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1 [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK175][bookmark: OLE_LINK176]Introduction
As per the latest revised WID for NR Sidelink Relay, RAN2 needs to specify mechanism for service continuity [1]:
	The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
[bookmark: _Hlk67323386]Work Item objectives on aspects common to both L2 and L3:
· Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]
· Re-use LTE relay discovery and (re)selection as baseline
· Specify mechanisms for Relay and Remote UE authorization for L3 and L2 relaying [RAN3]
· Re-use LTE as baseline
Work Item objectives specific to Layer-2 (L2) relaying:
· Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
· Specify mechanisms for service continuity 
· Limited to intra-gNB cases [RAN2]
· Specify mechanisms for U2N Adaptation layer design [RAN2]
· For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
· Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]


In this paper, we will provide some discussions on path switch for L2 UE to NW Relay, including measurement configuration and reporting, RRC status of Relay UE, and preparation of Relay UE.
2 Discussion
According to the objectives of new WID for NR Sidelink Relay, the service continuity will be limited to intra-gNB cases [1]. Currently, the general procedure for path switch from indirect to direct and the procedure for path switch from direct to indirect are captured in TR 38.836 [2], which are shown separately in Fig.1 and Fig 2. However, there are still some remaining issues on path switch, and we will discuss these issues in this contribution.


Figure 1: Procedure for Remote UE switching to direct Uu cell


Figure 2: Procedure for Remote UE switching to indirect Relay UE
Measurement configuration and reporting
Based on the discussion in SI and the service continuity procedures captured in TR, the measurement configuration and reporting will be performed for path switch between direct link and indirect link. As the measurement configuration and reporting can be different for the two directions (i.e. indirect to direct and. direct to indirect), we will analyse them case by case in the following discussions. 
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK62][bookmark: OLE_LINK63]For path switch from indirect to direct, the procedure is shown in Fig.1. The target path is via the Uu interface, therefore the measurement object can use the legacy measurement object used in Uu Handover (e,g, using cell ID as the measurement object). For measurement quantity, the following similar principles as the legacy measurement quantities used in Uu handover, Sidelink-RSRP of source Relay UE and/or Uu-RSRP of target Uu cell can be considered. In Uu interface, event triggered reporting, periodic reporting and event triggered periodic reporting. For L2 U2N relay, we feel all the three ways could be supported, and the event triggered reporting could be start with first, considering the configuration for periodical reporting is quite similar as legacy Uu measurement reporting. While for event triggered reporting, the similar logic could be reused, and the detailed configuration needs some adjustments. For instance the following measurements events e.g. when the Sidelink-RSRP of source Relay UE is worse than threshold1 and the Uu-RSRP of target Uu cell is better that thereshold2 can be defined. It must be noted that here the Sidelink-RSRP of source Relay UE can refer to both of the SL discovery message RSRP or the SL data transmission RSRP. Whether both or only one from the two kinds of RSRP to be used for source relay link quality evaluation could align to the conclusion of relay (re)selection discussion.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Proposal 1: In L2 U2N relay, the legacy measurement object of NR Uu interface could be reused and configured to remote UE for path switch from indirect to direct.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Proposal 2: Event triggered reporting, periodic reporting and event triggered periodic reporting are supported for L2 U2N relay.
Proposal 3: Sidelink-RSRP of source Relay UE and/or Uu-RSRP of target cell shall be considered as the measurement quantities in the measurement events listed below for path switching from indirect to direct:
· Event1: Sidelink-RSRP of source Relay UE is worse than a threshold
· Event2: Uu-RSRP of target cell is better than a threshold
· Event3: Sidelink-RSRP of source Relay UE is worse than threshold1 and Uu-RSRP of target cell is better than threshold2
· Event4: Uu-RSRP of target cell is better than Sidelink-RSRP of source Relay UE by an offset
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]
[bookmark: OLE_LINK79][bookmark: OLE_LINK80]For path switch from direct to indirect, the procedure is shown in Fig.2. The target path is via the Relay UE. In our view, two options for measurement object can be considered for this case. Regarding option1, no measurement object is provided, the Remote UE can discovery all Relay UEs in its vicinity and report them to the serving gNB when the measurement event is satisfied. Regarding option2, the measurement object can be provided in terms of identification info of target Relay UE, e.g. the C-RNTI or L2 ID, then the remote UE only discovers the Relay UE satisfying the measurement object. For example in this case, the Remote UE may only receive the announcement message corresponding to the measurement object or the Remote UE may transmit solicitation message which includes the measurement object info.
