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1
Introduction

Service continuity is one objective for studying of NR SL L2/L3 relay mechanism [1]. After last RAN2#111e meeting, an email discussion on service continuity [2] was kicked off. The scenarios and solutions for L2 and L3 UE-NW relay was fully discussed in the email discussion and many aspects were reached a consensus among companies. But there are still some issues are controversial. In this contribution, we will discuss some debatable issues about scenarios and solutions for service continuity for L2/L3 UE-NW relay and give our considerations. 
2 Service continuity

2.1 Scenario
According to the email discussion [2], the majority companies have a consensus to study the mobility scenario of “between direct (Uu) path and indirect (via the relay) path” for UE-NW relay and to deprioritize the mobility scenario of “between indirect (via a first relay UE) and indirect (via a second relay UE)” for path switching in the SI phase. RAN2 deprioritizes the group mobility scenario in the SI phase, which may be discussed in WI phase, if needed. 

In addition, according to rapporteur’s summary, it proposes that RAN2 focuses on the mobility scenarios of intra-gNB cases in the SI phase and assumes the inter-gNB cases can also be supported but leaves the inter-gNB cases which have RAN3 issues and potential different impacts on RAN2 Uu interface compared to intra-gNB case to WI phase. Thus, only signalling procedures for switching between direct path and indirect path for intra-gNB case for L2 UE-NW Relay are discussed and to be captured into the TR 38.836 [3]. However, in our opinion, the general signalling procedures for inter-gNB cases shall also be identified and documented in the TR. As majority companies’ views, inter-gNB mobility scenario is also a valid and important case and shall be supported. Though some RAN3 issues may be involved in the inter-gNB cases, we can just capture the related normal Xn signallings but leave the detailed RAN3 impacts to the WI phase. In the following section 2, the general signalling procedures for switching between direct link and indirect link for inter-gNB cases are discussed and presented.
Proposal 1: Similar to the intra-gNB cases, it is suggested that the general signalling procedures for inter-gNB cases shall be identified and documented in the TR 38.836 as well. While the detailed impacts on RAN3 and RAN2 are left to WI phase.
In the last RAN2#111e meeting, the scenario of whether remote UE can simultaneously have direct link and indirect connection/data transmission is still pending. But from companies comments, most companies think the remote UE can have a direct Uu connection or a connection via a single relay UE, but these two connections should not be active at the same time. To handle service continuity, company views about whether to deprioritize the simultaneous scenario are collected in the email discussion, but some companies are concerned about the wording in P1-6 or whether it is applied to both L2/L3 as the common scenario. 
	Proposal 1-6: R2 deprioritize the scenario where remote UE has the simultaneous transmission of one QoS flow with both source and target path for the optimization of “almost 0ms interruption” (e.g. DC-like mobility, DAPS-like mobility and AS layer make-before-break-like mobility), in both L2 and L3 relay.


We are fine with the intention to deprioritize the scenario where remote UE has the simultaneous UP data transmission with both direct and indirect path or two indirect paths, and understand that it is a common requirement and scenario which shall be applied for both L2 and L3 Relay. But we also think the above wording in P1-6 is not clear. The simultaneous transmission of “one QoS flow” is unrealistic for L3 relay. Because remote UE is not visible and reachable by network and does not establish PDU session with core network in L3 relay architecture, the QoS flow in indirect link is actually different from the QoS flow in direct link (which are PC5 QoS flow and Uu QoS flow respectively). Thus, it cannot be transmitted directly using the other link path. We think it is better to replace “simultaneous transmission of one QoS flow” with “simultaneous UP data transmission”. In addition, to avoid the misunderstanding that “source/target” which seems to imply concept of HO for L2 relay, it may be better to be replaced by “direct and indirect path or two indirect paths”.
2.2 L2 relay

In the email discussion [2], the baseline procedures for switching between indirect link and direct link for intra-gNB case are discussed and being proposed, but we have some further concerns. In addition, as discussed in section 2.1, we think the general signalling procedures for inter-gNB cases shall also be identified and documented in the TR 38.836.
2.2.1 Procedure for switching from indirect link to direct link for intra-gNB case

In the below square, the baseline procedure for remote UE switching from indirect link to direct Uu link (intra-gNB case) is proposed in the email discussion. However, we have some concerns about the procedure and flowchart.
	For service continuity of L2 U2N relay, the following baseline procedure is used, 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 RA 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.

