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1 [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK175][bookmark: OLE_LINK176]Introduction
As per the latest revised WID for NR Sidelink Relay, RAN2 needs to specify mechanism for service continuity. In this paper, we will provide some discussions on path switch for L2 UE to NW Relay, including leftover issues for basic procedure, measurement configuration and reporting, and RRC status of Relay UE.
2 Discussion
According to the objectives of new WID for NR Sidelink Relay, the service continuity will be limited to intra-gNB cases [1] in Release 17. Currently, the general procedure for path switch from indirect to direct and the procedure for path switch from direct to indirect are captured in TR 38.836 [2], which are shown separately in Fig.1 and Fig 2 respectively. However, there are still some remaining issues on path switch, and we will discuss these issues in this contribution.


Figure 1: Procedure for Remote UE switching to direct Uu cell


Figure 2: Procedure for Remote UE switching to indirect Relay UE
Leftover issues for basic procedure
[bookmark: OLE_LINK19][bookmark: OLE_LINK22]According to current TR 38.836, there are some remaining notes for indirect to direct path switch procedure and direct to indirect path switch procedure as shown in fig.1 and fig.2, which should be further discussed in WI phase:
	[bookmark: OLE_LINK31][bookmark: OLE_LINK32]1. switching from indirect to direct
[bookmark: _Hlk59519088]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. switching from direct to indirect
[bookmark: _Hlk59519116]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.


Most of these issues are discussed in [3] and some of them have been agreed in RAN2#114 e-meeting and RAN2#115 e-meeting [4][5]. We will discuss the leftover issues as below:
Path switch from indirect to direct
In RAN2#115 e-meeting, it was agreed that PC5 unicast link can be released after Remote UE and Relay UE receive RRC reconfiguration from gNB (if there are no non-relaying PC5 RLC channels on the same PC5 unicast link, i.e. dedicated relaying link) for indirect to direct path switch, and left a FFS on details of inter-layer interaction. In SA2, it was clarified that Remote UE should establish separate PC5 unicast for Relay service and non-Relay service, which means there should be no multiplexing on one PC5 unicast link. (i.e. the L2 ID are not shared between SL Relay communication and SL normal communication), the PC5 unicast link for SL relay communication will be released after step 3 (RRC Reconfiguration message to Remote UE) or step 6 (RRC Reconfiguration message to Relay UE ) as there is no need to maintain it for SL Relay communication, and the timing to release the PC5 unicast link can be up to UE implementation.
Proposal 1: For path switch from indirect to direct, RAN2 confirm the PC5 unicast link for SL relay communication will be released after step 3 (RRC Reconfiguration message to Remote UE) or step 6 (RRC Reconfiguration message to Relay UE).
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Regarding the FFS on details of inter-layer interaction, since we do not have an explicit procedure for PC5-RRC release, it should be that the AS layer indicates to upper layers to release corresponding PC5-S link after step 3 (RRC Reconfiguration message to Remote UE) or step 6 (RRC Reconfiguration message to Relay UE), whereas both Remote UE or Relay UE can perform the PC5 unicast link release procedure.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 2: For Remote UE or Relay UE, AS layer will indicate upper layer to release corresponding PC5 unicast link after step 3 (RRC Reconfiguration message to Remote UE) or step 6 (RRC Reconfiguration message to Relay UE).
Path switch from direct to indirect
[bookmark: OLE_LINK130][bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Next we discuss the remaining issues for path switch from direct to indirect. Regarding whether Step 2 (Decision of switching to a target Relay UE by gNB, and target (re)configuration is sent to Relay UE optionally) should be after Relay UE connects to the gNB (e.g. after step 4 (Remote UE establishes PC5 connection with target Relay UE, if the connection has not been setup yet) ), if not yet before. It is straightforward that gNB can only send RRC Reconfiguration to a RRC_CONNECTED UE. Therefore, there is no ambiguity that Step 2 (Decision of switching to a target Relay UE by gNB, and target (re)configuration is sent to Relay UE optionally) should be after Relay UE connects to the gNB (e.g. after step 4 (Remote UE establishes PC5 connection with target Relay UE , if the connection has not been setup yet) ).
Proposal 3: For path switch from direct to indirect, sending RRC Reconfiguration message to Relay UE should be performed after target Relay UE connects (i.e. transit from RRC_INACTIVE/RRC_IDLE to RRC_CONNECTED state) to the gNB.
