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1 Introduction
In RAN#91e, a WI for NR Sidelink Relay was approved.  One of the objectives of the WI is on control plane procedures[1]:
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 contribution, we focus on initial aspects of connection management procedures for SL relays.

2 Discussion
2.1 Connection Establishment Procedure
In the RAN2 TR on NR SL relays, the following connection establishment procedure was agreed (shown in the flowchart below).  
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One aspect which was left for discussion in the WI phase are the details for forwarding the first RRC message (i.e. RRCSetupRequest in the connection establishment procedure).  During the SI phase, it was agreed that the first RRC message by the remote UE is sent using a default L2 configuration on PC5.  The SL RLC bearer that carries the first message should be established immediately upon establishment of the PC5 unicast link.  Furthermore, since it uses a default configuration, no SL configuration procedure is required to setup this RLC channel.
Proposal 1:
The relay and remote UE establish a default SL RLC bearer for transmission of the remote UE’s first Uu RRC message upon establishment of the PC5-RRC connection.  No SL configuration procedure is required to set up this bearer.

Once the SL-RLC channel is established, it should be mapped to a Uu RLC channel.  This mapping can be mapped to a Uu RLC channel carrying data, or a Uu RLC channel carrying signalling (e.g. a new dedicated signalling channel, or to the UEs SRB1, for example).  Mapping this channel to Uu SRB1 can avoid the extra configuration step on Uu for having to create/configure a new dedicated channel when a remote UE connects to the relay.  Furthermore, it will ensure that the remote UE’s RRC message is always sent with the highest priority on Uu.

Proposal 2:
The default SL RLC bearer for transmission of the first Uu RRC message from the remote UE mapped to SRB1 of the relay UE.

The relay UE itself may be in IDLE/INACTIVE or CONNECTED when it receives the RRCSetupRequest from the remote UE.  When the relay UE is in CONNECTED, it can simply send the request message on Uu SRB1.  However, when in IDLE/INACTIVE, the relay UE should buffer the message while it performs a connection establishment/resume procedure to establish its own SRB1.  
Proposal 3:
The relay UE in IDLE/INACTIVE initiates a connection establishment/resume upon reception of the remote UE’s first RRC message on the default SL RLC bearer.

Proposal 4:
The relay UE in IDLE/INACTIVE buffers the remote UE’s first RRC message until SRB1 at the relay UE is established
The routing of signalling/data at the relay UE is performed by the adaptation layer.  Since the QoS split between SL and Uu is upto NW implementation, the adaptation layer at the relay should be configured by the network.  To avoid having to wait for configuration of the adaptation layer in the connection establishment, the remote UE’s RRCSetupRequest message can be sent without an adaptation layer header.  For example, the RRC message can be encapsulated into the relay UE’s RRC setup complete message.
Proposal 5:
The relay UE sends the first RRC message in the connection establishment procedure from the remote UE (i.e. RRCSetupRequest) without an adaptation layer header.
2.2 Resume Procedure

The RRC resume procedure performed by a remote UE via a relay can follow similar steps as the RRC connection establishment.  Specifically, establishment of the default SL RLC bearer for transmission of the RRCResumeRequest message by the remote UE is done upon establishment of the PC5-RRC connection.  Similarly, if the resume procedure at the remote UE is performed with an IDLE/INACTIVE relay UE, the relay UE buffers the remote UE’s resume message until the establishment of SRB1. 
One potential difference with the connection establishment case is how to transmit the first message over Uu.  For a remote UE in INACTIVE, the adaptation layer configuration for the remote UE can be maintained by the relay since the bearer configuration is maintained at the remote UE.  Therefore, for a relay UE in INACTIVE/CONNECTED, the relay UE can maintain the adaptation layer configuration for PC5-RRC connected remote UE.  Further discussion would be needed for the case of a relay in RRC_IDLE, depending on whether we support this state combination.  
Proposal 6:
The relay UE maintains the adaptation layer configuration for an INACTIVE remote UE when the relay UE is in RRC_CONNECTED or RRC_INACTIVE.  FFS for relay UE in RRC_IDLE.

2.3 Re-establishment Procedure 

As per the NR Relay TR, the remote UE should support a re-establishment procedure when RRC connected via a relay UE.  In normal Uu re-establishment, the UE first performs a cell selection procedure.  After cell selection, the UE transmits the re-establishment message.
For re-establishment of a remote UE, the remote UE should perform a similar selection procedure.  However, the selection procedure should consider the possibility to select to either a relay or a cell (i.e. direct Uu).  As discussed in our companion paper describing RRM measurements [2] comparing the quality of Uu and SL should take into account not only Uu and SL RSRP, but also the SL CBR since the overall quality of a relayed link will be affected by the CBR level.  This applies also to relay selection triggered by re-establishment.
Proposal 7:
The (remote) UE determines whether to perform re-establishment via Uu or via a relay UE based on Uu link quality, SL link quality, and measured CBR.  Details FFS.

