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1 Introduction
In RAN2#113 [1], several agreements were made on control plane aspects of L2 relays from email discussions on L2 architecture. Despite these agreements, a number of open issues remain in the area of UE to NW relay connection establishment procedure, RAN paging, and system information.  In addition, RLF handling was not discussed as part of connection management so far, and some further progress should be made on this topic in the SI phase, if possible.  Otherwise, these discussions can continue during the WI phase.  In this contribution, we discuss these remaining aspects. 
2 Discussion
2.1 Connection Establishment Procedure
In the email discussion on remaining L2 aspects [2], the rapporteur proposed a high-level procedure for connection establishment for L2 UE to NW relays.  The connection establishment procedure provided in the summary assumes the UE was not previously connected via Uu (for an IC UE).

What was not discussed, however, is how an IC UE decides to use a relay UE to establish a connection with the network.  Effectively, the IC UE could establish a direct Uu connection, or a connection via the UE to NW relay.  The criteria for determining whether to establish a connection via Uu or PC5 should at least be based on the Uu and/or SL link quality measured by the remote UE.  Additionally, other factors such as the PC5 congestion or congestion at the relay UE could also be considered. The details can be further discussed in the WI phase.

Proposal 1:
An IC UE can determine whether to initiate a connection directly (via Uu) or via a L2 UE to NW relay based on at least Uu and/or SL link quality, as well as the CBR of the SL.  Details can be discussed in the WI phase.
2.2 Paging and RAN Area for RRC_INACTIVE Remote UE
Option 2 for paging in FeD2D was agreed to be used for the L2 UE to NW relay.  In option 2, the relay UE monitors the paging occasions on behalf of the remote UE.  In order to do so, the relay UE would need the UE ID (S-TMSI or I-RNTI) of the remote UE.  In addition, the relay UE would need to be informed of any state changes at the remote UE. The ID and/or indication of state change can be provided either by the remote UE itself, or by the network.  Since a remote UE may reselect/connect to a different relay UE while in RRC_IDLE/RRC_INACTIVE, and such relay UE need not be in RRC_CONNECTED, it would be preferable to have the remote UE inform the relay both for state changes and for providing the UE ID. It may therefore be preferable to have the remote UE inform the relay (rather than the gNB).  
Proposal 2:
For L2 UE to NW relay, a remote UE can inform the relay UE of a change in Uu state and/or provide its UE ID for paging via PC5-RRC signaling
In normal Uu operation, a remote UE in RRC_INACTIVE is configured with an I-RNTI.  The I-RNTI is specific to a RAN area and is used for identification of the UE context in the network during the resume procedure.  A remote UE may perform similar resume procedure when connected via a UE to NW relay, and identification using an I-RNTI allows the legacy resume procedure to be re-used.
Proposal 3: 
A remote UE in RRC_INACTIVE is configured with an I-RNTI to support legacy resume procedures via the relay UE.
In Uu, RAN paging allows the network to send the paging message only in the cells associated with the UE’s current RAN area. To support similar RAN paging concept for a remote UE connected to a relay, the NW needs to be aware of the mobility of the remote UE while in RRC_IDLE/RRC_INACTIVE from one relay UE to another, if such mobility changes the set of cells in which to send the paging.  The network need not be informed of a remote UE’s mobility each time it changes relay, but only when the change in relay results in the remote UE having to be paged through a relay UE that belongs to a different RAN area. This would also avoid unnecessary resume procedure performed by a relay in RRC_INACTIVE each time a remote UE in RRC_INACTIVE established/tears down a PC5-RRC connection.  For this reason, the concept of a RAN area should be supported for the remote UE in RRC_INACTIVE.  

Proposal 4: 
Concept of RAN area is supported for the remote UE in RRC_INACTIVE. 

Whether the relay or the remote UE perform the RAN area update can be discussed in the WI phase.  However, it should be clear that the RAN area of the remote UE is the same as the RAN area of the relay, since the network must page the remote UE in the group of cells in which the relay UE is currently connected/camped.
Proposal 5: 
RAN area of the remote UE corresponds to the RAN area of the relay UE to which it is connected.  Details can be discussed in the WI phase. 

2.3 System Information Delivery to Remote UE

System information delivery to the remote UE is supported in all remote UE states.  Exactly how the UE receives system information, however, may further depend on the PC5-RRC connection state, and the coverage scenario of the UE.
Specifically, a UE in coverage can always receive system information directly from Uu when not PC5-RRC connected.  Once PC5-RRC connected, it should follow the system information of the cell to which the relay is connected, since this is the cell that the remote UE would eventually connect to. 

Proposal 6: 
An IC L2 remote UE receives system information via Uu when it is not PC5-RRC connected, otherwise, it receives system information directly from the relay UE. 

When a remote UE is OOC, it first selects a relay UE.  To do so, it will use relay selection criteria.  Such criteria should include information about the cell (e.g. PLMN, UAC parameters, etc).  Otherwise, the UE may initiate a PC5-RRC connection to later determine it needs to release it after it receives the system information.  For this reason, groupcast/broadcast SI is needed at least for the OOC UEs as part of relay selection.  In this case, at least some portion of the SI can be included in the discovery message, for example.  
Proposal 7: 
An OOC L2 remote UE can receive some broadcast/groupcast system information from a relay UE before it initiates a PC5-RRC connection.  
It was further agreed during the last meeting to support on-demand SI request for the remote UE for all RRC states when the remote UE is PC5-RRC connected to a relay UE.  During discussions, the preference was to use the legacy MSG3-based SI request procedure as much as possible. When the remote UE is RRC_CONNECTED, SI can be requested/delivered transparently to the relay UE by the network via the legacy DedicatedSIBRequest.  
Proposal 8: 
SI request by the remote UE in RRC_CONNECTED can be transmitted using legacy DedicatedSIBRequest. 