It was agreed that the contents in RRC Reconfiguration message for Remote UE can include Relay UE ID, PC5 RLC configuration for relaying and associated E2E RB. In our thinking, the Relay UE ID is C-RNTI for RRC_CONNECTED Relay UE.
Proposal 4: For path switch from direct to indirect, the target Relay UE ID in RRC Reconfiguration message is C-RNTI of the Relay UE in RRC_CONNECTED state.
In order to associate the Remote UE’s C-RNTI with its local Remote UE ID at the gNB side, the first UL message from Remote UE after connected to the target Relay UE should include the information of local Remote UE ID (in adaptation layer header) and the information of Remote UE’s C-RNTI (in the RRC message). Otherwise, at the gNB side, it has no idea on which Remote UE’s PDCP should process the received RRC Reconfiguration Complete.
Proposal 5: For path switch from direct to indirect, Remote UE’s C-RNTI should be included in the RRC Reconfiguration Complete of step 5 to enable gNB be aware of which Remote UE is accessing via the Relay UE.
It is clear that RRC_CONNECTED Relay UE can support L2 UE to NW Relay path switch, whereas the Remote UE find the candidate Relay UE via discovery procedure and then establish unicast link with the target Relay UE according to NW configuration to establish RRC connection with NW subsequently. However, it is not clear whether RRC_INACTIVE/RRC_IDLE Relay UE can support this. In our view, in order to save power consumption, a candidate Relay UE can be in RRC_INACTIVE/RRC_IDLE status, e.g. when no Remote UE is connected with this Relay UE or the Relay UE has no data transmission requirement in Uu. In other words, these RRC_INACTIVE/RRC_IDLE Relay UE may be able to conserve power and be able to serve the Remote UE later on when required as whereas no services are required from other Remote UEs and the Relay UE itself at the moment. However, it may introduce further spec impacts to supported path switch via RRC_INACTIVE/RRC_IDLE Relay UE (e.g. how to establish/resume the RRC connection between Relay UE and gNB, what is Relay UE ID in RRC Reconfiguration message and etc.). Therefore, it is suggested to prioritize the direct to indirect path switch via RRC_CONNECTED Relay UE and pursue the direct to indirect path switch via RRC_INACTIVE/RRC_IDLE Relay UE if time permitted.
Proposal 6: RAN2 to prioritize the direct to indirect path switch via RRC_CONNECTED Relay UE, and pursue the direct to indirect path switch via RRC_INACTIVE/RRC_IDLE Relay UE if time permitted.
As the Relay UE may be in RRC_INACTIVE/RRC_IDLE state, in order to establish/resume RRC connection between the Remote UE and the NW, it is necessary to ensure that the Relay UE transitions to RRC_CONNECTED state first and then the Relay UE can help the Remote UE to forward RRC connection setup request message to the gNB. In our view, two main options can be considered to trigger transition from RRC_INACTIVE/RRC_IDLE state into RRC_CONNECTED state. Option1 is the NW triggering, where a paging like mechanism can be supported by receiving request from Remote UE’s gNB. Option2 is the UE triggering, the Remote UE can request the Relay UE to enter into RRC_CONNECTED. We prefer Option 2 as it is straight forwards and minimises the impacts to the specifications
For the timing to trigger the target Relay in RRC_INACTIVE/RRC_IDLE state into RRC_CONNECTED state, in our thinking, three main options may be considered. The first option is during PC5 unicast link establishment, e.g. Relay UE is triggered into RRC_CONNECTED once receiving DCR message; the second option is Remote UE’s UE to NW data triggering (e.g. handover complete message); the last option is to introduce new PC5 RRC message to trigger it. Considering that the Remote UE may setup PC5 unicast link with Relay UE only for receiving paging message, and introduce new PC5 RRC message may introduce some spec impacts, we prefer to trigger Relay UE into RRC_CONECTRED state once receiving data (i.e. RRC Reconfiguration complete message) from PC5 RLC.
Proposal 7a: For path switch from direct to indirect, RRC_INACTIVE/ RRC_IDLE Relay UE enters RRC_CONNECTED state (triggered by Remote UE), upon receiving data (i.e. Remote UE’s RRC Reconfiguration complete message) from PC5 RLC.
