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Introduction
In RAN2#114, the following agreements have been reached
Proposal 1 (easy) (19/19): The procedure of Figure 4.5.4.1-1 in TR38.836 and the procedure of Figure 4.5.4.2-1 in TR38.836 are the baseline for Remote UE’s intra gNB mobility in RRC_CONNECTED.
Proposal 2 (easy) (19/19): INM RRC and/or X2/Xn messages for inter-gNB handover are not used for the path switch procedures in intra gNB case.
Proposal 3 (easy) (19/19): DAPS-like path switch procedure for Remote UE is not considered in this release. 
Proposal 6 (easy) (19/19): Legacy RRC Reconfiguration and Measurement Report signalling procedures can be used for path switch procedure with extension to evaluate relay link measurement and Uu link measurement.
Proposal 10 (easy) (19/19): In case of path switch from indirect to direct, detailed measurement results from Remote UE are reported when configured reporting criteria is met as legacy measurement report.
Proposal 11 (easy) (19/19): SL relay measurement report can include at least Relay UE ID, serving cell ID, RSRP information. 
Proposal 13 (easy) (19/19): Remote UE in RRC_CONNECTED suspend Uu RLM when Remote UE is connected to gNB via Relay UE.
Proposal 14 (easy) (19/19): For indirect to direct path switch, Remote UE stops UP and CP transmission via relay link after reception of RRC Reconfiguration message from gNB (i.e., step 3).
Proposal 23 (easy) (19/19): For indirect to direct path switch, the timing of step 8 is independent of step 6 and step 7.
[Note: P23 refers to the step numbers from Figure 4.5.4-1 of TR 38.836]
Proposal 24 (easy) (19/19): For indirect to direct path switch, RLC and lower layers behaviours of a Remote UE can be similar with those of legacy UE in intra-gNB handover.
Proposal 29 (easy) (19/19): For direct to indirect path switch, Remote UE stops UP and CP transmission over Uu after reception of RRC Reconfiguration message from gNB (i.e., step 3).
Proposal 31 (easy) (19/19): For direct to indirect path switch, the contents in RRC Reconfiguration message for Remote UE can include at least Relay UE ID, PC5 RLC configuration for relaying and associated E2E RB.
This contribution is to discuss the left issues on user plane.
[bookmark: _Ref178064866]Discussion
Switching from direct to indirect path
As agreed in R2#114
Proposal 29 (easy) (19/19): For direct to indirect path switch, Remote UE stops UP and CP transmission over Uu after reception of RRC Reconfiguration message from gNB (i.e., step 3).
[…]
Proposal 31 (easy) (19/19): For direct to indirect path switch, the contents in RRC Reconfiguration message for Remote UE can include at least Relay UE ID, PC5 RLC configuration for relaying and associated E2E RB.
Which is to follow the legacy behaviour, and thus be straightforward to extend to reception as well,
[bookmark: _Toc76737703][bookmark: _Toc78874173]For direct to indirect path switch, Remote UE stops UP and CP reception over Uu after reception of RRC Reconfiguration message from gNB (i.e., step 3).
Different from legacy HO, for relay-based switching procedure, for lower layer including RLC/MAC/PHY, it switches from Uu stack to PC5 stack, i.e., 
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Figure 1 Stack change before (left) and after (right) direct to indirect path switching
Which is similar to the DAPS procedure, where however the target stack is also a Uu stack
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Figure 2 Stack change before (left) and after (right) DAPS HO
In DAPS HO, the UP procedure is designed in a way that 
· PDCP behaviour is modelled as a switching procedure, which is triggered by RACH success; 
· RLC/MAC for the target link will be established, and maintained active together with RLC/MAC for the source link before explicit command from network on releasing the source link;
The key reason for this design is DAPS requires dual active DL connection (with source and with target node) during the transition period.
[bookmark: _Toc76737658]In DAPS, source RLC/MAC are released after target RLC/MAC is established, and PDCP perform UL data switching based on the trigger of RACH success.
In relay-based switching, 
· PDCP can rely on legacy re-establishment/data-recovery considering DAPS type dual link activity is de-prioritized in this release;
· RLC for source link and target link are of different types (Uu for source and PC5 for target), so can be released and established separately;
Specifically, there is no need to do the source release after target establishment link in DAPS.
[bookmark: _Toc76737704][bookmark: _Toc78874174]For switching from direct to indirect link, upon the reception of RRC Reconfiguration message from gNB, for each SRB/DRB, remote UE 1) releases the source Uu-RLC entity, 2) establishes the target PC5-RLC entity, and 3) perform PDCP re-establishment or data-recovery. 
Another issue is when for PDCP to start to deliver PDCP PDU to PC5-stack
· In legacy HO, the PDCP PDU delivery happens before RACH success;
· In DAPS HO, the PDCP PDU delivery happens after RACH success;
So if following different reference (former one or latter one), the PDCP PDU delivery to PC5-stack can happen before or after relay UE successfully connected to target gNB.
