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1 Introduction
During RAN2 #114e meeting, the second stage of common design for both layer 2 and layer 3 relay has been accomplished. In addition, some initial discussion of service continuity has been triggered, and a brunch of agreements has been made. Therefore, in this meeting, further discussion of service continuity shall be continued.
2 Discussion
2.1 Measurement Event
Considering the path switch for remote UE between indirect relay link and direct Uu link is never defined before in NR specification. Correspondingly, the new measurement event shall also be applied. In detail, considering the case the remote UE performs path switch from direct Uu link towards indirect relay link, remote UE shall evaluate both the Uu link quality and PC5 link quality. Furthermore, two different sets of measurement events shall be applied for the case of path switch from direct Uu link towards indirect relay link and the case of path switch from indirect relay link towards direct Uu link.
Considering that the transmission power from gNB and sidelink UE is different, a direct comparison cannot be applied. Therefore, it is not reasonable to generate an offset between PC5 link quality and serving cell link quality. Correspondingly, the measurement event A3 in the legacy Uu principle cannot be referred to.
In addition, both SL-RSRP and SD-RSRP so far are agreed to be applied in relay discovery and relay (re-)selection. Correspondingly, both measurement criteria can also be used as path switch measurement events. However, as it is agreed before:
	· RAN2 agrees to reuse the Rel-16 power control mechanism for the transmission of discovery messages.


Although UE will perform open loop power control for both sidelink discovery message and sidelink data transmission. The priority of discovery message is agreed as a fixed value,
	· RAN2 agrees to fix the priority value as 1 of the sidelink discovery message in the specification.


Therefore, SD-RSRP measurement can be regarded as one particular case for SL-RSRP (Priority fixed as “1”). In this case, one threshold can be configured for both SL-RSRP and SD-RSRP to trigger the remote UE measurement report.
[bookmark: _Toc78875070][bookmark: _Toc78985449][bookmark: _Toc76723197][bookmark: _Toc78817233][bookmark: _Toc78875071][bookmark: _Toc78985450]It is suggested to configure one threshold for the use of both SL-RSRP and SD-RSRP to trigger remote UE measurement report.
In detail, the measurement event for path switch from direct Uu link towards indirect relay link shall be the following:
Event S1 - The candidate PC5 link quality becomes better than a PC5 threshold
Event S2 - The serving cell link quality becomes worse than a Uu threshold
Event S3 - The candidate PC5 link quality becomes better than a PC5 threshold 1, and the serving cell link quality worsens than a Uu threshold 2.
The measurement event for path switch from indirect relay link towards direct Uu link shall be the following:
Event S4 - The connected PC5 link quality becomes worse than a PC5 threshold.
Event S5 - The target cell link quality becomes better than a Uu threshold.
Event S6 – The target cell Uu link quality becomes better than a Uu threshold 3, and the connected PC5 link quality becomes worse than a threshold 4.
In addition, during the last meeting, companies propose the scenario that relay UE may send a notification towards its remote UE to measure Uu or PC5 if Relay UE’s Uu link quality becomes weak. But there is no consensus due to divergent views among different companies. To us, it is assumed that the network triggered measurement and report is already a baseline solution. Therefore, a unified principle shall be applied so that “relay UE triggered measurement and report” shall not be considered. In addition, even though there would be a Uu link quality issue between relay UE and network, relay UE can also perform the measurement and report towards the network by itself. 
Furthermore, another debatable issue is whether “S-measure criteria” can be reused during indirect to direct link path switch. One proposes that remote UE may not constantly measure neighbor cells if the PC5 link quality is good enough. But it should be addressed that even the PC5 link quality between relay UE and remote UE is good enough, the link quality between relay UE and Uu cannot be ensured, as mentioned above. Therefore, S-measure criteria may not be adaptable for the sidelink relay scenario.
[bookmark: _Toc78817234][bookmark: _Toc78875072][bookmark: _Toc78985451]”Relay UE triggered measurement and report” shall not be adopted in NR sidelink relay.
[bookmark: _Toc78817235][bookmark: _Toc78875073][bookmark: _Toc78985452]RAN2 should not consider using S-measure criteria in NR sidelink relay.
2.2 Inactive/Idle relay UE during a path switch
During RAN2 #114e meeting, some companies proposed that for path switch from the direct link towards indirect link, when the relay UE is in the IDLE state, the gNB has no context of the relay UE and after that will not be able to select that relay UE during HO preparation for CONNECTED remote UE. 
From our point of view, the relay UE in the IDLE state can also be selected by the gNB during path switch from direct to indirect link, and the issue mentioned by other companies can be solved by the following two alternatives:
Alt 1: When the relay UE is in the IDLE state, if the gNB must acquire those relay UEs’ context, a paging message can be sent by the network towards those relay UEs to trigger them to access into RRC CONNECTED state, based on the measurement report from the remote UE.
Alt 2: The relay UE itself does not have actual UL/DL service traffic towards the network but relay traffic for the remote UE. Therefore, admission control towards those relay UEs is not mandatory. Consequently, it is natural for the gNB to perform relay UE selection based on the remote UE’s measurement report.
[bookmark: _Toc78817236][bookmark: _Toc78875074][bookmark: _Toc78985453]The relay UE in INACTIVE/IDLE state can be selected by the gNB during path switch from direct to indirect link.
[bookmark: _Toc78817237][bookmark: _Toc78875075][bookmark: _Toc78985454]RAN2 further discusses how INACTIVE/IDLE relay UEs can access the CONNECTED state, e.g., triggered by target gNB or remote UE. 
2.4 Path Switch Procedure
2.4.1 Switch from indirect to direct link