[bookmark: OLE_LINK82][bookmark: OLE_LINK83]Proposal 4: For path switch from indirect to direct, two options of measurement object configuration can be considered:
· Option1: Serving gNB does not provide a measurement object, remote UE discovers all possible target Relay UE in its vicinity
· [bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Option2: Using identification info of target Relay UE as the measurement object, e.g. the C-RNTI or L2 ID, the remote UE only discovers the Relay UE matching the measurement object.
[bookmark: OLE_LINK81]
Regarding measurement quantity for path switch from direct to indirect, similar logic can be considered, where Uu-RSRP of source cell and/or Sidelink-RSRP of target Relay UE can be considered. Similarly corresponding measurements events e.g. when the Uu-RSRP of source cell is worse than threshold1 and the Sidelink-RSRP of target Relay UE is better that thereshold2 can be defined. 
[bookmark: OLE_LINK84][bookmark: OLE_LINK85]Proposal 5: Uu-RSRP of source cell and/or Sidelink-RSRP of target Relay UE shall be considered as the measurement quantities in the measurement event for path switching from direct to indirect:
· Event1: Uu-RSRP of source cell is worse than a threshold
· Event2: Sidelink-RSRP of target Relay UE is better than a threshold
· [bookmark: OLE_LINK76]Event3: Uu-RSRP of source cell is worse than threshold1 and Sidelink-RSRP of target Relay UE is better than threshold2
· Event4: Sidelink-RSRP of target Relay UE is better than Uu-RSRP of source cell by an offset

The measurement reporting should in similar way as the legacy NR Uu measurement reporting, which is the remote UE reports the measurement results based on measurement configuration provided by the network periodically or upon the event is triggered.
Proposal 6: In L2 U2N relay, the measurement reporting by remote UE follows the measurement configuration from network in a similar way as Uu measurement configuration and reporting.
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]RRC status of Relay UE for path switch
[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK91][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK94]It is clear that RRC_CONNECTED Relay UE can be supported for L2 UE to NW Relay path switch, whereas the Remote UE find the candidate Relay UE via discovery procedure and then establish unicast link with the target Relay UE according to NW configuration to establish RRC connection with NW subsequently. However, it is not clear whether to support path switch to RRC_INACTIVE/RRC_IDLE Relay UE. In our view, in order to save power consumption, a candidate Relay UE can be in RRC_INACTIVE/RRC_IDLE status, e.g. when no Remote UE is connected with this Relay UE or the Relay UE has no data transmission requirement in Uu. In other words, these RRC_INACTIVE/RRC_IDLE Relay UE may be able to conserve power and be able to serve the Remote UE later on when required as whereas no services are required from other Remote UEs and the Relay UE itself currently. Therefore, it is suggested to support path switch for the RRC_INACTIVE/RRC_IDLE Relay UE which are discovered by the Remote UE as this will enhance the possibility for providing better coverage extension using L2 UE to NW Relay 
Observation 1: A candidate Relay UE can be in RRC_INACTIVE/RRC_IDLE to save power consumption, such Relay UEs may provide possibilities to provide better L2 UE to NW Relay service when needed.
[bookmark: OLE_LINK102][bookmark: OLE_LINK103]Proposal 7: A relay UE in RRC_INACTIVE/RRC_IDLE can be chosen as a target by network in L2 UE to NW Relay path switch procedure.
