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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 discuss connection management, paging, and system information delivery.
2 Discussion
2.1 Connection Establishment Procedure

A major part of defining the connection establishment procedure for L2 relay is deciding how the configuration for the PC5 and Uu RLC channels used to carry the establishment signalling is determined. In RAN2#103bis-e, several agreements were made regarding the configuration of the PC5-RLC channels and the Uu RLC channels for each of the DRBs and SRBs at the remote UE.  In summary, the PC5-RLC channel configuration used to carry the remote UE’s Uu SRB/DRB will be determined as:

· a specified configuration for remote UEs SRB0 messages (e.g. RRCSetupRequest)

· a default configuration for SRB1 carrying RRCResumeRequest and RRCReestablishmentRequest
· a NW provided (dedicated) configuration for other SRB1, SRB2, and DRBs 

The Uu RLC channel, on the other hand, will be network configured for all the cases where the PC5 RLC channel is network configured.  The remaining issue is how to configure the Uu RLC channel for the remote UE’s SRB0 message and SRB1 carrying RRCResumeRequest and RRCReestablishmentRequest.
As discussed in the SI phase, the scenario where the relay UE is in RRC_IDLE when it receives the first Uu RRC message from the remote UE needs to be supported.  In this case, using a Uu RLC channel configured by dedicated NW signalling is not feasible to relay the remote UEs SRB0 message or SRB1 carrying RRCResumeRequest/RRCReestablishmentRequest.  Instead, a specified or default configuration would be required.  Furthermore, it would seem unnecessary to create/define a new Uu RLC channel (either default or specified) for the sole purpose of carrying the first RRC message from the remote UE.  

A more straightforward alternative would be to use SRB1 of the relay UE to carry the first message.  In the case where the relay UE is in RRC_IDLE, for instance, the remote UE’s first RRC message could be sent as early as the complete message (i.e. MSG5) transmission by the relay UE, which would reduce connection latency for the remote UE compared to using another Uu RLC channel (whether NW configured or default).  
Observation 1:
Using SRB1 of the relay to carry the remote UE’s first RRC message avoids unnecessary delay and specification effort when the relay UE is in RRC_IDLE 

The relay UE in RRC_IDLE a connection establishment procedure upon reception of the first message.  It can buffer the received RRC message from the remote UE until SRB1 is established at the relay UE.  The relay can then send the remote UE’s first RRC message encapsulated in its own RRCConnectionComplete message.  Similarly, for other RRC states of the relay UE, the first RRC message of the remote UE can be encapsulated in an existing Uu RRC message.      
Proposal 1:
The first RRC message from the remote UE is carried by SRB1 of the relay UE.

Proposal 2:
The relay UE encapsulates the first RRC message from the remote UE in its own RRC message on Uu.

Proposal 3:
The relay UE in RRC_IDLE buffers the remote UE’s first RRC message until SRB1 at the relay UE is established.
Another remaining issue with the establishment procedure is how to set the establishment cause at the relay UE.  In an email discussion at RAN2#103bis-e [2], majority of companies supported having a new establishment cause value for the relay UE, rather than setting the establishment cause of the relay UE to that of the remote UE.  The main advantage of a new cause value is that it allows the network to distinguish between a connection that is for relayed traffic from a remote UE or one that is triggered by the relay UE’s own traffic.  
Proposal 4:
A new Establishment/Resume cause value is introduced for a relay UE access triggered by a remote UE access.
One limitation with the use of a new establishment cause, however, is that the network may be unable to distinguish accesses at the remote UE that should be considered as higher priority, such as when the remote UE attempts an emergency access, or a re-establishment following a HO or RLF.  For these specific cases, it may be desirable for the remote UE to provide an indication to the relay UE so that the relay UE maps this access to a new or existing establishment/resume cause with higher priority.  Such indication can be made over PC5-RRC by the remote UE without the need to send the remote UE’s own cause value.

Proposal 5:
The remote UE can inform the relay UE via PC5 of when the relay UE should use a higher priority (e.g. emergency) cause value for its establishment/resume.

