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1. Introduction
According to the work item [1], one of the objectives for L2 relaying is as follows:
Work Item objectives specific to Layer-2 (L2) relaying:

1. Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:

2. Specify mechanisms for service continuity 

a. Limited to intra-gNB cases [RAN2]

3. Specify mechanisms for U2N Adaptation layer design [RAN2]

a. For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
4. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]
As part of the control mechanism for U2N relaying, the UE behaviour for connection establishment should be discussed which is dependent on the RRC states of both the remote UE and the relay UE. In this contribution, we considered some of the issues that should be addressed for such a relay establishment scenario and the handling of relay reselection upon PC5 RLF or Uu RLF. 

2. Discussion 

Based on the text in the TR [2], RAN2 has reached the following understanding for the connection establishment procedure for L2 U2N relaying reproduced below.  In particular, the part highlighted in step 2 below is what needs to be addressed in the WI phase.
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Figure 4.5.5.1-1: Procedure for Remote UE connection establishment

Step 1. The Remote and Relay UE perform discovery procedure, and establish PC5-RRC connection using the legacy Rel-16 procedure as a baseline.

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. 
… 
Observation 1
For L2 relay connection establishment procedure, if the relay UE is not in RRC_CONNECTED, it would need to perform its own connection establishment upon reception of a message on the default L2 configuration on PC5.
2.1. L2 relay connection establishment scenarios
Before looking at the issues to be addressed for relay connection establishment, it should be clarified which RRC states for both the remote UE and the relay UE under which such relay connection establishment should address.  Based on the conclusion of the TR [2], the following RRC states are assumed for L2 relaying:

· A Relay UE must be in RRC_CONNECTED to perform relaying of unicast data.

· For L2 UE-to-Network Relay:

· Remote UE(s) must be in RRC CONNECTED to perform transmission/reception of relayed unicast data.

· The Relay UE can be in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED as long as all the PC5-connected Remote UE(s) are in RRC_IDLE.   

· The Relay UE can be in RRC_INACTIVE or RRC_CONNECTED as long as all the PC5-connected Remote UE(s) are in RRC_INACTIVE.

Although, the TR mentioned the conditions based on PC5-connected remote UEs, our understanding is that the remote UE can also be in RRC_IDLE or RRC_INACTIVE when the PC5-RRC is released.  Therefore, we think two main scenarios need to be addressed.  

scenario 1. The relay UE may be in RRC_INACTIVE or RRC_IDLE while the remote UE is in RRC_INACTIVE or RRC_IDLE, respectively, and the PC5-RRC is released.

scenario 2. The relay UE may be in RRC_INACTIVE or RRC_IDLE while the remote UE is in RRC_INACTIVE or RRC_IDLE, respectively, and the PC5-RRC remains connected.

In scenario 1, if there are no unicast data to be relayed, the remote UE or the relay UE could choose to release the existing PC5-RRC connection.  This may be more likely for the case when the remote UE is in RRC_IDLE.  In scenario 2, if the remote UE may choose to keep the PC5-RRC connected even if no unicast data is being relayed, e.g., by sending keep-alive messages. This may be especially useful for the case when the remote UE is in RRC_INACTIVE, to reduce the delay in resuming the connection with the gNB. 