[bookmark: OLE_LINK106][bookmark: OLE_LINK101]As the Relay UE may be in RRC_INACTIVE/RRC_IDLE state, in order to establish/resume RRC connection between the Remote UE and the NW, it is necessary to ensure that the Relay UE transitions to RRC_CONNECTED state first and then the Relay UE can help the Remote UE to forward RRC connection setup request message to the gNB. In our view, two main options can be considered to trigger transition from RRC_INACTIVE/RRC_IDLE state into RRC_CONNECTED state. Option1 is the NW triggering, where a paging like mechanism can be supported when receiving request from Remote UE’s gNB. Option2 is the UE triggering, the Remote UE can request the Relay UE to enter into RRC_CONNECTED.
Proposal 8: RAN2 to discuss how to trigger the Relay UE in RRC_IDLE/INACTIVE state into RRC_CONNECTDE state by considering the following two options:
· Option1: NW triggering method, i.e. a paging like message sent to relay UE from network to trigger the Relay UE into RRC_CONNECTED status.
· Option2: UE triggering method, i.e. the Remote UE sends a request to trigger the Relay UE into RRC_CONNECTED status.
Preparation for Relay UE
In fig.1 and fig.2, we can see that there are some interactions between the gNB and the Relay UE, which are RRC Reconfiguration and RRC Reconfiguration Complete message. In our thinking, the HO preparation procedure is also needed prepare the RLC bearers and some essential configurations for the remote UE in target side to enable fast resumption of data transmission upon the remote UE switches to the target. In addition, if the relay UE is prepared in advance, the remote UE accessing would be admitted with higher priority compared to other initial accessing UE. In order to reduce unnecessary procedure and to ensure high quality service continuity for path switch, it is needed to study how to support Relay UE’s preparation procedure for L2 UE to NW path switch. AS an example, in fig.1 and fig.2, the RRC Reconfiguration message can be used as the request message to ask whether the Relay UE can permit the Remote UE to obtain L2 UE to NW Relay service, and the RRC Reconfiguration Complete message can be the response message to rely NW that the Relay can permit the Remote UE to obtain L2 UE to NW Relay service via itself.
Proposal 9: RAN2 to discuss how to support the Relay UE’s preparation procedure during path switch to enable relay UE performing admission and configuration for remote UE.
Other remaining issues
According to current TR 38.836, there are some remaining notes for indirect to direct path switch procedure and direct to indirect path switch procedure as shown in fig.1 and fig.2, which should be further discussed in WI phase:
	[bookmark: OLE_LINK31][bookmark: OLE_LINK32]1. switching from indirect to direct
[bookmark: _Hlk59519088]NOTE:	The order of step 6/7/8 is not restricted. Following are further discussed in WI phase, including: 
-	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.
2. switching from direct to indirect
[bookmark: _Hlk59519116]NOTE:	Following are further discussed in WI phase, including: 
-	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.


Path switch from indirect to direct
First we discuss the remaining issues for path switch from indirect to direct. Regarding whether Remote UE suspends data transmission via relay link after step 3 (RRC Reconfiguration message to Remote UE), in our views, when the gNB sends RRC Reconfiguration message to the Remote UE, it means that the gNB ask the Remote UE to switch from indirect to direct, whereas the gNB may not willing to receive any UL data from source Relay UE any longer (e.g. the gNB may release corresponding radio bears to receive UL data from the Relay UE based on implementation). Therefore, the Remote UE should suspends data transmission via Relay link after the gNB sending RRC Reconfiguration message to Remote UE.
Proposal 10: For path switch from indirect to direct, Remote UE should suspends data transmission via Relay link after the gNB sending RRC Reconfiguration message to Remote UE.
Regarding whether step 6 (RRC reconfiguration to Relay UE) can be before or after step 3 (RRC Reconfiguration message to Remote UE) and its necessity.  It is necessary to have step 6, since it is the path switch from indirect to direct, although the Remote will not send UL data to Relay UE anymore when receiving the Reconfiguration message, however there are may still some DL data cached in source Relay UE which is not received by the Remote UE yet, and the Relay UE may transmit these cached data to the Remote UE. After this, the Relay UE not serve the Remote UE anymore, and the corresponding configuration and radio bears for transmitting Remote UE’s UL and DL data should be released, which is complete by step 6. Moreover, the Relay UE does not need to do anything before step 3. Therefore, step 6 (RRC reconfiguration to Relay UE) should be after step 3 (RRC Reconfiguration message to Remote UE).
