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1 [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK175][bookmark: OLE_LINK176]Introduction
According to the agreed WID RP-210904, Layer 2 relay is going to be specified in Rel-17. In the objective specific for Layer-2 (L2) relaying, the control plan procedure needs to be specified as follows,
	Work Item objectives specific to Layer-2 (L2) relaying:
3. Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
4. Specify mechanisms for service continuity 
0. Limited to intra-gNB cases [RAN2]
5. Specify mechanisms for U2N Adaptation layer design [RAN2]
0. For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
 6.	Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]


In this paper, we discuss the detailed CP procedures based on the agreements from SI phase [1].  
2 Discussion
2.1 Connection Management
According to the agreed procedure in [1], the baseline of the Connection Establishment procedure is captured as follows.
	

…
[bookmark: _Hlk59519154]Step 2. The Remote UE sends the first RRC message (i.e., RRCSetupRequest) for its connection establishment with gNB via the Relay UE, using a default L2 configuration on PC5.  The gNB responds with an RRCSetup message to Remote UE. The RRCSetup delivery to the Remote UE uses the default configuration on PC5. If the Relay UE had not started in RRC_CONNECTED, it would need to do its own connection establishment upon reception of a message on the default L2 configuration on PC5. The details for Relay UE to forward the RRCSetupRequest/RRCSetup message for Remote UE at this step can be discussed in WI phase. 
…
Besides the connection establishment procedure, for L2 UE-to-Network relay, 
[bookmark: _Hlk59519172]-	The RRC reconfiguration and RRC connection release procedures can reuse the legacy RRC procedure, with the message content/configuration design left to WI phase. 
[bookmark: _Hlk59528917]-	The RRC connection re-establishment and RRC connection resume procedures can reuse the legacy RRC procedure as baseline, by considering the above connection establishment procedure of L2 UE-to-Network Relay to handle the relay specific part, with the message content/configuration design left to WI phase.


For the connection management procedure to setup the connection or resume the connection or re-establish the connection, it is quite clear from the Remote UE perspective. Further discussions are needed on the Relay UE behaviour for  entering RRC_CONNECTED from RRC_IDLE/RRC_INACTIVE, the setup of Remote UE SRB0 RLC bearer in the Relay UE Uu interface, and the setup of the Remote UE SRB1 RLC bearer in both Relay UE Uu interface and Relay UE PC5 interface. 
For the connection management procedure including RRC reconfiguration and RRC connection release when Remote UE is in RRC_CONNECTED, it takes Uu procedures as the baseline. Further discussion is needed for the message content.
1) Connection Establishment
- Relay UE behaviour during entering RRC_CONNECTED
There are following questions that needs to be discussed for forwarding the Remote UE RRC message. It is agreed that if the Relay UE is not in RRC_CONNECTED, the Relay UE starts its own connection establishment upon reception of a message on the default L2 connection on PC5. 
In L2 U2N relay, the Remote UE may setup the connection via the Relay UE for different reasons, e.g., mo-data transmission, paging response, TAU, and so on. Since this service of the Relay UE is not triggered by upper layer, it is uncertain how to set the establishment cause value or resume cause value of the Relay UE. Therefore, how to set the establishment cause field should be studied. 
Proposal 1: How to set the establishment cause value or resume cause value when Relay enter RRC_CONNECTED triggered by PC5 should be further discussed.

- The setup of Remote UE SRB0 RLC bearer in the Relay UE Uu interface
When the Relay UE enters RRC_CONNECTED, to forward the RRCSetupRequest/RRCSetup message of the Remote UE, there are following options, 
· Option 1: There is a default SRB RLC bearer of the Relay UE in the Uu interface for relaying SRB0 message of the Remote UE.
· Option 2: Reuse the SRB0 RLC bearer of the Relay UE in the Uu interface for relaying SRB0 message of the Remote UE.
· Option 3: After the Relay UE enters the RRC_CONNECTED, a Uu SRB RLC bearer is configured for relaying SRB0 message of the Remote UE with RRC Reconfiguration message for Relay UE.
In Option 1, Remote UE has a separated SRB0 RLC bearer configuration in Relay UE Uu interface. Upon network receiving a message via this RLC bearer, the network can know it is a SRB0 message from a remote UE. For option2, the issue is that in Uu SRB0 is transmitted via CCCH, which only used for UEs having no RRC connection with the network. In addition, an adaption layer may be needed for SRB0 in Option 2. Option 3 has the extra latency compared with Options 1 and 2. Considering the above drawbacks of option2 and 3, we prefer option1.
 Proposal 2: A default Uu RLC bearer of the Relay UE should be used to relay remote UE’s SRB0 message. 

