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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This is for the discussion of CP procedure for sidelink relay.
An overview of impacted CP procedure
Before looking into the detailed aspects of each CP procedure, it is beneficial to understand the impact on CP procedure due to sidelink relay as a whole. The following table is a summary
Table 1 An overview of impacted CP procedure
	From col to row[footnoteRef:1] [1:  In this figure, the direct/indirect is to describe whether the target UE connects to the network directly using Uu interface, or indirectly using PC5 interface (relayed by another UE), and the RRC state is for the Uu interface, i.e., including RRC_CONNECTED/INACTIVE/IDLE.] 

	Indirect, Uu-CONNECTED
	Indirect, Uu-INACTIVE
	Indirect, Uu-IDLE
	Direct, Uu-CONNECTED
	Direct, Uu-INACTIVE
	Direct, Uu-IDLE
	Out-of-coverage

	Indirect, Uu-CONNECTED
	Switching between indirect connections 
	Release with suspend
	Release
	Switching from indirect to direct
	Release with suspend
	Release
	Establish, Cell selection AC, SI acquisition

	Indirect, Uu-INACTIVE
	Resume, AC, SI acquisition
	Cell reselection, RAN Paging, SI acquisition
	Release
	Resume, AC, SI acquisition
	Cell reselection, RAN Paging, SI acquisition
	Release
	N.A.

	Indirect, Uu-IDLE
	Establish, AC, SI acquisition
	N.A.
	Cell reselection, CN Paging, SI acquisition
	Establish, AC, SI acquisition
	N.A.
	Cell reselection, CN Paging, SI acquisition
	N.A.

	Direct, Uu-CONNECTED
	Switching from direct to indirect
	Release with suspend
	Release
	Legacy
	Legacy
	Legacy
	Legacy

	Direct, Uu-INACTIVE
	Resume, AC, SI acquisition
	Cell reselection, RAN Paging, SI acquisition
	Release
	Legacy
	Legacy
	Legacy
	Legacy

	Direct, Uu-IDLE
	Establish, AC, SI acquisition
	N.A.
	Cell reselection, CN Paging, SI acquisition
	Legacy
	Legacy
	Legacy
	Legacy

	Out-of-coverage
	RLF, cell selection
	Cell (re)selection
	Cell (re)selection
	Legacy
	Legacy
	Legacy 
	Legacy



So based on the table, one can list the target CP procedure as follow, which would be discussed in the following sections in details:
· Switching between direct/indirect connections;
· Switching between indirect connections;
· Cell (re-)selection
· Release with and without suspend
· Resume
· Establishment
· Access control
· SI acquisition
· RAN/CN Paging
· RLF
Mobility/Switching
Firstly, for mobility/Switching, since SL relay added another connection type, i.e., indirect connection via sideling relay, the switching type can be summarized as follow
Table 2 Types of mobility / switching
	From col to row
	Direct connection
	In-direct connection

	Direct connection
	Legacy
	New procedure 1

	In-direct connection
	New procedure 2
	New procedure 3


In the following, the mobility / switching procedure is analyzed for RRC_CONNECTED and RRC_IDLE/INACTIVE UEs respectively.
RRC_CONNECTED
For RRC_CONNECTED UE, the related procedures can be further divided into two types, 
· Proactive procedure: which is triggered by explicit command from network, and thus can be handled as an enhanced form of handover;
· Reactive procedure: which is triggered by UE, e.g., due to RLF, and thus can be handled as an enhanced form of RRC Re-establishment;
The former one is addressed in detail in [2], so is saved here for brevity.
RRC_IDLE/INACTIVE
For RRC_IDLE/INACTIVE UE, the related procedures can be further divided into two types, 
· Cell selection:
· Cell reselection:
For cell selection, there is no big motivation to change the behavior for the cell selection following PLMN/SNPN selection, but there might be a need to check the behavior for the cell selection upon leaving CONNECTED mode, 
1) At least to avoid the case that when a remote UE is released to IDLE/INACTIVE by network via the indirect connection, the UE is forced to camp on direct connection, due to the legacy procedure of cell selection, when leaving CONNECTED mode, i.e., indirect connection could be a candidate for cell selection;
2) Furthermore, if indirect connection can be included as an candidate for cell selection, the S-criterion relying on the definition of RSRP/RSRQ measurement of Uu interface, so it is questionable whether the same criterion applies to PC5 interface;
Therefore, during study phase, it is sufficient to confirm point-1 above, while the left issues can be left to WI phase.
Proposal 1 [bookmark: _Toc54269439]For L2 UE-to-Network Relay, cell selection procedure needs to allow the UE to camp on relay UE, and the further details are left to WI phase.
For cell reselection, it can be further divided into 2 sub-types:
· Inter-frequency and inter-RAT Cell Reselection criteria
· Intra-frequency and equal priority inter-frequency Cell Reselection criteria
For both cases, the impact due to L2 UE-to-network relay is unavoidable, i.e., UE should be allowed to reselect to another indirect connection due to mobility in RRC_IDLE/INACTIVE state, e.g.,
1) The RSRP/RSRQ measurement definition based on Uu interface has to be adapted to PC5 interface of indirect connection;
2) How to handle the beam related measurement based on Uu interface, since there is no beam defined at PC5 interface;
Proposal 2 [bookmark: _Toc54269440]For L2 UE-to-Network Relay, cell re-selection procedure needs to allow the UE to camp on relay UE, and the further details are left to WI phase.
RRC state control
In this section, the discussion is divided into two parts, for relay UE and remote UE.
Based on the agreement during RAN2#111-E
Proposal 18: For L2 UE to NW relay, both relay UE and remote UE must be in RRC CONNECTED to perform active relaying of data.
Revised Proposal 19: For L2 UE to NW relay, the relay UE can be either in RRC_IDLE or RRC_CONNECTED as long as the PC5-connected remote UE is in RRC_IDLE.  
So that the feasible RRC state combination is as follow:
[bookmark: _Ref50733755]Table 3 RRC state combination for remote and relay UE
	