Observation 2
For the case when the relay UE is in RRC_INACTIVE or RRC_IDLE while the remote UE is in RRC_INACTIVE or RRC_IDLE, respectively; the PC5-RRC may be either connected or released.
For scenario 1, since the PC5-RRC must be connected before the RRC can be connected with the gNB, it is expected the remote UE will send a Direct Communication Request message to establish a new PC5-RRC connection with the relay UE, after the discovery and relay selection has been completed. Depending on the relay solution used for relay selection, in some cases relay selection may be combined with the Direct Communication Request message.  Therefore, there may be different points where the relay UE may be triggered to establish or resume connection with the gNB.  In some cases, the relay UE may already trigger the establishment/resume request as part of the relay selection procedure, prior to PC5-RRC connection establishment.  It may be assumed that if the remote UE selects the relay UE, the intention is for the remote UE to connect to the gNB and send unicast data; therefore, it isn’t necessary for the relay UE to wait for the PC5-RRC to be connected before the relay UE tries to establish/resume its connection with gNB. As discussed in the email discussion from the SI phase [3], the “first message” received by the relay UE over PC5 may be used as a trigger for the relay UE to establish its own connection to the gNB.  
Proposal 1
For scenario 1, the relay UE may be triggered to establish its own connection with the gNB upon the reception of a “first message” from the remote UE, regardless if the “first message” is part of the relay selection or PC5-RRC connection establishment message. 
For scenario 2, the situation is different.  Since the PC5-RRC connection is still active, no messages will be sent from the remote UE to the relay UE for either relay selection or to establish PC5-RRC. Since the remote UE is in either RRC_IDLE or RRC_INACTIVE and wishes to establish/resume connection with the gNB, it will send an RRCSetupRequest or an RRCResumeRequest message to the gNB via the established PC5-RRC connection with the relay UE.  For this case, the RRCSetupRequest or the RRCResumeRequest message will be the “first message”.  After receiving this “first message”, the relay UE will attempt to establish its own RRC connection with the gNB.  
Proposal 2
For scenario 2, the relay UE may be triggered to establish its own connection with the gNB upon the reception of a RRCSetupRequest or an RRCResumeRequest message from the remote UE. 
However, one problem that should be addressed is the case when the relay UE’s RRC connection request either failed or rejected by the gNB.  If the relay UE’s RRC connection cannot be established this also means the relay UE cannot relay the remote UE’s RRCSetupRequest or RRCResumeRequest to the gNB.  
Observation 3
For scenario 2, in case the relay UE’s RRC connection attempt fails, the relay UE will not be able to relay the remote UE’s RRCSetupRequest or RRCResumeRequest to the gNB.  
Hence, the relay UE will not be able to relay the response from the gNB that is expected at the remote UE. RAN2 should further discuss how such failure condition should be handled.  One possibility would be to allow the RRC connection timer e.g., T300 or T319 to expire, but that could cause excessive delay or the opportunity for the remote UE to search for an alternate relay UE, possibly served by a different cell. 

Proposal 3
For scenario 2, RAN2 should consider how to handle the case when the relay UE’s own RRC connection request fails while it has already received an RRCSetupRequest or an RRCResumeRequest from the remote UE. 
2.2. L2 relay reselection scenarios
Once the remote UE is RRC_CONNECTED, there are also radio link failure conditions that requires further discussion. Radio link failure may occur in the PC5 link or the Uu link.  In RAN2#113bis, the first set of block conclusions were reached:
(“Easy” proposals for block approval:)

Proposal 1: For relay (re)selection, RAN2 clarify that only the common parts of L2 and L3 relay is required to be completed by RAN#92. L2 specific design may be discussed in L2 relay agenda items in contribution driven manner.  

Proposal 4: RAN2 confirm below NR relay (re)selection procedures which are same as LTE Prose relay:

1) PC5 Measurement: For relay(s) without unicast PC5 sconnection, remote UE uses RSRP measurements of sidelink discovery messages (i.e. SD-RSRP) to evaluate whether PC5 link quality of a Relay UE satisfies relay selection and reselection criterion

2) Trigger of relay selection: Triggered at remote UE when: a) direct Uu link quality is below a configured threshold for an in-coverage remote UE (in IDLE/INACTIVE and CONNECTED for L3 U2N relay; L2 case to be further discussed); or b) triggered by upper layer

3) Trigger of relay reselection: Triggered at remote UE when: a) PC5 measurement towards current relay UE is below a (pre)configured threshold; or b) Reception of an upper layer release message or similar indication from current relay UE; or c) Triggered by upper layer 

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. 