Figure 1. Procedure for Remote UE switching to direct Uu cell
The general process for changing from indirect link to direct link has been concluded during the study item period, as shown in the above flow chart. However, some detailed design shall be finalized during the work item phase, which is listed in the following:
	-	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.


Furthermore, in the last meeting, the following agreements have been made:
	· For indirect to direct path switch, Remote UE stops UP and CP transmission via relay link after reception of RRC Reconfiguration message from gNB (i.e., step 3).
· For indirect to direct path switch, the timing of step 8 is independent of step 6 and step 7.


After that, there are two remaining issues that shall be discussed:
Issue 1-1: Whether Step 6 can before or after step 3 and its necessity:
[bookmark: _GoBack]The purpose of step 6 is to inform relay UE that the specific relay link with a particular remote UE may not be necessary since the remote UE may switch to a direct Uu link. Therefore, the network needs to release the previous bearer configuration and remote UE context from relay UE. However, when we recall the Rel-16 NR V2X procedure. The network will perform release procedures for sidelink bearer configuration only when the V2X UE report link release for a specific destination ID. But here, the PC5 link release is after the RRC reconfiguration for relay UE. Therefore, during step 6, following legacy Rel-16 NR V2X principle, the network shall only inform relay UE that one specific remote UE will switch to direct Uu link, as well as release the Uu bearer of the relay UE targeting on the particular remote UE, but excluding the release of the sidelink bearer for the PC5 link with the specific remote UE which can be only happened after the PC5 link release.
[bookmark: _Toc76723199][bookmark: _Toc78817141][bookmark: _Toc78985466]In Rel-16 NR V2X, the network will perform a sidelink bearer release associated with one specific destination ID when UE reports the PC5 link release of the destination ID in SidelinkUEInformation.
In the relay scenario, when network provide RRC Reconfiguration towards remote UE, it means the Uu link is prepared well and relay link can be released at any time. Therefore, network can release the sidelink bearer of relay UE at any time, i.e., before or after step 3. Consequently, it should be up to network implementation on when to perform step 6.
[bookmark: _Toc78985455]It should be up to network implementation on when to perform step 6, i.e., before or after step 3.
Issue 1-3: Whether Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration:
When remote UE and relay UE set up PC5 link, it may be due to the existence of relay traffic and non-relay traffic between these remote UE and relay UE. Therefore, when remote UE is switching from indirect to direct path, there will be an impact on only the relay traffic. On the other hand, the non-relay traffic can still be underworking. Consequently, remote UE shall not be necessary to release the PC5 link with relay UE, but depending on whether there is the existence of non-relay traffic with the relay UE.
In addition, remote UE will report all its traffic conditions towards the network via sidelink UE information. Therefore, the network can be aware of the remote UE’s traffic, including non-relay traffic between remote UE and relay UE. Thus, the network can take the responsibility to control whether to release the PC5 link between remote UE and relay UE. Furthermore, the network decision will be made after step 5 since remote UE keeps using the relay link to transmit data till after step 5.
[bookmark: _Toc76723201][bookmark: _Toc78817142][bookmark: _Toc78985467]The network can know whether remote UE has both relay traffic and non-relay traffic with the relay UE.
Furthermore, if the network decided to release the PC5 link, relay UE and remote UE shall update their SidelinkUEInformation and report to the network. In the following, the network may reconfigure the sidelink bearers for both relay UE and remote UE.
[bookmark: _Toc76723202][bookmark: _Toc78817239][bookmark: _Toc78875076][bookmark: _Toc78985456]It should be under gNB’s control for relay and remote UE to release RLC bearer for the relayed bearer, including PC5-RRC signalling exchange, and up to the relay and remote UE to keep/release PC5-S link (considering the possible existence of non-relayed traffic).
2.4.2 Switch from direct to indirect link


Figure 2 Procedure for remote UE switching to indirect relay link
Similar to indirect to direct switching, the general procedure of the direct to indirect path switching has been concluded during the study item phase. Still, details and some remaining issue needs to be finalized during work item phase, which is listed in the following:
	-	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.


