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Introduction 
As part of the study phase, the topic of service continuity and path-switching was discussed extensively in a post email discussion [1] and key agreements were made in RAN2 meeting #112e regarding the baseline procedure for path-switching between direct (Uu) and indirect (via relay) path switching scenarios for Layer-2 UE to Network (U2N) Relay. A consensus was also reached regarding the TP for the signalling flows for the baseline procedure and is included in the TR [2]. In this contribution we discuss some open points regarding the AS-layer aspects for the path-switching procedure between direct and indirect communication, for L2 UE-to-Network relay.
Discussion
In RAN2 meeting # 112e, it has been agreed to adopt the Rel-15 NR handover procedure as baseline for the AS-layer solution to guarantee service continuity for L2 UE-to-Network relay. Here we discuss details regarding the signalling aspects for service continuity between Uu and indirect relay paths for the intra-gNB case.
2.1 Switching from indirect to direct path
For service continuity of L2 UE-to-Network relay, the following baseline procedure is captured in the TR 38.836 (the diagrams are shown in annex), in case of remote UE switching to direct Uu cell.
Step 1: Measurement configuration and reporting
Step 2: Decision of switching to a direct cell by gNB 
Step 3: RRC Reconfiguration message to Remote UE
Step 4: Remote UE performs Random Access to the gNB
Step 5: Remote UE feedback the RRCReconfigurationComplete to gNB via target path, using the target configuration provided in the RRC Reconfiguration message.
Step 6: RRC Reconfiguration to Relay UE
Step 7: The PC5 link is released between Remote UE and the Relay UE, if needed.
Step 8: The data path switching.
NOTE:    The order of step 6/7/8 is not restricted. Following are further discussed in WI phase, including: 
-    Whether Remote UE suspends data transmission via relay link after step 3; 
-    Whether Step 6 can be before or after step 3 and its necessity; 
-    Whether Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration; 
-    Whether Step 8 can be after step 5.
2.1.1 Measurement configuration and reporting
Step 1 includes measurement configuration and reporting. Firstly, the Remote UE may use the existing SL measurement events for the SL-RSRP measurements, however, a new mechanism needs to be introduced for reporting the PC5 link quality to the gNB which then triggers the HO/path-switching procedure as required. We need to wait for the relay (re)selection discussion to conclude on whether both data-based and discovery message-based RSRP measurements are to be considered. Secondly, the legacy S-measure criterion may not be used as a triggering condition for the case of indirect to direct path switching, in which case a new triggering condition for measurement reporting event needs to be defined in RAN2.
Proposal 1: A new mechanism needs to be introduced for reporting the PC5 link quality to the gNB.
Proposal 2: A new triggering condition for measurement reporting event needs to be defined in RAN2 for the case of indirect to direct path switching.
2.1.2 RRC Reconfiguration message content
It has been captured in the TR that “Exact content of the messages (e.g. handover command) can be discussed in WI phase”.  In Step 3, the gNB triggers the handover or path-switching by sending (via the Relay UE) an RRCReconfiguration with sync message to the Remote UE containing any necessary information required to access the target cell directly. We need to discuss whether to include the cell ID and the gNB security algorithm identifiers for the selected security algorithms as the UE already has an RRC connection through the same node (considering intra-gNB scenario). The gNB may also include the new C-RNTI and necessary RACH information to access the cell.
2.1.3 Open aspects regarding RRC Reconfiguration for Relay UE and PC5 link Release/Reconfiguration
Here we address each of the points, as highlighted in the NOTE above as captured from the TR.
1) Suspension of data transmission for Remote UE via relay link: It was left for further study whether the Remote UE suspends data transmission via relay link after step 3. According to the configuration from the gNB, additional RLC channels are set up between the Remote UE and Relay UE to support traffic relaying. For the uplink traffic, the Uu adaptation layer supports UL bearer mapping and is responsible for correlating the received PDCP packets to the Remote UE’s Uu Radio Bearer. Therefore, data transmission must be suspended for Remote UE via the relay link before Step 5 where the Remote UE handover from the indirect to direct path is completed. With this understanding, it is reasonable to assume that the data transmission for the Remote UE via the relay link is suspended upon the reception of the RRCReconfiguration message by the Remote UE from the gNB however any ongoing data forwarding may continue for buffered data. This aspect is also related to the other open in the TR “Whether Step 8 can be after step 5”. Note that if data transmission via the relay link has been suspended at Step 3, and the Remote UE has synchronized to the gNB by sending the RCReconfigurationComplete message, the handover procedure is deemed complete in terms of data transmission at which point the UL/DL data transmission over the Uu link may begin.
 
Observation 1: UL data transmission at Remote UE via relaying can be suspended as soon as Remote UE receives Handover command (step 3) from the gNB.