2.2 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 6:
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 7:
A remote UE can receive an AS layer 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.

2.3 Paging
Once the relay UE calculates the POs of the remote UE, the relay can monitor these paging occasions to receive paging messages intended to the remote UE.  For an RRC_CONNECTED relay, the relay could potentially receive paging message via dedicated signalling from the network.  However, this has a few downfalls compared to having the relay monitor the remote UE’s POs.  Firstly, it requires defining a new RRC message for this purpose.  More importantly however, if the network were to rely on dedicated RRC signalling only, a remote UE which has released a unicast link and/or reselected to another relay (e.g. due to triggering SL RLF) may not receive its paging message.  For this reason, a unified behaviour for both RRC_CONNECTED and RRC_IDLE/INACTIVE relay UEs is preferrable whereby the network always sends paging message for a remote UE in the remote UE paging occasions.
Proposal 8:
A relay UE monitors paging occasions of its PC5-RRC connected remote UEs, regardless of the RRC state of the relay UE
There may be situations where the relay UE need not monitor paging for a remote UE.  Once such case is when the remote UE is in RRC_CONNECTED.  Another case is when the remote UE is in coverage and decides to monitor its own paging on Uu.  In either case, the relay UE is not required to monitor the paging occasions of the remote UE and can save power in the case the relay is in RRC_IDLE/RRC_INACTIVE, or in RRC_CONNECTED with DRX.
Proposal 9:
A relay UE is not required to monitor paging occasions of an RRC_CONNECTED remote UE.  FFS whether the remote UE can further indicate that paging monitoring by the relay UE is not required (e.g. remote UE receives paging directly from Uu).
To further enhance power savings at the relay UE, the network could inform the relay of whether to monitor/skip a specific PO for a remote UE.  Although it was agreed as a baseline to monitor all paging occasions associated with a remote UE as a baseline, such enhancement can significantly reduce the power consumption for a relay UE, given that paging occurs rarely while a UE is in IDLE/INACTIVE. In its simplest form, a relay UE could receive an indication from the network about the presence/absence of a paging message for a remote UE and may skip the corresponding paging occasions based on such signalling.  For a relay UE in RRC_IDLE/RRC_INACTIVE, this indication can come in the PO of the relay UE itself, while for a relay UE in RRC_CONNECTED, it can be received in a dedicated RRC message.
Proposal 10:
A relay UE can skip monitoring of POs of one or more remote UEs based on network indication.  

Power consumption at the remote UE should also be considered. When a UE is in RRC_IDLE/RRC_INACTIVE and monitors paging via Uu (i.e. not connected via a relay), the UE monitors PDCCH for paging according to an IDLE mode DRX cycle.  This IDLE mode DRX cycle is defined around the UE’s paging occasions and allows the UE to save power.
Similarly, a remote UE can receive paging from a relay UE when the remote UE is in RRC_IDLE/RRC_CONNECTED with respect to the network.  As in the Uu case, the remote UE should have some power-savings advantage associated with RRC_IDLE/RRC_INACTIVE states.  Otherwise, it would be questionable as to whether to support these states, as well as a paging procedure, for a remote UE in the first place.  For a PC5-RRC connected remote UE, power savings should be defined with respect to the SL monitoring.  
Observation 2:
A remote UE that is PC5-RRC connected to a relay and in RRC_IDLE/RRC_INACTIVE should benefit from some limited SL monitoring to save power.  

In Rel17 eSL WI, SL DRX is being specified, and could potentially be leveraged to define the limited monitoring time for a remote UE in RRC_IDLE/RRC_INACTIVE.  However, SL DRX in eSL is modelled after connected mode DRX and not IDLE mode DRX.  Furthermore, a remote UE connected to a relay may also have other SL transmissions/services (e.g. V2X) for which SL DRX can be configured.  Further constraining SL DRX to take into account the timing of the POs of the remote UE may not be the best approach for these UEs.  Instead, an IDLE-like DRX for sidelink which can be configured in addition to SL DRX defined by eSL may be preferred.  Such IDLE-like DRX for SL can be defining as a set of SL slots relative to the timing of the remote UE POs.

