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[bookmark: _Toc100929546][bookmark: _Toc155991710]16.12.1	General
Sidelink relay is introduced to support 5G ProSe UE-to-Network Relay (U2N Relay) function (specified in TS 23.304 [48]) to provide connectivity to the network for U2N Remote UE(s). Both L2 and L3 U2N Relay architectures are supported. The L3 U2N Relay architecture is transparent to the serving NG-RAN of the U2N Relay UE, except for controlling sidelink resources. The detailed architecture and procedures for L3 U2N Relay can be found in TS 23.304 [48].
A U2N Relay UE shall be in RRC_CONNECTED to perform relaying of unicast data.
For L2 U2N Relay operation, the following RRC state combinations are supported:
-	Both L2 U2N Relay UE and L2 U2N Remote UE shall be in RRC_CONNECTED to perform transmission/reception of relayed unicast data; and
-	The L2 U2N Relay UE can be in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED as long as all the L2 U2N Remote UE(s) that are connected to the L2 U2N Relay UE are either in RRC_INACTIVE or in RRC_IDLE.
A single unicast link is established between one L2 U2N Relay UE and one L2 U2N Remote UE. The traffic to the NG-RAN of L2 U2N Remote UE via a given L2 U2N Relay UE and the traffic of the L2 U2N Relay UE shall be separated in different Uu RLC channels.
For L2 U2N Relay, the L2 U2N Remote UE can only be configured to use resource allocation mode 2 (as specified in 5.7.2 and 16.9.3.1) for data to be relayed.
Sidelink relay is introduced to support 5G ProSe UE-to-UE Relay (U2U Relay) function (specified in TS 23.304 [48]) to provide connectivity between U2U Remote UEs. Both L2 and L3 U2U Relay architectures are supported. The L3 U2U Relay architecture is transparent to the AS layer of the U2U Relay UE. The detailed architecture and procedures for L3 U2U Relay can be found in TS 23.304 [48].
A U2U Relay UE is to support the U2U Relay function as specified in TS 23.304 [48] used to provide coverage extension of the sidelink transmissions between two U2U Remote UEs. For the coverage extension, the U2U Remote UE can communicate with the a peer U2U Remote UE(s), which are not reachable within the sidelink coverage, via the U2U Relay UE.
The U2U Relay UE and U2U Remote UE can be in any RRC state. The U2U Relay UE and the U2U Remote UEs can be in the coverage of the same or different cells or out-of-coverage. Both sidelink resource allocation modes, i.e., mode 1 and mode 2 are supported for the U2U Relay UE and U2U Remote UEs. For U2U Relay, NR sidelink is supported between U2U Relay UE and U2U Remote UEs. After NR sidelink establishment between U2U Relay UE and U2U Remote UEs, end-to-end PC5 unicast link connection establishment is performed between U2U Remote UEs. Only unicast is supported between U2U Relay UE and U2U Remote UEs.
	Next change


[bookmark: _Toc155991714]16.12.3	Relay Discovery
Model A and Model B discovery models as defined in TS 23.304 [48] are supported for U2N/U2U Relay discovery. The protocol stack used for discovery is illustrated in Figure 16.12.3-1.