Proposal 5: Same as LTE, Uu link threshold (like threshHigh-r13), PC5 link threshold(like q-RxLevMin-r13), L3 filter coefficient for SD-RSRP/SL-RSRP (like filterCoefficient-r13) and hysteresis (like hystMax-r13 and minHyst-r13) can be provided via SIB/RRC by gNB or pre-configuration. Handling of Uu link threshold being absent can reuse LTE approach (i.e. when absence, remote UE considers condition to be met). 

Proposal 6: In SD-RSRP measurement for relay (re)selection trigger and candidate relay evaluation, L3 filtering is applied across measurements on the DMRS of PSSCH transmission which carries discovery message from the concerned relay.

Proposal 8: RAN2 confirm that remote UE triggers relay reselection if PC5 RLF with current relay UE is detected by remote UE.  FFS if there is any impact to other RLF handling activities.
Proposal 14: Uu quality between relay UE and gNB is not included in discovery message as additional AS criteria for relay (re)selection  

Proposal 16: Include the information required for agreed additional AS criteria in discovery message.

Based on the Agreement 3 above, it is already clear that the remote UE may initiate relay reselection when the remote UE’s PC5 measurement towards current relay UE is below a (pre)configured threshold; or due to upper layer behaviour for release of PC5 connection. And from the second set of block agreements below, further clarifications were reached in terms of remote UE’s initiation of relay reselection upon Uu RLF:
[Proposals for block agreement]

Proposal 1: For L2/L3 relay common parts of relay (re)selection, RAN2 confirm that there is no support of service continuity from AS layer perspective

Proposal 2: gNB controlled relay (re)selection” or “gNB controlled path switch” belong to L2 relay service continuity agenda item, and they are not treated in relay (re)selection discussion by RAN#92

Proposal 3: QoS controlled relay (re)selection is not treated in relay (re)selection discussion by RAN#92

Proposal 6: When PC5 RLF is detected by relay UE on a PC5 unicast link towards a remote UE, relay UE in RRC_CONNECTED sends the PC5 RLF indication to gNB (as supported in R16 specification).
Proposal 4: When Uu RLF is detected by relay UE, relay UE may send a PC5-S message (similar to LTE) to its connected remote UE(s) and this message may trigger relay reselection. FFS other indication/message can also be used for notification.
Proposal 5: When relay performs HO to another gNB, relay UE may send a PC5-S message (similar to LTE) to its connected remote UE(s) and this message may trigger relay reselection. FFS other indication/message can also be used for notification
 

Based on the “Proposal 6” agreement above, it is already clear that the relay UE would send a PC5 RLF indication to the gNB if PC5 RLF is detected by the relay UE. It is also straightforward to assume that once the remote UE detects PC5 RLF, possibly at a slightly different time as the relay UE’s PC5 RLF detection, the remote UE would begin the relay reselection procedure. Even if the relay UE detects the PC5 RLF and sends an indication to the gNB, the remote UE should still be considered as in RRC CONNECTED and the remote UE may attempt to re-establish connection to the gNB, either through direct link or indirectly via another relay UE.
Observation 4
Upon PC5 RLF, the remote UE will attempt to re-establish connection to the gNB either directly or indirectly.
As it is already confirmed in the 1st block agreement above “Proposal 8” that the remote UE should initiate relay reselection upon detection of PC5 RLF with the current relay UE and it is FFS if there is any impact to other RLF handling activities. Since the detection of PC5 RLF is done independently by the remote UE and the relay UE, it is certainly probable that the remote UE detects PC5 RLF ahead of the relay UE PC5 RLF detection.  Therefore, the gNB would not have received the PC5 RLF indication from the relay UE before it receives a re-establishment request from the remote either directly or via a different relay UE through relay reselection. Since the current understanding is that the remote UE should only select one relay UE to indirectly connect to the gNB, if the gNB has not received the PC5 RLF indication from the previous relay UE, which means the previous relay UE has not detected PC5 RLF, the gNB should sent the PC5 RLF indication to the previous relay UE, so that the relay UE may inform the PC5 RLF to its upper layer.
Proposal 4
If the gNB receives a re-establishment request from the remote UE prior to receiving the PC5 RLF indicator from the relay UE associated with the same remote UE, the gNB should send a PC5 RLF indicator to the relay UE.
And when the Uu RLF is detected at the relay UE, it is also agreed based on “Proposal 4” of the agreement above that the relay UE may send a PC5-S message to its connected remote UEs and that this message may trigger relay reselection.  It is also FFS whether any other indication/message can also be used for notification.  In our view, it’s not yet clear how the relay reselection should be handled at the remote UE upon receiving the Uu RLF indication from the relay UE, particularly, as it relates to when and how the relay reselection should be handled by the remote UE.