As there is no RRC connection between RRC_IDLE/RRC_INACTIVE Relay UE and gNB before receiving data from PC5 RLC for RRC Reconfiguration complete message, default PC5 RLC and Uu RLC configurations are needed at Relay UE for Remote UE’s SRB1 transmission, moreover the PC5 RLC and Uu RLC can be reconfigured by dedicated RRC signalling for the Remote UE’s SRB1 transmission of RRC Reconfiguration complete message.
Proposal 7b: The PC5 RLC and Uu RLC are configured via dedicated signaling with default configuration, for Remote UE’s SRB1 of RRC Reconfiguration complete message.
In case of direct to indirect path switch via RRC_INACTIVE/RRC_IDLE Relay UE, RAN2 needs to study what is the Relay UE ID in RRC Reconfiguration message. It seems not suitable to directly use I-RNTI or 5G-S-TMSI, as at least gNB does not know 5G-S-TMSI for a RRC_IDLE UE. Therefore, we suggest to use some index to represent the RRC_INACTIVE/RRC_IDLE Relay UE (e.g. Remote UE allocate a index for a Relay UE discovered and indicate the index when report the measurement results associated with the Relay UE to gNB in measurement report. When gNB sends path switch command via the RRC Reconfiguration message, the gNB indicates the target Relay UE via the associated index reported by the Remote UE.
Proposal 7c: For path switch from direct to indirect via RRC_INACTIVE/RRC_IDLE Relay UE, the Remote UE reports the measurement results of a Relay UE in RRC_INACTIVE/IDLE associated with an index to gNB, and gNB indicates a Relay UE in RRC_INACTIVE/IDLE as the path switch target using the index in RRC Reconfiguration message.
Measurement configuration and reporting
Based on the discussion in SI and the service continuity procedures captured in TR, the measurement configuration and reporting will be performed for path switch between direct link and indirect link. Whether it is indirect to direct path switch or direct to indirect path switch, SL measurement report is needed. To be more specific, SL measurement report for serving Relay UE is needed for indirect to direct path switch, and SL measurement report for neighbour Relay UE is needed for direct to indirect path switch. Since the path switch command is made by gNB, the measurement configuration should be configured by gNB and report should be sent to gNB. Then the legacy Uu measurement configuration and report can be extended to cover the L2 U2N relay case.
Proposal 8: The existing Uu measurement configuration and report should be extended to serve both indirect to direct path switch and direct to indirect path switch of L2 U2N relay operation.
Moreover, as the measurement configuration and reporting can be different for different kind of path switches  (i.e. indirect to direct and direct to indirect), we will analyse them case by case in the following discussions. 
Path switch from indirect to direct
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]For path switch from indirect to direct, the procedure is shown in Fig.1. Regarding SL measurement in this case, it is clear that the SL measurement object can reuse the R16 SL measurement object (i.e. SL carrier), and the measurement quantity should be SL-RSRP associated with serving Relay UE.
Proposal 9a: For indirect to direct path switch, the neighbor measurement object can reuse existing Uu measurement object.
For SL measurement event triggered reporting, it was agreed that new measurement events for the Remote UE can be defined to compare SL relay link measurement with a threshold and/or to compare SL relay link measurement with threshold A and Uu link measurement with threshold B in RAN2#115 e-meeting [5]. In our understanding, the scenario of path switch between Uu cell and L2 U2N Relay UE is quite similar with existing Uu inter-RAT handover. Thus the similar design of inter RAT measurement event can be reuse. To be more specific, both events when the SL-RSRP of serving Relay UE is worse than threshold1, and event when the SL-RSRP of serving Relay UE is worse than threshold1 and Uu-RSRP of neighbour cell is better than threshold2 can be considered.
Proposal 9b: For indirect to direct path switch, two new trigger events should be introduced:
· Event1: SL-RSRP of serving Relay UE is worse than a threshold
· Event2: SL-RSRP of serving Relay UE is worse than a threshold and Uu-RSRP of neighbour cell is better than a threshold
Furthermore, for indirect to direct path switch, RAN2 should understand that gNB will not configure any serving cell related SL measurement and trigger events.

[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK95][bookmark: OLE_LINK96]Path switch from direct to indirect
For path switch from direct to indirect, the procedure is shown in Fig.2. The target path is via the Relay UE, thus neighbour SL measurement should be considered. Similarly, the SL measurement object can reuse R16 SL measurement object (i.e. SL carrier) as baseline. Moreover, in order to enable gNB to have stronger control on path switch with more flexibility, “Allow-list/Blocklist” in Uu measurement can be considered in SL measurement. And it is clear that the measurement quantity can use SD-RSRP, as Remote UE may not establish PC5 unicast link with neighbour Relay UE before discovery.
