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Introduction

At RAN2#115e meeting, service continuity was adequately discussed and lots of agreements were reached, but there are still some FFS issues need to be addressed as below [1]. Besides, some other issues haven’t reach in consensus shall also be resolved, such as T304-alike timer and support of RRC idle/inactive relay UE during path switch.
	For indirect to direct path switch, 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).  FFS details of inter-layer interaction.
The Remote UE shall report only the Relay UE candidate(s) that fulfil the higher layer criteria. FFS if also AS criteria should be taken into account.
The DL/UL lossless delivery during the path switch is done according to the PDCP status report. FFS if there is spec impact.


In the contribution, we will discuss the following issues for service continuity: inter-layer interaction for PC5 unicast link release, measurement reporting of candidate Relay UEs, lossless support, T304-alike timer and support of RRC idle/inactive relay UE during path switch. 
Discussion

Inter-layer interaction of PC5 unicast link release
At RAN2#115e meeting, the following agreements [1] were made related to PC5 unicast link release when path switch from indirect to direct link.
	Agreements:

For indirect to direct path switch, that PC5 connection reconfiguration can be executed between Remote UE and Relay UE to release PC5 RLC for relaying.

For indirect to direct path switch, 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).  FFS details of inter-layer interaction.

For indirect to direct path switch, layer 2 link release procedure as legacy can be used when Remote UE and Relay UE execute PC5 unicast link release procedure.

For indirect to direct path switch, either Relay UE or Remote UE can initiate the PC5 unicast link release (PC5-S) (i.e. for Remote UE it should be after step 3; for Relay UE it should be after step 6), and upon the initiation of link release, the timing to execute link release is up to UE implementation.

For indirect to direct path switch, Remote UE can execute PC5 connection reconfiguration to release PC5 RLC for relaying upon reception of RRC Reconfiguration by gNB in Step 3, and Relay UE can execute PC5 connection reconfiguration to release PC5 RLC for relaying upon reception of RRC Reconfiguration by gNB in Step 6.


According to the agreements, either Remote UE or Relay UE can initiate the PC5 unicast link release after receiving RRC reconfiguration from gNB and the legacy layer 2 link release procedure is reused. As we know, the layer 2 link release is initiated by upper layer. However, during path switch, the PC5 unicast link is released required by AS layer. Thereby, the AS layer shall request the upper layer to initiate layer 2 link release procedure. Specifically, upon receiving RRC reconfiguration from gNB during indirect to direct link path switch, Remote UE or Relay UE indicates to the upper layer the requested PC5 unicast link to be released. UE AS layer uses PC5 Link Identifier to indicate to the upper layer the PC5 unicast link request to be released. If the indication of request for PC5 unicast link release is received, UE upper layer initiates the layer 2 link release procedure towards the concerned peer UE. After completion of layer 2 link release procedure, UE upper layer informs the AS layer that the PC5 unicast link has been released. Then the AS layer is able to delete the context related to the released PC5 unicast link.
Proposal 1: Upon receiving RRC reconfiguration from gNB during indirect to direct link path switch, Remote UE or Relay UE indicates to the upper layer the requested PC5 unicast link to be released. UE AS layer uses PC5 Link Identifier to indicate to the upper layer the PC5 unicast link request to be released.
In the last meeting, RAN2 agreed that PC5 connection reconfiguration can be executed between Remote UE and Relay UE to release PC5 RLC for relaying considering that non-relay traffic and relay traffic may share a PC5 unicast link. However, according to SA2’s latest progress [2], it agreed that Remote UE and Relay UE  shall set up a separate PC5 unicast link if an existing unicast link(s) was established with a different Relay Service Code or without a Relay Service Code. In another word, PC5 unicast link with a Relay Service Code for relaying traffic is separated from PC5 unicast link without Relay Service Code for non-relay traffic.  
	TS 23.304 v1.1.0 (2021.8), 6.4.3.6
A 5G ProSe Remote UE and a 5G ProSe UE-to-Network Relay shall set up a separate PC5 unicast links if an existing unicast link(s) was established with a different Relay Service Code or without a Relay Service Code.


Therefore, during path switch from indirect to direct link, PC5 connection reconfiguration is not necessary to be used for releasing PC5 RLC channels. Instead, PC5 unicast link release is executed. It is suggested to remove “execute PC5 connection reconfiguration to release PC5 RLC for relaying” relevant description in running CRs. 
Observation 1: According to SA2’s latest progress, PC5 unicast link with a Relay Service Code for relaying traffic is separated from PC5 unicast link without Relay Service Code for non-relay traffic.