2) Necessity and timeline for Step 6:  There are two options which can be considered when debating the necessity for the RRCReconfiguration message in step 6 for the Relay UE.  In option 1, step 6 may be skipped and step 7 is initiated after step 5. In such a case, other mechanism may be defined upon which the RBs for the Remote UE will be released from the Relay UE. In option 2, step 6 includes the RRCReconfiguration message from the gNB to the Relay UE configuring it to release the Remote UE before Step 7 is initiated. Whether option 1 or option 2 is chosen can achieve the same result, while option 1 has less signalling overhead, however, there is no specification impact. On the other hand, option 2 would have some impact and potentially, the signalling between gNB and Relay UE needs to occur after the data transmission has been suspended via the relay UE already in Step 3.

Observation 2: Having step 6 would enable graceful release of Remote UE’s bearer mapping and context at the Relay UE.

3) Necessity and timeline for Step 7:   PC5-RRC connection is a logical connection between two UEs (with source and destination layer-2 IDs) which is considered established upon corresponding PC5 unicast link establishment in upper layer (e.g. V2X). There are two options which can be considered when assessing the necessity for Step 7. In option 1, we consider the case when a PC5 unicast link for regular sidelink transmission exists between the Relay UE and the Remote UE apart from the relaying indirect path. In such a scenario, it is appropriate to have a PC5-Reconfiguration message with certain release cause rather than a PC5-RRC unicast link release. 

In option 2, we consider when such unicast link does not already exist. As per TS 23.287, PC5 link release is supported at upper layer. Therefore, when the UE switches to the Uu link, the PC5 ‘connection’ release to help UE exit the relaying link could potentially be triggered at the upper layer and informed to the lower layers. Here we wonder if step 7 corresponds to AS layer action as well. Considering this, it would be good to clarify whether we want to introduce ‘PC5 link release’ as an explicit PC5-RRC message in AS layer. This could be an indication from AS layer to upper layers which may initiate the link release procedure as already supported in the SA2 specifications. 

Proposal 3: RAN2 to discuss (a) whether to reuse layer-2 link release triggered by the upper layer, as supported in NR Sidelink using an indication from AS layer, or (b) perform the release at AS layer using PC5-RRC message, for path switching procedure in SL relaying. 

Proposal 4: PC5-RRC link release can be supported by a) a new message introduced at PC5-RRC for release or b)reusing PC5 Reconfiguration with certain relaying-specific release cause.
2.2 Switching from direct to indirect path
For service continuity of L2 UE-to-Network relay, the following baseline procedure is captured in the TR, in case of remote UE switching to indirect path via Relay UE.
Step 1: Remote UE reports one or multiple candidate Relay UE(s), after Remote UE measures/discoveries the candidate Relay UE(s).
-    Remote UE may filter the appropriate Relay UE(s) meeting higher layer criteria when reporting, in step 1.
-    The reporting may include the Relay UE's ID and SL RSRP information, where the measurement on PC5 details can be left to WI phase, in step 1.
Step 2: Decision of switching to a target Relay UE by gNB, and target (re)configuration is sent to Relay UE optionally (like preparation).
Step 3: RRC Reconfiguration message to Remote UE. Following information may be included: 1) Identity of the target Relay UE; 2) Target Uu and PC5 configuration.
Step 4: Remote UE establishes PC5 connection with target Relay UE, if the connection has not been setup yet.
Step 5: Remote UE feedback the RRCReconfigurationComplete to gNB via target path, using the target configuration provided in RRCReconfiguration.
Step 6: The data path switching.
NOTE:    Following are further discussed in WI phase, including: 
-    Whether Step 2 should be after Relay UE connects to the gNB (e.g. after step 4), if not yet before;
-    Whether Step 4 can be before step 2/3.
2.2.1 Measurement configuration and reporting
Step 1 includes measurement configuration and reporting, where a remote UE may report one or multiple candidate relay UEs to the gNB. There are several aspects to consider here. Firstly, similar to the indirect to direct path switching case discussed above, a new mechanism for reporting PC5 link quality to the gNB needs to be defined in RAN2. Secondly, for Rel-15 NR HO procedure, the S-measure criterion is used to trigger a measuring event, if the target cell meets the preconfigured Rx-level and quality threshold. For this case of direct to indirect path switching, the same legacy S-measure criterion may be used as a trigger condition for the Remote UE to perform Uu and PC5 measurements.
Proposal 5: Legacy S-measure criterion may be used as a trigger condition for the Remote UE to perform Uu measurement for the case of direct to indirect path switching.
Another aspect to consider here is regarding the alternatives of PC5 measurement to trigger relay (re)selection which are under discussion in RAN2 under AI 8.7.3. For the measurement reporting, if data transmission is active, then the reporting may include the SL-RSRP information. However, for the case of no data transmission, the Remote UE shall report the SD-RSRP information in the measurement report. In any case, we need to wait for the relay (re)selection and discovery related discussions to conclude on whether both data-based and discovery message-based RSRP measurements are to be considered. We also need to discuss whether the Remote UE reports multiple Relay UEs or only one Relay UE measurements and correspondingly, we discuss the necessity of including the Relay UE ID in the report. 
Proposal 6: For the direct to indirect path switching, wait for relay (re)selection/discovery conclusion to discuss the PC5 link quality measurement report mechanism.
2.2.2 RRC Reconfiguration 
The RRCReconfiguration message to generally prepare the Remote UE with target information will look different as the target is a Relay UE. For example, while contention free RACH resources may be allocated in the legacy Rel-15 HO procedure [3], in this case, dedicated RACH resources are not required since the Remote UE is connected to the target gNB via the Relay UE only while adaptation layer configuration and mapping of bearer configuration etc may be needed.
2.2.3 Steps 2, 3 and 4
In the agreed baseline flow as currently included in the TR, steps 2, 3 and 4 seem decoupled with no interdependence. For the open in the TR, “Whether Step 4 can be before step 2/3”, as discussed above, it is related to how we prefer the procedure flow as in whether the gNB can reconfigure the Relay UE before or after reconfiguring Remote UE and the PC5 link establishment between the Remote UE and Relay UE. At the same time, unless the Relay UE is reconfigured in time, step 5 cannot be relayed. There may be the case where unicast PC5 connection is already established for general SL communication. In this case, the question is whether we can skip step 4 i.e. effectively step 2 is performed after step 4. We think that although unicast PC5 connection is already established, further reconfiguration over PC5-RRC would be required to establish PC5 channels for data to be relayed. Therefore, regardless of unicast PC5 connection status, it is reasonable to assume that step 2 should be performed before step 4.
Proposal 7: Step 4 should be performed after steps 2 and 3. 
Regarding between step 2/3/4 and step 5, similar to the initial control plane procedure, Uu RLC channel for SRB1 or DRB at the Relay UE needs to be set up before step 5.  In step 2, target (re)configuration is sent to Relay UE optionally. However, in order to establish Uu RLC channel for SRB1 or DRB, it is required to configure relay UE by the gNB. Therefore, it is required that step 2 of Relay UE’s RRC Reconfiguration should occur before step 5. Steps 3 and 4 should be also performed before step 5 to establish the required PC5 channels.  Step 2, however, can occur before or after steps 3 and 4 as long as these are performed before step 5.
Proposal 8: Step 5 should be performed after steps 2, 3 and 4. Ordering among steps 2 and 3 is insignificant.
2.2.4. Additional Indication from Relay UE
For LTE Release 13 U2N Relay, it was considered that the Relay UE indicated to the eNB that it was acting as a Relay UE as soon as it received upper layer link establishment request and obtained resources if any from the eNB as discussed below in TS 36.300. 
	After receiving a layer-2 link establishment request or TMGI monitoring request (upper layer message) [62] from the Remote UE, the ProSe UE-to-Network Relay indicates to the eNB that it is a ProSe UE-to-Network Relay and intends to perform ProSe UE-to-Network Relay sidelink communication. The eNB may provide resources for ProSe UE-to-Network Relay communication.



