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1	Introduction
The following agreements were made in the RAN3#119 meeting for the decision on the target U2N relay UE in a d2i and i2i path switch scenario:
During direct to indirect and indirect to indirect path switch procedures, the source gNB sends a list of candidate relay UEs belonging to the same target cell in the HO REQ message.
At least Remote UE L2 ID and a list of candidate target relay UE IDs should be included in the XnAP HANDOVER REQUEST message. 
In addition, in the RAN2#121 meeting, RAN2 made the following agreement on the lossless data delivery.
RAN2 consider that lossless data delivery in the inter-gNB i2x cases needs to be addressed. Solutions can be considered next meeting (including the possibility of solutions needing work from RAN3). Solutions based on the PDCP status report mechanism are the baseline.
We discuss here further details on the above proposals and express our views accordingly in this contribution 
[bookmark: _Ref178064866]2	Discussion
2.1 Source vs Target gNB decision on Target U2N relay UE
The decision on the target U2N relay UE is applicable to the d2i and i2i scenarios. 
During direct to indirect and indirect to indirect path switch procedures, the source gNB sends a list of candidate relay UEs belonging to the same target cell in the HO REQ message.
Based on the above agreement, RAN3 has concluded that the source gNB sends a list of candidate relay UEs belonging to the same target cell in the HO request. Hence, it would be reasonable for RAN2 to confirm the agreement and proceed further.  
Proposal 1 For d2i and i2i scenarios, RAN2 to confirm that the source gNB sends a list of candidate relay UEs belonging to the same target cell to the target gNB with the target gNB making the final decision. 
Further, the Rel-17 reporting mechanism can be reused and no enhancements are necessary.
Proposal 2 Reuse the Rel-17 measurement reporting framework i.e., report consists of candidate U2N relay UE IDs, candidate U2N relay UE’s serving cell ID and the sidelink measurement quantity information. 
2.2 Triggering the U2N Relay UE to CONN state
The triggering of the U2N relay UE into the CONN state is relevant for the d2i and i2i scenarios.
The Rel-17 remote UE oriented solution to trigger the target U2N relay UE to the CONNECTED state should also be applicable to the Rel-18 inter/intra-gNB scenarios as a baseline for single-path relay.  Other mechanisms are not excluded if an issue is found with the baseline.
The above agreement was made in the last meeting with the addition of the highlighted text. There was also some discussion about using a paging-based solution in addition to the trigger from the remote UE to transit the U2N relay UE in IDLE/INACTIVE to the CONN state.
Although we foresee some potential benefits from the paging-based solution especially for inter-gNB path switch scenarios, in terms of reducing the latency of the overall path switch procedure by potentially transitioning the target U2N relay UE to the CONN state before remote UE initiates the PC5 communication. The following is our analysis:
· For the target U2N relay UE in the INACTIVE state, the paging-based solution is already feasible based on Rel-17 specifications and with no changes required to the legacy paging mechanism. That is, if the gNB can retrieve the target U2N relay UE’s context, it can page (using RAN-paging) the target U2N relay UE to initiate the random-access procedure. This can also be done before the path switch command is sent to the remote UE and as a result, potentially, the target U2N relay UE is already in the CONNECTED state when the remote UE initiates PC5 communication for relaying.   
· For the target U2N relay UE in the IDLE state, additional specification work is required to support this state, and this would involve cross-WG interactions (SA2/RAN3). Given the current workload, such solutions should be down prioritized. 

Proposal 3 For inter-gNB d2i and i2i scenarios, the following should be agreed about the paging-based mechanism to transit the target U2N relay UE in IDLE/INACTIVE state to the CONNECTED state:
a. In RRC_INACTIVE state, RAN2 to confirm that it is up to gNB implementation to page the target U2N relay UE before the path switch command is sent to the remote UE.
b. In RRC_IDLE state, RAN2 to not pursue the enhancements required for the paging solution. 
2.3 UL/DL Lossless Delivery 
RAN2 consider that lossless data delivery in the inter-gNB i2x cases needs to be addressed.  Solutions can be considered next meeting (including the possibility of solutions needing work from RAN3).  Solutions based on the PDCP status report mechanism are the baseline.
