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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]In the last RAN2 meeting, we made numerous agreements related to service continuity for path switching, data forwarding, trigger for Relay UE reconfiguration, contents of Reconfiguration message and measurements. 
In this contribution, we focus on remaining aspects related to control plane support of service continuity for L2 based U2N relay including measurement event and support of inactive/idle relay.
1. Discussion
Measurement configuration and events
We have made the following agreements related to measurements for path switching in NR sidelink relaying. In this section we will discuss the measurement event design for the path switching cases individually. 
	Proposal 7 (easy)(modified): 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.
Agreements:

Proposal-11 (modified):  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.
Proposal-12:  SD-RSRP is used as the SL measurement quantity for the case of path switch from direct to indirect path.


Indirect to direct path switching
For switching to direct path, we have agreed that a RRC_CONNECTED Remote UE utilizes the Uu-based measurement configuration and report signalling procedures to evaluate both relay link measurement and Uu link measurement. The measurement results from the Remote UE are reported to the gNB when the corresponding measurement event is triggered. The SL relay measurement report shall include at least the Relay UE ID, serving cell ID, and SL-RSRP information. As can be seen, the measurement quantities are sidelink RSRP of source Relay UE and Uu RSRP of target cell. Similar to the case of relay reselection, we can assume that SL-RSRP is used when there is data transmission between the Relay UE and Remote UE and it is left to UE implementation whether to use SL-RSRP or SD-RSRP when there is no data transmission between the two UEs. The measurement report can correspondingly include either SL-RSRP or SD-RSRP.  
Proposal 1:	Similar to relay reselection, the sidelink measurement quantity of SL-RSRP is used for evaluating measurement event for indirect to direct path switching and a note can be added that SD-RSRP is used when SL-RSRP is not available. 
To ensure that the UE performs indirect to direct switching (over relay reselection) to make use of service continuity for data transmission in a reliable fashion, we think that a measurement event that incorporates both the conditions: comparison of SL relay link measurement with a threshold and Uu link measurement with another threshold is recommended. In this manner, the Remote UE firstly checks whether the direct link is available and measures the Uu link correspondingly, before resorting to relay reselection procedure which is only based on SL relay link quality.  
Proposal 2: 	A new measurement reporting event(R1) is defined for indirect to direct path switching that is satisfied when both the conditions of SL relay link measurement worse than a threshold A and Uu link measurement better than a threshold B are fulfilled. 
Inter-layer interaction
We discussed about the PC5 link release during path switching and made the following agreement with an open aspect about inter-layer interaction as shown below. 
	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.


Based on recent SA2 agreements [TS 23.304], the PC5 unicast link between Remote UE and Relay UE is considered to be exclusive to relaying only traffic. Therefore, once the gNB releases the configuration of both the Remote UE and Relay UE, the Relay UE can initiate PC5 link release procedure by informing its own upper layer. 
Proposal 3: 	As the PC5 unicast link is dedicated to relaying only, Relay UE informs the upper layer to release the PC5 link upon receiving the Reconfiguration message from the gNB to release the SL bearers relevant to relaying with the Remote UE.
Direct to indirect path switching
[bookmark: _Hlk85023144]For switching from direct to indirect path, we have agreed that the Remote UE reports one or multiple candidate Relay UEs’ information including at least the Relay UE ID, serving cell ID and SD-RSRP measurement. The gNB makes the decision to switch and selects a suitable Relay UE based on the report. As part of the report, the Rel-16 NR sidelink measurement configuration framework can be used and a new reporting criterion is to be defined to trigger the Remote UE to send the measurement report. Similar to the case of indirect to direct path switching, in this case, when the combined conditions of Uu link measurement worse than threshold A and candidate Relay link measurement better than threshold B are satisfied, the event is triggered. 
Proposal 4: 	A new measurement reporting event(R2) is defined for direct to indirect path switching that is satisfied when both the conditions of Uu link measurement worse than a threshold A and SL relay link measurement better than a threshold B are fulfilled. 
Reporting of candidate Relay UEs
As part of the measurement report, we have the following open aspect as to whether AS criteria should also be considered by the Remote UE while reporting the candidate Relay UEs. 
	Proposal 2    RAN2 to confirm that tThe Remote UE shall report only the Relay UE candidate(s) that fulfil the higher layer criteria. FFS is if also AS criteria should be taken into account.



