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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
This contribution discusses the open issues on Layer-2 specific part for U2U relay based on RAN2 and SA2 progress.
2. Discussion
2.1 OI#1.3&1.4: E2E SL-DRB configuration 
In the existing direct communication, CONNECTED state UE reports the QoS profiles to gNB and the gNB provide the DRB configuration to the UE. In U2U relay, if the CONNECTED remote UE want to get the configuration from the gNB, then the Remote UE needs to report E2E QoS profiles and the per-hop PDB to the serving gNB, and then gNB provide the E2E configuration and per-hop configuration to the Remote UE. For CONNECTED Relay UE, the Relay UE needs to provide the mapping of QoS flow and E2E bearer, QoS flows and corresponding QoS profiles to the gNB and the gNB provides the second hop configuration to the Relay UE. This brings more complex on gNB and Uu interface enhancement. Considering the limit time in Rel-18, it proposed do not introduce the enhancement for E2E DRB configuration in dedicated signalling.
Proposal 1: No enhancement is introduced for the E2E and per-hop configuration for SL DRB in dedicated signalling.
For in coverage TX remote UE including all RRC states, the Remote UE should derive E2E SDAP and PDCP configuration from SIB 12. 
Proposal 2: In coverage TX Remote UE (including all RRC states) derives E2E SDAP and PDCP configuration from SIB12 based on E2E QoS profiles of the E2E QoS flow.
Currently, the mapping of the QoS profile and the bearer is provided to the UE in SL SDAP configuration, and for each bearer there is corresponding PC5 relay RLC configuration in SL-RLC-BearerConfig. Since the Remote UE needs to derive the first hop PC5 relay RLC Channel configuration, then the mapping of PC5 relay RLC Channel configuration and QoS profiles needs to be provided to the UE. 
Proposal 3: The TX Remote UE derives the first hop PC5 Relay RLC channel configuration based on the first hop QoS profiles. 
Option 1: Add new RLC Channel configuration and QoS profiles mapping in SIB12 SL-RLC-BearerConfig.
In this option, gNB broadcasts RLC Relay Channel configuration and QoS profiles mapping in SIB12. This mapping is newly introduced. The Remote UE or the Relay UE derives the RLC Relay Channel configuration based on the new RLC Relay Channel configuration and QoS profiles mapping.
Taking the following as example.
Remote UE derives PDCP configuration using the existing mapping as shown as following.
SL-RadioBearerConfig-r16->{ slrb-Uu-ConfigIndex-r16, sl-SDAP-Config-r16, sl-PDCP-Config-r16}
sl-SDAP-Config-r16->{ sl-MappedQoS-Flows-r16}
Remote UE derives RLC Channel configuration using the newly introduced QoS profiles mapping as following.
SL-RLC-BearerConfig-r16->{ sl-RLC-Config-r16, sl-MAC-LogicalChannelConfig-r16, sl-MappedQoS-Flows-r18 (New)}
Option 2: Reuse existing bearer and QoS profiles mapping configuration in SIB12 SL-RadioBearerConfig-r16
In this option, reuse existing sl-MappedQoS-Flows in SL-RadioBearerConfig-r16. Remote UE reuses the sl-MappedQoS-Flows to derive the PDCP configuration according to E2E QoS profiles and derive first hop configuration according to first hop QoS profiles.
Taking the following as example
Remote UE derives PDCP configuration using the existing mapping as shown as following.
SL-RadioBearerConfig-r16->{ slrb-Uu-ConfigIndex-r16, sl-SDAP-Config-r16, sl-PDCP-Config-r16}
sl-SDAP-Config-r16->{ sl-MappedQoS-Flows-r16}
Remote UE derives RLC Channel configuration according to the slrb-Uu-ConfigIndex derived from the first hop QoS profiles.
SL-RadioBearerConfig-r16->{ slrb-Uu-ConfigIndex-r16, sl-SDAP-Config-r16, sl-PDCP-Config-r16}
sl-SDAP-Config-r16->{ sl-MappedQoS-Flows-r16}
SL-RLC-BearerConfig-r16->{ sl-ServedRadioBearer-r16 (slrb-Uu-ConfigIndex-r16), sl-RLC-Config-r16, sl-MAC-LogicalChannelConfig-r16,}
Comparing the two options, option 1 requires add new mapping of RLC Channel configuration and QoS profiles, which will consume large SIB signalling overhead. Then option 2 is preferred.