Figure 16.12.3-1: Protocol Stack of Discovery Message for UE-to-Network/UE-to-UE Relay
The U2N Remote UE can perform Relay discovery message (i.e., as specified in TS 23.304 [48]) transmission and may monitor the sidelink for Relay discovery message while in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED. The network may broadcast or configure via dedicated RRC signalling a Uu RSRP threshold, which is used by the U2N Remote UE to determine if it can transmit Relay discovery messages to U2N Relay UE(s).
The U2N Relay UE can perform Relay discovery message (i.e., as specified in TS 23.304 [48]) transmission and may monitor the sidelink for Relay discovery message while in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED. The network may broadcast or configure via dedicated RRC signalling a maximum Uu RSRP threshold, a minimum Uu RSRP threshold, or both, which are used by the U2N Relay UE to determine if it can transmit Relay discovery messages to U2N Remote UE(s).
The U2U Remote UE and U2U Relay UE can perform Relay discovery message transmission or DCR/DCA message with integrated discovery transmission and may monitor for Relay discovery message or DCR/DCA message with integrated discovery while in coverage (i.e. RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED) or out-of-coverage.
The network may provide the Relay discovery configuration using broadcast or dedicated signalling. In addition, the U2N/U2U Remote UE and L3 U2N/U2U Relay UE may use pre-configuration for Relay discovery.
The resource pool(s) used for NR sidelink communication can be used for Relay discovery or the network may configure resource pool(s) dedicated for Relay discovery. Resource pool(s) dedicated for Relay discovery can be configured simultaneously with resource pool(s) for NR sidelink communication in system information, dedicated signalling and/or pre-configuration. Whether dedicated resource pool(s) for Relay discovery are configured is based on network implementation. If resource pool(s) dedicated for Relay discovery are configured, only those resource pool(s) dedicated for Relay discovery shall be used for Relay discovery. If only resource pool(s) for NR sidelink communication are configured, all the configured resource pool(s) can be used for Relay discovery and NR sidelink communication. Only communication resource pool is used for the DCR/DCA message with integrated discovery.
For U2N Remote UE (including both in-coverage and out of coverage cases) that has been connected to the network via a U2N Relay UE, only resource allocation mode 2 is used for Relay discovery message transmission.
For in-coverage U2N Relay UE, and for both in-coverage and out of coverage U2N Remote UEs, NR sidelink resource allocation principles are applied for Relay discovery message transmission.
For U2U Remote UE and U2U Relay UE, NR sidelink resource allocation principles, both mode 1 and mode 2, can be applied for Relay discovery message transmission.
The sidelink power control for the transmission of Relay discovery messages is same as for NR sidelink communication.
No ciphering or integrity protection in PDCP layer is applied for the Relay discovery messages.
The U2N/U2U Remote UE and U2N/U2U Relay UE can determine from SIB12 whether the gNB supports Relay discovery, or Non-Relay discovery, or both.
[bookmark: _Toc155991715]16.12.4	Relay Selection/Reselection
The U2N Remote UE performs radio measurements at PC5 interface and uses them for U2N Relay selection and reselection along with higher layer criteria, as specified in TS 23.304 [48]. When there is no unicast PC5 connection between the U2N Relay UE and the U2N Remote UE, the U2N Remote UE uses SD-RSRP measurements to evaluate whether PC5 link quality towards a U2N Relay UE satisfies relay selection criterion.
For relay reselection, U2N Remote UE uses SL-RSRP measurements towards the serving U2N Relay UE for relay reselection trigger evaluation when there is data transmission from U2N Relay UE to U2N Remote UE, and it is left to UE implementation whether to use SL-RSRP or SD-RSRP for relay reselection trigger evaluation in case of no data transmission from U2N Relay UE to U2N Remote UE.
A U2N Relay UE is considered suitable by a U2N Remote UE in terms of radio criteria if the PC5 link quality measured by U2N Remote UE towards the U2N Relay UE exceeds configured threshold (pre-configured or provided by gNB). The U2N Remote UE searches for suitable U2N Relay UE candidates that meet all AS layer and higher layer criteria (see TS 23.304 [48]). If there are multiple such suitable U2N Relay UEs, it is up to U2N Remote UE implementation to choose one U2N Relay UE among them. For L2 U2N Relay (re)selection, the PLMN ID and cell ID can be used as additional AS criteria.
The U2N Remote UE triggers U2N Relay selection in following cases:
-	Direct Uu signal strength of current serving cell of the U2N Remote UE is below a configured signal strength threshold;
-	Indicated by upper layer of the U2N Remote UE.
The U2N Remote UE may trigger U2N Relay reselection in following cases:
-	PC5 signal strength of current U2N Relay UE is below a (pre)configured signal strength threshold;
-	Cell reselection, handover, Uu RLF, or Uu RRC connection establishment/resume failure has been indicated by U2N Relay UE via PC5-RRC signalling;
-	When U2N Remote UE receives a PC5-S link release message from U2N Relay UE;
-	When U2N Remote UE detects PC5 RLF;
-	Indicated by upper layer.
For L2 U2N Remote UEs in RRC_IDLE or RRC_INACTIVE and L3 U2N Remote UEs, the cell (re)selection procedure and relay (re)selection procedure run independently. If both suitable cells and suitable U2N Relay UEs are available, it is up to the U2N Remote UE implementation to select either a cell or a U2N Relay UE. A L3 U2N Remote UE may select a cell and a L3 U2N Relay UE simultaneously and this is up to implementation of L3 U2N Remote UE.
For both L2 and L3 U2N Relay UEs in RRC_IDLE or RRC_INACTIVE, the PC5-RRC message(s) are used to inform their connected U2N Remote UE(s) when U2N Relay UEs select a new cell. The PC5-RRC message(s) are also used to inform their connected L2 or L3 U2N Remote UE(s) when L2 or L3 U2N Relay UE performs handover, detects Uu RLF, or its Uu RRC connection establishment/resume fails. Upon reception of the PC5 RRC message for notification, it is up to U2N Remote UE implementation whether to release or keep the unicast PC5 link. If U2N Remote UE decides to release the unicast PC5 link, it triggers the PC5 release procedure and may perform cell or relay reselection.
The U2U Remote UE performs radio measurements (i.e., SD-RSRP and/or SL-RSRP) at PC5 interface and uses them for U2U Relay selection and reselection along with higher layer criteria, as specified in TS 23.304 [48].
For relay selection, U2U Remote UE uses SL-RSRP measurements towards the peer U2U Remote UE for relay selection trigger evaluation when valid SL-RSRP measurements are available. For relay reselection, U2U Remote UE uses SL-RSRP measurement towards the U2U Relay UE for relay reselection trigger evaluation when there is data transmission from U2U Relay UE to U2U Remote UE. It is left to U2U Remote UE implementation whether to use SL-RSRP or SD-RSRP for relay selection or reselection trigger evaluation in case of no data transmission. The thresholds for SD-RSRP and SL-RSRP can be configured separately for the trigger evaluation of U2U relay selection or reselection. The same threshold value(s) of the SD-RSRP and SL-RSRP thresholds are applied for all the discovery models including DCR with integrated discovery. The same threshold value(s) of the SD-RSRP and SL-RSRP are applied for relay selection and relay reselection.
The U2U Remote UE may trigger U2U Relay selection in the following cases:
-	When the SL-RSRP or SD-RSRP between U2U Remote UEs is below a (pre)configured signal strength threshold;
-	When U2U Remote UE receives an indication to trigger U2U relay selection from the upper layer of the UE.
The U2U Remote UE may trigger U2U Relay reselection in the following cases:
-	When the SL-RSRP or SD-RSRP of the current U2U Relay UE is below a (pre)configured signal strength threshold;
-	When U2U Remote UE receives an indication from the upper layer due to detecting PC5 RLF;
-	When L2 U2U Remote UE receives an indication from the upper layer due to receiving the PC5 RLF indication from the L2 U2U Relay UE;
-	When U2U Remote UE receives a PC5-S link release message from U2U Relay UE;
-	When U2U Remote UE receives an indication to trigger U2U relay reselection from the upper layer of the UE.
For the discovery model A, the U2U Relay UE should announce via discovery announcement message only the neighbour U2U Remote UE(s) for which the SD-RSRP/SL-RSRP between the U2U Relay and the neighbour U2U Remote UE(s) is above a configured threshold. Upon discovery message reception, U2U Remote UE considers a U2U Relay UE as a candidate U2U Relay UE if the SD-RSRP towards the U2U Relay UE is above a configured threshold and the upper layer criteria are met.
For the discovery model B, when the U2U Relay UE receives the discovery solicitation message from U2U Remote UE, the U2U Relay UE forwards the discovery solicitation message only if the SD-RSRP between the U2U Relay UE and the U2U Remote UE is above a threshold. After the peer U2U remote UE receives a discovery solicitation message from the U2U Relay UE, the peer U2U Remote UE transmits the discovery response message only if the SD-RSRP between the peer U2U Remote UE and the U2U Relay UE is above a configured threshold. Upon discovery response message reception forwarded by the U2U Relay UE, the U2U Remote UE considers a U2U Relay UE as a candidate U2U Relay UE if the SD-RSRP towards the U2U Relay UE is above a configured threshold and the upper layer criteria are met.
For the DCR message with integrated discovery, when the U2U Relay UE receives the DCR message with integrated discovery from U2U Remote UE, the U2U Relay UE forwards the DCR message with integrated discovery only if the SL-RSRP between the U2U Relay UE and the U2U Remote UE is above a threshold. Upon receiving DCR message with integrated discovery from one or multiple U2U Relay UEs, the peer U2U Remote UE should consider to which received DCR message to respond amongst candidate U2U Relay UEs towards which the SL-RSRP is above a configured SD-RSRP threshold (not the SL-RSRP, as broadcast is used) to respond and that satisfy upper-layer criteria, and select a U2U Relay UE among them.
	Next change