For the case of direct to indirect path switching, it may be useful to define a message exchange between Relay UE and gNB upon some form of decision to perform relaying, making the gNB potentially aware of the relay UE. Such indication can be used as a pre-cursor to the step when gNB performs RRC Reconfiguration for the Relay UE. This aspect is also addressed in our companion contribution [4].
Proposal 9:  RAN2 discuss whether it is feasible for the Relay UE to send indication to the gNB to initiate its own Reconfiguration upon establishing unicast link with Remote UE.
[bookmark: Proposal_Pattern_Length]Conclusions
In this contribution we provided our view on the remaining aspects to be discussed related to service continuity and have the following observations and proposals:
Proposal 1: A new mechanism needs to be introduced for reporting the PC5 link quality to the gNB.
Proposal 2: A new triggering condition for measurement reporting event needs to be defined in RAN2 for the case of indirect to direct path switching.
Observation 1: UL data transmission at Remote UE via relaying can be suspended as soon as Remote UE receives Handover command (step 3) from the gNB.
Observation 2: Having step 6 would enable graceful release of Remote UE’s bearer mapping and context at the Relay UE.
Proposal 3: RAN2 to discuss (a) whether to reuse layer-2 link release triggered by the upper layer, as supported in NR Sidelink using an indication from AS layer, or (b) perform the release at AS layer using PC5-RRC message, for path switching procedure in SL relaying. 
Proposal 4: PC5-RRC link release can be supported by a) a new message introduced at PC5-RRC for release or b)reusing PC5 Reconfiguration with certain relaying-specific release cause.
Proposal 5: Legacy S-measure criterion may be used as a trigger condition for the Remote UE to perform Uu measurement for the case of direct to indirect path switching.
Proposal 6: For the direct to indirect path switching, wait for relay (re)selection/discovery conclusion to discuss the PC5 link quality measurement report mechanism.
Proposal 7: Step 4 should be performed after steps 2 and 3. 
Proposal 8: Step 5 should be performed after steps 2, 3 and 4. Ordering among steps 2 and 3 is insignificant.
Proposal 9:  RAN2 discuss whether it is feasible for the Relay UE to send indication to the gNB to initiate its own Reconfiguration upon establishing unicast link with Remote UE.
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Figure 4.5.4.1-1: Procedure for Remote UE switching to direct Uu cell (TR 38.836)


Figure 4.5.4.2-1: Procedure for Remote UE switching to indirect Relay UE (TR 38.836)
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