When the remote UE and relay UE are in IDLE/INACTVE, the remote UE SI request cannot be relayed transparently as there are no RLC bearers established on Uu.  At least in this case, the relay UE needs to be aware of the SI request from the remote UE either for the relay UE to create its own SI request message (based on the requested SI of the remote UE), or to initiate a RACH procedure using the RRC payload received by the remote UE.  Even when the relay UE is in RRC_CONNECTED and can transparently relay MSG3-based SI request on SRB0 (similar to the first RRC message in the connection establishment), there is an advantage to having the relay UE be aware of the requested SI, so that the relay can transmit the SI to the requesting remote UE in unicast.
Proposal 9: 
The relay UE is aware of the SI request by a remote UE in RRC_IDLE/RRC_INACTIVE. 

2.4 Link Maintenance for UE to NW and UE to UE Relays

For each of legacy SL and Uu RRC connections, radio link management of an RRC connection (Uu RRC or PC5-RRC) is performed by measurements/procedures occurring predominantly at the protocol layers below RLC.  For Uu, RLM/RLF is based on measurements of downlink RS and is declared/determined by RRC based on IS/OOS indications from the PHY layers and counters/timers at the RRC.  For SL, RLF is declared/determined by PC5-RRC layer based on RLF indication from RLC or MAC.

When a Uu RRC connection is established via a relay UE, some form of link management of that connection should also be performed.  Since each individual hop/connection can perform some link management below RLC layers, end-to-end connection management can be defined based on the radio link status of each of these sublinks/connections, without the need to define an entirely new connection management procedure.  Specifically, the legacy Uu RLF and SL-RLF can be re-used to determine the end-to-end link status at the remote UE.  

Proposal 10:
A remote UE’s link status (i.e. RLF) when RRC_CONNECTED via a relay UE is determined based on individual link status of the PC5-RRC connection with the relay UE, and the Uu RRC Connection of the relay UE.

The remote UE can be informed of a loss of RRC CONNECTION of the relay UE.  Such functionality was specified in the BAP layer in IAB for BH RLF indications and can be re-used for the SL relay.  

For the PC5-RRC connection between the relay UE and the remote UE, the remote UE can at least determine SL-RLF based on its own transmissions using HARQ and/or RLC mechanisms.  In addition, SL-RLF may be detected by the relay UE and the remote UE may be informed (e.g. via the network for an in-coverage UE).  

Proposal 11:
RAN2 to study mechanisms to inform the remote UE about link status events at the relay UE.

Link management for UE to UE relays can also be considered.  In NR V2X, link management is performed at the AS layer using TX-Based RLF.  TX-based RLF uses RLC retransmissions and/or HARQ DTX to determine when SL-RLF occurs.  Similar to Uu, since both RLF schemes operate below PDCP, each hop in a L2 UE to UE relayed connection can apply its own link management.  For the E2E link, the PC5-RRC layer at the TX UE should also perform some determination of SL-RLF.  Rather than defining a new link management scheme, it would be preferable to re-use the existing procedure(s) performed at each sublink for determining E2E link management.   

Proposal 12:
SL-RLF of an end-to-end PC5-RRC connection re-uses existing SL-RLF procedures performed in each sublink

Link status of an E2E link will depend on the status of each of the sublinks.  If E2E link management is also performed at the TX UE, the decision should be based on the status of each sublink.  Therefore, the relay UE should be able to inform the source UE of an RLF detected at the relay UE (on the sublink between the relay UE and target UE).    
Proposal 13:
RAN2 introduces a mechanism for the relay UE to inform the source UE of the link status between the relay UE and destination UE.

3 Conclusion
In this contribution, the following conclusions were made on various control plane aspects for L2 relays:
Proposal 1:
An IC UE can determine whether to initiate a connection directly (via Uu) or via a L2 UE to NW relay based on at least Uu and/or SL link quality, as well as the CBR of the SL.  Details can be discussed in the WI phase.
Proposal 2:
For L2 UE to NW relay, a remote UE can inform the relay UE of a change in Uu state and/or provide its UE ID for paging via PC5-RRC signaling
Proposal 3: 

A remote UE in RRC_INACTIVE is configured with an I-RNTI to support legacy resume procedures via the relay UE.

Proposal 4: 

Concept of RAN area is supported for the remote UE in RRC_INACTIVE. 

Proposal 5: 

RAN area of the remote UE corresponds to the RAN area of the relay UE to which it is connected.  Details can be discussed in the WI phase. 

Proposal 6: 

An IC L2 remote UE receives system information via Uu when it is not PC5-RRC connected, otherwise, it receives system information directly from the relay UE. 

Proposal 7: 

An OOC L2 remote UE can receive some broadcast/groupcast system information from a relay UE before it initiates a PC5-RRC connection.  

Proposal 8: 

SI request by the remote UE in RRC_CONNECTED can be transmitted using legacy DedicatedSIBRequest. 

Proposal 9: 

The relay UE is aware of the SI request by a remote UE in RRC_IDLE/RRC_INACTIVE. 

Proposal 10:
A remote UE’s link status (i.e. RLF) when RRC_CONNECTED via a relay UE is determined based on individual link status of the PC5-RRC connection with the relay UE, and the Uu RRC Connection of the relay UE.

Proposal 11:
RAN2 to study mechanisms to inform the remote UE about link status events at the relay UE.

Proposal 12:
SL-RLF of an end-to-end PC5-RRC connection re-uses existing SL-RLF procedures performed in each sublink

Proposal 13:
RAN2 introduces a mechanism for the relay UE to inform the source UE of the link status between the relay UE and destination UE.
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