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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. The related WID objectives on control plane procedures of L2 relay are summarized below.

The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
Work Item objectives specific to Layer-2 (L2) relaying:

6. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]
NOTE 2:
For L2 UE-to-Network Relay, it is assumed that the Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release.

NOTE 3:
Only NR Uu interface, i.e. gNB, and 5GC is considered, and it is limited to NR SA scenario in this release.

In RAN2#115-e [2], RAN2#114-e [3] and RAN2#113b-e [4], some progress was made on L2 control plane procedure. However, there are still a lot of leftover issues. In this contribution, we discuss remaining issues on RRC connection management. Specifically, the following issues are discussed:

· Remaining issues on RRC resume
· Remaining issues on RRC re-establishment 
· New RRC timers
· Relay related content/configuration of RRC messages
Please note that remaining issues on paging forwarding and system information delivery are discussed in our companion contribution [8].
2 Discussion
2.1 Remaining issues on RRC resume
In RAN2#115-e [2] and RAN2#113b-3 [4], it was agreed to support RRC resume procedure and RRC re-establishment procedure in L2 U2N relay, and default PC5 RLC bearer configuration is used when the UE resumes/re-establishes in another cell. 
Proposal 6-3: [23/23] [Easy] For the delivery of remote UE’s SRB1 RRC message such as RRCResume and RRCReestablishment message, default configuration is used for the configuration of PC5 RLC channel which can be reconfigured by network. FFS for Uu RLC channel. 

Proposal 6: During remote UE’s initial access, C-RNTI is included in the relevant RRC message, e.g. RRCSetup/RRCResume/RRCReestablishment.

We think one leftover issue is what is remote UE’s stored INACTIVE AS context, which was extensively discussed in NR Rel-15 and Rel-16. The latest TS 38.331 [5] has clearly captured what UE should store in clause 5.3.8.3:

=================From clause 5.3.8.3 of TS 38.331======================

3>
store in the UE Inactive AS Context the current KgNB and KRRCint keys, the ROHC state, the stored QoS flow to DRB mapping rules, the C-RNTI used in the source PCell, the cellIdentity and the physical cell identity of the source PCell, the spCellConfigCommon within ReconfigurationWithSync of the NR PSCell (if configured) and all other parameters configured except for:

-
parameters within ReconfigurationWithSync of the PCell;

-
parameters within ReconfigurationWithSync of the NR PSCell, if configured;

-
parameters within MobilityControlInfoSCG of the E-UTRA PSCell, if configured;

-
servingCellConfigCommonSIB;

NOTE 2:
NR sidelink communication related configurations and logged measurement configuration are not stored as UE Inactive AS Context, when UE enters RRC_INACTIVE.

For remote UE, we think one issue is whether its Inactive AS context includes the adaptation layer related configuration (i.e., configured mapping between E2E Uu bearer and PC5 RLC bearer). 

Observation 1: It is not clear whether remote UE stores adaptation layer related configuration (i.e., dedicated PC5 RLC channel for relaying and bearer mapping configuration) in its Inactive AS context.
We prefer the adaptation layer related configuration is not stored as Inactive AS context, due to below justifications:
1) Adaptation layer related configuration is dedicated to one pair of remote UE and relay UE. If remote UE moves out during INACTIVE state and resumes via another relay or gNB directly, the pervious adaptation layer configuration is not valid. One can argue that it is useful when UE resumes via the same relay. However, we don’t think it a typical case and can be regarded as optimization.
2) It was agreed default PC5 RLC configuration can be used for the delivery of RRCResumeRequest / RRCResumeRequest1, when UE performs resumption. 
3) If adaptation layer related configuration is specified to be stored in Inactive AS context, it implies that gNB can’t release relay UE’s PC5 RLC bearer resource for relaying after remote UE enters INACTIVE state. It is not good for relay UE’s load reduction.  
Observation 2: Adaptation layer related configuration is dedicated to one pair of remote UE and relay UE. Thus, it is not valid if remote UE moves out during INACTIVE state and resumes via another relay or gNB directly
Thus, we propose:
Proposal 1: Adaptation layer related configuration (i.e., dedicated PC5 RLC channel for relaying and bearer mapping configuration) is not stored as remote UE’s Inactive AS context. And remote UE rely on default PC5 configuration for delivery of RRCResumeRequest/ RRCResumeRequest1.
Furthermore, it is also not clear whether relay UE stores adaptation layer related configuration (i.e., dedicated PC5 and Uu RLC channel for relaying and bearer mapping configuration) in its Inactive AS context. Besides the same justification for remote UE, relay UE group mobility is not supported in this release. Thus, it doesn’t make sense for relay UE to store it as Inactive UE context. Thus, we propose:

Proposal 2: Adaptation layer related configuration (i.e., dedicated PC5 and Uu RLC channel for relaying and bearer mapping configuration) is not stored as relay UE’s Inactive AS context

Finally, although we think it is RAN2 common understanding that remote UE can resume via a relay served by a different gNB or a different gNB directly (i.e., inter-gNB resume is allowed), we prefer to confirm it. 
Proposal 3: RAN2 confirm that INACTIVE remote UE can resume via relay UE served by a different gNB or via a different gNB directly, i.e., inter-gNB resume is allowed.
2.2 Remaining issues on RRC re-establishment

Similar to RRC resume, it was agreed to support RRC re-establishment procedure and default RLC configuration in L2 U2N relay. Furthermore, RAN2#114-e [3] agreed that RRC re-establishment can be triggered by Uu RLF or PC5 RLF, and remote UE can initiate it towards a suitable relay UE or a suitable cell.
Agreements:

Proposal 5：
[18/18][Easy]The Uu RLF indication from Relay UE may trigger the Remote UE connection re-establishment
Proposal 6：
[18/18][Easy] The Remote UE may trigger the Remote UE connection re-establishment upon detecting PC5 RLF.
Proposal 7 (modified)：
[16/17][Easy] The Remote UE may perform RRC re-establishment procedure as follows:
‒
If only suitable cell(s) are available, the Remote UE initiates RRC re-establishment procedure towards a suitable cell;

‒
If only suitable relay(s) are available, the Remote UE initiates RRC re-establishment procedure towards a suitable relay UE’s serving cell;

‒
If both a suitable cell and a suitable relay are available, the remote UE can select either one to initiate RRC re-establishment procedure based on implementation.

Then, RAN2#115-e [2] discussed whether remote UE can prioritize some relay UEs or cells (e.g., relay UE served by same gNB) during RRC re-establishment procedure, but no conclusion was made. 
Working assumption: Include NCI in the relay discovery message.

Proposal 5 (easy): The handling of RRC_CONNECTED Remote UE’s mobility due to SL RLF or Uu RLF notified by Relay UE can be discussed in CP agenda item. 
We address this issue in this section. 
First, we think it is necessary to confirm whether it is RAN2 common understanding that inter-gNB RRC re-establishment is allowed in this release. According to current WID scope, the service continuity mechanism is limited to intra-gNB. However, it is no clear whether inter-gNB RRC re-establishment is allowed. 
Observation 3: According to current WID scope, the service continuity mechanism is limited to intra-gNB. However, it is no clear whether inter-gNB RRC re-establishment is allowed.
We prefer inter-gNB RRC re-establishment is allowed in this release, due to below justifications: 

1) No extra spec impact is foreseen: 

· Similar to RRC resume, default PC5 configuration was agreed for the delivery of RRCReestablishmentRequest. Then, adaptation layer related configuration of remote UE is not required to be fetched by new gNB. Thus, we don’t see signaling change on inter-node message exchange. 
· As PDCP is End-to-End between remote UE and gNB, the legacy SN status transfer and path switch procedure in inter-gNB re-establishment can be reused. 
2) It is not good to specify re-establishment failure procedure due to inter-gNB
· According to TS 38.331 [5], cell selection is triggered during RRC re-establishment procedure. And according to TS 38.304 [6], best cell principle shall be followed by the UE during cell selection irrespective of inter-gNB or intra-gNB, due to coverage consideration. 
· Then, if the UE selects a different gNB for re-establishment, RAN2 need to specify a failure procedure due to the inter-gNB re-establishment. We don’t prefer to specify it because it is an artificial restriction.  
Observation 4: According to TS 38.304, best cell principle (irrespective of inter-gNB or intra-gNB) shall be followed by the UE during cell selection triggered by RRC re-establishment, due to coverage consideration. Then, if the UE selects a different gNB, RAN2 need to specify a new re-establishment failure procedure.  
Observation 5: No extra spec impact is foreseen for inter-gNB RRC re-establishment
Thus, we propose: 
Proposal 4: RAN2 confirm that inter-gNB RRC re-establishment is allowed in this release. And no spec impact is foreseen. 
Then, following Observation 4, we further propose:
Proposal 5: Best cell principle shall be followed by remote UE in cell selection triggered by RRC re-establishment. Corresponding, when remote UE performs RRC re-establishment procedure, if only suitable cell(s) are available, remote UE shall select best cell based on legacy S/R criteria, irrespective of whether the target cell is intra-gNB or inter-gNB  
Meanwhile, RAN2#114-e [3] has agreed that remote UE can also trigger relay (re)selection in RRC re-establishment. Please note that RAN2 has agreed it is up to UE implementation to choose relay if more than one candidates are suitable