The order of step 6/7/8 is not restricted. Followings are further discussed in WI phase, including:

FFS: Remote UE suspends data transmission via relay link after step 3.
FFS: Step 6 can be before or after step 3 and its necessity.

FFS: Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration.

FFS: Step 8 can be after step 5.

Capture Figure 2-2 in the TR.
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Figure 2-2: Procedure for remote UE switching to direct Uu cell


In step 2, we can directly say “Decision of path switching to direct link”. In step 4, it is not appropriate to say “RA to gNB”. Here the scenario we considered is intra-gNB case, i.e. the remote UE connected to the gNB via relay link switches to the direct Uu link with the same gNB. Then what does the “RA to gNB” do is not clear. Actually, the remote UE just needs to establish the Uu SRBs and DRBs with associated Uu RLC bearers according to the RRC reconfiguration message. After that, the remote UE sends the RRC reconfiguration message via the direct Uu link to the gNB using the established Uu SRB. 
For step 6, we think the RRC reconfiguration to the relay UE is needed to notify the path switch of remote UE and to configure the release of remote UE related Uu configuration, such as the mapping of remote UE Uu DRB to Uu BH RLC bearer and the dedicated Uu BH RLC bearer for the remote UE. Someone may argue that the relay UE can release the remote UE related Uu configuration by the triggering of PC5 link release from the remote UE or by relay UE implementation. But this is not the normal UE behaviour. Generally, UE behaviour shall follow network configuration.
For step 7, if the PC5 link is released between remote UE and relay UE, the relay UE shall send sidelinkUEInformation to gNB to update the destination remote UE list, which is the legacy procedure. Hence, a step with dotted arrow for sidelinkUEInformation reporting shall be added after step 7.
For step 8, during the data path switches to the direct Uu link, the lossless delivery should be considered, which can be added as an FFS. 
Based on the above discussion, we suggest to reword some steps and redraw the flowchart as blow and to capture them in the TR.

Step 2: gNB decision of remote UE path switching from relay link to direct link.
Step 4: Remote UE establishes the Uu SRBs and DRBs with associated Uu RLC bearers according to the RRC reconfiguration message.
Step 5: Remote UE feedback the RRC reconfiguration complete message to the gNB via the direct link using the established Uu SRB in previous step. 
Step 6: RRC reconfiguration to relay UE to notify the path switch of the remote UE and to configure the release of remote UE related Uu configuration.
Step 8: Relay UE sends sidelinkUEInformation to gNB if the PC5 link is released between remote UE and relay UE.
Step 9: The data path switching to the direct link. FFS how to ensure the lossless delivery during the data transfer.
Proposal 2: It is suggested to capture the reworded steps and redrawn flowchart for remote UE path switching from indirect link to direct link for intra-gNB case in the TR 38.836.
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Figure 1. path switch from indirect link to direct link of intra-gNB case
2.2.2 Procedure for switching from direct link to indirect link for intra-gNB case

In the below square, the baseline procedure for remote UE switching from direct link to indirect Uu link (intra-gNB case) is proposed in the email discussion. However, we have some concerns about the procedure and flowchart.
	For service continuity of L2 U2N relay, the following baseline procedure is used, in case of remote UE switching to indirect 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 on relay UE   optionally (like preparation).

Step 3: RRC Reconfiguration message to remote UE

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.

Following are further discussed in WI phase, including:

FFS: Step 2 should be after relay UE connects to the gNB (e.g. after step 4), if not yet before.

FFS: Step 4 can be before step 2/3.

Capture Figure 2-3 in the TR.

[image: image3.png]Relay UE

Remote UE

0. UL/DL data

1. Measurement configuration apd reporting N

.