The L2 relaying AS criteria that we have agreed for this release as part of relay (re)selection are: serving cell ID, PLMN ID and L2/L3 relay support. These parameters are to be provided as part of the discovery message from the Relay UE. Assuming that we are referring to the same AS criteria for determining direct to indirect path switching to select suitable candidate Relay UEs, we think it is beneficial for the Remote UE to filter based on these additional criteria. The Remote UE could use the  L2/L3 support and the cell ID/PLMN ID to determine if the Relay UE belongs to the same or different cell as we support only intra-gNB handover in this release. The gNB can further use the Relay UE’s serving cell ID information choose a corresponding Relay accordingly. 
Proposal 5: 	For direct to indirect path switching, Remote UE checks and filters the candidate Relay UEs fulfilling AS criteria before sending the measurement report towards the gNB.
Support of INACTIVE/IDLE Relay UE 
The Remote UE while performing discovery for direct to indirect path switching is not aware of the RRC state of the Relay UE; therefore, it is not possible for the Remote UE to filter candidate Relay UEs based on RRC state information. For Relay UE in RRC_INACTIVE or RRC_IDLE state, if selected as a candidate target relay UE, the gNB cannot directly initiate the RRCReconfiguration message towards the Relay UE to trigger path switching procedure. Moreover, the gNB is not even aware of the IDLE Relay UE’s context. There are two options being considered here:
1) Option a):  use gNB assisted mechanism (e.g., paging, filtered list of Relay UE based on NW implementation)
2) Option b): use Remote UE assisted mechanism via PC5 (e.g., Remote UE triggers Relay UE to enter RRC_CONNECTED)
For the case of option b) where the Remote UE may trigger the state transition for Relay UE from RRC_IDLE to RRC_CONNECTED, it basically requires an initiation message from the gNB; while option a) requires more specification impact involving other working groups (i.e. at least one gNB to CN message to initiate CN paging and the initiation of CN paging towards Relay UE that is not intended for MT data).
Observation 1: 	Option b) of Remote UE assisted mechanism has less overhead and cross-WG specification impact than option a) of gNB assisted mechanism to enable RRC_IDLE/RRC_INACTIVE Relay UE.
On the other hand, the disadvantage of option b) is that the handover command cannot provide configuration to move the Remote UE’s radio bearers from direct to indirect path at step 3 (within the path switching framework) as the gNB is not aware of the existence of Relay UE, if it is in RRC_IDLE. So far, we have agreed that the gNB sends an RRCReconfiguration message to the target Relay UE, which can include at least Uu and PC5 RLC configuration for relaying, and bearer mapping configuration. Then the gNB sends the RRCReconfiguration message to the Remote UE including at least Relay UE ID, PC5 RLC configuration for relay traffic and the associated end-to-end radio bearer(s). The Remote UE stops UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB. If the Relay UE is not in RRC_CONNECTED, gNB has to postpone step 2 of Relay UE Reconfiguration and cannot essentially configure the Remote UE either until the Relay UE is connected. In order to keep the step 2 and step 3 of the procedure as is, we may need a step prior to step 2 to trigger the Remote UE to initiate Relay UE’s transition. There are four options to consider for this case: 
a) Option 1: Support only RRC_CONNECTED target Relay UE with no new mechanism.
b) Option 2: Introduce a MAC CE to trigger Remote UE to send a message to RRC_IDLE/RRC_INACTIVE Relay UE to initiate switching to RRC_CONNECTED. 
c) Option 3: Introduce a new Uu RRC message to trigger Remote UE to send a message to RRC_IDLE/RRC_INACTIVE Relay UE to initiate switching to RRC_CONNECTED. FFS Remote UE to Relay UE message.
d) Option 4: gNB to send HO command to Remote UE considering IDLE/INACTIVE target Relay UE 
Considering the four options, options 2 and 3 have some specification impact to implement two different mechanisms/messages, one over Uu and another over PC5. However, the impact is within RAN2 WG unlike option a) above of gNB-assisted mechanism. Between options 2 and 3, option 2 has lesser specification impact than option 3, however MAC CE is normally used for delay sensitive and frequent signalling/activation and not for the intended purpose. At the same time, if we cannot converge on one option, we can simply limit the candidate Relay UEs that can be considered by the gNB to be in RRC_CONNECTED state only which is option 1 or we can choose option 4, wherein we can assume that the Relay UE is already authorized and gNB is allowed to select a Relay UE which may be in idle/inactive. However, it is not clear if the gNB can allow it to act as the Relay without validation from the network point of view. 
Observation 2: 	When gNB makes the decision to switch the Remote UE to indirect link, the target Relay UE should be authorized and connected at the gNB.
[bookmark: _Hlk85539677]In RAN2, we need to decide whether to introduce option 2 or option 3 with some RAN2 specification impact or choose option 1 and leave it to Relay UE implementation to be authorized and connected to gNB as necessary at the time of switching. At the same time, we need to make a baseline agreement that gNB will only send HO command to the Remote UE for a RRC_CONNECTED Relay UE.
Proposal 6: 	Agree as baseline that gNB sends HO command message to Remote UE only for a target Relay UE which is in RRC_CONNECTED.  
Proposal 7: 	If no specification impact is preferred, RAN2 to leave it to Relay UE implementation to be authorized and connected to gNB at the time of direct to indirect switching (i.e. assume option 1).
Proposal 8: 	If companies prefer to support RRC_IDLE/RRC_INACTIVE Relay UE to be target for direct to indirect switching, consider option 3 which is to introduce a new Uu RRC message to notify Remote UE to trigger the target Relay UE to enter RRC_CONNECTED.
The Remote UE may not already have PC5 connection established with the Relay UE. It should then initiate the PC5 connection and include the establishment/resume cause within the existing Reconfiguration message or a new PC5-RRC message towards the Relay UE to initiate its transition to connected state.
CHO-like path switch procedure
During the last meeting, it was also raised whether CHO-like path switch procedure is to be considered for service continuity support. We think that the procedure is beneficial to be enabled to further aid service continuity although for the direct to indirect switching, it may not always be possible to find target Relay UEs that are always RRC_CONNECTED. If we were to support, we need to finalize the open aspects related to the baseline procedure before this optimization can be further discussed, so we prefer to postpone discussion related to CHO support for L2 Relay path switching.
	Proposal 4 (easy) (18/19): CHO-like path switch procedure for Remote UE can be studied after the baseline design is finalized.