· Either if “before” is allowed, it helps to reduce interruption time, but may face up with the risk that some RLC PDU may be ACK-ed by relay UE but fail to reach gNB, so may end up with packet loss;
· Or if “after” is allowed, it reduces packet loss with the cost of increased interruption time, and may require additional effort on notification information from relay UE to remote UE on the successful connection towards the target gNB.
[bookmark: _Toc76737705][bookmark: _Toc78874175]For switching from direct to indirect link, RAN2 discuss whether remote UE starts transmission towards relay UE before or after relay UE establishing connection with gNB.
Switching from indirect to direct path
Proposal 14 (easy) (19/19): For indirect to direct path switch, Remote UE stops UP and CP transmission via relay link after reception of RRC Reconfiguration message from gNB (i.e., step 3).
Proposal 24 (easy) (19/19): For indirect to direct path switch, RLC and lower layers behaviours of a Remote UE can be similar with those of legacy UE in intra-gNB handover.
One key aspect for switching from indirect to direct path is how to avoid packet loss, which includes
1. For DL packet, how to handle the packet which have been ACKed by Uu-RLC of relay UE yet has not reach remote UE before the reception of RRC Reconfiguration message;
2. For UL packet, how to handle the packet which have been ACKed by PC5-RLC of relay UE yet has not reach gNB before the transmission of RRC Reconfiguration message;
[bookmark: _Toc76737659]RLC acknowledge at the first hop but delivery failure at the second hop may cause packet loss during the switching from direct to direct path.
[image: ]
Figure 3 Packet delivery between remote UE and gNB
For issue-1 on DL, it can either rely on network implementation since network can know which packets (even though ACKed by relay UE) have not reach remote UE via status report from remote UE
For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:
-	upper layer requests a PDCP entity re-establishment;
-	upper layer requests a PDCP data recovery;
Or by maintaining the PC5-stack between remote and relay UE even after the delivery of switching command, in order to finish the on-going ARQ transmission between the two UEs (yet this still has the risk if the connection between relay and remote UE breaks).
[bookmark: _Toc76737706][bookmark: _Toc78874176]For switching from indirect to direct link, Remote UE stops reception over PC5 after reception of RRC Reconfiguration message from gNB, and rely on gNB implementation to handle the DL PDCP PDU acknowledged by Uu-RLC of relay UE but not by PC5-RLC of remote UE.
For issue-2 on UL, due to the specified UE behaviour as follows, the UE will only perform re-transmission starting from the first packet w/o ACK from PC5-RLC
-	for AM DRBs which 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 retransmission of all the PDCP Data PDUs previously submitted to re-established or released AM RLC entities in ascending order of the associated COUNT values for which the successful delivery has not been confirmed by lower layers, following the data submission procedure in clause 5.2.1.
In order to solve this issue
· It can either be solved by remote UE, i.e., to modify the existing PDCP re-establishment/data-recovery procedure so that the re-transmission does not restricted to the ones w/o ARQ ACK, but relies on status report from network;
· Or it can rely on relay UE, e.g., to send ARQ ACK to remote UE after successful UL delivery to gNB, or continue UL ARQ transmission even after switching command delivery. 
Yet one has to note that this issue only happens when relay fails to complete the transmission towards gNB, e.g., when gNB release the RLC channel intentionally, or RLF happens in an unexpected manner. So one can also argue this does not happen in a normal case, i.e., the RLC channel would be maintained by gNB till UL transmission has finished.
[bookmark: _Toc76737707][bookmark: _Toc78874177]For switching from indirect to direct link, RAN2 discuss whether / how to handle the issue of UL PDCP PDU acknowledged by PC5-RLC of relay UE but not by Uu-RLC of gNB.

Conclusion
In section 2 we made the following observations: 
Observation 1	In DAPS, source RLC/MAC are released after target RLC/MAC is established, and PDCP perform UL data switching based on the trigger of RACH success.
Observation 2	RLC acknowledge at the first hop but delivery failure at the second hop may cause packet loss during the switching from direct to direct path.

Based on the discussion in section 2 we propose the following:
Proposal 1	For direct to indirect path switch, Remote UE stops UP and CP reception over Uu after reception of RRC Reconfiguration message from gNB (i.e., step 3).
Proposal 2	For switching from direct to indirect link, upon the reception of RRC Reconfiguration message from gNB, for each SRB/DRB, remote UE 1) releases the source Uu-RLC entity, 2) establishes the target PC5-RLC entity, and 3) perform PDCP re-establishment or data-recovery.
Proposal 3	For switching from direct to indirect link, RAN2 discuss whether remote UE starts transmission towards relay UE before or after relay UE establishing connection with gNB.
Proposal 4	For switching from indirect to direct link, Remote UE stops reception over PC5 after reception of RRC Reconfiguration message from gNB, and rely on gNB implementation to handle the DL PDCP PDU acknowledged by Uu-RLC of relay UE but not by PC5-RLC of remote UE.
Proposal 5	For switching from indirect to direct link, RAN2 discuss whether / how to handle the issue of UL PDCP PDU acknowledged by PC5-RLC of relay UE but not by Uu-RLC of gNB.
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