations and non-default RLC configurations available, and the end-to-end reconfiguration can use the lower layers that were configured in the previous steps.
Proposal 7: The first RRCReconfigurationSidelink between the remote UEs is carried over the PC5 SRAP and PC5 RLC configurations that were established by previous signalling between the remote UEs and the relay UE.
2.3	Configuration of adaptation layer
This section assumes there is a UE-to-UE version of SRAP, in line with the design in [2]. To transmit data for UE B to the relay UE, UE A needs to know a local UE identity for UE B and an egress PC5 RLC channel for the end-to-end SLRB; it is obvious that the RRCReconfigurationSidelink needs to be able to configure these aspects of the SRAP layer (for the hop-by-hop connections—steps 7 and 8 of Figure 1).
Proposal 8: A PC5 SRAP configuration is added to the RRCReconfigurationSidelink message.
There are significant differences between the scenarios for SRAP configuration in UE-to-network relaying and UE-to-UE relaying.  In the UE-to-network case, the network has complete information about the configuration of the UEs; it can assign local UE identities and configure the bearer mapping table for the relay UE.  In the UE-to-UE case, the only entity with full visibility is the relay UE itself (there may be no network at all, and the remote UEs only know their own configurations).  Thus, it seems almost inevitable that the relay UE should maintain its bearer mapping table autonomously, and configure the remote UEs with (at least) the local UE identities of their peer UEs.
Proposal 9: The relay UE maintains its bearer mapping table autonomously, based on the SLRB configuration required by the initiating remote UE.
Proposal 10: The relay UE configures each remote UE with the local UE identity of its peer remote UE.
To transmit data via the relay UE to the terminating remote UE, the initiating remote UE needs to deliver a packet on a PC5 RLC channel associated with the appropriate SLRB, addressed to the local UE ID of the terminating remote UE.  This means that the initiating remote UE (UE A in Figure 1) should configure the relay UE with the identities of the SLRB(s) required for its desired service (the actual SLRB configurations are end-to-end between the remote UEs in step 11 of Figure 1), and the relay UE should configure the initiating remote UE with the peer local UE identity.  In other words, step 7 of Figure 1 comprises one reconfiguration in each direction.
Proposal 11: At establishment of a relaying connection, the initiating remote UE configures the relay UE with the identities of SLRBs using RRCReconfigurationSidelink, and the relay UE configures the initiating remote UE with the local UE ID of the terminating remote UE also using RRCReconfigurationSidelink.  The order of these reconfigurations depends on the setup procedure determined by SA2; the UE that receives the hop-by-hop DCA message should initiate the first reconfiguration.
The identification by the initiating remote UE of the egress PC5 RLC channel for an SLRB could be configured by either the initiating remote UE or the relay UE; this could be further discussed.
Proposal 12: RAN2 further discusses whether the initiating remote UE or the relay UE configures the egress PC5 RLC channel used by the initiating remote UE for transmission of data on an SLRB.
On the other hand, the terminating remote UE needs to know the SLRB identities, the local UE ID of the initiating remote UE, and a mapping of ingress PC5 RLC channels to SLRBs for received data.  (Even if the data are unidirectional, the terminating remote UE needs the initiating remote UE’s identity so that it can differentiate SLRB IDs from different peer UEs.)
Proposal 13: At establishment of a relaying connection, the relay UE configures the terminating remote UE with SLRB identities, the local UE ID of the initiating remote UE, and a mapping of ingress PC5 RLC channels to SLRBs, using RRCReconfigurationSidelink.
The need for a second reconfiguration from the terminating remote UE to the relay UE depends on which UE determines the lower-layer configurations for the hop-by-hop connection.
Proposal 14: RAN2 further discusses whether the terminating remote UE or the relay UE determines the lower-layer configurations for the hop-by-hop connection between the two.
Depending on the outcome of the discussion of proposal 14, and the order and direction of messages determined by SA2, step 8 of Figure 1 may or may not need to be bidirectional.  Of course, in case of a service with bidirectional traffic, both remote UEs will need the transmission configuration of proposal 11 and the reception configuration of proposal 13.  The expedient approach is to have a single SL-U2U-SRAP-ConfigPC5 IE, structurally based on the existing SL-SRAP-Config but with fields adapted to the proposals above.
Proposal 15: The structure of SL-SRAP-Config is reused as a baseline, in a new PC5-RRC IE (e.g., SL-U2U-SRAP-ConfigPC5) containing optional fields for a peer local UE identity and an ingress mapping table; the need for an egress mapping table can be further discussed.
3	Conclusion
This document promulgated the following long list of proposals:
Proposal 1: For L2 UE-to-UE relaying, three PC5-RRC connections are established: between the initiating remote UE and the relay UE, between the relay UE and the terminating remote UE, and between the initiating remote UE and the terminating remote UE.
Proposal 2a: No PC5-RRC connection state is introduced for UE-to-UE relaying.
Proposal 2b: The one-to-one relationship between the PC5 unicast link and the PC5-RRC connection is kept.
Proposal 3: RAN2 do not change the relationship between PC5-S layer and PC5-RRC connection establishment for UE-to-UE relaying.
Proposal 4: Hop-by-hop SL-SRB0 and SL-SRB1 (between the remote UEs and the relay UE) are carried using specified PC5 RLC configurations, as for legacy SL-SRB0 and SL-SRB1.
Proposal 5: End-to-end SL-SRB0 and SL-SRB1 (between the two remote UEs) are carried using specified bearer configurations, as for legacy SL-SRB0 and SL-SRB1 (without the lower layers, which do not apply to end-to-end bearers).
Proposal 6: After end-to-end PC5-RRC connection establishment, the remote UEs exchange an RRCReconfigurationSidelink message to configure SDAP and PDCP layers on the end-to-end connection, while omitting configurations for the (nonexistent) lower layers.
Proposal 7: The first RRCReconfigurationSidelink between the remote UEs is carried over the PC5 SRAP and PC5 RLC configurations that were established by previous signalling between the remote UEs and the relay UE.
Proposal 8: A PC5 SRAP configuration is added to the RRCReconfigurationSidelink message.
Proposal 9: The relay UE maintains its bearer mapping table autonomously, based on the SLRB configuration required by the initiating remote UE.
Proposal 10: The relay UE configures each remote UE with the local UE identity of its peer remote UE.
Proposal 11: At establishment of a relaying connection, the initiating remote UE configures the relay UE with the identities of SLRBs using RRCReconfigurationSidelink, and the relay UE configures the initiating remote UE with the local UE ID of the terminating remote UE also using RRCReconfigurationSidelink.  The order of these reconfigurations depends on the setup procedure determined by SA2; the UE that receives the hop-by-hop DCA message should initiate the first reconfiguration.
Proposal 12: RAN2 further discusses whether the initiating remote UE or the relay UE configures the egress PC5 RLC channel used by the initiating remote UE for transmission of data on an SLRB.
Proposal 13: At establishment of a relaying connection, the relay UE configures the terminating remote UE with SLRB identities, the local UE ID of the initiating remote UE, and a mapping of ingress PC5 RLC channels to SLRBs, using RRCReconfigurationSidelink.
Proposal 14: RAN2 further discusses whether the terminating remote UE or the relay UE determines the lower-layer configurations for the hop-by-hop connection between the two.
Proposal 15: The structure of SL-SRAP-Config is reused as a baseline, in a new PC5-RRC IE (e.g., SL-U2U-SRAP-ConfigPC5) containing optional fields for a peer local UE identity and an ingress mapping table; the need for an egress mapping table can be further discussed.
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