- The setup of the Remote UE SRB1 RLC bearer in both Relay UE Uu interface and Relay UE PC5 interface
In Uu interface, the SRB1 is established and used after RRC connection establishment between network and a UE. The configuration of SRB1 is provided by default configuration or gNB. For the SRB1 transmission in sidelink for L2 relay, the similar method as in Uu link could be used, i.e. using default configuration or configuration provided by gNB. But for relaying the remote UE’s SRB1 in Uu interface, there are also 3 options similar as the ones for SRB0 RLC bearer in the Uu interface. 
· Option 1: There is a default SRB RLC bearer of the Relay UE in the Uu interface for relaying SRB1 message of the Remote UE.
· Option 2: Reuse the SRB1 RLC bearer of the Relay UE in the Uu interface for relaying SRB1 message of the Remote UE.
· Option 3: A Uu RLC bearer is configured for relaying SRB1 message of the Remote UE with RRC Reconfiguration message for Relay UE.
Considering at this moment there is already RRC connection between the remote UE and network, dedicated configuration is feasible. The network can configure the mapping from remote UE’s SRB1 to one relay UE’s RLC bearer (existing one or new one to be established at the same time). We see no need to make the limitation that remote UE’s SRB1 can only be mapped to relay UE’s SRB1, thus we prefer option 3. 
Proposal 3: To relay remote UE’s SRB1, a Uu RLC bearer is configured and established between relay UE and network.

2) Connection Resume/Connection Re-establishment
For the Connection Resume and Re-establishment procedure, the difference from the connection establishment procedure is that the responding message for the request will be directly transmitted via SRB1, i.e., there is no chance to configure via RRC message in SRB0. Therefore, taking into consideration of discussion in Connection Establishment part, we propose the following,
 Proposal 4: A default PC5 RLC bearer configuration is used for transmitting the remote UE’s SRB1 message in PC5 interface.
3) Connection Reconfiguration/Connection Release
For the DRBs of the remote UE, the layers over PDCP (including PDCP) have the same configuration with gNB side. The layers below PDCP are SL bearers. Therefore, RRC Reconfiguration for the Remote UE should include the mapping between the Uu PDCP bearer and PC5 RLC bearer. Different from the legacy PC5 RRC configuration, where the LCID is not configured, the LCID of the Remote UE’s can be directly assigned to both relay UE and remote UE. 
Proposal 5: RRC Reconfiguration for the Remote UE should include the mapping between the Uu bearer and PC5 RLC bearer with assigned LCID.
For the Connection Release message which release the remote UE to RRC_INACTIVE or RRC_IDLE, we do not see the need to change the message content. The Remote UE may need to indicate to the Relay UE the status change and parameters update. 
Proposal 6: Reuse the RRC Release message as Uu interface for the Remote UE. 
2.2 Failure Detection and Handling
1) Failure Detection
Since Remote UE connects to the gNB via a Relay UE, there are two radio links which affects the Remote UE’s link quality. 
For the PC5 link, UE can detect sidelink RLF according to the following guidelines in TS38.331 clause 5.8.9.3, which is captured as follows,
	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 sidelink 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:
2>	consider sidelink radio link failure to be detected for this destination;