4) How to choose relay UE in relay (re)selection: Remote UE searches for suitable relay UE candidates which meet all AS-layer & higher layer criteria. If multiple such candidate relay UEs available, it is up to Remote UE implementation to choose one Relay UE. 
So, we think the same principle can be reused.
Proposal 6: When remote UE performs RRC re-establishment procedure, if only suitable relay(s) are available, remote UE can prioritize to select relay served by same gNB, according to its implementation
Finally, if both a suitable cell and a suitable relay are available, the remote UE can select either one to initiate RRC re-establishment procedure based on implementation. It is same as current proposal.
2.3 Remaining issues on new RRC timers
In on-going post-meeting email discussion#610 [7], a proposal with majority view was made to introduce new RRC timers for L2 U2N relay:
Proposal 17: Remote UE uses different timers (FFS: value and/or name) for access (T300-like), resume (T319-like) and re-establishment (T301-like and T311-like) compared to those for legacy Uu procedures [23/23] 

We agree with this proposal because the time for remote UE to complete RRC setup/resume/re-establishment is expected to be longer than legacy, due to the delay of relay signalling forwarding. However, during the email discussion, it was not clear about below 2 understandings: 
· Understanding 1: 4 new timer IEs are introduced in SIB1 
· Understanding 2: Longer value is added to existing timer IEs in SIB1. 
We think Understanding 2 can’t work because T300/T319/T301/T311 are configured in SIB which is cell specific. Thus, we propose:
Proposal 7: Introduce 4 new timer IEs (T300-like/T319-like/T301-like/T311-like) in SIB1 for remote UE in L2 U2N relay
Then, a followed question is whether legacy start/stop condition of these RRC timers can be reused. We copy the legacy conditions in Table.1. As can be observed: 

· T300-like timer
· Start condition and action at expiry can be reused 

· A new stop condition can be added: relay (re)selection 

· T301-like timer

· Start condition and action at expiry can be reused 

· A new stop condition can be added: the (re)selected relay becomes unsuitable 

· T311-like timer

· Start condition and action at expiry can be reused 

· A new stop condition can be added: upon (re)selection of a suitable relay  

· T319-like timer

· Start condition and action at expiry can be reused 

· A new stop condition can be added: relay (re)selection   
	Timer
	Start
	Stop
	At expiry

	T300
	Upon transmission of RRCSetupRequest.
	Upon reception of RRCSetup or RRCReject message, cell re-selection and upon abortion of connection establishment by upper layers.
	Perform the actions as specified in 5.3.3.7. 

	T301
	Upon transmission of RRCReestabilshmentRequest
	Upon reception of RRCReestablishment or RRCSetup message as well as when the selected cell becomes unsuitable
	Go to RRC_IDLE

	T311
	Upon initiating the RRC connection re-establishment procedure
	Upon selection of a suitable NR cell or a cell using another RAT.
	Enter RRC_IDLE

	T319
	Upon transmission of RRCResumeRequest or RRCResumeRequest1.
	Upon reception of RRCResume, RRCSetup, RRCRelease, RRCRelease with suspendConfig or RRCReject message, cell re-selection and upon abortion of connection establishment by upper layers.
	Perform the actions as specified in 5.3.13.5.


Table.1 Summary of RRC timer start/stop conditions
Thus, we propose:
Proposal 8: For T300-like timer, start condition and action at expiry of T300 can be reused. On top of legacy stop conditions, introduce a new stop condition “the (re)selected relay becomes unsuitable”
Proposal 9: For T319-like timer, start condition and action at expiry of T319 can be reused. On top of legacy stop conditions, introduce a new stop condition “relay (re)selection” 

Proposal 10: For T301-like timer, start condition and action at expiry of T301 can be reused. On top of legacy stop conditions, introduce a new stop condition “the (re)selected relay becomes unsuitable”
Proposal 11: For T311-like timer, start condition and action at expiry of T311 can be reused. On top of legacy stop conditions, introduce a new stop condition “upon (re)selection of a suitable relay”
2.4 Relay related content/configuration of RRC messages

In RAN2#113b-e [3], the following agreements were made on required configurations for relaying:

Proposal 6-6: [22/23] [Easy] For the PC5 RLC channel configuration, only the RLC/LCH configuration is provided to the relay UE and remote UE.

Proposal 6-7: [22/23] [Easy] For the Uu RLC channel configuration, only the RLC/LCH configuration is provided to the relay UE.

Proposal 6-8: [23/23] [Easy] For the remote UE’s SRB1/SRB2 configuration, only the Uu PDCP configuration is provided to the remote UE.

Proposal 6-9: [23/23] [Easy] For the remote UE’s DRB configuration, only the Uu PDCP/SDAP configuration is provided to the remote UE.