Proposal 10a: For direct to indirect path switch, the target/neighbor SL measurement object can reuse R16 SL measurement object (i.e. SL carrier). FFS on whether “Allow-list/Blocklist” is supported.
For SL measurement event triggered reporting, similarly both event when the SD-RSRP of neighbour Relay UE is better than threshold3, and event when the SD-RSRP of neighbour Relay UE is better than threshold3 and Uu-RSRP of serving cell is worse than threshold4 can be considered. Regarding whether only Uu-RSRP of serving cell can be supported in the SL measurement event, RAN2 should further discuss this.
Proposal 10b: For direct to indirect path switch, two new trigger events should be introduced:
· Event1: SD-RSRP of neighbour Relay UE is better than a threshold
· Event2: SD-RSRP of neighbour Relay UE is better than a threshold and Uu-RSRP of serving cell is worse than a threshold

It had been agreed that SL relay measurement report can include at least Relay UE ID, serving cell ID, RSRP information in RAN2#114 e-meeting [4]. In our thinking, the serving cell ID should be CGI+PCI, as CGI+PCI can be used to differentiate the inter-gNB case, and also are forward compatible to future release with inter-gNB path switch supporting.
Proposal 10c: The serving cell ID of the neighbor Relay UE should be included in the measurement report which is CGI+PCI.
Inter-gNB case
Although inter-gNB path switch is not supported in this release, to have forward compatibility with future release, neighbour cell or neighbour Relay UE belonging to inter-gNB may also be included in SL measurement report for the path switch, and gNB can ensure Remote UE to path switching to intra-gNB neighbour cell or neighbour Relay UE by NW implementation. However, one corner case needs to be discussed, whereas all candidate neighbour cell(s) or neighbour Relay UE(s) belong to inter-gNB compared with serving Relay UE or serving cell. In our thinking, legacy behaviour can be used, that is to say, gNB can release Remote UE to RRC_IDLE/RRC_INACTIVE, or Remote UE to perform RRC re-establishment after detecting the PC5/Uu RLF.
Proposal 11: In case there is no neighbor cell/neighbor Relay UE belonging to intra-gNB , legacy behavior can be used, i.e. gNB to release Remote UE to RRC_IDLE/RRC_INACTIVE, or Remote UE to perform RRC re-establishment after detecting the PC5/Uu RLF.
Path switch failure
[bookmark: OLE_LINK97][bookmark: OLE_LINK98]For Uu handover, the UE gets a timer value t304 in the RRCReconfiguration message with reconfigurationWithSync, where UE starts timer T304 upon receiving the reconfiguration with sync. The timer T304 is used to decide whether the handover is successfully completed. Upon the UE successfully complete the random access to the target cell, the timer T304 will stop, i.e., this indicates the UE has successfully build the connection with network. If T304 is expired, handover failure is claimed and UE needs to revert back to the UE configuration in the source Pcell and initiate the connection re-establishment procedure. 
Path switch from indirect to direct
For path switch from indirect to direct, same as the Uu handover, the remote UE needs to directly access a cell, e.g., an intra-gNB cell. Therefore, T304 can be reused to judge the path switch failure. UE can start timer T304 upon receiving the reconfiguration with sync and declares path switch failure when T304 is expired. It is also agreed that for indirect to direct path switch, the contents in RRC Reconfiguration message for Remote UE can be same as legacy NR RRC Reconfiguration with sync. Therefore,
Proposal 12: Legacy T304 based failure detection is applicable to path switch from indirect to direct case, i.e. T304 expiry indicates the path switch failure.   
Path switch from direct to indirect
For path switch from direct to indirect, the remote UE needs to establish a connection with relay UE, instead of access a cell directly. This is different from Uu Handover. However, for this switch, it is still needed to judge whether the path switch is successful. 
For judging whether the path switch is successful, similar to the Uu handover, timer based solution can still be used. However, T304 is configured via reconfiguration with sync and stopped upon successfully completing the access to the target cell, but for path switch from direct to indirect, there is no RA involved and the timer cannot be stopped. Therefore, directly use T304 will cause troubles. To solve the problem, introducing a new T304-like timer is preferred for detecting the path switch failure from direct to indirect case. 
Proposal 13: Introduce a new time like T304 to support timer based failure detection for path switch from direct to indirect case.