Proposal 11:
RAN2 to discuss how to define a minimum set of SL monitoring slots for a remote UE in RRC_IDLE/RRC_INACTIVE and PC5-RRC connected to a relay UE.
2.4 SI Change Indication

SI modification indication via paging may also be received by the relay UE and may affect the remote UE.  On Uu, when a remote UE receives an SI modification indication in its paging occasion, the UE performs SI acquisition procedure to obtain the modified SI.  For a remote UE, any SI modification indications sent by the network which apply to the remote UE can be received in the relay UEs own paging occasions.

Proposal 12:
Relay UE monitors for SI modification on behalf of its remote UEs using its own (legacy) procedure.
For an RRC_CONNECTED remote UE, it was agreed to reuse the legacy dedicatedSIBRequest procedure to request SI.  For this case, it is therefore preferrable that the relay UE directly forwards an SI modification indication it receives to the remote UE so the remote UE can request its own SIB. For an RRC_IDLE/RRC_INACTIVE remote UE however, the remote UE may anyway need to perform an SI request procedure via PC5-RRC.  Furthermore, the relay UE may already be aware of SI the remote UE may have interested in from a previous SI request over PC5-RRC.  In either case, a better approach may be to directly forward the interested changed SI or all changed SI to the remote UE when the remote UE is in RRC_IDLE/RRC_INACTIVE, in order to avoid the additional PC5-RRC request. 

Proposal 13:
Relay UE forwards an SI modification indication to a remote UE in RRC_CONNECTED.  FFS for the relay UE behaviour for a remote UE in RRC_IDLE/RRC_INACTIVE.
3 Conclusion
In this contribution, the following observations were made on CP procedures for NR SL relays:

Observation 1:
Using SRB1 of the relay to carry the remote UE’s first RRC message avoids unnecessary delay and specification effort when the relay UE is in RRC_IDLE 

Observation 2:
A remote UE that is PC5-RRC connected to a relay and in RRC_IDLE/RRC_INACTIVE should benefit from some limited SL monitoring to save power.  

Based on these observations, the following conclusions were drawn:
Proposal 1:
The first RRC message from the remote UE is carried by SRB1 of the relay UE.

Proposal 2:
The relay UE encapsulates the first RRC message from the remote UE in its own RRC message on Uu.

Proposal 3:
The relay UE in RRC_IDLE buffers the remote UE’s first RRC message until SRB1 at the relay UE is established.

Proposal 4:
A new Establishment/Resume cause value is introduced for a relay UE access triggered by a remote UE access.

Proposal 5:
The remote UE can inform the relay UE via PC5 of when the relay UE should use a higher priority (e.g. emergency) cause value for its establishment/resume.

Proposal 6:
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 7:
A remote UE can receive an AS layer 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.

Proposal 8:
A relay UE monitors paging occasions of its PC5-RRC connected remote UEs, regardless of the RRC state of the relay UE
Proposal 9:
A relay UE is not required to monitor paging occasions of an RRC_CONNECTED remote UE.  FFS whether the remote UE can further indicate that paging monitoring by the relay UE is not required (e.g. remote UE receives paging directly from Uu).
Proposal 10:
A relay UE can skip monitoring of POs of one or more remote UEs based on network indication.  

Proposal 11:
RAN2 to discuss how to define a minimum set of SL monitoring slots for a remote UE in RRC_IDLE/RRC_INACTIVE and PC5-RRC connected to a relay UE.

Proposal 12:
Relay UE monitors for SI modification on behalf of its remote UEs using its own (legacy) procedure.

Proposal 13:
Relay UE forwards an SI modification indication to a remote UE in RRC_CONNECTED.  FFS for the relay UE behaviour for a remote UE in RRC_IDLE/RRC_INACTIVE.
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