Therefore, Remote UE can detect the sidelink RLF according to the legacy procedure. When the sidelink RLF is detected, we propose,
Proposal 7: Upon SL RLF detected, Remote UE considers radio link failure with gNB detected.
For the Uu link, Relay UE may suffer from Uu RLF but still with good SL quality. In this case, since the Relay UE cannot provide the Remote UE the relay service anymore, it should release the PC5 connection with the Remote UE, meantime follow normal Uu FLF handling, i.e. initiating RRC connection re-establishment procedure.  However, according to the context of the relay UE, it is not enough to recovery the RRC connection of the Remote UE. To avoid complicated handling and unclear standard impact, it is better for Relay UE indicating the Remote UE its own situation upon detection of the RLF. The Remote UE can consider RLF detected after receiving the indication from the Relay UE. Therefore, we propose,
Proposal 8: Upon Uu RLF detected by relay UE, the relay UE sends an indication to the remote UE. After receiving the indication from the Relay UE indicating Uu RLF, the remote UE considers radio link failure with gNB detected.
2) Failure Handling
In legacy procedure, with detected radio link failure with setup DRB(s), UE triggers connection re-establishment in a selected cell. 
For Remote UE, besides re-establishment via Uu, it is also possible to re-establish the connection via a relay. Therefore, we propose, 
Proposal 9: Upon Remote UE radio link failure with gNB detected, the remote UE tries to re-establish the RRC connection with gNB, during which a relay UE or a normal cell could be selected as long as the relay UE/cell meets the relay selection/cell selection criteria. 
2.3 Paging
According to the agreement in [1], the option 2 in TR 36.746 is selected as the baseline for paging monitoring and relaying, where the Relay UE monitors the Remote UE's Paging Occasion (PO)(s) in addition to its own PO(s) and relay UE is required to identify whether and which Remote UE is paged. For the paging relaying, both CN paging and RAN paging need to be supported. 
1) PO monitoring
To enable the Relay UE monitoring the Remote UE’s POs, Relay UE needs to know the PO(s) of the Remote UE. PO is calculated with UE specific parameters (including UE specific DRX value(s) configured by RRC layer and/or upper layers and UE_ID, i.e., 5G-S-TMSI mod 1024,) and cell specific parameters (including Ns, nAndPagingFrameOffset, nrofPDCCH-MonitoringOccasionPerSSB-InPO, and the length of default DRX Cycle). To calculate the POs, there are following two options,
· Option 1: Remote UE calculates the POs based on UE specific parameters and the cell specific parameters transmitted from Relay UE. The calculated POs and Remote UE’s ID (5G-S-TMSI for RRC_Idle, 5G-S-TMSI and I_RNTI for RRC_Inactive) are sent to the Relay UE for paging monitoring.  
· Option 2: Relay UE calculates the POs based on the UE specific parameters (UE specific DRX cycle and 5G-S-TMSI) transmitted from Remote UE and the cell specific parameters. Remote UE’s IDs (5G-S-TMSI for RRC_Idle, 5G-S-TMSI and I_RNTI for RRC_Inactive) are sent to the Relay UE for identifying whether and which Remote UE is paged.
Considering that the UE ID of the Remote UE in the paging message is always sent to the Relay UE, it is preferred that the calculation is done in the Relay UE side, i.e., option 2 is preferred. 
Proposal 10: Remote UE sends UE specific DRX cycle and UE ID to Relay UE, so that the relay UE can calculate the remote UE’s PO and monitor paging message for the remote UE in Uu interface. 
Since the relay UE needs to monitor multiple PO(s) for the connected Remote UEs, it will be power consumed as the relay UE needs to be activated in multiple PO. The more power saving way for the Relay UE can also be further studied, e.g. alignment the POs by changing the PO calculated parameters. 
2) Paging message relaying
Relay UE will decode the paging message received in the remote UE’s POs and check whether the Remote UE is paged. As the paging message is terminated in the Uu RRC layer of the Relay UE, a new PC5-RRC message is needed to indicate which Remote UE is paged. 
Proposal 11: A new PC5-RRC message is needed to relay the paging information from relay UE to Remote UE.  
2.4 System Information Delivery
According to the agreement in [1], the system information can be forwarded via broadcast, group cast or dedicated PC5-RRC signalling. On-demand SI request is supported for Remote UE for all RRC state and DedicatedSIBRequest procedure is re-used for the Remote UE in RRC_CONNECTED to request SI via the Relay UE. A Remote UE (IC or OOC) can request/receive SI via the Relay UE when PC5-RRC is established to a Relay UE.  
As stated in TR [1], the following parts have been left for WI phase 
	The detailed mechanisms of broadcast, groupcast and PC5-RRC signalling design and what system information can be relayed to Remote UEs can be discussed in WI phase.
For the Remote UE in RRC_IDLE/RRC_INACTIVE, how on-demand SI procedure differs from legacy can be discussed in the WI phase.
Reception via Uu for IC Remote UE can be discussed in the WI phase.


