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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN2#114-e meeting, an email summary [1] was handled by Samsung and good progress was made, but due to time limitation, there are still some leftover issues need further discussion. In the current contribution, we analyze these issues one by one.
Discussion
Regarding to the intra-gNB case, there are two kinds of path switching: indirect to direct, and direct to indirect. In the following, we will analyse these two kinds of path switching individually. In the last session, we will show our view on lossless support.
Direct to indirect path switching
[bookmark: _Ref59547890][bookmark: _Ref59547894]The direct to indirect path switching was discussed in the study item and agreed to adopt the following procedure as baseline [2]:


Figure-1: Procedure for direct to indirect path switching

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In the current contribution, we further discuss the details of each step based on the above Figure-1, which include:
· Issue 1: Whether AS and higher layer filtering is needed to determine the candidate relay UE(s) carried in the measurement report in step 1?
· Issue 2: When the gNB decides the target relay UE, whether the RRC reconfiguration message sent to the target relay UE should be completed before gNB sending RRC reconfiguration to the remote UE?
· Issue 3: What information should be included in the RRC reconfiguration message sent to the target relay UE?
· Issue 4: When does the PC5 connection between the remote UE and the target relay UE should be established?
· Issue 5: Whether the gNB can select a target relay UE which is in RRC_IDLE or RRC_INACTIVE?
# Whether AS and higher layer filtering is needed to determine the candidate relay UE(s) carried in the measurement report in step 1?
It should further discuss how to determine the candidate relay UE(s) carried in the measurement report in step 1? Whether AS and higher layer filtering is needed. In the RAN2#113bis meeting, it was agreed that:
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. 
In our understanding, the above AS-layer & higher layer criteria for selecting suitable relay UE(s) in case of relay (re)selection can be reused for selecting the candidate relay UE(s) in case of direct to indirect path switching. During the email discussion,  it failed to reach a consensus that whether SL relay measurement report for direct to indirect path switch can include candidate Relay UE(s) filtered by Remote UE based on higher layer criteria or all the candidate target Relay UE(s) based on the measurement configuration. Some companies support the option that remote UE reports all the candidate target Relay UE(s) based on the measurement configuration because it is aligned with the legacy Uu RRM principle. The opponents thought that gNB has no idea on the remote UE’s higher layer criteria, which should be performed by remote UE based on the discovery message content. In our understanding, we share the same view as the opponents.
[bookmark: _Ref79143235][bookmark: _Ref70431745][bookmark: _Ref78210944]Proposal 1:In case of direct to indirect path switching, when UE performing measurement reporting, only the relay UE(s) who meet both the AS-layer & higher layer criteria can be reported.
#When the gNB decides the target relay UE, whether the RRC reconfiguration message sent to the target relay UE should be completed before gNB sending RRC reconfiguration to the remote UE?
For issue 2, in case of intra-gNB direct to indirect path switching, if the gNB sends the RRC reconfiguration message to the remote UE before the RRC reconfiguration complete is received from target relay UE, it may have the risk that the selected target relay UE may be not able to serve the remote UE. It will increase the path switching failure probability. In order to increase the path switching success probability, the RRC reconfiguration message sent to remote UE should be sent only after the RRC reconfiguration complete message is received from the target relay UE.
[bookmark: _Ref67574811][bookmark: _Ref78210947]Proposal 2: In case of direct to indirect path switching, the RRC reconfiguration message to the remote UE should be sent after the RRC reconfiguration complete message is received from the target relay UE.
#What information should be included in the RRC reconfiguration message sent to the target relay UE?
For issue 3, according to the conclusion of the study item, gNB implementation can handle the QoS split between the Uu BH and PC5 for the end-to-end QoS enforcement of a particular session established between Remote UE and network in case of L2 U2N Relay. Hence, in our understanding, in case of direct to indirect path switching, the gNB should be responsible for determining the Uu BH RLC channel configuration and PC5 RLC channel configuration, and additionally, it should also determining the mapping amongst the end-to-end bearer, Uu BH RLC channel and the PC5 RLC channel. In detail, based on the above understanding:
· For the RRC reconfiguration message sent to the target relay UE, the RRC reconfiguration message should at least contains the UL/DL Uu RLC channel configurations, the PC5 RLC channel configurations, and the mapping between Uu BH RLC channel and PC5 RLC channel for each remote UE. Whether the RRC reconfiguration message send to target relay UE only contains the PC5 configuration from relay UE to remote UE or contains both the PC5 configuration from relay UE to remote UE and from remote UE to relay UE needs further discussion.
[bookmark: _Ref67574815][bookmark: _Ref78210950]Proposal 3: In case of direct to indirect path switching, the RRC reconfiguration message sent to the target relay UE should at least contains the UL/DL Uu RLC channel configurations, the PC5 RLC channel configurations, and the mapping between Uu BH RLC channel and PC5 RLC channel for each remote UE.
[bookmark: _Ref67574818][bookmark: OLE_LINK3][bookmark: OLE_LINK4]#When does the PC5 connection between the remote UE and the target relay UE should be established?
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For issue 4, considering the target relay UE is selected by the gNB, hence the remote UE had better establish the PC5 connection with the target relay UE after receiving the RRC reconfiguration message from gNB. 
[bookmark: _Ref67574822][bookmark: _Ref67673202][bookmark: _Ref78210953]Proposal 4: In case of direct to indirect path switching, the remote UE shall initiate the PC5 connection setup procedure upon receiving the RRC reconfiguration message from the gNB if the connection has not been setup yet.
# Whether the gNB can select a target relay UE which is in RRC_IDLE or RRC_INACTIVE？
For L2 U2N relay, when data forwarding is performing, the relay UE and remote UE are all in RRC_CONNECTED. And when we talk about path switch, we focused on the UE RRC state also in RRC_CONNCETED. Actually, there should not to limit the relay UE’s RRC state when talk about path switch, e.g. if the remote UE can just only search one suitable relay UE, which is just in RRC_ IDLE  or RRC_ INACTIVE state. If we limit that the above relay UE should not be selected, then the data transmission may be interrupted. Hence, we should limit that the gNB select a target relay UE which is in RRC_IDLE or RRC_INACTIVE. Additionally, the further mechanism to transfer from RRC_IDLE or RRC_INACTIVE into RRC_CONNECTED should be further discussed. 
[bookmark: _Ref78210955][bookmark: _Ref79143245]Proposal 5:  For direct to indirect path switching, the gNB may select a target relay UE which is in RRC_IDLE or RRC_INACTIVE.
Indirect to direct path switching
The indirect to direct path switching was discussed in the study item and agreed to adopt the following procedure as the basic procedure [2]:




Figure-2: Procedure for indirect to direct path switching

During the work item, we should further discuss the details of each step based on the above Figure-2, which include:
· Issue 1: Whether to support the mechanism that Relay UE sends a notification to its Remote UE to measure Uu or PC5 if Relay UE’s Uu quality becomes weak?
· Issue 2:  Who triggers the PC5 link release procedure in step 7 and how to release the PC5-S connection? 
# Whether to support the mechanism that Relay UE sends a notification to its Remote UE to measure Uu or PC5 if Relay UE’s Uu quality becomes weak?
Considering the remote UE is connected to the network via relay UE, the measurement can be triggered based on the PC5 link channel quality is below a pre-configured threshold. In addition, it should further consider how to trigger the measurement for remote UE if the PC5 link is good, but the Uu link is poor. In this case, the relay UE/network can provide an indication to the remote UE to trigger the remote UE to perform measurement on Uu interface or non-serving relay UEs.
[bookmark: _Ref70686190][bookmark: _Ref78210958]Proposal 6: In case of the remote UE is connected to network via a relay UE, when the Uu link channel quality is below the threshold, it should notify the remote UE to perform the measurement on Uu interface or non-serving relay UEs.
# Who triggers the PC5 link release procedure in step 7 and how to release the PC5-S connection? 
In our understanding, in step 7, either the relay UE or the remote UE can trigger the PC5-S connection release procedure upon receiving the RRC reconfiguration message. Obviously, the legacy PC5-S connection release procedure can be reused.
[bookmark: _Ref79143250]Proposal 7: Either the remote UE or the relay UE can initiate the PC5 link release procedure upon receiving the RRC reconfiguration.
[bookmark: _Ref67673216][bookmark: _Ref78210961]Proposal 8: For indirect to direct path switch, PC5-S connection release procedure as legacy can be used when Remote UE and Relay UE execute PC5 unicast link release procedure.
Lossless support
In [1], lossless support related issue in path switch procedure was discussed without conclusion. We further analysis this issue in the current contribution.
In [5] clause 5.1.2, PDCP entity re-establishment chapter, it recorded when handover happens, how the Uu interface determine which packets should be retransmitted (according to RLC indication as below yellow marked)
-	for AM DRBs whose PDCP entities were not suspended, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to the PDCP entity re-establishment as specified below:
-	perform header compression of the PDCP SDU using ROHC as specified in the clause 5.7.4 and/or using EHC as specified in the clause 5.12.4;
-	perform integrity protection and ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the clause 5.9 and 5.8;
-	submit the resulting PDCP Data PDU to lower layer, as specified in clause 5.2.1.