Proposal 2: It is suggested to remove “execute PC5 connection reconfiguration to release PC5 RLC for relaying” relevant description in running CR.
Measurement reporting of candidate Relay UEs

For path switch from indirect to direct link, it is agreed that SL-RSRP of the serving relay is used as the SL measurement quantity as a baseline. Someone think that SD-RSRP may be considered in the case of no data transmission from Relay UE to Remote UE. NW configuration may need to indicate whether SL-RSRP or SD-RSRP is measured and UE may need to indicate whether SL-RSRP or SD-RSRP is reported in the measurement report. 
	Agreements:

As a baseline, SL-RSRP of the serving relay is used as the SL measurement quantity for the case of path switch from indirect to direct path.

SD-RSRP is used as the SL measurement quantity for the case of path switch from direct to indirect path.


In our opinion, if there is no data transmission from Relay UE to Remote UE, SD-RSRP could be considered.  Considering Remote UE may perform SL measurement for both serving relay UE’s SL communication and discovered relay UE’s SL discovery, it is more reasonable for NW to configure both SL-RSRP and SD-RSRP measurements for Remote UE. At the Remote UE, following previous principle, we can reach a consensus that SL-RSRP is measured preferentially, and only when SL-RSRP is not available, SD-RSRP is measured. For SL measurement reporting, a CHOICE structure can be used to indicate measurement results of SL-RSRP or SD-RSRP is reported.  

Proposal 3: For path switch from indirect to direct link, only when SL-RSRP is not available, SD-RSRP is used as the SL measurement quantity.
RAN2 agreed that Remote UE shall report only the Relay UE candidate(s) that fulfil the higher layer criteria, considering that gNB is not aware of the capability for support of L2 or L3 relay and the PLMN ID of Relay UE. If higher layer criteria of candidate Relay UE is not filtered at the Remote UE, it needs to report more information so that gNB can select an appropriate Relay UE. With regard to the AS criteria of cell ID, we think it is not necessary to be considered when Remote UE reports candidate Relay UEs.

In the last meeting, there is a working assumption that Include NCI in the relay discovery message. That is, the cell ID Remote UE acquired from Relay UE discovery message is NCI. As we know, the NCI is 36 bit and can be used to identify a NR cell within a PLMN. The leftmost 22 to 32 bits of NCI corresponds to the gNB ID, which is of variable size. It means that Remote UE can only recognize whether it is the same cell but can not determine the exact gNB ID of the given cell and further determine whether other cells belongs to the same gNB based on the NCI. When reporting the candidate Relay UEs to gNB, if remote UE uses AS criteria (cell ID) to filter the candidate Relay UEs, then only the candidate Relay UEs of the same cell can be reported, which limits the number of candidate Relay UE. Therefore, it is suggested not to consider AS criteria of cell ID when reporting candidate Relay UEs.
Proposal 4: The Remote UE shall report only the Relay UE candidate(s) that fulfil the higher layer criteria, while AS criteria based filtering is not considered for the report.
In RAN2#114e meeting, it was agreed that SL relay measurement report can include at least Relay UE ID, serving cell ID, RSRP information. With regard to the Relay UE ID, source L2 ID and C-RNTI were proposed by companies in previous meetings. It is known that Remote UE can acquire Relay UE’s source L2 ID by receiving discovery message from Relay UE. Then Remote UE can include Relay UE source L2 ID in measurement report. In this case, it requires Relay UE to report its source L2 ID in sidelinkUEInformation to gNB so that gNB can recognize the Relay UE by associating the source L2 ID with C-RNTI. Whereas, someone concerns that it may need frequently report of new source L2 ID due to L2 ID update. The issue of L2 ID update is also existed in R16 SL, which is not optimized. On the other hand, if C-RNTI is used, Relay UE should include C-RNTI in discovery message for Remote UE to obtain Relay UE’s C-RNTI. Since discovery message is unprotected, it runs the security risk of exposing Relay UE’s C-RNTI. In addition, it is only applicable for RRC connected Relay UE who has a C-RNTI. However, it is useful to also report candidate Relay UEs in RRC idle/inactive and to select a RRC idle/inactive Relay UE by gNB for Remote UE. Considering the pros and cons of using source L2 ID and C-RNTI, it is preferred that source L2 ID is used as the Relay UE ID.
Proposal 5: The Relay UE ID that is included in the SL measurement report is the Source L2 ID.
Support of RRC idle/inactive Relay UE 

For the path switch from direct to indirect link, it is FFS whether to support gNB selection of Relay UE in RRC_IDLE or RRC_INACTIVE and how to handle the path switch if Relay UE in RRC_IDLE or RRC_INACTIVE is supported. 

