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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 paging, access control, and RRM Measurements for service continuity.
2 Discussion
2.1 Paging
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.  Specifically, the relay UE, in addition to monitoring its own PO, will monitor the POs of its linked remote UE’s.  The relay UE will then relay any received paging message over sidelink.

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 the relay can calculate the POs on behalf of the remote UE.  There may be security concerns with providing the full UE ID of the remote UE to the relay, however.  Another alternative which avoids such security risks would be for the remote UE to provide information about the POs themselves, or some other information that can be used to derive the POs.  For example, the remote UE could provide its UE ID (mod 1024) and let the relay UE compute the remote UE’s PO from this value.  In this way, the relay UE does not have access to the full UE ID of the remote UE.  Also, since a connected remote UE is necessarily assumed to have a PC5-RRC connection with the relay, the information can be provided via PC5-RRC (e.g. following establishment of the unicast link).   
Proposal 1:
A remote UE provides information about its paging occasions (e.g. UE ID mod 1024) to the relay UE via PC5-RRC 
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.  This is because SL-RLF can be triggered by the remote UE and it may take time for the relay UE or the network to be aware of this.  For this reason, a unified behaviour for both RRC_CONNECTED and RRC_IDLE/INACTIVE relay UEs is preferrable.
Proposal 2:
A relay UE monitors paging occasions of all PC5-RRC connected remote UEs, regardless of the RRC state of the relay UE
If a relay UE receives paging for a remote UE, the relay should forward the paging message to the associated relay.  Since the relay should not be aware of the remote UE’s UE ID (due to security concerns), the relay is unable to determine the specific remote UE(s) indicated in a received paging message.  As a result, the relay UE should blindly forward any paging message received on a PO to all remote UEs that are configured with that PO.  Individual PC5-RRC transmissions can be used, for example, to transmit the paging message individually to each remote UE.  Alternatively, RAN2 can define some broadcast/groupcast transmissions to reduce the number of individual transmissions when many remote UEs can be connected to the same relay.
Proposal 3:
The relay UE, upon reception of a paging message received in a PO, forwards the paging message over SL to all of the remote UEs configured with that PO
Power consumption should be considered for the relay UE. Specifically, when a relay UE is in RRC_IDLE/RRC_INACTIVE, it may consume significant power due to monitoring paging occasions associated with all of its connected remote UEs.  In addition, a relay in RRC_CONNECTED can be configured with connected mode DRX on Uu.  This may especially be applicable when all its remote UEs are in RRC_IDLE/RRC_INACTIVE.  Monitoring paging for all connected remote UEs may consume significant power and may eliminate the savings achieved by connected mode DRX.  Power savings enhancements for the relay UE should therefore be studied for this release.  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.

Proposal 4:
A relay UE can skip monitoring of POs of one or more remote UEs based on network indication.  Details can be FFS.

Power consumption at the remote UE should also be considered in this WI. 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 defining as a set of SL slots relative to the timing of the remote UE POs.

Proposal 5:
RAN2 to discuss how to define a minimum set of SL monitoring slots for a remote UE in RRC_IDLE/RRC_INACTIVE and connected to a relay UE.
2.2 Access Control

According to the RAN2 TR on sidelink relays, access control is performed by the remote UE based on UAC parameters provided by the relay UE.  
In Uu access control considers the overload conditions of the cell in order to configure the appropriate access control parameters.  Traditionally, the UAC parameters are defined by the NW using the awareness of the Uu resource occupancy characteristics (as determined by the NW). However, for relays, the properties of the PC5-link, and the status of the relay UE should also be considered. For supporting admission control in UE-to-NW relays, certain rules may be configured in the remote UE for determining the admission control decision based on the SL characteristics. This is because the SL characteristics may also impact the NW’s ability to meet QoS, and therefore to admit a new service.  For example, the decision for admitting the incoming QoS flows could be made by the remote UE based on QoS characteristics (e.g. 5QI/PQI, PDB), SL channel conditions, load/congestion over PC5 link (e.g. CBR, CR) and loading at relay UE (e.g. buffer level).  This information can be provided by the relay and/or relayed from the network to the remote UE.
Proposal 6:
For access control, the remote UE should take into account the following aspects when performing access check: QoS characteristics (e.g. 5QI/PQI), SL channel conditions, loading over PC5 link (e.g. CBR, CR) and loading at relay UE (e.g. buffer level)
2.3 RRM measurements 

