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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
After RAN#91e meeting, a new WID on NR Sidelink Relay has been approved [1]. In this contribution, we focus on RRC connection management for U2N in the following Objective 6 and give our views correspondingly.
6. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]
2. Discussion
In the NR Sidelink Relay study phase, it has been concluded in TR 38.836, clause 4.5.5.1 that the RRC procedures for L2 U2N relay can reuse the legacy RRC procedure, with the message content/configuration design left to WI phase [2].
[bookmark: _Ref68218836]Observation 1 According to TR 38.836, the RRC procedures for L2 U2N relay can reuse the legacy RRC procedure, with the message content/configuration design left to WI phase.
In the following sections, we mainly analyze the legacy RRC procedures as below [3]. The potential differences from the legacy RRC procedures are identified by considering the relay specific part.
· RRC connection establishment;
· RRC connection resume (including RNA/TA update);
· RRC connection re-establishment;
· [bookmark: _Hlk54021340]RRC connection release.
2.1. [bookmark: _Hlk68191171]RRC connection establishment
According to TR 38.836, the RRC connection establishment procedure for Remote UE is illustrated as below. 
***********************************From TR 38.836******************************************

Figure 4.5.5.1-1. Procedure for Remote UE connection establishment
[bookmark: _Hlk59527920]Step 1. The Remote and Relay UE perform discovery procedure, and establish PC5-RRC connection using the legacy Rel-16 procedure as a baseline.
[bookmark: _Hlk59519154]Step 2. The Remote UE sends the first RRC message (i.e., RRCSetupRequest) for its connection establishment with gNB via the Relay UE, using a default L2 configuration on PC5.  The gNB responds with an RRCSetup message to Remote UE. The RRCSetup delivery to the Remote UE uses the default configuration on PC5. If the Relay UE had not started in RRC_CONNECTED, it would need to do its own connection establishment upon reception of a message on the default L2 configuration on PC5. The details for Relay UE to forward the RRCSetupRequest/RRCSetup message for Remote UE at this step can be discussed in WI phase.
[Other Steps omitted…]
***********************************From TR 38.836******************************************
Based on above highlighted description of Step 2, if the Relay UE had not started in RRC_CONNECTED, it would need to do its own connection establishment upon reception of RRCSetupRequest message from Remote UE. Further, the RRCSetupRequest/RRCSetup messages of Remote UE are delivered over two wireless links (i.e., PC5 link between Remote UE and Relay UE, Uu link between Relay UE and gNB). Hence, even when the PC5 and Uu links are good Remote UE may experience more time to successfully complete the RRC connection establishment procedure. In legacy NR Uu, the timer T300 is used to control the duration of RRC connection establishment procedure. However, we believe at least the timer length of T300 is not suitable for Remote UE anymore. If it is valid, we can further discuss whether to extend the timer length of T300 or introduce a new Timer T3xx to control the duration of successful RRC connection establishment procedure.
[bookmark: _Ref68218921]Proposal 1 RAN2 to discuss whether to control the RRC connection establishment procedure for Remote UE with a longer timer length than legacy T300.
2.2. RRC connection resume
When Remote UE is in RRC_INACTIVE, following legacy NR Uu, the Uu link for Remote UE will be released. However, it is not clear whether the PC5 link between Remote UE and Relay UE is released or kept. For the latency benefit of resuming from RRC_INACTIVE, it is better that the PC5 RRC connection between Remote UE and Relay UE can be maintained. In such way, the discovery and PC5 connection establishment as shown in the above Figure can be skipped and save some time.
[bookmark: _Ref68218932]Proposal 2 RAN2 to discuss whether the PC5 RRC connection between Remote UE and Relay UE is released or kept when Remote UE is in RRC_INACTIVE.
For mobility in RRC_INACTIVE, Remote UE should support periodic RAN-based Notification Area Update (RNAU) as well as mobility triggered RNAU, i.e., when Remote UE re-selects a cell that does not belong to its configured RNA. There are several different alternatives on how the RNA can be configured as described in TS 38.300:
1) List of cells:
-	A UE is provided an explicit list of cells (one or more) that constitute the RNA.