Based on these agreements, we propose the relay related configuration included in RRC messages are:

Proposal 12: Relay related message contents / configurations in different RRC messages: 

· In RRCSetup message towards remote UE, gNB can include PC5 RLC/LCH config for Uu SRB1 and Uu PDCP config for Uu SRB1
· In RRCResume / RRCReconfiguration message towards remote UE, gNB can include PC5 RLC/LCH config for Uu SRB1/SRB2/DRB, Uu PDCP config for Uu SRB1/SRB2/DRB, and Uu SDAP config for Uu DRB

· In RRCReconfiguration message towards relay UE, gNB can include PC5 RLC/LCH config for Uu SRB1/SRB2/DRB, Uu RLC/LCH config for Uu SRB1/SRB2/DRB, and bearer mapping configuration between PC5 and Uu
3 Conclusion
In this contribution, we discuss remaining issues on RRC connection management for L2 U2N relay. Our observations are:

Observation 1: It is not clear whether remote UE stores adaptation layer related configuration (i.e., dedicated PC5 RLC channel for relaying and bearer mapping configuration) in its Inactive AS context.

Observation 2: Adaptation layer related configuration is dedicated to one pair of remote UE and relay UE. Thus, it is not valid if remote UE moves out during INACTIVE state and resumes via another relay or gNB directly
Observation 3: According to current WID scope, the service continuity mechanism is limited to intra-gNB. However, it is no clear whether inter-gNB RRC re-establishment is allowed.
Observation 4: According to TS 38.304, best cell principle (irrespective of inter-gNB or intra-gNB) shall be followed by the UE during cell selection triggered by RRC re-establishment, due to coverage consideration. Then, if the UE selects a different gNB, RAN2 need to specify a new re-establishment failure procedure.  
Observation 5: No extra spec impact is foreseen for inter-gNB RRC re-establishment
Based on discussion, our proposals are:
Proposal 1: Adaptation layer related configuration (i.e., dedicated PC5 RLC channel for relaying and bearer mapping configuration) is not stored as remote UE’s Inactive AS context. And remote UE rely on default PC5 configuration for delivery of RRCResumeRequest/ RRCResumeRequest1.
Proposal 2: Adaptation layer related configuration (i.e., dedicated PC5 and Uu RLC channel for relaying and bearer mapping configuration) is not stored as relay UE’s Inactive AS context

Proposal 3: RAN2 confirm that INACTIVE remote UE can resume via relay UE served by a different gNB or via a different gNB directly, i.e., inter-gNB resume is allowed.
Proposal 4: RAN2 confirm that inter-gNB RRC re-establishment is allowed in this release. And no spec impact is foreseen. 
Proposal 5: Best cell principle shall be followed by remote UE in cell selection triggered by RRC re-establishment. Corresponding, when remote UE performs RRC re-establishment procedure, if only suitable cell(s) are available, remote UE shall select best cell based on legacy S/R criteria, irrespective of whether the target cell is intra-gNB or inter-gNB  
Proposal 6: When remote UE performs RRC re-establishment procedure, if only suitable relay(s) are available, remote UE can prioritize to select relay served by same gNB, according to its implementation
Proposal 7: Introduce 4 new timer IEs (T300-like/T319-like/T301-like/T311-like) in SIB1 for remote UE in L2 U2N relay
Proposal 8: For T300-like timer, start condition and action at expiry of T300 can be reused. On top of legacy stop conditions, introduce a new stop condition “the (re)selected relay becomes unsuitable”
Proposal 9: For T319-like timer, start condition and action at expiry of T319 can be reused. On top of legacy stop conditions, introduce a new stop condition “relay (re)selection” 

Proposal 10: For T301-like timer, start condition and action at expiry of T301 can be reused. On top of legacy stop conditions, introduce a new stop condition “the (re)selected relay becomes unsuitable”
Proposal 11: For T311-like timer, start condition and action at expiry of T311 can be reused. On top of legacy stop conditions, introduce a new stop condition “upon (re)selection of a suitable relay”
Proposal 12: Relay related message contents / configurations in different RRC messages: 

· In RRCSetup message towards remote UE, gNB can include PC5 RLC/LCH config for Uu SRB1 and Uu PDCP config for Uu SRB1
· In RRCResume / RRCReconfiguration message towards remote UE, gNB can include PC5 RLC/LCH config for Uu SRB1/SRB2/DRB, Uu PDCP config for Uu SRB1/SRB2/DRB, and Uu SDAP config for Uu DRB

· In RRCReconfiguration message towards relay UE, gNB can include PC5 RLC/LCH config for Uu SRB1/SRB2/DRB, Uu RLC/LCH config for Uu SRB1/SRB2/DRB, and bearer mapping configuration between PC5 and Uu
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