[bookmark: _Toc155991730]16.12.7	Control plane procedures for L2 U2U Relay
The L2 U2U Remote UE needs to establish end-to-end SL-SRB/DRBs with the peer L2 U2U Remote UE before user plane data transmission.
The following high level connection establishment procedure in Figure 16.12.7-1 applies to a L2 U2U Relay UE and L2 U2U Remote UE:


Figure 16.12.7-1: Procedure for L2 U2U Remote UE connection establishment
1.	The L2 U2U Remote UE, L2 U2U Relay UE, and peer L2 U2U Remote UE perform discovery procedure or integrated discovery procedure.
2a.	The L2 U2U Remote UE establishes/modifies a PC5-RRC connection with the selected L2 U2U Relay UE (i.e., as specified in TS 23.304 [48]).
2b.	The L2 U2U Relay UE establishes/modifies a PC5-RRC connection with the peer L2 U2U Remote UE (i.e., as specified in TS 23.304 [48]).
3.	The L2 U2U Relay UE allocates two local IDs and it is delivered via RRCReconfigurationSidelink message to each of the L2 U2U Remote UEs: one local ID to identify the L2 U2U Remote UE, the other local ID to identify the peer L2 U2U Remote UE. When the local ID is delivered, an L2 ID of the peer L2 U2U Remote UE is also delivered to the U2U Remote UE for making the association between the local ID and the L2 ID of the peer U2U Remote UE.
4.	The L2 U2U Remote UE establishes end-to-end PC5-RRC connection with the peer L2 U2U Remote UE via the L2 U2U Relay UE. For the end-to-end connection establishment, fixed indexes (i.e., 0/1/2/3) are defined for end-to-end SL-SRB 0/1/2/3 respectively, and specified PC5 Relay RLC Channel configuration is used on each hop. The sidelink UE capability is exchanged between the L2 U2U Remote UEs via PC5-RRC (e.g., SL-SRB3) message.
5.	The L2 U2U Remote UE sends to the L2 U2U Relay UE all the QoS profiles for the end-to-end QoS flows via PC5-RRC message.
6.	The L2 U2U Relay UE performs QoS split only for PDB.
NOTE:	It is up to L2 U2U Relay UE implementation on how to split PDB.
7.	The L2 U2U Relay UE sends the split QoS value (i.e., PDB) via PC5-RRC message to the L2 U2U Remote UE.8.	The L2 U2U Remote UE or the serving gNB of the L2 U2U Remote UE derives the PDCP and SDAP configuration for end-to-end SL-DRB and provides the portion of the configuration related to reception to the peer L2 U2U Remote UE using end-to-end RRCReconfigurationSidelink messages. The end-to-end bearer IDs for SL-SRB and SL-DRB are used as input for the L2 U2U Relay ciphering and deciphering at PDCP.
9a.	The L2 U2U Remote UE or the serving gNB of the L2 U2U Remote UE derives the first hop configuration (e.g. PC5 Relay RLC Channel configuration) for SL-DRB and provides to the L2 U2U Relay UE of the configuration related to receiving on the first hop (i.e., Rx by the relay UE), using per-hop RRCReconfigurationSidelink message.
9b.	The L2 U2U Relay UE or the serving gNB of the L2 U2U Relay UE derives the second hop configuration (e.g. PC5 Relay RLC Channel configuration) for each SL-DRB and provides to the peer L2 U2U Remote UE of the configuration related to receiving data packets on the second hop (i.e., RX by the peer remote UE), using per-hop RRCReconfigurationSidelink message.
10.	The L2 U2U Remote UE and the peer L2 U2U Remote UE transmit or receive data via L2 U2U Relay UE.
	Next change


[bookmark: _Toc130939065][bookmark: _Toc155991726]16.12.6.0	General
The service continuity procedure is applicable only for the mobility cases of path switch from indirect to direct path, and from direct to indirect path when the L2 U2N Remote UE and L2 U2N Relay UE belong to the same gNB or different gNB. This procedure is also applicable for the mobility cases of path switch from indirect to indirect path when the two L2 U2N Relay UEs belong to the same gNB or different gNBs. For inter-gNB path switching, the source gNB decides to trigger path switching and the path switch type, i.e. direct or indirect path.
	Next change


[bookmark: _Toc155991728]16.12.6.2	Switching from direct to indirect path
The gNB can select a L2 U2N Relay UE in any RRC state i.e., RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED, as a target L2 U2N Relay UE for direct to indirect path switch.
For service continuity of L2 U2N Remote UE, the following procedure is used, in case of the L2 U2N Remote UE switching from direct to indirect path under the same gNB via a L2 U2N Relay UE in RRC_CONNECTED:


Figure 16.12.6.2-1: Procedure for L2 U2N Remote UE intra-gNB switching from direct to indirect path via a L2 U2N Relay UE in RRC_CONNECTED
1.	The L2 U2N Remote UE reports one or multiple candidate L2 U2N Relay UE(s) and Uu measurements, after it measures/discovers the candidate L2 U2N Relay UE(s):
-	The L2 U2N Remote UE filters the appropriate L2 U2N Relay UE(s) according to relay selection criteria before reporting. The L2 U2N Remote UE shall report only the L2 U2N Relay UE candidate(s) that fulfil the higher layer criteria;
-	The reporting includes at least a L2 U2N Relay UE ID, a L2 U2N Relay UE' s serving cell ID, and a sidelink measurement quantity information. SD-RSRP is used as sidelink measurement quantity.
2.	The gNB decides to switch the L2 U2N Remote UE to a target L2 U2N Relay UE. Then the gNB sends an RRCReconfiguration message to the target L2 U2N Relay UE, which includes at least the L2 U2N Remote UE's local ID and L2 ID, Uu Relay RLC channel and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
3.	The gNB sends the RRCReconfiguration message to the L2 U2N Remote UE. The RRCReconfiguration message includes at least the L2 U2N Relay UE ID, Remote UE's local ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end Uu radio bearer(s). The L2 U2N Remote UE stops User Plane and Control Plane transmission over the direct path after reception of the RRCReconfiguration message from the gNB.
4.	The L2 U2N Remote UE establishes PC5-RRC connection with target L2 U2N Relay UE.
5.	The L2 U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the gNB via the L2 U2N Relay UE.
6.	The data path is switched from direct path to indirect path between the L2 U2N Remote UE and the gNB.
In case the selected L2 U2N Relay UE for direct to indirect path switch is in RRC_IDLE or RRC_INACTIVE, after receiving the path switch command, the L2 U2N Remote UE establishes a PC5 link with the L2 U2N Relay UE and sends the RRCReconfigurationComplete message via the L2 U2N Relay UE, which triggers the L2 U2N Relay UE to enter RRC_CONNECTED state. The procedure for L2 U2N Remote UE switching to indirect path in Figure 16.12.6.2-1 can be also applied for the case that the selected L2 U2N Relay UE for direct to indirect path switch is in RRC_IDLE or RRC_INACTIVE with the exception that the RRCReconfiguration message is sent from the gNB to the L2 U2N Relay UE after the L2 U2N Relay UE enters RRC_CONNECTED state, which happens during step 5.
For service continuity of L2 U2N Remote UE, the following procedure is used, in case of the L2 U2N Remote UE switching from direct to indirect path via a L2 U2N Relay UE in RRC_CONNECTED under another gNB:


Figure 16.12.6.2-2: Procedure for L2 U2N Remote UE inter-gNB switching from direct to indirect path via a L2 U2N Relay UE in RRC_CONNECTED
1.	The L2 U2N Remote UE reports one or multiple candidate L2 U2N Relay UE(s) and Uu measurements to the source gNB, after it measures/discovers the candidate L2 U2N Relay UE(s):
-	The L2 U2N Remote UE filters the appropriate L2 U2N Relay UE(s) according to relay selection criteria before reporting. The L2 U2N Remote UE shall report only the L2 U2N Relay UE candidate(s) that fulfil the higher layer criteria;
-	The reporting includes at least a L2 U2N Relay UE ID, a L2 U2N Relay UE's serving cell ID, and a sidelink measurement quantity information. SD-RSRP is used as sidelink measurement quantity.
2.	The source gNB decides to trigger path switch for the L2 U2N Remote UE onto indirect path of the target gNB, based on MeasurementReport and RRM information.
3.	The source gNB sends a HANDOVER REQUEST message to the target gNB to prepare the path switch at the target side. The HANDOVER REQUEST message includes Remote UE L2 ID and a list of candidate target relay UE IDs belonging to one cell.
4.	Admission Control may be performed by the target gNB.
5.	The target gNB selects one target Relay UE from the list of candidate Relay UEs provided by the source gNB, and sends the RRCReconfiguration message to L2 U2N Relay UE for relaying configuration, which includes at least the L2 U2N Remote UE's local ID and L2 ID, Uu Relay RLC channel and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
6.	The target gNB sends the HANDOVER REQUEST ACKNOWLEDGE message to the source gNB, which contains new RRC configuration for L2 U2N Remote UE.
7.	The source gNB sends the RRCReconfiguration message to the L2 U2N Remote UE, which includes at least the L2 U2N Relay UE ID, Remote UE's local ID, PC5 Relay RLC channel configuration for relay traffic and the associated Uu end-to-end radio bearer(s). The L2 U2N Remote UE stops User Plane and Control Plane transmission over the direct path after reception of the RRCReconfiguration message from the source gNB.
8.	The source gNB sends the SN STATUS TRANSFER message to the target gNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of the L2 U2N Remote UE's DRBs for which PDCP status preservation applies (i.e. for RLC AM).
9.	The L2 U2N Remote UE establishes PC5 connection with L2 U2N Relay UE.
10.	The L2 U2N Remote UE sends the RRCReconfigurationComplete message to target gNB via the L2 U2N Relay UE.
11.	The data path is switched from direct path to indirect path between the L2 U2N Remote UE and the target gNB via the target L2 U2N Relay UE.
12.	The target gNB sends the UE CONTEXT RELEASE message to inform the source gNB about the success of the path switch.
In case the selected L2 U2N Relay UE for direct to indirect path switch is in RRC_IDLE or RRC_INACTIVE, after receiving the path switch command, the L2 U2N Remote UE establishes a PC5 link with the L2 U2N Relay UE and sends the RRCReconfigurationComplete message via the L2 U2N Relay UE, which triggers the L2 U2N Relay UE to enter RRC_CONNECTED state. The procedure for L2 U2N Remote UE switching to indirect path in Figure 16.12.6.2-1 can be also applied for the case that the selected L2 U2N Relay UE for direct to indirect path switch is in RRC_IDLE or RRC_INACTIVE with the exception that the RRCReconfiguration message is sent from the gNB to the L2 U2N Relay UE after the L2 U2N Relay UE enters RRC_CONNECTED state, which happens during step 5 in Figure 16.12.6.2-1, and during step 10 in Figure 16.12.6.2-2.
[bookmark: _Toc155991729]16.12.6.3	Switching from indirect to indirect path
The gNB can select an L2 U2N Relay UE in any RRC state i.e., RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED, as a target L2 U2N Relay UE for indirect to indirect path switch.
For service continuity of L2 U2N Remote UE, the following procedure is used, in case of the L2 U2N Remote UE switching from indirect path via L2 U2N Relay UE to indirect path via a target L2 U2N Relay UE in RRC_CONNECTED:


Figure 16.12.6.3-1: Procedure for L2 U2N Remote UE intra-gNB switching from indirect to indirect path via a target L2 U2N Relay UE in RRC_CONNECTED
1. 1.	The L2 U2N Remote UE reports one or multiple candidate L2 U2N Relay UE(s) and sidelink measurement between the L2 U2N Remote UE and the source L2 U2N Relay UE to the source gNB, after it measures/discovers the candidate L2 U2N Relay UE(s): 
- 	The L2 U2N Remote UE filters the appropriate L2 U2N Relay UE(s) according to relay selection criteria before reporting. The L2 U2N Remote UE shall report only the L2 U2N Relay UE candidate(s) that fulfil the higher layer criteria;
- 	The reporting includes at least a L2 U2N Relay UE ID, a L2 U2N Relay UE's serving cell ID, and a sidelink measurement quantity information. SD-RSRP is used as sidelink measurement quantity.the measurement result(s) between L2 U2N Remote UE and the candidate L2 U2N Relay UE(s). The detailed reporting components can be referred to the cases for switching from direct to indirect path (see clause 16.12.6.2). The L2 U2N Remote UE can provide information to the gNB according to the measurement configuration on which the gNB can decide indirect path switching.
2.	The gNB decides to switch the L2 U2N Remote UE to a target L2 U2N Relay UE under the same gNB.
3.	The gNB sends an RRCReconfiguration message to the target L2 U2N Relay UE, which includes at least the L2 U2N Remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
4.	The gNB sends the RRCReconfiguration message to the L2 U2N Remote UE. The RRCReconfiguration message includes at least the target L2 U2N Relay UE ID, Remote UE's local ID, PC5 Relay RLC channel configuration for relay traffic, and the associated end-to-end radio bearer(s). The L2 U2N Remote UE stops UP and CP transmission over the indirect path via the Ssource L2 U2N Relay UE after the reception of the RRCReconfiguration message from the gNB.
5.	The L2 U2N Remote UE establishes PC5-RRC connection with the target L2 U2N Relay UE.
6.	The L2 U2N Remote UE sends RRCReconfigurationComplete message completes the path switch procedure by sending the RRCReconfigurationComplete message to the gNB via the target L2 U2N Relay UE.
7.	The gNB sends the RRCReconfiguration message to the Ssource L2 U2N Relay UE to reconfigure the connection between the Ssource L2 U2N Relay UE and the gNB. The RRCReconfiguration message to the Ssource L2 U2N Relay UE can be sent any time after step 4 based on gNB implementation (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration related to the L2 U2N Remote UE).
8.	Either Ssource L2 U2N Relay UE's AS layer or L2 U2N Remote UE's AS layer indicates upper layers to release PC5 unicast link after receiving the RRCReconfiguration message from the gNB. The timing to execute link release is up to UE implementation after step 4 or step7.
9.	The data path is switched from the source L2 U2N rRelay UE to the target L2 U2N Rrelay UE between the L2 U2N Remote UE and the gNB. This step can be any time after step 6.
In case that the selected L2 U2N Relay UE for indirect to indirect path switch is in RRC_IDLE or RRC_INACTIVE, the specific operation of the L2 U2N Remote UE and the selected L2 U2N Relay UE is the same as the case of direct to indirect path switch (see clause 16.12.6.2).
For service continuity of L2 U2N Remote UE between inter-gNBs, the following procedure is used, in case of the L2 U2N Remote UE, which is connected to indirect path, switching to another indirect path via a target L2 U2N Relay UE in RRC_CONNECTED under another gNB:


Figure 16.12.6.3-2: Procedure for L2 U2N Remote UE inter-gNB switching from indirect to indirect path via a target L2 U2N Relay UE in RRC_CONNECTED
1.	The L2 U2N Remote UE reports one or multiple candidate L2 U2N Relay UE(s) and Uu sidelink measurements between the L2 U2N Remote UE and the source L2 U2N Relay UE to the source gNB, after it measures/discovers the candidate L2 U2N Relay UE(s):
-	The L2 U2N Remote UE filters the appropriate L2 U2N Relay UE(s) according to relay selection criteria before reporting. The L2 U2N Remote UE shall report only the L2 U2N Relay UE candidate(s) that fulfil the higher layer criteria;
-	The reporting includes at least a L2 U2N Relay UE ID, a L2 U2N Relay UE's serving cell ID, and a sidelink measurement quantity information. SD-RSRP is used as sidelink measurement quantity.
2.	The source gNB decides to trigger the L2 U2N Remote UE to switch to an indirect path of another gNB.
[bookmark: OLE_LINK2]3.	The source gNB sends a HANDOVER REQUEST message to the target gNB to prepare the path switch at the target side. The HANDOVER REQUEST message includes Remote UE L2 ID and a list of candidate target relay UE IDs belonging to one cell.
NOTE:	In order to support the DL lossless handover for the L2 U2N Remote UE, the source gNB may not discard the DL data even though the delivery of the data has been acknowledged by the source L2 U2N Relay UE based on the gNB implementation. Then, the source gNB forwards the buffered DL data to the target gNB during the data forwarding procedure.
4.	Admission Control may be performed by the target gNB.
5.	The target gNB selects one target Relay UE from the list of candidate Relay UEs provided by the source gNB, sends the RRCReconfiguration message to the L2 U2N Relay UE for relaying configuration, which includes at least the L2 U2N Remote UE's local ID and L2 ID, Uu Relay RLC channel and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
6.	The target gNB sends the HANDOVER REQUEST ACKNOWLEDGE message to the source gNB, which contains new RRC configuration for L2 U2N Remote UE.
7.	The source gNB sends the RRCReconfiguration message to the L2 U2N Remote UE, which includes at least the target L2 U2N Relay UE ID, Remote UE's local ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end Uu radio bearer(s). The L2 U2N Remote UE stops User Plane and Control plane transmission over the (source) indirect path after reception of the RRCReconfiguration message from the source gNB.
8.	The source gNB sends the SN STATUS TRANSFER message to the target gNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of the L2 U2N Remote UE's DRBs for which PDCP status preservation applies (i.e. for RLC AM).
9.	The L2 U2N Remote UE establishes PC5 connection to the target L2 U2N Relay UE.
10.	The L2 U2N Remote UE sends the RRCReconfigurationComplete message to the target gNB via the target L2 U2N Relay UE.
11.	The data path is switched from indirect path to indirect path between the L2 U2N Remote UE and the target gNB via the target L2 U2N Relay UE.
12.	The target gNB sends the UE CONTEXT RELEASE message to inform the source gNB about the success of the path switch.
13.	The source gNB sends the RRCReconfiguration message to the source L2 U2N Relay UE to reconfigure the connection between the source L2 U2N Relay UE and the source gNB. The RRCReconfiguration message to the source L2 U2N Relay UE can be sent any time after step 7 based on source gNB implementation (e.g., to release Uu Relay RLC channel and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration related to the L2 U2N Remote UE).
14.	Either L2 U2N Relay UE or L2 U2N Remote UE's AS layer indicates upper layer to release PC5 unicast link after receiving the RRCReconfiguration message from the source gNB. The timing to execute link release is up to UE implementation.
In case the selected L2 U2N Relay UE for indirect to indirect path switch is in RRC_IDLE or RRC_INACTIVE, after receiving the path switch command, the L2 U2N Remote UE establishes a PC5 link with the L2 U2N Relay UE and sends the RRCReconfigurationComplete message via the L2 U2N Relay UE, which triggers the L2 U2N Relay UE to enter RRC_CONNECTED state. The above procedures for L2 U2N Remote UE switching to indirect path can be also applied for the case that the selected L2 U2N Relay UE for indirect to indirect path switch is in RRC_IDLE or RRC_INACTIVE with the exception that the RRCReconfiguration message is sent from the gNB to the L2 U2N Relay UE after the L2 U2N Relay UE enters RRC_CONNECTED state, which happens during step 6 in Figure 16.12.6.3-1, and during step 10 in Figure 16.12.6.3-2.
	Next change


[bookmark: _Toc155991794]16.21.1	General
In multi-path relay scenario, a MP Remote UE is connected to a single gNB via one direct path and one indirect path while the MP Remote UE is in RRC_CONNECTED state. For the indirect path, both L2 and L3 MP Relay architectures are supported. The L3 MP Relay architecture is transparent to the serving NG-RAN of the MP Relay UE, except for controlling sidelink resources. In the case of MP Remote UE using SL indirect path, mode 1 resource allocation is supported only for intra-DU case, with the SR/BSR and grant sent on the direct path.
In multi-path relay, the interface between MP Remote UE and MP Relay UE can be either PC5 or N3C. When the interface between MP Remote UE and MP Relay UE is N3C interface, the relationship of MP Remote UE and MP Relay UE is pre-configured or static, and it is up to the implementation of the MP Remote UE and MP Relay UE how to pre-configure or make it static.
Multi-path relay supports MP Remote UE and MP Relay UE when they are in the intra-gNB, and PCell is always on the direct path.
Multi-path relay is supported in the following cell deployment scenarios:
-	The MP Relay UE and MP Remote UE are served by the same cell;
-	The MP Relay UE and MP Remote UE are served by different intra-frequency cells of the same gNB;
-	The MP Relay UE and MP Remote UE are served by different inter-frequency cells of the same gNB.
Multi-path relay is supported in the following sidelink scenarios:
-	Sidelink TX/RX and Uu link share the same carrier at the MP Remote UE;
-	Sidelink TX/RX and Uu link use different carriers at the MP Remote UE;
-	Sidelink TX/RX and Uu link share the same carrier at the MP Relay UE;
-	Sidelink TX/RX and Uu link use different carriers at the MP Relay UE.
	Next change


[bookmark: _Toc155991799]16.21.3.1	Path Management
The L2 MP Remote UE needs to establish both a direct path and an indirect path. The L2 MP Remote UE adds the indirect path using PC5 link on top of the only direct path under the same gNB. And also, the L2 MP Remote UE using PC5 link adds the direct path on top of the only indirect path under the same gNB.
Meanwhile, the L2 MP Remote UE adds the indirect path using N3C link on the only direct path under the same gNB. But it is not allowed that the L2 MP Remote UE using the N3C link adds the direct path on the indirect path. The MP Relay UE using N3C indirect path is restricted to serve only one MP Remote UE.
For L2 MP Remote UE, only a single cell group is configured (i.e., only MCG is configured for the direct path and indirect path). The primary path of split SRB1 and SRB2 is always configured on the direct path. In the L2 MP Remote UE, non-split SRB1/2 is allowed to be configured only on the direct path.
Figure 16.21.3.1-1 describes the procedures for the indirect path addition on the direct path for the L2 MP relaying. This procedure is applicable to the L2 MP Remote UE using SL indirect path or N3C indirect path except step 5.