2) List of RAN areas:
-	A UE is provided (at least one) RAN area ID, where a RAN area is a subset of a CN Tracking Area or equal to a CN Tracking Area. A RAN area is specified by one RAN area ID, which consists of a TAC and optionally a RAN area Code;
-	A cell broadcasts one or more RAN area IDs in the system information.
Similarly, Remote UE should support periodic Tracking Area Update (TAU) as well as mobility-triggered TAU, i.e., when Remote UE re-selects a cell that does not belong to its configured TA. 
Based on above observations, Remote UE needs to know the serving cell information (i.e., PLMN identity/Cell identity/RAN area Code/TAC) to judge if it fulfills the trigger condition of RNAU/TAU. As in the last RAN2#112e meeting, it has been agreed that Remote UE follows the same serving Cell of Relay UE after remote connection via Relay UE. Therefore, in order to support mobility triggered RNAU for Remote UE, there can be two options:
Opt-1: Relay UE sends its serving Cell information (i.e., PLMN identity/Cell identity/RAN area Code/TAC) to remote UE. In Opt-1, independent RNAU/TAU trigger can be specified for remote UE.
Opt-2: Remote UE sends its RNA/TA configuration to Relay UE. In Opt-2, relay UE monitor if the RNAU/TAU trigger and notify remote UE if the triggered condition is fulfilled. 
Regarding pros and cons between the two options, Opt-1 has minor specification impact but the signaling overhead is large over PC5 interface every time when Relay UE re-selects to a new Cell. Meanwhile, Opt-2 has much less signaling overhead than Opt-1 since the RNA/TA configuration forwarding is one-shot and notification signaling is as simple as one bit. Thus Opt-2 is preferred. However, we are not sure if Opt-2 can be adopted considering it may bring potential security issue because Remote UE is exposing its location information by RNA/TA configuration to Relay UE. Therefore, we propose that at least RAN2 can discuss and decide whether to send LS to consult and confirm with SA3 if there is any security issue on exposing the RNA or TA configuration of one UE to another UE over PC5 interface.
[bookmark: _Ref61370432]Observation 2 There are 2 candidate alternatives to support RNAU/TAU for Remote UE while which one would be adopted may be pending on whether there is any security issue in Opt-2.
· Opt-1: Relay UE sends its serving Cell information (i.e., PLMN identity/Cell identity/RAN area Code/TAC) to remote UE.
· [bookmark: _Ref61370381]Opt-2: Remote UE sends its RNA/TA configuration to Relay UE.
[bookmark: _Ref68218933]Proposal 3 RAN2 to consider Opt-2 (Remote UE sends its RNA/TA configuration to Relay UE) to support Remote UE RNA/TA update procedure when it is PC5 connected to a Relay UE.
[bookmark: _Ref68218935]Proposal 4 If Proposal 3 is confirmed, for Remote UE RNAU/TAU, RAN2 send LS to SA3 to ask if there is security issue on exposing the RNA/TA configuration of one UE to another UE over PC5 interface.
2.3. RRC connection re-establishment
In this section, we mainly discuss the RRC state combination Remote UE in RRC_CONNECTED and Relay UE in RRC_CONNECTED. Since the Remote UE’s wireless link is considered of two hops, i.e., PC5 link and Uu link, when the Relay UE experiences Uu link failure of its own RRC connection, it may also impact the Remote UE. However, we think the potential impact on Remote UE should be minimized. On one hand, it is naturally to take the Relay UE Uu link failure as part of the Remote UE end-to-end wireless link failure, thus legacy re-establishment procedure can be reused. On the other hand, if the Relay UE Uu link failure is not considered as the re-establishment trigger condition for Remote UE, this can avoid unnecessary Remote UE re-establishment signaling overhead to NW in case that the Relay UE Uu link is successfully recovered afterwards. Based on this observation, it is still open whether only the Uu link recovery failure of Relay UE (e.g., RRC re-establishment failure) may trigger the Remote UE connection re-establishment. Moreover, the event that the Relay UE detects Uu link failure can be indicated to the Remote UE. We think this indication is helpful to let the Remote UE get knowledge of current situation. The UE may suspend its transmission towards Relay UE before Relay UE’s successful Uu link recovery, or even reselect another relay or Uu cell if there is latency critical service on-going.