2. Decision of switching to
a target relay UE

RRC Reconfiguration for remotd UE
|3 RRC Reconfiguration message
4. PCS connection establishment) i not exist
5. RRC Reconfiguration Completd message N

6. UL/DL data
G S —





Figure 2-3: Procedure for remote UE switching to indirect relay UE


It is better to capture the steps of the configuration to remote UE about when to perform candidate relay discovery and how to report the candidate relay UE(s) and the relay discovery in the flowchart before the step 1. In addition, we shall not exclude the option that the remote UE itself decides/selects the relay UE. The RRC connected/idle/inactive remote UE may have an unified relay selection mechanism. Certainly, even if the remote UE autonomously selects the relay UE, it shall notify the network that it selects a relay UE and will switch to the relay link.  
For step 4, if the PC5 connection between remote UE and relay UE is newly established, the relay UE shall send sidelinkUEInformation to gNB to update the destination remote UE list, which is the legacy procedure. Hence, a step with dotted arrow for sidelinkUEInformation reporting shall be added after step 4. 
Based on the above discussion, we suggest to reword some steps and redraw the flowchart as blow and to capture them in the TR.

Step 1: RRC reconfiguration to remote UE about SL related configuration, such as the configuration to perform candidate relay discovery and to report the candidate relay UE(s).
Step 2: Relay discovery (and optionally selection). It is noted that the remote UE autonomously selects the relay UE based on the configuration in step 1 and reports the selected relay UE to the gNB is not excluded. 
Step 3: Remote UE reports one or multiple candidate relay UE(s) to the gNB. The remote UE may filter the appropriate relay UE(s) according to the configuration in step 1 and meeting high layer criteria when reporting. The reporting may include the relay UE’s ID and SL RSRP information. 
Step 7: Relay UE sends sidelinkUEInformation to gNB if the PC5 connection between remote UE and relay UE is newly established.
Proposal 3: It is suggested to capture the reworded steps and redrawn flowchart for remote UE path switching from direct link to indirect link for intra-gNB case in the TR 38.836.
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Figure 2. path switching from direct link to indirect link of intra-gNB case
2.2.3 Procedure for switching from indirect link to direct link for inter-gNB case

As discussed in section 2.1, we think the general signalling procedures for inter-gNB cases shall also be identified and documented in the TR 38.836. In this section, the general steps and procedure for remote UE switching from indirect link to direct link for inter-gNB case are presented. The detailed RAN2 and RAN3 impacts (Xn signalling) are left to WI phase.

For service continuity of L2 U2N relay, the following baseline procedure is used, in case of remote UE switching from indirect relay link to direct link for inter-gNB case:

Step 1: Measurement configuration and reporting.

Step 2: The source gNB handover decision of switching from indirect relay link to a direct link of a target gNB. 

Step 3-4: Handover signalling exchange between the source gNB and target gNB.

Step 5: RRC reconfiguration to remote UE including the handover command from the target gNB.

Step 6: Remote UE performs RACH to the target gNB.

Step 7: The source gNB forwards the remote UE’s data to the target gNB.

Step 8: Remote UE sends RRC reconfiguration complete message to the target gNB via the direct link using the configuration provided in RRC reconfiguration message in step 5.

Step 9: UE context release.

Step 10: PC5 link is released between remote UE and relay UE, if needed. FFS this step can be after step 5 or 6 or 8.

Step 11: Remote UE data path switches to the direct link with the target gNB.

Proposal 4: It is suggested to capture the general steps and procedure for remote UE switching from indirect link to direct link for inter-gNB case into the TR 38.836.
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Figure 3. Procedure for switching from indirect link to direct link for inter-gNB case
2.2.4 Procedure for switching from direct link to indirect link for inter-gNB case

In this section, the general steps and procedure for remote UE switching from direct link to indirect link for inter-gNB case are presented. The detailed RAN2 and RAN3 impacts (Xn signalling) are left to WI phase.

For service continuity of L2 U2N relay, the following baseline procedure is used, in case of remote UE switching from direct link to indirect relay link for inter-gNB case:

Step 1-3: These steps are the same as the intra-gNB case in section 2.2.2.

Step 4: The source gNB decision of switching from direct link to indirect relay link of a target gNB. 