For the detailed mechanisms, it is straight forward to only support transmitting the system information message in a new dedicated PC5-RRC message via the existing SCCH logical channel. If broadcast or group cast is used for the system information delivery, how to setup the group and which L2 ID and/or LC to be used for SI forwarding should be further discussed. On the other hand, we do not see the need to support SI forwarding by broadcast or groupcast, thus we propose to not consider it in this release for simplicity.  
Proposal 12: For the dedicated PC5-RRC signalling, a new PC5-RRC message via SCCH logical channel is introduced. Do not support system information forwarding by broadcast or group cast.
The system information in Uu includes Minimum SI (i.e., MIB and SIB1) and Other SIs (SIB2-SIB14). 
For Minimum SI, we do not see the need to relaying the information in MIB when Remote UE accesses to a cell via Relay UE, as it is to indicate the physical resource via Uu link. The UAC related information and also the cell selection info in the SIB1 are needed by the Remote UE. 
For Other SIs, the SIB related to cell re-selection (SIB2, SIB3, SIB4 and SIB5) can benefit the Remote UE when cell-reselection occurs. The public warning as SIB6/7/8 can also benefit Remote UE. SIB9 provides UTC time info based on the SN boundary in Uu, which will be no use when transmit to the remote UE in PC5 interface as it already lose it accuracy. For SIB10/11/pos, these are additional features and suggest not to support in this release. SIB12/13/14 are used to support NR sidelink communication and LTE V2X and can be forward to the Remote UE.
Therefore, for what system information can be relayed to Remote UEs, we propose:
Proposal 13: SIB1/2/3/4/5/6/7/8/12/13/14 can be relaying to the Remote UE by Relay UE.
When the Remote UE is in RRC_IDLE/RRC_INACTIVE, to support the on-demand SI inquiry, two procedures should be included. The first one is the Remote UE knows the supported SIB in the cell, which can be obtained in SIB1 relaying to the Remote UE. The second one is to let the Relay UE know what the Remote UE requests. After the Relay UE knows the on-demanding SI, the Relay UE can obtain it through legacy procedure. Therefore, we propose，
Proposal 14: Remote UE in RRC_IDLE/RRC_INACTIVE indicates to Relay UE the on-demand SI using PC5 RRC message. 
Since the Remote UE can receive SI via the Relay UE when PC5-RRC is connected to a Relay UE, there is no additional procedure needed to support receiving SI via Uu.
 
2.5 Access control
When considering access control, it includes the access control for the remote UE as well as the relay UE. 
According to the agreement in [1], remote UE is in charge of the access control check for its own service, which is agreed as follows.
	The access control check is performed at Remote UE using the parameters of the cell it intends to access. The UE-to-Network Relay UE does not perform access control check for the Remote UE's data.


It is clear that remote UE perform the access control check when it intends to access and relay UE does not perform access control check for remote UE’s data. It is still unclear whether and how the relay UE perform access control check when the relay UE intends to access and provide relay service for the remote UE. 
Observation 1: It is unclear whether and how the relay UE perform access control check when the relay UE intends to access network only for the purpose to be a relay but not for its own service.
Since relay UE is introduced to increase the coverage and if the relay UE has already connects with a remote UE and receives messages from the remote UE, whose service has already been checked, it is recommended to always allow the access of the relay UE. 
Considering that the access barring check for an access attempt associated with a given Access Category and one or more Access Identities are upon request from upper layers according to TS 24.501 or the RRC layer, we propose,
Proposal 15: To discuss how to set the AC in relay UE when it intends to access network only for the purpose to be a relay but not for its own service.
1. Conclusion
In this paper, we discuss the detailed CP procedure for L2 U2N relay. According to the discussion, we have following proposals.
Proposal 1: How to set the establishment cause value or resume cause value when Relay enter RRC_CONNECTED triggered by PC5 should be further discussed.
Proposal 2: A default Uu RLC bearer of the Relay UE should be used to relay remote UE’s SRB0 message.
Proposal 3: To relay remote UE’s SRB1, a Uu RLC bearer is configured and established between relay UE and network.
Proposal 4: A default PC5 RLC bearer configuration is used for transmitting the remote UE’s SRB1 message in PC5 interface.
Proposal 5: RRC Reconfiguration for the Remote UE should include the mapping between the Uu bearer and PC5 RLC bearer with assigned LCID.
Proposal 6: Reuse the RRC Release message as Uu interface for the Remote UE.
Proposal 7: Upon SL RLF detected, Remote UE considers radio link failure with gNB detected.
Proposal 8: Upon Uu RLF detected by relay UE, the relay UE sends an indication to the remote UE. After receiving the indication from the Relay UE indicating Uu RLF, the remote UE considers radio link failure with gNB detected.
Proposal 9: Upon Remote UE radio link failure with gNB detected, the remote UE tries to re-establish the RRC connection with gNB, during which a relay UE or a normal cell could be selected as long as the relay UE/cell meets the relay selection/cell selection criteria. 
Proposal 10: Remote UE sends UE specific DRX cycle and UE ID to Relay UE, so that the relay UE can calculate the remote UE’s PO and monitor paging message for the remote UE in Uu interface. 
Proposal 11: A new PC5-RRC message is needed for relaying the paging information from relay UE to Remote UE.
Proposal 12: For the dedicated PC5-RRC signalling, a new PC5-RRC message via SCCH logical channel is introduced. Do not support system information forwarding by broadcast or group cast.
Proposal 13: SIB1/2/3/4/5/6/7/8/12/13/14 can be relaying to the Remote UE by Relay UE.
Proposal 14: Remote UE in RRC_IDLE/RRC_INACTIVE indicates to Relay UE the on-demand SI using PC5 RRC message.
Proposal 15: To discuss how to set the AC in relay UE when it intends to access network only for the purpose to be a relay but not for its own service.
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