In addition, for a remote UE in RRC_CONNECTED, the network may be aware of which relay UE(s) would be appropriate for re-establishment.  Specifically, the remote UE has a set of established bearers with a specific QoS and the network may restrict re-establishment via relays which can provide the remote UE with this same QoS (e.g. based on the relay UE configuration and/or load). 
Proposal 8:
The (remote) UE may be configured with a list of relay UEs in which re-establishment can be performed
Depending on the selection results, the remote UE could perform re-establishment to cell (i.e. direct Uu) or via a relay UE.  Re-establishment to a cell should follow legacy procedure because it is no different than performing re-establishment following a failure of a UE on Uu.

Observation 1:
Re-establishment via Uu can follow legacy re-establishment procedure  

When re-establishment is performed via a relay, the remote UE should first establish a PC5-RRC connection with the relay UE.  This is consistent with the connection establishment procedure agreed in the SI. The upper layers should therefore be informed following the reselection procedure.
Proposal 9:
The (remote) UE informs the upper layer of the selected relay UE in which to perform re-establishment, if not already PC5-RRC connected the selected relay UE.

During reestablishment via a relay, the context of the old relay (e.g. SL RLC channel configuration) should be transferred to the new relay.  For the UL end-to-end bearers at the remote UE, the SL RLC channels should be configured by the remote UE using a PC5-RRC reconfiguration triggered by the remote UE, as in Rel16 V2X.  Therefore, for reestablishment, it would make sense for the remote UE to reconfigure the SL RLC channels to use for UL.  When the re-establishment is triggered following failure of a relayed link, the same SL configuration that was used with the previous relay UE should be re-used.  If the remote UE performs re-establishment following failure on a Uu link, how the remote UE determines the SL RLC configuration can be further discussed.  However, in both cases, the remote UE should first ensure that the new relay supports the SL RLC channel configuration (i.e. the SL reconfiguration message is confirmed by the relay) before the remote UE sends the Uu re-establishment message.   
Proposal 10:
The remote UE initiates a PC5-RRC configuration procedure to configure the SL RLC channels with the relay UE before transmitting the Uu re-establishment message

2.4 Link Maintenance 

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 defined 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 the MAC based on HARQ feedback.

When a Uu RRC connection is established via a relay UE, some form of link maintenance of that connection should also be performed.  The remote UE can directly measure SL-RLF with the relay UE.  However, the relay UE can also experience Uu-RLF with the network.

Since each individual hop can perform some link maintenance below RLC layers, end-to-end link maintenance can be defined based on the radio link status of each of these sublinks, without the need to define an entirely new 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 11:
A remote UE that is RRC_CONNECTED via a relay UE can trigger RLF when either SL-RLF occurs, or when it is informed of Uu-RLF 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).  RAN2 can further discuss whether an IC UE can receive indication of SL-RLF triggered by the remote UE (e.g. via the network)  

Proposal 12:
A remote UE can receive an indication from the relay UE which triggers Uu RLF at the remote UE.  FFS if network can provide SL-RLF indication from the relay UE to an IC remote UE.

3 Conclusion
In this contribution, the following observations were made related to link management for NR SL relays:

Observation 1:
Re-establishment via Uu can follow legacy re-establishment procedure  

Based on these observations, the following conclusions were made:
Proposal 1:
The relay and remote UE establish a default SL RLC bearer for transmission of the remote UE’s first Uu RRC message upon establishment of the PC5-RRC connection.  No SL configuration procedure is required to set up this bearer.

Proposal 2:
The default SL RLC bearer for transmission of the first Uu RRC message from the remote UE mapped to SRB1 of the relay UE.

Proposal 3:
The relay UE in IDLE/INACTIVE initiates a connection establishment/resume upon reception of the remote UE’s first RRC message on the default SL RLC bearer.

Proposal 4:
The relay UE in IDLE/INACTIVE buffers the remote UE’s first RRC message until SRB1 at the relay UE is established

Proposal 5:
The relay UE sends the first RRC message in the connection establishment procedure from the remote UE (i.e. RRCSetupRequest) without an adaptation layer header.

Proposal 6:
The relay UE maintains the adaptation layer configuration for an INACTIVE remote UE when the relay UE is in RRC_CONNECTED or RRC_INACTIVE.  FFS for relay UE in RRC_IDLE.

Proposal 7:
The (remote) UE determines whether to perform re-establishment via Uu or via a relay UE based on Uu link quality, SL link quality, and measured CBR.  Details FFS.

Proposal 8:
The (remote) UE may be configured with a list of relay UEs in which re-establishment can be performed

Proposal 9:
The (remote) UE informs the upper layer of the selected relay UE in which to perform re-establishment, if not already PC5-RRC connected the selected relay UE.

Proposal 10:
The remote UE initiates a PC5-RRC configuration procedure to configure the SL RLC channels with the relay UE before transmitting the Uu re-establishment message

Proposal 11:
A remote UE that is RRC_CONNECTED via a relay UE can trigger RLF when either SL-RLF occurs, or when it is informed of Uu-RLF of the relay UE.

Proposal 12:
A remote UE can receive an indication from the relay UE which triggers Uu RLF at the remote UE.  FFS if network can provide SL-RLF indication from the relay UE to an IC remote UE.
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