The above agreement was made in the previous meeting with respect to the UL/DL lossless delivery. This is applicable to i2d or i2i scenarios. 
The UL/DL lossless delivery was extensively discussed in Rel-17, and the conclusion was that UL/DL lossless data delivery during a path switch can be ensured using the PDCP status report. In addition, it was also concluded that no specification impact is foreseen in UL/DL. 
Observation 1 It was concluded in Rel-17 that UL/DL lossless delivery can be ensured using the PDCP status report and no specification impact was foreseen. 
In terms of the scenarios to support UL/DL lossless delivery, there is no difference between intra-gNB and inter-gNB cases. In addition, we have the following concerns and observations:
Scope of the WID:
The current WID objective is to specify mechanisms to enhance service continuity for a single-hop Layer-2 U2N relay. However, the requirements for service continuity are ambiguous and have not been explicitly captured. As a result, there is no specific requirement to support lossless data delivery.
Observation 2 Requirements for service continuity are ambiguous and such requirements for lossless delivery have not been explicitly captured in the WID. 
Scale of the Issue:
Before looking into the solutions, it would be worthwhile to understand the scale of the issue. In the case of DL:
A. The remote UE receives data from the gNB via the U2N relay UE. 
B. Subsequently, based on the measurement report from the remote UE, the gNB sends a path switch command to switch the UE to either a direct or indirect path.
C. Upon sending the path switch command, the gNB will stop any further UP/CP transmissions to the remote UE. 
D. But there could have been packets sent before sending the path switch command which have been successfully received and acknowledged by the U2N relay UE. 
E. It may not be possible for the U2N relay UE to transmit these packets to the remote UE due to the deteriorating PC5-link (or RLF). 
Similarly, for the case of UL:
A. The remote UE transmits data to the gNB via the U2N relay UE. 
B. Subsequently, based on the measurement report from the remote UE, the gNB sends a path switch command to switch the UE to either a direct or indirect path.
C. Upon receiving the path switch command, the UE will stop any further UP/CP transmissions to the gNB via the U2N relay UE.
D. But there could have been packets sent before receiving the path switch command which have been successfully received and acknowledged by the U2N relay UE.
E. It may not be possible for the U2N relay UE to transmit these packets to the gNB due to deteriorating Uu-link (or RLF).  
Based on the steps above, we can see that the time over which the problem occurs is quite short and there is no certainty large number of packets can be sent during this period. 
Observation 3 The time over which the problem occurs is quite short and it is unlikely that many packets will be exchanged during this period. 
In addition, it is worthwhile to note, that although in DL the inability of the U2N relay UE to transmit the packets due to a deteriorating PC5-link is plausible, the same will not be applicable to the UL. The chances of severe Uu-link degradation (or RLF) are unlikely especially given that a U2N relay UE can operate as one only when its Uu signal strength is higher than a certain threshold. RAN2 should not spend time on optimizing for such corner cases.  
Observation 4 For UL lossless delivery, severe Uu-link degradation/Uu-RLF of the U2N relay UE is less likely during a path switch procedure. RAN2 should not spend time optimizing for such corner cases. 
For the solutions, let’s consider the case for UL and DL separately. 
DL-Scenario:
In the DL, the source gNB knowing that there is an impending path switch procedure for the remote UE, can choose to buffer additional packets even though it has received a lower layer acknowledgement. It can then forward all the packets to the target gNB. With a direct/indirect link to the target gNB, the target gNB can configure the remote UE to send a PDCP SR to deduce the status of the DL transmission. 
Observation 5 gNB implementation can buffer the packets, when necessary and forward them to the target gNB. In addition, the remote UE can send a PDCP SR to the target gNB for it to deduce the status of the DL transmission. 


UL-Scenario:
In the UL, it is possible that the remote UE will discard the PDCP PDUs (and corresponding PDCP SDUs) based on lower layer acknowledgement. However, the PDCP specification describes the rule for SDU discard as follows:
Section 5.3:
“When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.”