[bookmark: _Hlk149744091]Proposal 4: Remote UE can reuse existing bearer and QoS profiles mapping in SIB12/SL-RadioBearerConfig-r16/sl-SDAP-Config-r16/sl-MappedQoS-Flows-r16 to derive the E2E DRB configuration according to the E2E QoS profiles and first hop RLC Relay channel configuration according to the first hop QoS profiles.
There could be case that the bearer index(es) are differently derived from the E2E QoS profiles and first hop profiles, and it is left to Remote UE implementation to select which bearer index should be used for the mapped bearer.
Proposal 5: It is left to Remote UE implementation to select which bearer index should be used for the mapped bearer in case that the bearer index(es) are differently derived from the E2E QoS profiles and first hop profiles.
RAN2 agree that the Relay UE derives the second hop configuration
The Relay UE derives the second hop configuration (e.g. PC5 relay RLC Channel configuration) for each SL-DRB.
But since SDAP is E2E configuration and the Relay UE does not know the E2E SL-DRB for each QoS flow, then the Relay UE cannot does not know how to generate and map the RLC Channel configuration to the E2E SL-DRB on the second hop. 
Observation 1: Without knowing the mapping of QoS flow and E2E bearer, Relay UE does not know how to generate and map the RLC Channel configuration to the E2E SL-DRB on the second hop.
The Relay UE has already known the QoS flow ID(s) as RAN2 agreed, then one simple way is that the Remote UE sends the mapping of E2E-SL-DRB and QoS flows to the Relay UE. Relay UE knows the per-hop QoS profiles on the second hop for the QoS flows, then the Relay UE can derive the SL-DRB info and corresponding QoS profiles on the second hop, and then can derive the RLC Channel for the second hop.
Proposal 6: The Remote UE sends the mapping of E2E-SL-DRB and QoS flow ID(s) to the Relay UE; and the Relay UE derives the second hop RLC Channel configuration for the SL-DRB based on the second hop QoS profiles.
Similar with Remote UE, the Relay UE can also reuse the existing bearer and QoS profiles mapping in mapping in SIB12/SL-RadioBearerConfig-r16/sl-SDAP-Config-r16/sl-MappedQoS-Flows-r16 to derive the second hop RLC Relay channel configuration according to the second hop QoS profiles.
Proposal 7: Relay UE can reuse the existing bearer and QoS profiles mapping in mapping in SIB12/SL-RadioBearerConfig-r16/sl-SDAP-Config-r16/sl-MappedQoS-Flows-r16 to derive the second hop RLC Relay channel configuration according to the second hop QoS profiles.
Considering the mapping of QoS profiles and SL-DRB/PC5 RLC Channel configuration could be different in TX remote UE and Relay UE, there could be case that multiple QoS flows are mapped into one E2E SL-DRB in the TX Remote UE, but in the Relay UE, the multiple QoS flows are mapped into multiple PC5 RLC Channel configurations. In this case, it can be left to Relay UE implementation to select the applied PC5 RLC Channel configuration.
Proposal 8: In case that the multiple QoS flows for the E2E SL-DRB are mapped into multiple PC5 RLC Channel configurations, it is Relay UE implementation to determine which PC5 RLC Channel configuration is used for the E2E SL-DRB.
2.2 OI# 2.5: RLF handling and recovery
Currently, the sidelink RLF is detected in the following conditions, and when any condition is met, UE will release PC5-RRC connection.
1>	upon indication from sidelink RLC entity that the maximum number of retransmissions for a specific destination has been reached; or
1>	upon T400 expiry for a specific destination; or
1>	upon indication from MAC entity that the maximum number of consecutive HARQ DTX for a specific destination has been reached; or
1>	upon integrity check failure indication from sidelink PDCP entity concerning SL-SRB2 or SL-SRB3 for a specific destination
In U2U relay, since there per-hop connection and E2E connection, the RLF could be detected on current hop (e.g. the condition on RLC or MAC entity maximum retransmission number) or on E2E connection (e.g. the condition on T400 expiry and PDCP integrity failure).