Figure 16.21.3.1-1: Procedure for indirect path addition on top of direct path
0.	The L2 MP Remote UE performs data transmission and reception by using direct path on PCell.
1.	If the L2 MP Remote UE will be connected with L2 MP Relay UE using PC5 link, the L2 MP Remote UE reports at least the list of the candidate L2 MP Relay UE ID and the cell ID of the candidate L2 MP Relay UEs.
	Meanwhile, if the MP Remote UE will be connected with L2 MP Relay UE using N3C link, the MP Remote UE reports at least the list of the C-RNTI and the cell ID of the connected candidate MP Relay UEs.
NOTE 1:	The C-RNTI and cell ID of MP Relay UE using N3C link can be reported only if the secure connection between MP Remote UE and MP Relay UE is established.
2.	The gNB decides to add the indirect path for the L2 MP Remote UE. The cell serving the direct path and the cell serving the L2 MP Relay UE on the indirect path belong to the same gNB but can be same or different.
3.	The gNB sends an RRCReconfiguration message to the L2 MP Relay UE to configure the indirect path of the L2 MP Remote UE, if the L2 MP Relay UE is in RRC_CONNECTED.
4.	The gNB sends the RRCReconfiguration message to the L2 MP Remote UE.
5.	The L2 MP Remote UE establishes a PC5 unicast link with the target L2 MP Relay UE.
NOTE 2:	For the N3C indirect path addition, step 5 is omitted. It is L2 MP Remote UE's implementation how to make N3C indirect path between L2 MP Remote UE and L2 MP Relay UE.
6a.	The L2 MP Remote UE sends the RRCReconfigurationComplete message to the gNB at least via the direct path in order to complete the indirect path addition procedure.
6b.	If a split SRB1 with duplication is configured, the L2 MP Remote UE also sends the RRCReconfigurationComplete message to the gNB via the indirect path served by the L2 MP Relay UE.
NOTE 3:	Step 5 can be executed after step 6a. Step 5 is independent of step 6a.
7.	The L2 MP Remote UE performs data transmission and reception by using both the direct path on PCell and the indirect path served by a L2 MP Relay UE.
In the case that the selected L2 MP Relay UE for indirect path addition is in RRC_IDLE or RRC_INACTIVE, after receiving the path addition command, the L2 MP Remote UE should trigger the L2 MP Relay UE in RRC_IDLE or RRC_INACTIVE to move to RRC_CONNECTED. If the L2 MP Remote UE and L2 MP Relay UE are connected by using N3C link, it is L2 MP Remote/Relay UE's implementation on how to trigger the RRC_IDLE/RRC_INACTIVE L2 MP Relay UE to initiate RRC connection establishment procedure.
If the split SRB1 with duplication is not configured at the L2 MP Remote UE, the L2 MP Remote UE using SL indirect path sends PC5-RRC message to the L2 MP Relay UE. Upon receiving the PC5-RRC message, the L2 MP Relay UE in RRC_IDLE or RRC_INACTIVE initiates a Uu RRC connection establishment or an RRC connection resume.
If the split SRB1 with duplication is configured at the L2 MP Remote UE, the L2 MP Relay UE in RRC_IDLE or RRC_INACTIVE received RRCReconfigurationComplete message from the L2 MP Remote UE may initiate a Uu RRC connection establishment or an RRC connection resume for sending the RRCReoncfigurationComplete message to the gNB.
Figure 16.21.3.1-2 describes the procedures for the indirect path change under the single direct path in the L2 MP Relay operation. This procedure is applicable to the L2 MP Remote UE using SL indirect path or N3C indirect path except step 5.