1)Configuration 
The new timer shall be configured in the path switch command, i.e., RRC reconfiguration message for the direct path. For the length of the new timer, it should guarantee that the remote UE can successfully send RRCReconfigurationComplete to the gNB. For an Idle relay UE, the timer needs to cover the PC5 connection establishment and Uu connection establishment. For a Connected relay UE, the timer only needs to cover the PC5 connection establishment. If the gNB can confirm the RRC state of the relay UE, it is can configure a reasonable value for the new timer.  
2)Stop condition
Similar to the stop condition of T304, which is upon successfully completion of random access, the stop condition of the new timer should make sure that the remote can successfully establish the connection with the gNB via the relay UE. However, there is no feedback from the gNB when the remote UE sends RRCReconfigurationComplete to the gNB. For the remote UE, it can only know whether it successfully establish the connection with relay in PC5 interface, but has no idea about the connection of the relay UE’s Uu interface. Therefore, remote UE needs an indication from the relay UE to indicate the stop of the new timer.
[bookmark: OLE_LINK8]Proposal 14: Introduce an indication to indicate the remote UE stop the new timer and avoid timer expiry.
If the remote UE suffers PC5 connection establishment failure, this may directly indicate that the remote UE cannot establish the connection with gNB. The introduced timer can also be stopped and declare the path switch failure.
Proposal 15: PC5 connection establishment failure should result in stopping timer and declare path switch failure.
Procedure after detecting path switch failure
For path switch from indirect to direct case, the remote UE follows the legacy behaviour of T304 expiry, i.e., initiate RRC re-establishment procedure.
For path switch from direct to indirect case, after path switch failure is declared, the remote UE should try to re-establish the connection with the network to reduce the service interruption, i.e., triggered the RRC re-establishment procedure. 
Proposal 16: Upon path switch failure detected for direct-to-indirect case and indirect-to-direct case, remote UE should trigger RRC re-establishment procedure.
Relay UE handover case
Since group handover is not supported in current release, it was agreed in RAN2 113bis-e meeting that “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” for a RRC_IDLE remote UE. Similar actions can be applied to the remote UE(s) in RRC_CONNECTED state. That is, when the relay UE performs HO to another gNB, it can transmit a PC5-S message to indicate the connected remote UE(s), then release the PC5 connection with them. After receiving the indication, a RRC_CONNECTED remote UE selects a suitable relay or a suitable cell, and re-establishes the RRC connection to the selected relay or cell. 
Another way to reduce the remote UEs’ service interruption time is allowing the gNB to release/HO remote UE away before its connected relay performs inter-gNB HO. This can always be supported by gNB implementation.
Proposal 15: In case of relay UE HO, relay UE can send a PC5-S release message to its connected remote UE(s) to trigger remote UE’s RRC re-establishment.
Lossless issue
[image: C:\Users\p00589622\AppData\Roaming\eSpace_Desktop\UserData\p00589622\imagefiles\1B0092FA-ABB3-4E15-8E0A-8F5BB1A1F516.png] 
Fugire 3. Data loss case during remote UE’s indirect to direct path switch
When remote UE performs indirect to direct path switch, data loss would happen if some data buffered at relay UE are not timely transmitted to the gNB in uplink or to the remote UE in downlink. We take the uplink data transmission as example to illustrate this issue. As Figure 3 shows, remote UE transmitted packets 1 through 5 and received all the ACKs for them before path switch. Meanwhile, packets 1 and 2 was transmitted to the gNB but only packet 2 was acknowledged at the relay UE. After the path switch procedure, the remote UE starts uplink data transmission from packet 6, as it has received ACKs for packets 1 through 5. Following the legacy manner, the buffered RLC data of remote UE at relay UE will be discarded and will be not be re-transmitted by remote UE. However, the gNB actually only has packet 2 in the receiver which cause data loss.
According to the agreement achieved in the last meeting, the lossless delivery during path switch is done by PDCP status report. 
Agreement:
Proposal 13	RAN2 to confirm that tThe DL/UL lossless delivery during the path switch is done according to the PDCP status report. FFS if there is spec impact.
NOTE: P13 was edited after agreement for clarity (deletion marked with strikeout, insertion marked with underline).  Checked in email discussion [AT115-e][600].
In the following, we analyse the UL and DL spec impact separately.