Step 5-7: Handover signalling exchange between the source gNB and target gNB, and target (re)configuration on relay UE optionally (like preparation).

Step 8: RRC reconfiguration to remote UE including the handover command from the target gNB.

Step 9: The source gNB forwards the remote UE’s data to the target gNB.

Step 10: Remote UE establishes PC5 connection with target relay UE, if the connection has not been setup yet.
Step 11: Remote UE sends RRC reconfiguration complete message to the target gNB via the indirect relay link using the RRC reconfiguration from the target gNB.

Step 12: UE context release.

Step 13: Remote UE data path switches to the indirect link with the target gNB via the relay UE.

Proposal 5: It is suggested to capture the general steps and procedure for remote UE switching from direct link to indirect link for inter-gNB case into the TR 38.836.
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Figure 4. Procedure for switching from indirect link to direct link for inter-gNB case
2.3 L3 relay
In Release 13 UE-to-NW relay, EPC and RAN are not aware of remote UE. In consequence, application layer mechanism is used to support service continuity, which has no impacts on RAN2. When remote UE switches from Uu path to relay path, a new IP address allocated by relay UE will replace old IP address allocated by PGW, and remote UE reports the change of IP address to application layer. Additionally, in order to minimize any packet loss and/or packet delay, application layer mechanism uses “Make-before-break” principle, i.e implying that the remote UE temporarily keeps the “previous” path (PC5 or Uu) until the “new” path has been established. 

When it comes into NR sidelink relay, during RAN2 discussion, three possible solutions were proposed as following:

Option 1: relay UE acts as the “gNB” in N3IWF L3 architecture proposed in R2-2007041. 

Option 2: relay/gNB could provide AS control parameters to trigger switching, similar to discovery control.

Option 3: Study/capture make-before-break like solutions for L3.

For option1, relay UE acts as the “source gNB” and forwards the SN status and data to gNB during handover procedure. Since only one gNB was described in the procedure. it seems option1 is mainly used for intra-gNB handover. However, to realize option1, gNB needs to recognize remote UE’s SN status and data, which violates the general principle of L3 relay, i.e. RAN is not aware of remote UE and also does not store any remote UE’s context. As described in the corresponding contribution, option1 only works in N3IWF based L3 architecture, but we do not see any relations between option1 and N3IWF architecture. Actually, according to switching procedure described in this contribution, no N3IWF specific signaling is needed . For option2, it is more like the relay reselection mechanism but not a service continuity solution. Option 3 is the same solution used in Release 13 as illustrated above. 

From RAN2’s point of view, to guarantee the service continuity, gNB must be aware of UE performing handover, i.e., store the contents of UE. This is completely different from the basic principle of L3 relay. Therefore, L3 relay can not guarantee the service continuity from AS layer’s perspective.
Proposal 6: From RAN2’s perspective, service continuity for L3 UE-NW relay cannot be guaranteed by AS layer mechanisms, so it is suggested to use the upper layer (e.g. application layer) solution.
3 Conclusion
In this contribution, we discussed some debatable issues about scenarios and solutions for service continuity for L2/L3 UE-NW relay. And we have the following proposals:
Proposal 1: Similar to the intra-gNB cases, it is suggested that the general signalling procedures for inter-gNB cases shall be identified and documented in the TR 38.836 as well. While the detailed impacts on RAN3 and RAN2 are left to WI phase.
Proposal 2: It is suggested to capture the reworded steps and redrawn flowchart for remote UE path switching from indirect link to direct link for intra-gNB case in the TR 38.836.
Proposal 3: It is suggested to capture the reworded steps and redrawn flowchart for remote UE path switching from direct link to indirect link for intra-gNB case in the TR 38.836.
Proposal 4: It is suggested to capture the general steps and procedure for remote UE switching from indirect link to direct link for inter-gNB case into the TR 38.836.
Proposal 5: It is suggested to capture the general steps and procedure for remote UE switching from direct link to indirect link for inter-gNB case into the TR 38.836.
Proposal 6: No AS layer solution to guarantee the service continuity, and leave it to the upper layer (e.g. application layer) solution.
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