During the SI for NR Relays, service continuity was discussed.  During the study, it was assumed that service continuity can be achieved using NW-based mobility.  Furthermore, the case of mobility from one relay UE to another was down-prioritized, and this case has been further excluded from Rel17 in the WID [1].  Rel17 will therefore focus on NW-based mobility from Uu to relayed link, or vice versa.
To decide when to move a UE from Uu to relayed link or vice versa, the NW should have access to relay link quality, either from the remote UE, the relay UE, or both.  These measurements can consist of discovery RSRP and/or unicast SL RSRP.  Measurement event design in Uu can easily be re-used for configuring and reporting such measurements at either the relay UE or the remote UE. 
Proposal 7:
Uu measurement design is re-used for configuring and reporting SL measurement used for service continuity in NR Relays
Proposal 8:
A relay and/or remote UE can be configured to report RSRP of discovery and/or unicast SL RSRP measurements based on triggering of measurement events
In Uu, a UE can be configured with measurement events (e.g. A events, B events) to determine when to report measurements to the network.  Such events are defined based on the quality of serving and/or neighbour cells compared with some network configured thresholds.  In the case of event A3/A6 for example, the difference of cell quality between serving and neighbour cells is considered.  Similar events can be defined to compare SL RSRP with a threshold. For example, an A5-like event can be defined, where such event is triggered when the SpCell becomes lower than a threshold1, and discovery RSRP measurements of a relay become better than a threshold2.
Proposal 9:
New measurements events (similar to existing Uu events) are defined that compare SL measurements (discovery or unicast SL RSRP) against NW defined thresholds.  FFS if A3/A6-like event (direct comparison between Uu quality and sidelink quality) is needed.
In addition to SL quality, the network should also consider the CBR when deciding whether to handover a remote UE from a Uu link to a relayed link (or vice versa).  While CBR reporting is already possible in NR V2X, including CBR measurements in the reports themselves makes it easier for the network to take CBR into account without having to configure normal CBR measurements all the time.
Proposal 10:
New measurement events are defined that consider CBR as well as SL and/or Uu measurements
Finally, in Uu, the concept of S-measure is used to avoid a UE performing neighbour cell measurements when the serving cell strength is good enough.  The same concept should be extended to a remote UE connected via a relay when the link with the relay is good enough.  The S-measure criteria should also take CBR into account, since the need to search/measure a Uu cell should depend not only on the SL radio quality but also on the measured CBR as well.
Proposal 11:
S-measure criteria for performing measurements on Uu while connected via SL can be defined based on SL RSRP and CBR measurements

3 Conclusion
In this contribution, the following observations were made on CP procedures 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 provides information about its paging occasions (e.g. UE ID mod 1024) to the relay UE via PC5-RRC 
Proposal 2:
A relay UE monitors paging occasions of all PC5-RRC connected remote UEs, regardless of the RRC state of the relay UE
Proposal 3:
The relay UE, upon reception of a paging message received in a PO, forwards the paging message over SL to all of the remote UEs configured with that PO

Proposal 4:
A relay UE can skip monitoring of POs of one or more remote UEs based on network indication.  Details can be FFS.

Proposal 5:
RAN2 to discuss how to define a minimum set of SL monitoring slots for a remote UE in RRC_IDLE/RRC_INACTIVE and connected to a relay UE.

Proposal 6:
For access control, the remote UE should take into account the following aspects when performing access check: QoS characteristics (e.g. 5QI/PQI), SL channel conditions, loading over PC5 link (e.g. CBR, CR) and loading at relay UE (e.g. buffer level)
Proposal 7:
Uu measurement design is re-used for configuring and reporting SL measurement used for service continuity in NR Relays
Proposal 8:
A relay and/or remote UE can be configured to report RSRP of discovery and/or unicast SL RSRP measurements based on triggering of measurement events
Proposal 9:
New measurements events (similar to existing Uu events) are defined that compare SL measurements (discovery or unicast SL RSRP) against NW defined thresholds.  FFS if A3/A6-like event (direct comparison between Uu quality and sidelink quality) is needed.
Proposal 10:
New measurement events are defined that consider CBR as well as SL and/or Uu measurements

Proposal 11:
S-measure criteria for performing measurements on Uu while connected via SL can be defined based on SL RSRP and CBR measurements
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