	Relay UE in RRC_CONNECTED
	Relay UE in RRC_IDLE/RRC_INACTIVE

	Remote UE in RRC_CONNECTED
	Feasible
	Infeasible

	Remote UE in RRC_IDLE/RRC_INACTIVE
	Feasible
	Feasible


The following is the detailed aspects for relay/remote in various RRC state.
Procedure for RRC state transition of remote UE
In general, by looking at the key RRC state transition procedures ((re-)establishment, resume, release, resume), it can be categorized as 3 types:


Figure 1 Generalized RRC procedure
The first type is SRB0-SRB0-SRB1, where the last SRB1 is optional, this includes
· RRC connection establishment (successful case)
· RRC connection resume fallback to RRC connection establishment (successful case)
· RRC connection resume (network reject case)
Table 4 Type-1 RRC Procedure
	
	RRC connection establishment
	RRC connection resume fallback to RRC connection establishment
	RRC connection resume

	MSG1 on SRB0
	RRCSetupRequest
	RRCSetupRequest
	RRCResumeRequest or RRCResumeRequest1

	MSG2 on SRB0
	RRCSetup
	RRCReject
	RRCReject

	MSG3 on SRB1
	RRCSetupComplete
	
	



The second type is SRB0-SRB1-SRB1, where the last SRB1 is optional, this includes
· RRC connection resume (successful case)
· RRC connection resume followed by network release (successful case)
· RRC connection resume followed by network suspend (successful case)
Table 5 Type-2 RRC Procedure
	
	RRC connection resume
	RRC connection resume followed by network release
	RRC connection resume followed by network suspend

	MSG1 on SRB0
	RRCResumeRequest or RRCResumeRequest1
	RRCResumeRequest or RRCResumeRequest1
	RRCResumeRequest or RRCResumeRequest1

	MSG2 on SRB1
	RRCResume
	RRCRelease
	RRCRelease

	MSG3 on SRB1
	RRCResumeComplete
	
	



The third type is SRB1-SRB0/1-SRB1, this includes
· RRC connection re-establishment (successful case)
· RRC re-establishment, fallback to RRC establishment (successful case)
Table 6 Type-3 RRC Procedure
	
	RRC connection re-establishment 
	RRC re-establishment, fallback to RRC establishment
	RRC Reconfiguration Complete as HO confirm

	MSG1 on SRB1
	RRCReestablishmentRequest
	RRCReestablishmentRequest
	RRCReconfigurationComplete

	MSG2 on SRB0 / SRB1
	RRCReestablishment
	RRCSetup
	

	MSG3 on SRB1
	RRCResumeComplete
	RRCSetupComplete
	



With this categorization, the issue can be further split into the following sub-issues:


Figure 2 Problem formulation for RRC state transition of remote UE
I.e., the CP procedure design is to solve the 5 sub-issues for the above SRB0/1 message delivery.
Issue-1: PC5 RLC/LCH configuration for remote/relay UE
Firstly, for SRB0, with RAN2#111-E agreement, 
Proposal-9: Agree the following bullets for IC/OOC Remote UE connection establishment with gNB for L2 UE-to-NW Relay (reflected within TP also):
Use “first RRC message for connection establishment from Remote UE with gNB” to replace “Remote UE SRB0” to resolve the terminology issue.
The PC5 L2 configuration for transmitting “first RRC message for connection establishment from Remote UE with gNB” at Remote UE can be based on the PC5 RLC/MAC configuration defined in specs.  FFS if this is a default configuration that can be overridden.
The description above applies to both OOC and IC Remote UEs.
The current agreement is limited to the transmission of remote UE, and limited to the “first” RRC message. However, there are still some FFS points as follows
A. Considering SRB0 can be used for DL as well, i.e., the “second” RRC message like RRCSetup and RRCReject, it is still open how for the remote UE to configure the RX parameter;
B. Furthermore, since the PC5 stack also relates to relay UE, it is still open how for the relay UE to configure the RX parameter for UL SRB0 message and TX parameter for DL SRB0 message;
C. Whether the configuration is specified configuration (fixed) or default configuration (can be overridden)
Following Uu design, there is no need to make SRB0 parameter configurable, which is for the very first signalling exchange, so specified configuration should be adopted for C. Then, for B, due to the usage of specified configuration for remote-UE TX, it is straightforward to apply the same specified configuration for relay-UE RX. And for A, there seems no need to differentiate between the DL direction and UL direction.
Proposal 3 [bookmark: _Ref50732176][bookmark: _Toc54269441]For L2 UE-to-Network Relay, for delivery of message on SRB0 of remote UE on PC5 hop, rely on specified configuration for PC5 RLC/LCH configuration for remote UE and relay UE.
Secondly, for SRB1, with RAN2#111-E agreement
Proposal-10: Agree the following for Remote UE connection establishment with gNB for L2 UE-to-NW Relay (reflected within TP also):
The establishment of Uu SRB(1/2) and DRB of the Remote UE is subject to legacy configuration procedures for L2 UE-to-NW Relay.
The current agreement is limited to the RRC connection establishment procedure, yet is not crystal clear, whether the “subject to legacy configuration procedures” covers the PC5 RLC/LCH configuration for remote/relay UE for SRB1, and it is still open how to handle the SRB1 message delivery for other RRC state transition procedure, which can be the first/second/third message in the procedure.
· On the one hand, SRB1 can be the first RRC message, e.g., for re-establishment procedure, so that following the same spirit of SRB0 for RRC connection establishment, a specification-defined parameter is helpful;
· On the other hand, the SRB1 parameter is configurable in the legacy system, e.g., configurable by RRCSetup during establishment procedure, so no need to be fixed in specification as for SRB0. But in the legacy system, the configuration of PC5 parameter, as the task of RRC Reconfiguration, can only happen after security activated, it is questionable whether it is feasible to include it into RRCSetup.
So the safe solution is either rely on pre-configuration/SIB, or specified configuration like for SRB0. Considering there is no essential difference between SRB0 and SRB1, there seems no need for different solutions.
Proposal 4 [bookmark: _Ref50732261][bookmark: _Toc54269442]For L2 UE-to-Network Relay, for delivery of message on SRB1 of remote UE on PC5 hop, rely on specified configuration for PC5 RLC/LCH configuration for remote UE and relay UE.
Then for SRB2/DRB, it would be fully up to gNB configuration, since that is to be done after both remote/relay UE enters into RRC_CONNECTED state, and has been addressed in the agreement.
[bookmark: _Toc54269435]For L2 UE-to-Network Relay, for delivery of message on SRB2/DRB of remote UE on PC5 hop, rely on network configuration for PC5 RLC/LCH configuration for remote UE and relay UE.
Issue-2: Uu RLC/LCH configuration for relay UE
For Uu RLC/LCH configuration for relay-UE, since it is not preferred to reuse the SRB of relay UE its own, it is anyway to be configured additionally after the relay UE entering into RRC_CONNECTED state, then it is straightforward to leave the configuration decision to network.
Proposal 5 [bookmark: _Toc54269443]For L2 UE-to-Network Relay, for the delivery of message of remote UE on Uu hop, rely on network configuration for the Uu RLC/LCH configuration for relay UE.
Issue-3: Uu PDCP configuration for remote UE
This issue is not related to SRB0.