Furthermore, in the last meeting, the following agreements have been made:
	· For direct to indirect path switch, Remote UE stops UP and CP transmission over Uu after reception of RRC Reconfiguration message from gNB (i.e., step 3).


Therefore, there is only one remaining issue left to be discussed:
Issue 2-2: Whether Step 4 can be before step 2/3:
If remote UE is simultaneously selecting multiple relay UEs, setting up a PC5 link with each selected relay UE will consume too much power and time waste without further network instruction. In that case, the network will finally select one relay UE that is the most appropriate per our previous suggestion. Then remote UE shall wait after the network’s decision and construct RRC reconfiguration, including the final selected relay UE towards remote UE. At that time, remote UE can set up the PC5 connection with the final network selecting relay UE.
[bookmark: _Toc76723204][bookmark: _Toc78817240][bookmark: _Toc78875077][bookmark: _Toc78985457]To allow remote UE to set up PC5 connection after receiving switching command from network, i.e., keep step 4 being after step 3.
In addition, during the last meeting, the way to report candidate relay UE list has been discussed, and two alternatives have been proposed:Option 1: Remote UE reports candidate Relay UE(s) filtered based on higher layer criteria. 
Option 2: Remote UE reports all the candidate target Relay UE(s) based on the measurement configuration. 
The point is that gNB cannot further filter out the final relay UE through higher layer criteria due to a lack of awareness. In that case, the final selected relay UE by gNB may not meet remote UE’s higher layer criteria if option 2 is adopted, e.g., PLMN and relay type. Therefore, it is more reasonable for remote UE to filter out candidate relay UE(s) based on higher layer criteria.
[bookmark: _Toc78875078][bookmark: _Toc78985458]Remote UE reports candidate Relay UE(s) filtered based on higher layer criteria.
2.3 Necessity of CHO
During the Rel-16 discussion, the conditional handover was applied. The principle of conditional handover (CHO) allows UE to autonomously trigger the handover execution procedure to the self-selected target gNB based on its measurement result and perform random access to the target cell. In that case, it can avoid UE’s handover failure due to the fast attenuation of the Uu wireless signal strength during the communication signal exchange between UE, source gNB, and target gNB. As a consequence, CHO can increase the robustness of the handover procedure compared with traditional handover procedures. 
When it comes to Rel-17 NR sidelink relay, during RAN2 #114e meeting, it has been agreed that
	· DAPS-like path switch procedure for Remote UE is not considered in this release.


There is no consensus on whether CHO shall be considered in NR sidelink relay. From our perspective, we think it would be highly likely that relay UE can act as a vehicle that moves relatively fast. In that case, the strength of the wireless signal would suffer a relatively rapid attenuation compared with traditional Uu UE. Therefore, it is more necessary to increase the robustness of the path switch procedure for the NR sidelink relay. Correspondingly, it is suggested to consider a CHO-like path switch procedure in NR sidelink relay.
But considering the remaining TU budget is relatively limited, it is suggested to consider CHO after finishing the design of the path switch of the traditional handover procedure.
[bookmark: _Toc78817241][bookmark: _Toc78875079][bookmark: _Toc78985459]CHO can be considered after finishing the design of the path switch of the traditional handover procedure.
3 Conclusion
During this meeting, the remaining control plane issue of service continuity has been discussed, and the following observations are provided:
Observation 1:	In Rel-16 NR V2X, the network will perform a sidelink bearer release associated with one specific destination ID when UE reports the PC5 link release of the destination ID in SidelinkUEInformation.
Observation 2:	The network can know whether remote UE has both relay traffic and non-relay traffic with the relay UE.
In addition, the following proposals are given out:
Proposal 1:	It is suggested to configure one threshold for the use of both SL-RSRP and SD-RSRP to trigger remote UE measurement report.
Proposal 2:	”Relay UE triggered measurement and report” shall not be adopted in NR sidelink relay.
Proposal 3:	RAN2 should not consider using S-measure criteria in NR sidelink relay.
Proposal 4:	The relay UE in INACTIVE/IDLE state can be selected by the gNB during path switch from direct to indirect link.
Proposal 5:	RAN2 further discusses how INACTIVE/IDLE relay UEs can access the CONNECTED state, e.g., triggered by target gNB or remote UE.
Proposal 6:	It should be up to network implementation on when to perform step 6, i.e., before or after step 3.
Proposal 7:	It should be under gNB’s control for relay and remote UE to release RLC bearer for the relayed bearer, including PC5-RRC signalling exchange, and up to the relay and remote UE to keep/release PC5-S link (considering the possible existence of non-relayed traffic).
Proposal 8:	To allow remote UE to set up PC5 connection after receiving switching command from network, i.e., keep step 4 being after step 3.
Proposal 9:	Remote UE reports candidate Relay UE(s) filtered based on higher layer criteria.
Proposal 10:	CHO can be considered after finishing the design of the path switch of the traditional handover procedure.
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