In our opinion, gNB may prioritize the RRC_Connected Relay UE to be selected as the target Relay UE for Remote UE. However, if no such suitable Relay UE exists, gNB may also require the Remote UE to switch to a RRC_IDLE/INACTIVE Relay UE. If a RRC_INACTIVE Relay UE is selected, gNB could initiate paging for the Relay UE to make the Relay UE enter into RRC_CONNECTED and configure RRC reconfiguration to Relay UE for Remote UE. Alternatively, if a RRC_INACTIVE or RRC_IDLE Relay UE is selected, RRC reconfiguration to Relay UE can be after PC5 unicast establishment or receiving the first message (RRCReconfigurationComplete) from Remote UE.  

Proposal 6: For the path switch from direct to indirect link, RRC_IDLE/INACTIVE relay UE may be selected by gNB as the target relay UE for remote UE. 

Proposal 7: If a RRC_INACTIVE or RRC_IDLE Relay UE is selected, RRC reconfiguration can be delivered to Relay UE after PC5 unicast establishment or receiving the first message (RRCReconfigurationComplete) from Remote UE.
T304-alike timer

In legacy Uu handover process, UE starts T304 when it receives RRCReconfiguration message including reconfigurationWithSync, and stops T304 when it successfully completes random access to the target cell. Handover failure is happened if T304 expires and the UE initiates the RRC reestablishment procedure. T304 is configured in reconfigurationWithSync.
For indirect to direct link path switch, RAN2 agreed that the contents in RRC Reconfiguration message for Remote UE can be same as legacy NR RRC Reconfiguration with sync. Naturally, T304 can be reused for indirect to direct link path switch. When T304 expires, path switch is considered to have failed, and Remote UE initiates RRC reestablishment towards the original cell over the source path via Relay UE.
For direct to indirect link path switch, though there is no RACH for Remote UE, we think a T304 alike timer is also needed to determine whether the path switch is successful or abnormal. Since other procedures such as RRC reconfiguration for Relay UE and PC5 unicast establishment are involved in direct to indirect link path switch, the T304 alike timer may be expected to be longer than legacy handover. According to TS 24.554, the timer T5080 for PC5 unicast establishment is 8s for normal case. If timer T5080 expires, the initiating UE could re-transmit Direct Communication Request message until reaching the maximum number of allowed re-transmissions. The maximum number of allowed re-transmissions is UE implementation specific. The maximum value of T304 is 10s, it can be used for direct to indirect link path switch case or some extension values can be considered. In our opinion, the T304 can be reused for direct to indirect link path switch with some modification. Specifically, T304 starts when Remote UE receives the RRC reconfiguration message containing indication of path switch to indirect link, and when Remote UE completes the path switch i.e. completing configuration of PC5 RLC channel for relaying and sending out RRC reconfiguration complete message, T304 stops. At expiry of T304, Remote UE initiates RRC reestablishment as legacy. In this case, NR RRC Reconfiguration with sync is also included in RRC Reconfiguration message for Remote UE to configure the T304. 
Proposal 8: For indirect to direct link path switch, T304 can be reused.
Proposal 9: For direct to indirect link path switch, a timer is needed to determine whether the path switch is successful or abnormal. T304 can be reused as the timer with some some extension values.
Lossless support

	The DL/UL lossless delivery during the path switch is done according to the PDCP status report. FFS if there is spec impact.


Since end-to-end PDCP is supported between Remote UE and gNB while hop-by-hop RLC is supported between Remote UE, Relay UE and gNB, the lossless delivery should be considered during the data path switch from indirect to direct Uu link. In the last meeting, it was agreed that the DL/UL lossless delivery is done according to PDCP status report. In the following, we will discuss the specification impact.

According to TS 38.323, when receiving a PDCP status report, the operation of the transmitting PDCP entity is only to discard the successfully delivered PDCP SDUs indicated by the PDCP status report. When upper layers request a PDCP data recovery (recoverPDCP), the transmitting PDCP entity perform retransmission of all the PDCP data PDUs that the successful delivery has not been confirmed by lower layers. But in the path switch case we discussed, the transmitting PDCP entity is expected to perform retransmission based on PDCP status report instead of lower layer confirmation to ensure lossless delivery. 
	TS 38.323
5.4.2
Receive operation
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.
5.5
Data recovery

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.

