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Introduction

At RAN2#116e meeting, service continuity was extensively discussed and lots of agreements were reached. In addition, an email discussion was kicked off after the meeting and most of the remaining issues were discussed. 
In this contribution, we will discuss some FFS issues not being addressed by the email discussion and some controversial issues in the email discussion, e.g. how to measure SD-RSRP, allow-list/block-list of relay UE, serving cell ID of relay UE to report, RRC idle/inactive relay UE handling, stop condition of new T304-like timer and support of lossless delivery. 
Discussion

Left issues for direct-to-indirect path switch

Allow-list/block-list of relay UE

Whether to introduce the allow-list/block-list of relay UE during direct to indirect path switch is discussed in [1], but no consensus is reached. 
	Proposal 3: RAN2 to discuss whether Allow-list and/or Block-list of relay UE during direct to indirect path switch is introduced.


There are two kinds of allow-list/block-list being proposed, i.e. allow-list/block-list of relay UEs and allow-list/block-list of serving cells of relay UEs. In our opinion, it’s not necessary to introduce such allow-list/block-list. In order to determine the allow-list/block-list of relay UEs, gNB need to coordinate with relay UEs to acquire relay UE’s information (e.g. load information). Then the overload relay UE may be put in the block-list. However, if a relay UE is overload, it may refrain from discovery announcement or response message transmission, which can alleviate its overload by implementation. From this perspective, the relay UEs being discovered shall be considered as allowed naturally. Regarding to the allow-list/block-list of serving cells of relay UEs, if a cell or the serving cell of a relay UE experience overload and do not want relay UE or remote UE to access, it may not provide relay related configurations so that relay UE or remote UE may not select this cell. In addition, access control could be applied to limit the accessibility of relay UE and remote UE. Therefore, it’s not necessary to introduce allow-list/block-list.
Proposal 1: It’s not necessary to introduce Allow-list/Block-list of relay UE during direct to indirect path switch.
Serving cell ID report of relay UE

In RAN2#114e meeting, it was agreed that SL relay measurement report shall include serving cell ID of relay UE. In addition, RAN2 agreed to include NCI in the relay discovery message as the cell ID and an LS was sent to SA2. In the reply LS [2] from SA2, SA2 said they had discussed and agreed to include NCGI in the discovery message for 5G ProSe Layer-2 UE-to-Network Relay.

	SA2 has discussed and agreed to include NCGI in the discovery message for 5G ProSe Layer-2 UE-to-Network Relay per the approved CR 0020rev1 as attached.


In the email discussion [1], PCI, NCI, NCGI are proposed as the cell ID by companies. Majority companies support NCI or NCGI but think it may be related to whether to support RAN sharing for L2 relay, i.e., if no RAN sharing, NCI is sufficient, otherwise, NCGI including PLMN ID is needed. 
During last RAN2 meeting, RAN sharing was discussed but no consensus was reached. However, RAN2 assumed cellAccessRelatedInfo (including plmn-IdentityList) from SIB1 is forwarded before PC5-RRC connection. Specifically, the non-serving PLMN IDs could be delivered to remote UE via discovery message if RAN sharing is supported [3].  
	[Answer]:

For Rel-17 U2N sidelink relay, RAN2 discussed whether RAN sharing can be supported for the NG-RAN node for Rel-17 Layer-2 UE-to-Network Relay. Unfortunately, no consensus was reached. Furthermore, RAN2 has made working assumption:
Agreement:
WA: cellAccessRelatedInfo from SIB1 is forwarded before PC5-RRC connection.  FFS the exact signalling.

plmn-IdentityList is included in cellAccessRelatedInfo. If SA2 conclude RAN sharing should be supported, RAN2 majority prefer to deliver the non-serving PLMN IDs to remote UE via discovery message and further discussion on whether to include it in a RRC container of discovery message or not will be carried out in RAN2. Other aspects of RAN sharing have not been discussed.


Based on the NCGI and non-serving PLMN IDs acquired from discovery message, remote UE may filter out non-suitable relay UEs but only report the suitable relay UE candidates in SL measurement report that fulfil both higher layer and AS layer criteria. Here in addition to the legacy AS layer and higher layer criteria we discussed before, the suitable relay UE should satisfy that one of the serving cells’ PLMNs of relay UE is the selected PLMN, registered or an equivalent PLMN of remote UE. With the suitable relay UE candidates in SL measurement report, gNB can select one target relay UE for remote UE without considering PLMN aspect any more. As we can see, the gNB does not need to know the serving PLMN ID of the candidate relay UE. The report of NCI or NCGI in SL measurement report has nothing to do with RAN sharing. 