Proposal 9: 	Postpone discussion on CHO-like path switch procedure for Remote UE service continuity considering other high priority aspects need to be finalized.
Support of T304-like timer 
Similar to legacy HO procedure which is bound by the T304 timer started when RRCReconfiguration with mobilityControlInfo is received by the UE, a similar timer is to be configured for the Remote UE’s HO procedure. However, since the UE has to establish PC5 connection in the case of direct to indirect link, it may take longer than the legacy HO procedure. Therefore, it is reasonable that a new T304-like timer is defined and utilized for this purpose. For the case of indirect to direct path switching, assuming there are no further optimizations, the Remote UE has to perform RA procedure to the gNB, it is not clear whether this will take much less time duration than the direct to indirect path switching. For simplicity, one new T304-like can be used for both path switching scenarios. 
Proposal 10: 	A new T304-like timer is defined for support of Remote UE’s path switching procedures. 
1. [bookmark: _Toc465993148]Conclusion
This contribution discusses the remaining service continuity related aspects and makes the following observations and proposals:
Observation 1: 	Option b) of Remote UE assisted mechanism has less overhead and cross-WG specification impact than option a) of gNB-assisted mechanism to enable RRC_IDLE/RRC_INACTIVE Relay UE.
Observation 2: 	When gNB makes the decision to switch the Remote UE to indirect link, the target Relay UE should be authorized and connected at the gNB.
Proposal 1:	Similar to relay reselection, the sidelink measurement quantity of SL-RSRP is used for evaluating measurement event for indirect to direct path switching and a note can be added that SD-RSRP is used when SL-RSRP is not available. 
Proposal 2: 	A new measurement reporting event(R1) is defined for indirect to direct path switching that is satisfied when both the conditions of SL relay link measurement worse than a threshold A and Uu link measurement better than a threshold B are fulfilled. 
Proposal 3: 	As the PC5 unicast link is dedicated to relaying only, Relay UE informs the upper layer to release the PC5 link upon receiving the Reconfiguration message from the gNB to release the SL bearers relevant to relaying with the Remote UE.
Proposal 4: 	A new measurement reporting event(R2) is defined for direct to indirect path switching that is satisfied when both the conditions of Uu link measurement worse than a threshold A and SL relay link measurement better than a threshold B are fulfilled. 
Proposal 5: 	For direct to indirect path switching, Remote UE checks and filters the candidate Relay UEs fulfilling AS criteria before sending the measurement report towards the gNB.
Proposal 6: 	Agree as baseline that gNB sends HO command message to Remote UE only for a target Relay UE which is in RRC_CONNECTED.  
Proposal 7: 	If no specification impact is preferred, RAN2 to leave it to Relay UE implementation to be authorized and connected to gNB at the time of direct to indirect switching (i.e. assume option 1).
Proposal 8: 	If companies prefer to support RRC_IDLE/RRC_INACTIVE Relay UE to be target for direct to indirect switching, consider option 3 which is to introduce a new Uu RRC message to notify Remote UE to trigger the target Relay UE to enter RRC_CONNECTED.
Proposal 9: 	Postpone discussion on CHO-like path switch procedure for Remote UE service continuity considering other high priority aspects need to be finalized.
Proposal 10: 	A new T304-like timer is defined for support of Remote UE’s path switching procedures. 
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