5.3
SDU discard

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.

For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
NOTE:
Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.


To be specific, for DL packet transmission, PDCP status report is required to be send from Remote UE. In legacy Uu, statusreportRequired within PDCP-Config indicates UE to send PDCP status report for a DRB. When receiving PDCP status report from Remote UE, gNB perform retransmission based on PDCP status report, which is gNB implementation. So, there is no specification impact for DL packet lossless delivery.

For UL packet transmission, when path switch from indirect to direct link, gNB is free to send PDCP status report to Remote UE. And an indication (we can name it retransmitPDCP) like recoverPDCP shall be configured to indicate Remote UE to perform retransmission based on PDCP status report rather than PDCP data recovery based on lower layer confirmation. When receiving the new indication, Remote UE perform retransmission based on PDCP status report, i.e.  perform retransmission of all the PDCP PDUs which the successful delivery has not been confirmed by PDCP status report. 
Observation 2: For legacy NR Uu, when receiving a PDCP status report, the operation of the transmitting PDCP entity is only to discard the successfully delivered PDCP SDUs indicated by the PDCP status report. 
Observation 3: For legacy NR Uu, when upper layers request a PDCP data recovery (recoverPDCP), the transmitting PDCP entity perform re-transmission of all the PDCP data PDUs that the successful delivery has not been confirmed by lower layers.
Proposal 10: In order to ensure the UL lossless delivery during path switch from indirect to direct link, an new indication shall be configured to indicate Remote UE to perform PDCP retransmission based on PDCP status report. 

Proposal 11: When receiving the new indication, Remote UE perform retransmission of all the PDCP PDUs which the successful delivery has not been confirmed by PDCP status report, rather than PDCP data recovery based on lower layer confirmation.
Conclusion

Based on the analysis provided above, we have the following observation and proposals:

Proposal 1: Upon receiving RRC reconfiguration from gNB during indirect to direct link path switch, Remote UE or Relay UE indicates to the upper layer the requested PC5 unicast link to be released. UE AS layer uses PC5 Link Identifier to indicate to the upper layer the PC5 unicast link request to be released.
Observation 1: According to SA2’s latest progress, PC5 unicast link with a Relay Service Code for relaying traffic is separated from PC5 unicast link without Relay Service Code for non-relay traffic.

Proposal 2: It is suggested to remove “execute PC5 connection reconfiguration to release PC5 RLC for relaying” relevant description in running CR.
Proposal 3: For path switch from indirect to direct link, only when SL-RSRP is not available, SD-RSRP is used as the SL measurement quantity.
Proposal 4: The Remote UE shall report only the Relay UE candidate(s) that fulfil the higher layer criteria, while AS criteria based filtering is not considered for the report.
Proposal 5: The Relay UE ID that is included in the SL measurement report is the Source L2 ID.
Proposal 6: For the path switch from direct to indirect link, RRC_IDLE/INACTIVE relay UE may be selected by gNB as the target relay UE for remote UE. 

Proposal 7: If a RRC_INACTIVE or RRC_IDLE Relay UE is selected, RRC reconfiguration can be delivered to Relay UE after PC5 unicast establishment or receiving the first message (RRCReconfigurationComplete) from Remote UE.
Proposal 8: For indirect to direct link path switch, T304 can be reused.
Proposal 9: For direct to indirect link path switch, a timer is needed to determine whether the path switch is successful or abnormal. T304 can be reused as the timer with some some extension values.
Observation 2: For legacy NR Uu, when receiving a PDCP status report, the operation of the transmitting PDCP entity is only to discard the successfully delivered PDCP SDUs indicated by the PDCP status report. 
Observation 3: For legacy NR Uu, when upper layers request a PDCP data recovery (recoverPDCP), the transmitting PDCP entity perform re-transmission of all the PDCP data PDUs that the successful delivery has not been confirmed by lower layers.
Proposal 10: In order to ensure the UL lossless delivery during path switch from indirect to direct link, an new indication shall be configured to indicate Remote UE to perform PDCP retransmission based on PDCP status report. 

Proposal 11: When receiving the new indication, Remote UE perform retransmission of all the PDCP PDUs which the successful delivery has not been confirmed by PDCP status report, rather than PDCP data recovery based on lower layer confirmation.
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