[bookmark: _Ref68219030]Proposal 5 RAN2 to discuss whether to introduce new re-establishment trigger conditions for Remote UE as follows:
- The Relay UE Uu link failure (e.g., RLF) 
- The Relay UE Uu link recovery failure (e.g., RRC re-establishment failure)
[bookmark: _Ref68219031][bookmark: _Ref68260631]Proposal 6 RAN2 to discuss whether the Relay UE upon detecting Uu link failure (e.g., RLF) can be indicated to Remote UE.  How Remote UE uses the indicator is FFS.

The PC5 link RLF may be detected by either Remote UE or Relay UE. The PC5 RLF procedure in Rel-16 NR V2X can be reused and no enhancement to recover the PC5 link, and thus it may trigger Remote UE connection re-establishment.
[bookmark: _Ref68219035]Proposal 7 RAN2 to confirmed that upon Remote UE or Relay UE detecting PC5 RLF, the PC5 link is released as in Rel-16 NR V2X.
[bookmark: _Ref68219036]Proposal 8 The PC5 RLF detected by Remote UE may trigger the Remote UE connection re-establishment.
If the Remote UE connection re-establishment trigger condition is fulfilled, there can be 3 options for the Remote UE to send the RRCReestablishmentRequest message:
· Option 1: Remote UE selects a suitable cell to send the RRCReestablishmentRequest message;
· Option 2: Remote UE selects a suitable relay to send the RRCReestablishmentRequest message;
· Option 3: Remote UE send the RRCReestablishmentRequest message to the current Relay UE.
[bookmark: _Hlk68206219]Different options may be applied according to different re-establishment trigger conditions for the Remote UE. For example, for the case that the Relay UE PC5 link or Uu link is really bad, option 1or 2 can be applied. For another example, considering NR Uu legacy re-establishment trigger conditions, which are not related to radio link quality e.g., integrity check failure and reconfiguration failure, Remote UE should stay with current Relay UE as possible and thus option 3 is preferred.  Last but not the least, option 2 is necessary to support OOC Remote UE regardless of all the re-establishment trigger conditions. Above all, it is too early to exclude any option in current stage.
[bookmark: _Ref68219085]Proposal 9 RAN2 to study the candidate options for Remote UE to send the RRCReestablishmentRequest message by taking the legacy and new re-establishment trigger condition into account.
· Option 1: Remote UE selects a suitable cell to send the RRCReestablishmentRequest message;
· Option 2: Remote UE selects a suitable relay to send the RRCReestablishmentRequest message;
· Option 3: Remote UE sends the RRCReestablishmentRequest message to the current Relay UE.
2.4. RRC connection release
In TS 38.331, there are two different cases of RRC connection release. One case is the RRC connection release triggered by the network, the other case is RRC connection release triggered by the UE locally. 
· Case 1: RRC connection release triggered by the network
For example, when Remote UE stays in RRC_CONNECTED but there is no service data for a certain time, the network can send RRCRelease message to make Remote UE enter RRC_IDLE or RRC_INACTIVE to save power consumption. But on the contrary, when Relay UE stays in RRC_CONNECTED but there is no its own service data for a certain time, the network had better not release the Relay UE in case it still needs relaying service data for Remote UEs, especially when at least one of the PC5 connected Remote UEs is in RRC_CONNECTED. Moreover, legacy NR Uu RRC connection release procedure may be used to re-direct the UE to an NR frequency or an E-UTRA carrier frequency. This functionality may not be critical for Remote UE. Because RAN2 agreed that after Remote UE connects via Relay UE, Relay UE and Remote UE are controlled by the Relay UE's serving cell, such re-direction configuration (e.g., redirectedCarrierInfo, cellReselectionPriorities, deprioritisationReq) in RRCRelease message may lead to Remote UE in different serving cell from Relay UE. To avoid this undesired situation, it is preferred that the network had better not configure any re-direction parameters to Remote UE when it is PC5 connected to a Relay UE.
[bookmark: _Ref68219172]Proposal 10 The Relay UE is not expected to receive RRCRelease message from the NW. How to guarantee such requirement is FFS. 
[bookmark: _Ref68219173]Proposal 11 If Remote UE is PC5 connected to Relay UE, RAN2 to discuss whether to support Remote UE re-direction (e.g., redirectedCarrierInfo) within RRCRelease message. 