For SRB1, since the PDCP entity is visible by gNB as for non-relayed scenario, it is preferred to follow the legacy procedure on PDCP layer behavior for remote UE.
Proposal 6 [bookmark: _Toc54269444]For L2 UE-to-Network Relay, for delivery of RRC message on SRB1 of remote UE, rely on legacy specification for PDCP layer behavior at remote UE.
Then for SRB2/DRB, it would be fully up to gNB configuration, since that is to be done after both remote/relay UE enters into RRC_CONNECTED state, and has been addressed in the agreement.
Issue-4: Mapping between Uu-bearer and PC5-LCH for remote UE
For SRB0, following the spirit of RAN2#111-E agreement, it can rely on specified configuration as well, and has been reflected in Proposal 3 above already.
For SRB1, due to the same reason as described above, a specified configuration is preferred and has been reflected in Proposal 4 above already.
For UL message for SRB2/DRB, it would be straightforward to leave it to gNB configuration, since that is to be done after both remote/relay UE enter into RRC_CONNECTED state.
Proposal 7 [bookmark: _Toc54269445]For L2 UE-to-Network Relay, for transmission of message on SRB2/DRB of remote UE, rely on network configuration for the mapping between Uu-PDCP and PC5-RLC at remote UE.
For DL message of SRB2/DRB, on the one hand, the PDCP configuration would come from Uu-RRC, as a part of bearer configuration. On the other hand, the RLC (and lower layer) configuration would come from PC5-RRC, as a part of RLC bearer configuration.
· If adaptation layer is introduced at PC5 hop, the bearer-ID field included in the adaptation layer header can be used to derive the mapping by remote UE;
· Otherwise, it can be configured by network, via Uu-RRC or PC5-RRC (i.e., network sends the mapping to relay UE, and relay UE sends the mapping to remote UE);
Considering this is coupled with the agreement on the necessity of adaptation layer at PC5 hop, it can be decided afterward.
Issue-5: Mapping between ingress/egress RLC for relay UE
Since even for SRB0/1 which relies on specified/default configuration, the Uu RLC/LCH configuration would be up to network, it is straightforward to leave the configuration to of mapping between ingress/egress RLC for relay UE. And then considering the necessity of N (message from different remote UE, or different bearers of the same remote UE) to 1 mapping, the adaptation layer is needed. I.e., the mapping between ingress/egress RLC for relay UE can be included as the configuration of the adaptation layer for relay UE.
Proposal 8 [bookmark: _Toc54269446]For L2 UE-to-Network Relay, for delivery of message for remote UE, rely on network configuration for the mapping between ingress/egress RLC for relay UE.
Procedure for RRC state transition of relay UE
[bookmark: _Ref51145771]From RRC_IDLE/RRC_INACTIVE to RRC_CONNECTED
For the relay-UE, based on Table 3, it is clear that it has to be RRC_CONNECTED if at least one of the remote UEs is in RRC_CONNECTED. Then w.r.t how to trigger an RRC_IDLE/INACTIVE relay-UE to enter into RRC_CONNECTED state, and how to ACK remote UE that the Uu connection has been established successfully, there could be different alternatives:
· Alt-1: triggered by PC5-S message, e.g., a specific “indirect communication request/accept” message (as captured in TR 23.752 solution#7);
· Alt-2: triggered by PC5-RRC message, e.g., a specific PC5-RRC message to notify relay UE on the need/success of establish Uu-RRC connection;
· Alt-3: triggered by Uu-RRC message (to be relayed), e.g., RRCSetup/Resume/ReestablishmentRequest being received from remote UE (but then it is questionable how to notify the Uu link establishment result to remote UE).
Considering all these possibilities and since Alt-1 is dependent on SA2 decision, it can be left to WI phase to decide.
Proposal 9 [bookmark: _Toc54269447]For L2 UE-to-Network Relay, the solution for triggering Relay UE to enter into RRC_CONNECTED state and to notify the Remote UE on the success/failure of relay UE Uu link establishment is left to WI phase. 
From RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE
Since the RRC state of remote UE is fully controlled by network, network would be therefore in the best position to decide on whether to release the relay UE to RRC_IDLE/RRC_INACTIVE state.
[bookmark: _Toc54269436]For L2 UE-to-Network Relay, it is fully up to network configuration whether to release the relay UE to RRC_IDLE/RRC_INACTIVE.
On the other hand, for re-active state transition due to RLF, i.e., although the PC5 link is kept active but the Uu link fails, it is unclear how to notify remote UE.
Considering this is coupled with the analysis in 4.2.1, i.e., unclear whether to use PC5-S/-RRC message, it is preferred to leave it to WI phase.
Proposal 10 [bookmark: _Toc54269448]For L2 UE-to-Network Relay, the solution to notify the Remote UE on the failure of relay UE Uu link is left to WI phase. 