In steady state, the specification (in Section 5.3) has the provision for the UE to buffer PDCP SDUs until it is confirmed by the PDCP SR and not discard them based on lower layer acknowledgement. Thereby enabling the UE to buffer PDCP PDUs when necessary.
Observation 6 The current specification has the provision for the UE to buffer PDCP PDUs and not discard them based on lower layer acknowledgement.
In addition, for the PDCP reestablishment procedure, the PDCP specification captures the following:
Section 5.1.2:
“for AM DRBs for Uu interface whose PDCP entities were suspended, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, for each PDCP SDU already associated with a PDCP SN:
-	consider the PDCP SDUs as received from upper layer;
-	perform transmission of the PDCP SDUs in ascending order of the COUNT value associated to the PDCP SDU prior to the PDCP re-establishment without restarting the discardTimer, as specified in clause 5.2.1;
-	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.”
Section 5.4.2:
“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.”
Our interpretation of the above highlighted text in Section 5.1.2 is that the transmitter (UE) is obliged to be able to (buffer and) retransmit in the scenario for example, when the lower layer acknowledgement is lost. In the same way, a good UE implementation would be able to (buffer and) retransmit the packets as it (UE) is aware that per hop acknowledgements do not confirm end-to-end packet delivery especially during a path switch scenario. After completing the path switch procedure to the target gNB, the remote UE can perform retransmission based on the PDCP SR from the target gNB. It would make sense for the remote UE to wait for the PDCP SR from the gNB to prevent redundant retransmissions. Lastly, from Section 5.4.2, it is up to gNB implementation when the PDCP SR is sent. 
Observation 7 The current framework also has the provision for the remote UE to buffer packets when necessary and based on the PDCP SR to retransmit them to the target gNB resulting in a lossless transmission during a path switch procedure. 
Therefore, based on our analysis above, it is possible to support lossless data delivery using existing mechanisms for both UL and DL.   
Proposal 4 For Rel-18 i2d and i2i path switch scenarios, reuse existing mechanisms with the PDCP SR for supporting lossless delivery with no specification impact.
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In the previous sections we made the following observations: 
Observation 1 It was concluded in Rel-17 that UL/DL lossless delivery can be ensured using the PDCP status report and no specification impact was foreseen.
Observation 2 Requirements for service continuity are ambiguous and such requirements for lossless delivery have not been explicitly captured in the WID.
Observation 3 The time over which the problem occurs is quite short and it is unlikely that many packets will be exchanged during this period.
Observation 4 For UL lossless delivery, severe Uu-link degradation/Uu-RLF of the U2N relay UE is less likely during a path switch procedure. RAN2 should not spend time optimizing for such corner cases.
Observation 5 gNB implementation can buffer the packets, when necessary and forward them to the target gNB. In addition, the remote UE can send a PDCP SR to the target gNB for it to deduce the status of the DL transmission.
Observation 6 The current specification has the provision for the UE to buffer PDCP PDUs and not discard them based on lower layer acknowledgement.
Observation 7 The current framework also has the provision for the remote UE to buffer packets when necessary and based on the PDCP SR to retransmit them to the target gNB resulting in a lossless transmission during a path switch procedure.
Based on the discussion in the previous sections we propose the following:
Proposal 1 For d2i and i2i scenarios, RAN2 to confirm that the source gNB sends a list of candidate relay UEs belonging to the same target cell to the target gNB with the target gNB making the final decision. 
Proposal 2 Reuse the Rel-17 measurement reporting framework i.e., report consists of candidate U2N relay UE IDs, candidate U2N relay UE’s serving cell ID and the sidelink measurement quantity information
Proposal 3 For inter-gNB d2i and i2i scenarios, the following should be agreed about the paging-based mechanism to transit the target U2N relay UE in IDLE/INACTIVE state to the CONNECTED state:
a. In RRC_INACTIVE state, RAN2 to confirm that it is up to gNB implementation to page the target U2N relay UE before the path switch command is sent to the remote UE.
b. In RRC_IDLE state, RAN2 to not pursue the enhancements required for the paging solution. 
Proposal 4 For Rel-18 i2d and i2i path switch scenarios, reuse existing mechanisms with the PDCP SR for supporting lossless delivery with no specification impact.
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