Figure 16.21.3.1-2: Procedure for indirect path change under a single procedure
0.	The L2 MP Remote UE performs data transmission and reception by using both the direct path on PCell and the indirect path served by a source L2 MP Relay UE.
1.	The L2 MP Remote UE and the L2 MP Relay UE perform measurements based on measurement configuration. When the measurement reporting is triggered, the L2 MP Remote UE using SL indirect link reports at least signal strength (e.g., SD-RSRP/SL-RSRP) of the serving indirect path, the list of the candidate L2 MP Relay UE ID and the cell ID of the candidate L2 MP Relay UEs. Meanwhile, the MP Remote UE using N3C link reports at least the list of the C-RNTI and the cell ID of the connected candidate MP Relay UEs.
2.	The gNB decides to change the indirect path of L2 MP Remote UE from the source L2 MP Relay UE to a target L2 MP Relay UE. The cell serving the direct path and the cell serving the source/target L2 MP Relay UE on the indirect path belong to the same gNB but can be same or different.
3a.	The gNB sends an RRCReconfiguration message to the source L2 MP Relay UE to release the indirect path of the L2 MP Remote UE.
3b.	The gNB sends an RRCReconfiguration message to the target L2 MP Relay UE to add the indirect path for the L2 MP Remote UE.
4.	The gNB sends the RRCReconfiguration message to the L2 MP Remote UE on the direct path and/or the indirect path for indirect path change. If SRB1 is configured either direct path or indirect path to the L2 MP Remote UE, the RRCReconfiguration message is sent via one of the path on which the SRB1 is configured. If split SRB1 is configured, it is up to gNB implementation whether the RRCReconfiguration is sent via one of the paths or both paths.
NOTE 4: The ordering between step 3a, step 3b, and step 4 is up to gNB implementation. 
5.	The L2 MP Remote UE establishes a PC5-RRC connection with the target L2 MP Relay UE for using SL indirect path.
NOTE 45:	For the N3C indirect path addition, step 5 is omitted. It is L2 MP Remote UE's implementation how to make N3C indirect path between L2 MP Remote UE and L2 MP Relay UE.
6a.	The L2 MP Remote UE sends the RRCReconfigurationComplete message to the gNB at least via the direct path in order to complete the indirect path change procedure.
NOTE 56:	Step 5 can be executed after step 6a. Step 5 is independent of step 6a.
6b.	If a split SRB1 with duplication is configured, the L2 MP Remote UE also sends the RRCReconfigurationComplete message to the gNB via the indirect path served by the target L2 MP Relay UE.
7.	The L2 MP Remote UE performs data transmission and reception by using both the direct path on PCell and the indirect path served by a target L2 MP Relay UE.
In the case that the selected target L2 MP Relay UE for indirect path change is in RRC_IDLE or RRC_INACTIVE, after receiving the path change command, the L2 MP Remote UE should trigger the target L2 MP Relay UE in RRC_IDLE or RRC_INACTIVE to be in RRC_CONNECTED. If the target L2 MP Relay UE is not in RRC_CONNECTED in step 3, the gNB sends an RRCReconfiguration message to the target L2 MP Relay UE after the target L2 MP Relay UE enters RRC_CONNECTED.
If the split SRB1 with duplication is not configured at the L2 MP Remote UE, the L2 MP Remote UE sends the RRCReconfigurationComplete message only on the direct path in Step 6a. The L2 MP Remote UE using SL indirect path can send a PC5-RRC message to the target L2 MP Relay UE in RRC_IDLE or RRC_INACTIVE after or during Step 5. The target L2 MP Relay UE in RRC_IDLE or RRC_INACTIVE initiates an RRC connection establishment or an RRC connection resume upon receiving the PC5-RRC message from the L2 MP Remote UE. If the target L2 MP Relay UE is in RRC_IDLE or RRC_INACTIVE, the RRCReconfigurationComplete message at Step 6b is sent to the gNB after the target L2 MP Relay UE enters RRC_CONNECTED.
If the split SRB1 with duplication is configured at the L2 MP Remote UE, the target L2 MP Relay UE in RRC_IDLE or RRC_INACTIVE receiving RRCReconfigurationComplete message from the L2 MP Remote UE initiates an RRC connection establishment or an RRC connection resume for sending the RRCReconfigurationComplete message to the gNB at Step 6b.
Figure 16.21.3.1-3 describes the procedures for the direct path addition on top of the indirect path for the L2 MP Relay operation. This procedure is only applicable to the L2 MP Remote UE using SL indirect path.


Figure 16.21.3.1-3: Procedure for direct path addition on top of indirect path
0.	The L2 MP Remote UE performs data transmission and reception by using indirect path via PC5 link.
1.	The L2 MP Remote UE perform measurements based on measurement configuration. When the measurement reporting is triggered, the L2 MP Remote UE reports at least the Uu signal strength of the serving cell and neighbour cells with the cell IDs (i.e., NCGI/NCI).
2.	The gNB decides to add the direct path for the L2 MP Remote UE. The cell serving the direct path and the cell serving the L2 MP Relay UE on the indirect path belong to the same gNB but can be same or different.
3.	The gNB sends an RRCReconfiguration message to the L2 MP Relay UE to update the indirect path configuration, if necessary.
4.	The gNB sends the RRCReconfiguration message to the L2 MP Remote UE via the L2 MP Relay UE. The contents in the RRCReconfiguration message includes at least a target cell within direct path addition configuration.
5.	The L2 MP Remote UE synchronizes to DL of the target cell serving the direct path and performs random access procedure towards the cell serving the direct path. The L2 MP Remote UE configures the target cell as PCell.
6a.	The L2 MP Remote UE sends the RRCReconfigurationComplete message to the gNB at least via the direct path in order to complete the direct path addition procedure.
6b.	If a split SRB1 with duplication is configured, the L2 MP Remote UE also sends the RRCReconfigurationComplete message to the gNB via the indirect path served by the L2 MP Relay UE.
7.	The L2 MP Remote UE performs data transmission and reception by using both the direct path on PCell and the indirect path served by a L2 MP Relay UE.
Figure 16.21.3.1-4 describes the procedures for the direct path change on top of the indirect path for the L2 MP Relay operation. This procedure is only applicable to the L2 MP Remote UE using SL indirect path.


Figure 16.21.3.1-4: Procedure for direct path change under a single procedure
0.	The L2 MP Remote UE performs data transmission and reception by using both the direct path on the source PCell and the indirect path served by a L2 MP Relay UE.
1.	The L2 MP Remote UE and the L2 MP Relay UE perform measurements based on measurement configuration. The L2 MP Remote UE may report measurement results.
2.	The gNB decides to change the direct path of the L2 MP Remote UE from the PCell (i.e. source PCell) to a new cell (i.e. target PCell). The source/target PCell serving the old/new direct path and the cell serving the L2 MP Relay UE on the indirect path belong to the same gNB but can be same or different.
3.	The gNB sends an RRCReconfiguration message to the L2 MP Relay UE to update the indirect path configuration, if necessary.
4.	The gNB sends the RRCReconfiguration message to the L2 MP Remote UE on the direct path and/or the indirect path for direct path change.
5.	The L2 MP Remote UE synchronizes to DL of the target PCell serving the new direct path and performs random access procedure towards the target PCell serving the new direct path.
6a.	The L2 MP Remote UE sends the RRCReconfigurationComplete message to the gNB at least via the direct path in order to complete the direct path change procedure.
6b.	If a split SRB1 with duplication is configured, the L2 MP Remote UE also sends the RRCReconfigurationComplete message to the gNB via the indirect path served by the L2 MP Relay UE.
7.	The L2 MP Remote UE performs data transmission and reception by using both the direct path on the target PCell and the indirect path served by a L2 MP Relay UE.
If the direct path addition/change is failed, the L2 U2N Remote UE always shall trigger RRCReestablishment.
	End of change
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