When the per-hop PC5 RLF is detected on first hop, it could be wasteful to release and establish again the per-hop PC5 connection on the second hop and the E2E PC5 connection. In SA2 specification TS23.304, E2E connection can be kept and modified if needed during U2U relay reselection, please see Annex (A). Then, for RLF handling, one reasonable way is to keep the second hop connection and E2E connection unaffected, let the Remote UE try to discover and reselect a candidate Relay UE. If the old Relay UE is selected, then the PC5 link on the second hop is not impacted, and if a new Relay UE is selected, then the second hop will be released by the peer Remote UE once the new PC5 link is established. During the procedure the E2E connection is not impacted.  This can be shown in the following procedure.
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In case that the source Remote UE is indicated per-hop PC5 RLF by the Relay UE, the Remote UE assumes the old relay path is not available, then the source Remote UE should release the per-hop PC5 link for the S-Remote UE/D-Remote UE pair, and try to discover and reselect a candidate Relay UE.
[bookmark: _Hlk146197458]Proposal 9: When per-hop RLF is detected on one hop, E2E PC5 connection can be kept during Relay reselection and per-hop PC5 connection recovery.
Proposal 10: When per-hop RLF is detected on one hop, per-hop PC5 connection on another hop can be kept if the old Relay UE is reselected; if a new Relay UE is reselected, the destination Remote UE release the old per-hop PC5 connection.
Proposal 11: If E2E PC5 RLF is detected, the Remote UE should release the E2E link connection.
2.3 OI#1.7: gNB capability
For U2U relay configuration, if the gNB supports U2U relay, gNB will provide U2U related parameters in SIB12 or in dedicated message. From UE point of view, UE just follows gNB configuration to use dedicated or SIB or preconfiguration. The it is useless for UE to know gNB capability.
Proposal 11: There is no need to introduce gNB capability.
Another issue is regardless of whether gNB U2U capability will be introduced, the UE can perform U2U relay operation using preconfiguration if the UE is out of coverage of the concerned frequency.
Proposal 12: UE can perform U2U relay operation using preconfiguration if the UE is out of coverage of the concerned frequency regardless of whether gNB U2U capability will be introduced.
3. Conclusion 
This contribution discusses Layer-2 specific part and provides the following proposals.
For OI#1.3&1.4: E2E SL-DRB configuration,
Proposal 1: No enhancement is introduced for the E2E and per-hop configuration for SL DRB in dedicated signalling.
Proposal 2: In coverage TX Remote UE (including all RRC states) derives E2E SDAP and PDCP configuration from SIB12 based on E2E QoS profiles of the E2E QoS flow.
Proposal 3: The TX Remote UE derives the first hop PC5 Relay RLC channel configuration based on the first hop QoS profiles. 
Proposal 4: Remote UE can reuse existing bearer and QoS profiles mapping in SIB12/SL-RadioBearerConfig-r16/sl-SDAP-Config-r16/sl-MappedQoS-Flows-r16 to derive the E2E DRB configuration according to the E2E QoS profiles and first hop RLC Relay channel configuration according to the first hop QoS profiles.
Proposal 5: It is left to Remote UE implementation to select which bearer index should be used for the mapped bearer in case that the bearer index(es) are differently derived from the E2E QoS profiles and first hop profiles.
Observation 1: Without knowing the mapping of QoS flow and E2E bearer, Relay UE does not know how to generate and map the RLC Channel configuration to the E2E SL-DRB on the second hop.
Proposal 6: The Remote UE sends the mapping of E2E-SL-DRB and QoS flow ID(s) to the Relay UE; and the Relay UE derives the second hop RLC Channel configuration for the SL-DRB based on the second hop QoS profiles.
Proposal 7: Relay UE can reuse the existing bearer and QoS profiles mapping in mapping in SIB12/SL-RadioBearerConfig-r16/sl-SDAP-Config-r16/sl-MappedQoS-Flows-r16 to derive the second hop RLC Relay channel configuration according to the second hop QoS profiles.
Proposal 8: In case that the multiple QoS flows for the E2E SL-DRB are mapped into multiple PC5 RLC Channel configurations, it is Relay UE implementation to determine which PC5 RLC Channel configuration is used for the E2E SL-DRB.
