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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 the open issues related to paging mechanism. 
2 Discussion
In the SI for NR Sidelink relays, it was agreed to re-use option 2 from the LTE wearables work to send paging to the remote UE.  In option 2, the relay UE should know the POs of the remote UEs.  The remote UE can provide its UE ID for PO calculation (i.e., the 5G-S-TMSI) to the relay and the relay can calculate the POs on behalf of the remote UE.  In previous RAN2 discussions, there were security concerns with this approach.  However, based on the recent reply LS from SA3 [2], the relay UE is assumed to be a trusted entity.  As a result, it would be advantageous to send both the 5G-S-TMSI and I-RNTI (if one is configured to the remote UE) to the relay UE, as it would further allow the relay UE to determine whether a received paging record (once received) is intended for a particular remote UE or not.  As opposed to having the NW send the UE ID(s) to the relay, relying on PC5-RRC message from the remote UE reduces the need for an access by the relay UE in IDLE/INACTIVE.
Proposal 1:
A remote UE sends it applicable UE ID(s) (i.e., 5G-S-TMSI, I-RNTI) to the relay UE in a PC5-RRC message. 
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 2:
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 possible 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 3:
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 4:
A relay UE can skip monitoring of POs of one or more remote UEs based on network indication.  

When a paging record is received by the relay UE which contains the UE ID of an attached remote UE, the relay UE should send/forward this paging message to the remote UE.  One issue is the re-assignment/release of allocated UE IDs for a remote UE.  Specifically, a remote UE may transition between states (e.g., from RRC_INACTIVE to RRC_IDLE) or may be allocated a new I-RNTI by the network.  Such transition will be transparent to the relay UE.

While either remote UE or NW can inform the relay UE of these situations, a solution where the remote UE sends such a change to the relay is preferrable as it is aligned with the procedure for initially providing the UE ID.  
Proposal 5:
The remote UE informs the relay UE of a state transition and/or change of UE ID (e.g., I-RNTI).  

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 1:
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 defined as a set of SL slots relative to the timing of the remote UE POs.

Proposal 6:
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.
3 Conclusion
In this contribution, the following observations were made on paging procedure for NR SL relays:

Observation 1:
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:
A remote UE sends it applicable UE ID(s) (i.e., 5G-S-TMSI, I-RNTI) to the relay UE in a PC5-RRC message. 
Proposal 2:
A relay UE monitors paging occasions of its PC5-RRC connected remote UEs, regardless of the RRC state of the relay UE
Proposal 3:
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 4:
A relay UE can skip monitoring of POs of one or more remote UEs based on network indication.  

Proposal 5:
The remote UE informs the relay UE of a state transition and/or change of UE ID (e.g., I-RNTI).  

Proposal 6:
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.
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