· DL spec impact
For DL data delivery during path switch, some data PDU is received by the relay UE but has not been transmitted to the remote UE before the path switch. Then these data PDUs, which are confirmed to be transmitted to the relay UE but has not been transmitted to the remote UE, cannot be retransmitted to the remote UE by gNB since gNB does not know which PDUs are not received by the remote UE via the indirect link. Therefore, to avoid data loss, the gNB needs to retransmit the data to the remote UE based on the PDCP status report from the remote UE.
In legacy spec, the gNB can configure the PDCP status reporting for remote UE via RRCReconfiguration message, which triggers the remote UE to send PDCP status report after the remote UE access via direct link. After the gNB receives the PDCP status report, the gNB can send the missing PDCP SDU indicated by PDCP status report to remote UE, which will guarantee the lossless delivery for DL. Therefore, there is no additional spec impact to guarantee the data loss.
Observation 3: There is no spec impact to guarantee the DL data loss delivery during path switch via gNB retransmits the data based on the PDCP status report.
· UL spec impact
For UL data delivery during the path switch, some data PDU is received by the relay UE but has not been transmitted to the gNB before the path switch. When the remote UE path switch to the direct link, the remote UE may be indicated to do PDCP reestablishment or PDCP data recovery to retransmit the data which has been confirmed by RLC. However, the confirmation from RLC only indicates the data PDU is received by the relay UE and the data may not be received by the gNB.  Therefore, to avoid data loss, the remote needs to retransmit the unreceived data to the gNB based on the gNB’s confirmation.
According to the legacy spec in TS 38.323, the data retransmission is in the procedure of PDCP reestablishment and PDCP data recovery as follows.
	When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall:
…
-	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.
…
For AM DRBs, when upper layers request a PDCP data recovery for a radio bearer, the transmitting PDCP entity shall:
-	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.
After performing the above procedures, the transmitting PDCP entity shall follow the procedures in clause 5.2.1.


The behaviour of UE receiving the PDCP status report is to discard the received PDCP SDU as specified in TS 38.323.
	For AM DRBs, when a PDCP status report is received in the downlink or in the sidelink, the transmitting PDCP entity shall:
-	consider for each PDCP SDU, if any, with the bit in the bitmap set to '1', or with the associated COUNT value less than the value of FMC field as successfully delivered, and discard the PDCP SDU as specified in clause 5.3.


Based on the legacy spec, the PDCP status report can be only used to discard received PDCP SDU and cannot to trigger data retransmission. Therefore, we have following observation.
Observation 4: Spec impact exists to guarantee the UL data loss delivery during path switch via remote UE retransmits the data based on the PDCP status report.
To make the remote UE retransmit the missing data to the gNB after path switch, there are two options to go:
Option 1: Introduce a new PDCP status report. When the UE receive the new PDCP status report, retransmission based on the status report can be triggered.
Option 2: Specify the behaviour during PDCP re-establishment and PDCP data recovery. Request the gNB send the PDCP status following the path switch command via the indirect link and the UE needs to perform retransmission of the PDCP Data PDU according to the previously received PDCP status report before the path switch.
Therefore, we have following proposals. 
Proposal 18: There is no spec impact for DL lossless delivery based on PDCP status report.
Proposal 19: There is spec impact for UL lossless delivery based on PDCP status report. The following options to discuss:
· Option 1: UE retransmits the missing packet based on a new PDCP status report transmitted after path switch 
· Option 2: UE retransmits the missing packet based on the PDCP status report sent with path switch command. 
3 Conclusion
[bookmark: OLE_LINK6]The observation and proposals are as follows:
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]Observation 1: Legacy Uu PDCP behaviour can guarantee lossless path switch for DL and UL based on sensible network and relay UE implementation.
Observation 2: There may be data loss based on legacy Uu PDCP behaviour in case of Relay UE’s Uu RLF or inter-gNB HO during Remote UE’s path switch, which could be considered as corner cases.
Observation 3: There is no spec impact to guarantee the DL data loss delivery during path switch via gNB retransmits the data based on the PDCP status report.
Observation 4: Spec impact exists to guarantee the UL data loss delivery during path switch via remote UE retransmits the data based on the PDCP status report.
Proposal 1: For path switch from indirect to direct, RAN2 to confirm the PC5 unicast link will be released after step 3 (RRC Reconfiguration message to Remote UE) or step 6 (RRC Reconfiguration message to Relay UE).