In our view, NCGI is preferred when reporting the cell ID of relay UE to gNB. Because remote UE obtains NCGI from discovery message, it can report the NCGI directly without additional processing (e.g extract NCI from NCGI).
Proposal 2: It is suggested that NCGI is included in SL measurement report as relay UE’s cell ID.

Stop condition of new T304-like 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 direct to indirect link path switch, it was agreed that a new T304-like timer is introduced in last meeting. But the stop condition of the timer has not reached consensus. 

	Agreements for indirect to direct link path switch:

[RAN2#115e] 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. 
[RAN2#116e] The existing T304 is used for indirect-to-direct path switch. 

RAN2#116e agreements for direct to indirect link path switch:

A new T304-like timer is introduced for direct-to-indirect path switch. The Remote UE starts the timer upon reception of the RRC reconfiguration message indicating direct-to-indirect path switch, and the Remote UE initiates RRC re-establishment upon timer expiry.

Working assumption: The existing reconfigurationWithSync is used to indicate direct-to-indirect path switch to Remote UE.


During the offline discussion [4], there are four options on the table:

	Proposal 14-2: FFS which option is taken as stop condition of the new T304-like timer in Remote UE:

Option1: Upon successfully sending RRCReconfigurationComplete (i.e., lower layer acknowledge is received from target relay);

Option2: Upon the PC5 unicast link is successfully established with the target Relay UE;

Option3: Upon reception of RRCReconfigurationCompleteSidelink message from target Relay UE;

Option4: Upon reception of an explicit indication from the target Relay UE.


In legacy, T304 is stopped upon successful completion of random access instead of reception of the confirmation that the RRC reconfiguration complete message is successfully delivered to network. We think the stop condition of the new T304-like timer shall be similar to the legacy T304, i.e. it is not necessary to wait for the confirmation of successful delivery of RRC reconfiguration complete message. So Option 1 and Option 4 could be ruled out. In Option 1 the successful sending of the message over PC5 does not mean the relay UE may also successfully send the message to the network. It is meaningless to only consider the acknowledgement on PC5. Option 4 requires explicit indication from relay UE that the RRC reconfiguration complete message is successfully received by network, which is too excessive to act as the stop condition compared to legacy T304 and brings extra spec impact.

Generally, both Option 2 and Option 3 could be considered. To be specific, the new T304-like timer is stopped after the remote UE successfully established PC5 unicast link with the relay UE but before sending the RRC reconfiguration complete message. However, for Option 3, it is not clear whether the RRCReconfigurationCompleteSidelink is mandatory to be transmitted before transmission of RRC reconfiguration complete message, especially if RRC idle/inactive relay UE is supported. For example, if RRC idle/inactive relay UE is supported and a new PC5 RLC channel is specified for transmission of RRC reconfiguration complete message of remote UE (as discussion in section 2.1.4), the PC5 RRC reconfiguration procedure may be not necessary between remote UE and relay UE so that no RRCReconfigurationCompleteSidelink message is received from relay UE before transmission of RRC reconfiguration complete message. Therefore, we prefer Option 2.  
Proposal 3: Option 2 (upon the PC5 unicast link is successfully established with the target relay UE) is taken as stop condition of the new T304-like timer.

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. We think the legacy reconfigurationWithSync can also be used to indicate direct-to-indirect path switch to Remote UE. In this way, a unified configuration is used for both indirect-to-direct and direct-to-indirect path switch. So, it is suggested to confirm the working assumption that the existing reconfigurationWithSync is used to indicate direct-to-indirect path switch to Remote UE.
Proposal 4: Confirm the working assumption that the existing reconfigurationWithSync is used to indicate direct-to-indirect path switch to Remote UE.

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. Based on the progress in previous meetings, two options are on the table for down selection.
	=> RAN2 to down select among the following options to handle the case of Relay UE in IDLE/INACTIVE during direct-to-indirect path switch:

‐
[8/22]Option1: The target Relay UE of direct-to-indirect path switch must be in RRC_CONNECTED.
‐
[14/22]Option2: Relay UE in IDLE/INACTIVE can be indicated as target Relay, and to support such case by the Remote UE oriented solution, i.e. after receiving the path switch command, Remote UE establishes PC5 link with the Relay UE and sends HO complete message via the Relay UE which will trigger the Relay UE to enter CONNECTED sate.


As agreed in RAN2, RRC_IDLE/INACTIVE/CONNECTED relay UEs are able to perform discovery message transmission if configured criteria is fulfilled. Therefore, remote UE may discover RRC_IDLE/INACTIVE/ CONNECTED relay UEs and report them to network when SL measurement report event been triggered during path switch from direct to indirect link. Upon receiving measurement report from remote UE, gNB may prioritize to select a RRC_Connected Relay UE as the target Relay UE for Remote UE. However, if no such suitable Relay UE exists, it is better for gNB to select a RRC_IDLE/INACTIVE Relay UE for the Remote UE to perform path switch and to achieve service continuity. 