Proposal 11: For path switch from indirect to direct, the RRC Reconfiguration to Relay UE should be after the RRC Reconfiguration message to Remote UE.
For whether Step 7 (The PC5 link is released between Remote UE and the Relay UE) can be after step 3 (RRC Reconfiguration message to Remote UE) or step 5 (Remote UE feedback the RRCReconfigurationcomplete to gNB), and its necessity/replaced by PC5 reconfiguration. As the Relay does not need to serve the Remote UE anymore after all cached DL data are received by the Remote UE, thus the unicast link between the Remote UE and the Relay UE can be released. However, since it is hard to specify when the cached DL data are received by the Remote UE completely, it is suggested to up to UE implementation to release the unicast link between the Remote UE and the Relay UE.
Proposal 12: For path switch from indirect to direct, it is up to UE implementation to release the unicast link between the Remote UE and the Relay UE.
For whether step 8 (the data path switching) can be after step 5 (Remote UE feedback the RRCReconfigurationcomplete to gNB). In our views, it is straightforward that we should support this, as the UL/DL data should be transmitted after the Remote UE establishing RRC connection with the gNB (i.e. Remote UE feedback the RRCReconfigurationcomplete to gNB).
Proposal 13: For path switch from indirect to direct, the UL/DL data path switching should be after the Remote UE feedback the RRCReconfigurationcomplete to gNB.
Path switch from direct to indirect
Next we discuss the remaining issues for path switch from direct to indirect. Regarding whether Step 2 (Decision of switching to a target Relay UE by gNB, and target (re)configuration is sent to Relay UE optionally) should be after Relay UE connects to the gNB (e.g. after step 4 (Remote UE establishes PC5 connection with target Relay UE, if the connection has not been setup yet) ), if not yet before. For path switch from direct to indirect, since we may support both RRC_CONNECTED Relay UE and RRC_INACTIVE/RRC_IDLE Relay UE, this issue may have different solutions for different RRC state Relay UE.
For RRC_CONNECTED Relay UE, in order to serve the Remote UE fast, gNB can send target (re)configuration (e.g. radio bearer configuration) to the Relay UE in advance. Thus, the step 2 can be before step 4. However, for RRC_INACTIVE/RRC_IDLE Relay UE, the first thing is to establish/resume RRC connection between the Remote UE and the NW, which is before step 2. Moreover, it can be the Remote UE’s request to trigger transition from RRC_INACTIVE/RRC_IDLE state into RRC_CONNECTED state, whereas the request can be associated with step 4 or after step 4, thus in this case step 2 should be after step 4.
Proposal 14: For RRC_CONNECTED Relay UE in path switch from direct to indirect, PC5 connection establishment between the Remote UE and the Relay UE should be after the decision of switching to a target Relay UE by gNB and target (re)configuration sending to Relay UE.
Proposal 15: For RRC_INACTIVE/RRC_IDLE Relay UE in path switch from direct to indirect, PC5 connection establishment between the Remote UE and the Relay UE may be before the decision of switching to a target Relay UE by gNB and target (re)configuration sending to Relay UE.
Regarding whether step 4 can be before step 2/3. In our views, there is no clear motivation to establish PC5 connection between the Remote UE and the Relay UE before gNB ask the Remote UE to switch to the Relay UE. If the Remote UE establish the PC5 connection in advance with a Relay UE, the gNB may not decide to switch to this Relay UE finally. Therefore, it may cause unnecessary PC5 connection establishment if we support to establish PC5 connection between the Remote UE and the Relay UE before gNB decides the Remote UE to switch to the Relay UE, which is not good for Remote UE power consumption and resource utilization.
Proposal 16: For path switch from direct to indirect, the Remote UE should not establish PC5 connection between the Remote UE and the Relay UE before gNB decides the Remote UE to switch to the Relay UE.