Proposal 2: For Remote UE or Relay UE, AS layer will indicate upper layer to release corresponding PC5 unicast link after step 3 (RRC Reconfiguration message to Remote UE) or step 6 (RRC Reconfiguration message to Relay UE).
Proposal 3: For path switch from direct to indirect, sending RRC Reconfiguration message to Relay UE should be performed after target Relay UE connects (i.e. transit from RRC_INACTIVE/RRC_IDLE to RRC_CONNECTED state) to the gNB.
Proposal 4: For path switch from direct to indirect, the target Relay UE ID in RRC Reconfiguration message is C-RNTI of the Relay UE in RRC_CONNECTED state.
Proposal 5: For path switch from direct to indirect, Remote UE’s C-RNTI should be included in the RRC Reconfiguration Complete of step 5 to enable gNB be aware of which Remote UE is accessing via the Relay UE.
Proposal 6: RAN2 to prioritize the direct to indirect path switch via RRC_CONNECTED Relay UE, and pursue the direct to indirect path switch via RRC_INACTIVE/RRC_IDLE Relay UE if time permitted.
Proposal 7a: For path switch from direct to indirect, RRC_INACTIVE/ RRC_IDLE Relay UE enters RRC_CONNECTED state (triggered by Remote UE), upon receiving data (i.e. Remote UE’s RRC Reconfiguration complete message) from PC5 RLC.
Proposal 7b: The PC5 RLC and Uu RLC are configured via dedicated signaling with default configuration, for Remote UE’s SRB1 of RRC Reconfiguration complete message.
Proposal 7c: For path switch from direct to indirect via RRC_INACTIVE/RRC_IDLE Relay UE, the Remote UE reports the measurement results of a Relay UE in RRC_INACTIVE/IDLE associated with an index to gNB, and gNB indicates a Relay UE in RRC_INACTIVE/IDLE as the path switch target using the index in RRC Reconfiguration message.
Proposal 8: The existing Uu measurement configuration and report should be extended to serve both indirect to direct path switch and direct to indirect path switch of L2 U2N relay operation.
Proposal 9a: For indirect to direct path switch, the neighbor measurement object can reuse existing Uu measurement object.
Proposal 9b: For indirect to direct path switch, two new trigger events should be introduced:
· Event1: SL-RSRP of serving Relay UE is worse than a threshold
· Event2: SL-RSRP of serving Relay UE is worse than a threshold and Uu-RSRP of neighbour cell is better than a threshold
Proposal 10a: For direct to indirect path switch, the target/neighbor SL measurement object can reuse R16 SL measurement object (i.e. SL carrier). FFS on whether “Allow-list/Blocklist” is supported.
Proposal 10b: For direct to indirect path switch, two new trigger events should be introduced:
· Event1: SD-RSRP of neighbour Relay UE is better than a threshold
· Event2: SD-RSRP of neighbour Relay UE is better than a threshold and Uu-RSRP of serving cell is worse than a threshold
Proposal 10c: The serving cell ID of the neighbor Relay UE should be included in the measurement report which is CGI+PCI.
Proposal 11: In case there is no neighbor cell/neighbor Relay UE belonging to intra-gNB available, legacy behavior can be used, i.e. gNB to release Remote UE to RRC_IDLE/RRC_INACTIVE, or Remote UE to perform RRC re-establishment after detecting the PC5/Uu RLF.
Proposal 12: Legacy T304 based failure detection is applicable to path switch from indirect to direct case, i.e. T304 expiry indicates the path switch failure.
Proposal 13: Introduce a new time like T304 to support timer based failure detection for path switch from direct to indirect case.
Proposal 14: Introduce an indication to indicate the remote UE stop the new timer and avoid timer expiry.
Proposal 15: PC5 connection establishment failure should result in stopping timer and declare path switch failure.
Proposal 16: Upon path switch failure detected for direct-to-indirect case and indirect-to-direct case, remote UE should trigger RRC re-establishment procedure.
Proposal 17: In case of relay UE HO, relay UE can send a PC5-S message to its connected remote UE(s) to trigger remote UE’s RRC re-establishment.
 Proposal 18: There is no spec impact for DL lossless delivery based on PDCP status report.
Proposal 19: There is spec impact for UL lossless delivery based on PDCP status report. The following options to discuss:
· [bookmark: _GoBack]Option 1: UE retransmits the missing packet based on a new PDCP status report transmitted after path switch 
· Option 2: UE retransmits the missing packet based on the PDCP status report sent with path switch command. 
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