If a RRC_IDLE/INACTIVE Relay UE is selected, the PC5 RLC channel used to transmit RRC reconfiguration complete message shall be considered. The following two alternatives may be considered:  

- Alt 1: network configured PC5 RLC channel is used. Specifically, the RRC reconfiguration to remote UE can include PC5 RLC channel configuration. After establishment of PC5 unicast link with relay UE, remote UE can initiate PC5 RRC reconfiguration procedure with relay UE to set up the PC5 RLC channel used to transmit RRC reconfiguration complete message. 

- Alt2: fixed/specified PC5 RLC channel. Currently, SL-RLC0 is specified for remote UE’s SRB0 message transmission. Since PC5 adaptation layer applies to SRB1 message but SRB0 message, two separate fixed PC5 RLC channels should be specified. In this way, the relay UE may recognize remote UE’s SRB0 and SRB1 (i.e. RRCReconfiguration complete message) from fixed PC5 RLC channels.

On the other hand, if there is no RRC_connected relay UE in measurement report and gNB does not select a RRC_idle/inactive relay UE, it is not clear what shall be configured by the gNB to remote UE. Shall the remote UE be released by gNB? Or the gNB do nothing and remote UE detects RLF and performs RRC re-establishment. Suppose the remote UE is released or detect RLF, it may autonomously perform cell (re)selection and/or relay (re)selection. The remote UE needs to perform RRC setup/re-establishment to network directly or via a relay UE. 
Considering that there is no RRC_Connected relay UE nearly, it is very likely that the remote UE select an IDLE/INACTIVE relay UE to connect to network. Compared to path switch to a RRC idle/inactive relay UE, the time of service interruption in this case would be longer. Based on the discussion above, it is suggested to support the selection of RRC_IDLE/INACTIVE relay UE during path switch from direct to indirect link. 
Proposal 5: For the path switch from direct to indirect link, selection of RRC_IDLE/INACTIVE relay UE is supported, e.g. Option 2 is selected. 

Proposal 6: If a RRC_INACTIVE or RRC_IDLE Relay UE is selected, the PC5 RLC channel used to transmit RRC reconfiguration complete message shall be considered, i.e. configured PC5 RLC channel or specified PC5 RLC channel.
Left issues for indirect-to-direct path switch

How to measure SD-RSRP

For path switch from indirect to direct link, it was agreed that SL-RSRP of the serving relay is used as the SL measurement quantity as a baseline in RAN2#115e meeting. Someone concerns the case of no data transmission from Relay UE to Remote UE. Thus, RAN2 further agreed that when SL-RSRP of the serving relay is not available, SD-RSRP is used as the SL measurement quantity. However, it is FFS how to measure SD-RSRP.
	RAN2#115e 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.

RAN2#116e agreement:

When SL-RSRP of the serving relay is not available, SD-RSRP is used as the SL measurement quantity.  FFS how to measure SD-RSRP and if there would be a separate threshold for this case.


Considering power imbalance of sidelink discovery and sidelink communication transmission, it is not appropriate to use a single threshold for triggering of SL measurement reporting event for both SL-RSRP measuring and SD-RSRP measuring of serving relay UE. For instance, if a single threshold is configured, when UE measures SD-RSRP and compares SD-RSRP measurement result with the threshold, the reporting event may not be triggered/satisfied but actually the link quality between remote UE and the serving relay UE is worse enough. Therefore, it is suggested to configure a separate threshold for triggering of SL measurement reporting event for SD-RSRP measuring. 
Generally, network is aware that there is data transmission from Relay UE to Remote UE based on the PDU session of Remote UE and sidelink request information from Relay UE. Thus network can configure SL-RSRP measurement for remote UE. But after a while, if there is no data transmission from Relay UE to Remote UE, the network may not know exactly from when there is no data transmission from relay UE to remote UE (i.e. the SL-RSRP of the serving relay is not available) and thus may not reconfigure the measurement configuration with SD-RSRP threshold in time. Therefore, it is better for network to configure both SL-RSRP and SD-RSRP measurement for remote UE, which one to use can be up to remote UE’s implementation. For SL measurement reporting, a CHOICE structure can be used to indicate whether measurement results of SL-RSRP or SD-RSRP is reported.  

Proposal 7: For path switch from indirect to direct link, it is suggested to configure a separate threshold for triggering of SL measurement reporting event for SD-RSRP measuring.