Observation 5
It is not yet clear how relay reselection should be handled when the remote UE receives the Uu RLF indication from the relay UE. 
Considering Observation 5, there are at least the following options for the remote UE when it comes to relay reselection.

1. The remote UE should wait for the relay UE’s re-establishment status before performing relay reselection.  The relay UE should inform the remote UE of the success or failure of the re-establishment, which means another indication should be used to inform the remote UE of the re-establishment status.  

2. To reduce latency, the remote UE should be allowed to find a candidate relay UE while in case the current relay UE’s tries to recover from the Uu RLF. This could mean the remote UE should begin to transmit Model B discovery, if Model A discovery is not received.  To assist with relay reselection, it could also be considered whether the relay UE could provide it’s RRC connection status as part of discovery procedure.
3. The UE is allowed to select another relay UE while the relay UE attempts to recover from the Uu RLF.  It may be assumed that the remote UE would send a PC5-S message to the relay UE to release PC5 connection upon reselecting another candidate relay UE or to stay with the same relay UE if a direct path or indirect path (with another relay UE) cannot be found.  In case the re-establishment is successful and the remote UE has chosen an alternate path to the gNB, it should be considered whether the relay UE should inform the gNB that the RRC connection is no longer needed or if the relay UE should just allow the gNB to release the RRC connection upon inactivity if there is no longer any remote UE connected to the relay UE. 
Proposal 5
RAN2 should consider whether the remote UE should perform relay reselection before or after the outcome of the relay UE’s RRC re-establishment.
3. Conclusion 

In this contribution, we considered the issue with L2 relay connection establishment for both the remote UE and the relay UE as well as the handling of relay reselection upon either PC5 RLF or Uu RLF.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
For L2 relay connection establishment procedure, if the relay UE is not in RRC_CONNECTED, it would need to perform its own connection establishment upon reception of a message on the default L2 configuration on PC5.
Observation 2
For the case when the relay UE is in RRC_INACTIVE or RRC_IDLE while the remote UE is in RRC_INACTIVE or RRC_IDLE, respectively; the PC5-RRC may be either connected or released.

Proposal 1
For scenario 1, the relay UE may be triggered to establish its own connection with the gNB upon the reception of a “first message” from the remote UE, regardless if the “first message” is part of the relay selection or PC5-RRC connection establishment message. 
Proposal 2
For scenario 2, the relay UE may be triggered to establish its own connection with the gNB upon the reception of a RRCSetupRequest or an RRCResumeRequest message from the remote UE. 
Observation 3
For scenario 2, in case the relay UE’s RRC connection attempt fails, the relay UE will not be able to relay the remote UE’s RRCSetupRequest or RRCResumeRequest to the gNB.  
Proposal 3
For scenario 2, RAN2 should consider how to handle the case when the relay UE’s own RRC connection request fails while it has already received an RRCSetupRequest or an RRCResumeRequest from the remote UE. 
Observation 4
Upon PC5 RLF, the remote UE will attempt to re-establish connection to the gNB either directly or indirectly.
Proposal 4
If the gNB receives a re-establishment request from the remote UE prior to receiving the PC5 RLF indicator from the relay UE associated with the same remote UE, the gNB should send a PC5 RLF indicator to the relay UE.

Observation 5
It is not yet clear how relay reselection should be handled when the remote UE receives the Uu RLF indication from the relay UE.

Proposal 5     RAN2 should consider whether the remote UE should perform relay reselection before or after the outcome of the relay UE’s RRC re-establishment.
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