· Case 2: RRC connection release triggered by the UE locally
In exceptional cases, the UE may abort the RRC connection, i.e. move to RRC_IDLE without notifying network. The existing exception cases can be as following:
- UE connected to a CN that does not support IMS emergency calls [4];
- Manual search while RRC_CONNECTED [5];
- Failure of authentication check [6] ;
- etc.
For example, Relay UE in RRC_CONNECTED, if upper layers request the release of the RRC connection (e.g., due to authentication check failure), Relay UE will enter RRC_IDLE. However, this situation happens internally within Relay UE and cannot be known by its Remote UEs as well as the network. As a consequence, it may interrupt the relaying service for all served Remote UEs. Similar motivation as discussed in Proposal 6, the RRC local release event can also be indicated to the Remote UE.
[bookmark: _Ref68219174]Proposal 12 RAN2 to discuss whether the Relay UE upon locally RRC connection release in exceptional cases can be indicated to Remote UE. How Remote UE uses the indicator is FFS.
3. Conclusion
In this contribution, we discuss the RRC establishment/resume/re-establishment/release procedures for L2 U2N Relay. Our observations and proposal are given as follows.
Observation 1 According to TR 38.836, the RRC procedures for L2 U2N relay can reuse the legacy RRC procedure, with the message content/configuration design left to WI phase.
Observation 2 There are 2 candidate alternatives to support RNAU/TAU for Remote UE while which one would be adopted may be pending on whether there is any security issue in Opt-2.
· Opt-1: Relay UE sends its serving Cell information (i.e., PLMN identity/Cell identity/RAN area Code/TAC) to remote UE.
· Opt-2: Remote UE sends its RNA/TA configuration to Relay UE.
RRC connection establishment:
Proposal 1 RAN2 to discuss whether to control the RRC connection establishment procedure for Remote UE with a longer timer length than legacy T300.
RRC connection resume:
Proposal 2 RAN2 to discuss whether the PC5 RRC connection between Remote UE and Relay UE is released or kept when Remote UE is in RRC_INACTIVE.
Proposal 3 RAN2 to consider Opt-2 (Remote UE sends its RNA/TA configuration to Relay UE) to support Remote UE RNA/TA update procedure when it is PC5 connected to a Relay UE.
Proposal 4 If Proposal 3 is confirmed, for Remote UE RNAU/TAU, RAN2 send LS to SA3 to ask if there is security issue on exposing the RNA/TA configuration of one UE to another UE over PC5 interface.
RRC connection re-establishment:
Proposal 5 RAN2 to discuss whether to introduce new re-establishment trigger conditions for Remote UE as follows:
- The Relay UE Uu link failure (e.g., RLF) 
- The Relay UE Uu link recovery failure (e.g., RRC re-establishment failure)
Proposal 6 RAN2 to discuss whether the Relay UE upon detecting Uu link failure (e.g., RLF) can be indicated to Remote UE.  How Remote UE uses the indicator is FFS.
Proposal 7 RAN2 to confirmed that upon Remote UE or Relay UE detecting PC5 RLF, the PC5 link is released as in Rel-16 NR V2X.
Proposal 8 The PC5 RLF detected by Remote UE may trigger the Remote UE connection re-establishment.
Proposal 9 RAN2 to study the candidate options for Remote UE to send the RRCReestablishmentRequest message by taking the legacy and new re-establishment trigger condition into account. 
· Option 1: Remote UE selects a suitable cell to send the RRCReestablishmentRequest message;
· Option 2: Remote UE selects a suitable relay to send the RRCReestablishmentRequest message;
· Option 3: Remote UE send the RRCReestablishmentRequest message to the current Relay UE.
RRC connection release:
Proposal 10 The Relay UE is not expected to receive RRCRelease message from the NW. How to guarantee such requirement is FFS.
Proposal 11 If Remote UE is PC5 connected to Relay UE, RAN2 to discuss whether to support Remote UE re-direction (e.g., redirectedCarrierInfo) within RRCRelease message.
Proposal 12 RAN2 to discuss whether the Relay UE upon locally RRC connection release in exceptional cases can be indicated to Remote UE. How Remote UE uses the indicator is FFS.
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