An example of the connection establishment procedure


Figure 3 An example of connection establishment procedure
Others
SI Acquisition
SI forwarding is necessary anyway, the key point is how to implement the SI forwarding – according to TR 36.746
The evolved ProSe UE-to-Network Relay UE supports relaying of system information for the linked evolved ProSe Remote UEs located in-coverage of E-UTRAN coverage as well as out of E-UTRAN coverage.
[…]
Essential SIBs are required to be relayed from the evolved ProSe UE-to-Network Relay UE to all linked evolved ProSe Remote UEs commonly.
[…]
An evolved ProSe UE-to-Network Relay UE forwards SIB over sidelink using broadcast/multi-cast.
It is not clear whether the forwarding is in unicast manner and limited to all “linked” remote UE, or in broadcast manner, so not limited to “linked” remote UE. In general, 
· Although unicast forwarding is needed anyway when gNB send the SI in a unicast manner, broadcast is helpful for resource efficiency;
· Furthermore, it is necessary to let remote UE be aware of the MIB/SIB1 information before initiating PC5 connection establishment, otherwise, the PC5-connection establishment may be useless and would further cause extra CP latency.
Proposal 11 [bookmark: _Toc54269449]For L2 UE-to-network relay, support SI forwarding in a broadcast manner.
Paging
With the following text captured in TR 38.836
4.5.5.2	Paging
The Option 2 as studied in TR36.746 [7] for FeD2D paging is selected as the baseline paging relaying solution for L2 UE-to-Network relaying case (i.e. Relay UE monitors the Remote UE’s Paging Occasion(s) in addition to its own Paging Occasion(s).)
The other details can be left to WI phase.
Access Control
According to TR 36.746
Access control check is performed at evolved ProSe Remote UE using the parameters of the cell it intends to access (e.g. via the evolved ProSe UE-to-Network Relay UE).  The evolved ProSe UE-to-Network Relay UE does not perform access control check for the evolved ProSe Remote UE's data.
It can be reused for TR 38.836
Proposal 12 [bookmark: _Toc54269450]Access control check is performed at remote UE using the parameters of the cell it intends to access (e.g. forwarded by relay UE). The relay UE does not perform access control check for the remote UE's data.

Conclusion
We have the following observations:
Observation 1	For L2 UE-to-Network Relay, for delivery of message on SRB2/DRB of remote UE on PC5 hop, rely on network configuration for PC5 RLC/LCH configuration for remote UE and relay UE.
Observation 2	For L2 UE-to-Network Relay, it is fully up to network configuration whether to release the relay UE to RRC_IDLE/RRC_INACTIVE.

We have the following proposals:
Proposal 1	For L2 UE-to-Network Relay, cell selection procedure needs to allow the UE to camp on relay UE, and the further details are left to WI phase.
Proposal 2	For L2 UE-to-Network Relay, cell re-selection procedure needs to allow the UE to camp on relay UE, and the further details are left to WI phase.
Proposal 3	For L2 UE-to-Network Relay, for delivery of message on SRB0 of remote UE on PC5 hop, rely on specified configuration for PC5 RLC/LCH configuration for remote UE and relay UE.
Proposal 4	For L2 UE-to-Network Relay, for delivery of message on SRB1 of remote UE on PC5 hop, rely on specified configuration for PC5 RLC/LCH configuration for remote UE and relay UE.
Proposal 5	For L2 UE-to-Network Relay, for the delivery of message of remote UE on Uu hop, rely on network configuration for the Uu RLC/LCH configuration for relay UE.
Proposal 6	For L2 UE-to-Network Relay, for delivery of RRC message on SRB1 of remote UE, rely on legacy specification for PDCP layer behavior at remote UE.
Proposal 7	For L2 UE-to-Network Relay, for transmission of message on SRB2/DRB of remote UE, rely on network configuration for the mapping between Uu-PDCP and PC5-RLC at remote UE.
Proposal 8	For L2 UE-to-Network Relay, for delivery of message for remote UE, rely on network configuration for the mapping between ingress/egress RLC for relay UE.
Proposal 9	For L2 UE-to-Network Relay, the solution for triggering Relay UE to enter into RRC_CONNECTED state and to notify the Remote UE on the success/failure of relay UE Uu link establishment is left to WI phase.
Proposal 10	For L2 UE-to-Network Relay, the solution to notify the Remote UE on the failure of relay UE Uu link is left to WI phase.
Proposal 11	For L2 UE-to-network relay, support SI forwarding in a broadcast manner.
Proposal 12	Access control check is performed at remote UE using the parameters of the cell it intends to access (e.g. forwarded by relay UE). The relay UE does not perform access control check for the remote UE's data.


[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
[1] [bookmark: _Ref32829969]RP-193253 "New SID: Study on NR sidelink relay".
[2] [bookmark: _Ref53234037]R2-200xxxx, “Left issues on service continuity for L2 U2N relay”, OPPO
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