Proposal 8: It is suggested that both SL-RSRP and SD-RSRP measurement are configured for remote UE. 
Support of lossless delivery

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 RAN2#115 e-meeting, it was agreed that the DL/UL lossless delivery is done according to PDCP status report, but the spec impact is FFS. In last meeting, RAN2 agreed that no spec impact is required for DL lossless transmission.
	RAN2#115e agreement:
The DL/UL lossless delivery during the path switch is done according to the PDCP status report. FFS if there is spec impact.

RAN2#116e Agreements:

The legacy PDCP re-establishment or data recovery in UL should be performed by the Remote UE during path switch if gNB configures it.

No spec impact is required for DL lossless transmission during path switch.


In the post email discussion of RAN2#116e, no consensus is reached for ensurance of UL PDCP lossless, 
	Proposal 11: RAN2 to discuss which option to ensure UL PDCP lossless in indirect-to-direct path switch,

Option 1: No spec impact, i.e., assume loss of UL PDCP PDUs is a corner case or can be addressed by network implementation,

Option 2: Remote UE retransmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target side after path switch.


It is known that hop-by-hop RLC ARQ is adopted in multi-hop IAB network. UL packet loss also exists when RLF or inter-CU handover triggered path changing, and it regarded as an important issue to be solved in IAB. Many solutions to ensure UL lossless delivery were discussed in R16 IAB. Option 2 alike solution also had been discussed in IAB. Back to SL relay, the UL packet loss is possible to occur during path switch and it is not just a corner case. We shall address this issue and take action to ensure UL lossless delivery for service continuity. As agreed, the UL lossless delivery can be done based on PDCP status report.
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. But in the path switch case we discussed, the transmitting PDCP entity is expected to perform retransmission based on PDCP status report, i.e. retransmit all the PDCP SDUs for which the successful delivery of the corresponding PDCP data PDU has not been confirmed by PDCP status report. 

Proposal 10: UL lossless delivery shall be addressed in RAN2 and it could be ensured based on PDCP status report.

Relay (re)selection performed by RRC_CONNECTED L2 remote UE

For RRC connected L2 remote UE, the mobility/path switch is controlled by network. In [1], all companies have a consensus that UE autonomous relay (re)selection is not performed by RRC connected remote UE except for the exceptional cases that SL RLF is detected by remote UE. However, it is controversial whether other cases shall be considered, e.g. upon relay UE’s handover and relay UE’s Uu RLF.

According to previous agreements, PC5-RRC message (NotificationMessageSidelink) is used to inform remote UE when relay UE performs HO and when Uu RLF is detected by relay UE. Upon receiving indication of relay UE’s HO or Uu RLF, RRC_CONNECTED L2 remote UE may initiate RRC connection re-establishment procedure, which including initiating cell (re)selection or relay (re)selection to perform RRC connection re-establishment. Thus, it is clear that,remote UE can perform autonomous relay reselection upon relay UE’s HO and Uu RLF. 
Proposal 11: Besides SL RLF, upon relay UE’s handover and relay UE’s Uu RLF, remote UE can also perform autonomous relay reselection.
Conclusion

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

Proposal 1: It’s not necessary to introduce Allow-list/Block-list of relay UE during direct to indirect path switch.
Proposal 2: It is suggested that NCGI is included in SL measurement report as relay UE’s cell ID.

Proposal 3: Option 2 (upon the PC5 unicast link is successfully established with the target relay UE) is taken as stop condition of the new T304-like timer.

Proposal 4: Confirm the working assumption that the existing reconfigurationWithSync is used to indicate direct-to-indirect path switch to Remote UE.

Proposal 5: For the path switch from direct to indirect link, selection of RRC_IDLE/INACTIVE relay UE is supported, e.g. Option 2 is selected. 

Proposal 6: If a RRC_INACTIVE or RRC_IDLE Relay UE is selected, the PC5 RLC channel used to transmit RRC reconfiguration complete message shall be considered, i.e. configured PC5 RLC channel or specified PC5 RLC channel.
Proposal 7: For path switch from indirect to direct link, it is suggested to configure a separate threshold for triggering of SL measurement reporting event for SD-RSRP measuring.

Proposal 8: It is suggested that both SL-RSRP and SD-RSRP measurement are configured for remote UE. 
Proposal 9: For SL measurement reporting, a CHOICE structure can be used to indicate whether measurement results of SL-RSRP or SD-RSRP is reported.
Proposal 10: UL lossless delivery shall be addressed in RAN2 and it could be ensured based on PDCP status report.

Proposal 11: Besides SL RLF, upon relay UE’s handover and relay UE’s RLF, remote UE can also perform autonomous relay reselection.
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