For OI# 2.5: RLF handling and recovery,
Proposal 9: When per-hop RLF is detected on one hop, E2E PC5 connection can be kept during Relay reselection and per-hop PC5 connection recovery.
Proposal 10: When per-hop RLF is detected on one hop, per-hop PC5 connection on another hop can be kept if the old Relay UE is reselected; if a new Relay UE is reselected, the destination Remote UE release the old per-hop PC5 connection.
Proposal 11: If E2E PC5 RLF is detected, the Remote UE should release the E2E link connection.
For OI#1.7: gNB capability
Proposal 11: There is no need to introduce gNB capability.
Proposal 12: UE can perform U2U relay operation using preconfiguration if the UE is out of coverage of the concerned frequency regardless of whether gNB U2U capability will be introduced.
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5. Annex (A)
[bookmark: _Toc138254934]6.7.4.2	Negotiated 5G ProSe Layer-2 UE-to-UE Relay reselection
Depicted in Figure 6.7.4.2-1 is the procedure for the negotiated 5G ProSe Layer-2 UE-to-UE Relay reselection.


Figure 6.7.4.2-1: Negotiated 5G ProSe Layer-2 UE-to-UE Relay reselection
1.	A PC5 unicast link is established between the 5G ProSe End UEs via a 5G ProSe UE-to-UE Relay, based on the procedure defined in clause 6.7.2.
2.	The initiating 5G ProSe End UE determines, e.g. based on PC5 signal strength, to perform UE-to-UE Relay reselection and obtains a list of candidate UE-to-UE Relays. The initiating 5G ProSe End UE may receive UE-to-UE Relay Discovery Announcement messages from 5G ProSe UE-to-UE Relays or initiate the 5G ProSe UE-to-UE Relay discovery procedures to find the candidate 5G ProSe UE-to-UE Relays. The initiating 5G ProSe End UE determines the candidate 5G ProSe UE-to-UE Relays e.g., based on the PC5 signal strength of the received UE-to-UE Relay Discovery Announcement message, RSC within the UE-to-UE Relay Discovery Announcement message.
3.	The initiating 5G ProSe End UE sends a Link Modification Request message to the responding 5G ProSe End UE which includes a Relay re-selection indication, the User Info ID(s) of the candidate 5G ProSe UE-to-UE Relay(s), and optionally the Layer-2 ID(s) of the candidate 5G ProSe UE-to-UE Relay(s) and security information.
4.	The responding 5G ProSe End UE selects a new 5G ProSe UE-to-UE Relay from the candidate 5G ProSe UE-to-UE Relays, based on the Relay re-selection indication in the Link Modification Request message. If the responding 5G ProSe End UE has not received a UE-to-UE Relay Discovery Announcement message from a candidate 5G ProSe UE-to-UE Relay or does not have a PC5 connection with the candidate 5G ProSe UE-to-UE Relay associated with the same RSC, then the responding 5G ProSe End UE may perform the 5G ProSe UE-to-UE Relay discovery procedure with the User Info ID of a candidate 5G ProSe UE-to-UE Relay in discovery message, and may set the Layer-2 ID of the candidate 5G ProSe UE-to-UE Relay, if received at step 3, as the Destination Layer-2 ID to carry the discovery message, by using the procedure defined in clause 6.3.2.4.4. The PC5 signal strength of the UE-to-UE Relay Discovery Announcement message or UE-to-UE Relay Discovery Response message may be used to select the new 5G ProSe UE-to-UE Relay.
5.	The responding 5G ProSe End UE sends a Link Modification Accept message to the initating 5G ProSe End UE, including the User Info ID of the new 5G ProSe UE-to-UE Relay and security information.
6.	5G ProSe End UEs set up PC5 unicast links, if not already set up, with the new 5G ProSe UE-to-UE Relay, by reusing the procedure defined in clause 6.7.2 and the PC5 unicast is link established between 5G ProSe End UEs via the new 5G ProSe UE-to-UE Relay. The 5G ProSe End UEs switch the data traffic via the new 5G ProSe UE-to-UE Relay. The security information is used to verify that the new link has been set up successfully.
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