3 Conclusion
[bookmark: OLE_LINK6]This contribution discussion path switch for L2 UE to NW Relay. The observation and proposals are as follows:
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]Proposal 1: In L2 U2N relay, the legacy measurement object of NR Uu interface could be reused and configured to remote UE for path switch from indirect to direct.
Proposal 2: Event triggered reporting, periodic reporting and event triggered periodic reporting are supported for L2 U2N relay.
Proposal 3: Sidelink-RSRP of source Relay UE and/or Uu-RSRP of target cell shall be considered as the measurement quantities in the measurement events listed below for path switching from indirect to direct:
· Event1: Sidelink-RSRP of source Relay UE is worse than a threshold
· Event2: Uu-RSRP of target cell is better than a threshold
· Event3: Sidelink-RSRP of source Relay UE is worse than threshold1 and Uu-RSRP of target cell is better than threshold2
· Event4: Uu-RSRP of target cell is better than Sidelink-RSRP of source Relay UE by an offset
Proposal 4: For path switch from indirect to direct, two options of measurement object configuration can be considered:
· Option1: Serving gNB does not provide a measurement object, remote UE discovers all possible target Relay UE in its vicinity
· Option2: Using identification info of target Relay UE as the measurement object, e.g. the C-RNTI or L2 ID, the remote UE only discovers the Relay UE matching the measurement object.
Proposal 5: Uu-RSRP of source cell and/or Sidelink-RSRP of target Relay UE shall be considered as the measurement quantities in the measurement event for path switching from direct to indirect:
· Event1: Uu-RSRP of source cell is worse than a threshold
· Event2: Sidelink-RSRP of target Relay UE is better than a threshold
· Event3: Uu-RSRP of source cell is worse than threshold1 and Sidelink-RSRP of target Relay UE is better than threshold2
· Event4: Sidelink-RSRP of target Relay UE is better than Uu-RSRP of source cell by an offset
Proposal 6: In L2 U2N relay, the measurement reporting by remote UE follows the measurement configuration from network in a similar way as Uu measurement configuration and reporting.
Proposal 7: A relay UE in RRC_INACTIVE/RRC_IDLE can be chosen as a target by network in L2 UE to NW Relay path switch procedure.
Proposal 8: RAN2 to discuss how to trigger the Relay UE in RRC_IDLE/INACTIVE state into RRC_CONNECTDE state by considering the following two options:
· Option1: NW triggering method, i.e. a paging like message sent to relay UE from network to trigger the Relay UE into RRC_CONNECTED status.
· Option2: UE triggering method, i.e. the Remote UE sends a request to trigger the Relay UE into RRC_CONNECTED status.
Proposal 9: RAN2 to discuss how to support the Relay UE’s preparation procedure during path switch to enable relay UE performing admission and configuration for remote UE.
Proposal 10: For path switch from indirect to direct, Remote UE should suspend data transmission via Relay link after the gNB sending RRC Reconfiguration message to Remote UE.
Proposal 11: For path switch from indirect to direct, the RRC Reconfiguration to Relay UE should be after the RRC Reconfiguration message to Remote UE.
Proposal 12: For path switch from indirect to direct, it is up to UE implementation to release the unicast link between the Remote UE and the Relay UE.
Proposal 13: For path switch from indirect to direct, the UL/DL data path switching should be after the Remote UE feedback the RRCReconfigurationcomplete to gNB.
Proposal 14: For RRC_CONNECTED Relay UE in path switch from direct to indirect, PC5 connection establishment between the Remote UE and the Relay UE should be after the decision of switching to a target Relay UE by gNB and target (re)configuration sending to Relay UE.
Proposal 15: For RRC_INACTIVE/RRC_IDLE Relay UE in path switch from direct to indirect, PC5 connection establishment between the Remote UE and the Relay UE may be before the decision of switching to a target Relay UE by gNB and target (re)configuration sending to Relay UE.
Proposal 16: For path switch from direct to indirect, the Remote UE should not establish PC5 connection between the Remote UE and the Relay UE before gNB decides the Remote UE to switch to the Relay UE.
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