In the below figure [2], for L2 UE-to-Network Relay, the adaptation layer is placed over RLC sublayer for both CP and UP at the Uu interface between Relay UE and gNB. The Uu SDAP/PDCP and RRC are terminated between Remote UE and gNB, while RLC, MAC and PHY are terminated in each hop (i.e. the link between Remote UE and UE-to-Network Relay UE and the link between UE-to-Network Relay UE and the gNB). For Uu interface, the PDCP layer and RLC layer have the same understanding for the low layer’s data transmission. But for L2 U2N relay, the situation changed. For L2 U2N relay, RRC connection of remote UE includes two hops (PC5 connection and Uu connection). When a PDCP Data PDU is received from lower layer, the successful indication for RLC layer can be just referenced for the current hop, it can’t stand for the end to end situation. There is misalignment between remote UE for indirect connection which may cause data loss. That’s to say, the existing mechanism based on RLC transmission success indication can’t guarantee the end-to-end PDCP transmission.


Figure-3: User plane stack for L2 UE-to-Network Relay
In order to solve this question, we suggest that remote UE/gNB performs retransmission of PDCP SDUs based on PDCP status report to avoid data loss of path switch.
[bookmark: _Ref78210963][bookmark: _GoBack]Proposal 9: For L2 U2N relay, PDCP retransmission should be performed base on PDCP status report.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1:In case of direct to indirect path switching, when UE performing measurement reporting, only the relay UE(s) who meet both the AS-layer & higher layer criteria can be reported.
Proposal 2: In case of direct to indirect path switching, the RRC reconfiguration message to the remote UE should be sent after the RRC reconfiguration complete message is received from the target relay UE.
Proposal 3: In case of direct to indirect path switching, the RRC reconfiguration message sent to the target relay UE should at least contains the UL/DL Uu RLC channel configurations, the PC5 RLC channel configurations, and the mapping between Uu BH RLC channel and PC5 RLC channel for each remote UE.
Proposal 4: In case of direct to indirect path switching, the remote UE shall initiate the PC5 connection setup procedure upon receiving the RRC reconfiguration message from the gNB if the connection has not been setup yet.
Proposal 5:  For direct to indirect path switching, the gNB may select a target relay UE which is in RRC_IDLE or RRC_INACTIVE.
Proposal 6: In case of the remote UE is connected to network via a relay UE, when the Uu link channel quality is below the threshold, it should notify the remote UE to perform the measurement on Uu interface or non-serving relay UEs.
Proposal 7: Either the remote UE or the relay UE can initiate the PC5 link release procedure upon receiving the RRC reconfiguration.
Proposal 8: For indirect to direct path switch, PC5-S connection release procedure as legacy can be used when Remote UE and Relay UE execute PC5 unicast link release procedure.
Proposal 9: For L2 U2N relay, PDCP retransmission should be performed base on PDCP status report.
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