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1   Introduction
During RAN2#97bis meeting, RAN2 sent LS [1] on paging remote UEs over relays to SA2 and asked SA2 to indicate if they have concerns with the considered paging solutions. During the SA2#122bis meeting, SA2 send LS [2] to RAN2 which indicates that among the paging solutions, Option 2 is preferred over Option 3 due to less system impact. Moreover, SA2 informs RAN2 that the FS_REAR SI has been conditionally concluded based on the assumptions in subclause 7.0 of TR 23.733 [3]. SA2 request RAN2 to confirm if the assumptions in subclause 7.0 of TR 23.733 are valid and can be fulfilled. 
In this contribution, we will investigate the SA2’s assumptions one by one and analyze whether they are aligned with RAN2’s understanding. 
2   Discussion
Authentication and Authorisation for Indirect 3GPP Communication
	-
For Key Issue 1 (Authentication and Authorisation for Indirect 3GPP Communication):
-
PC5 Signalling Protocol is re-used between eRemote-UE and eRelay-UE; i.e., PDCP is required over PC5;
-
The eRelay-UE's AS layer is able to differentiate packets received over PC5 from the eRemote UEs, i.e. whether it is PC5-SP, PDCP packets towards eNB for different bearers (e.g. SRBs, DRBs), and indicate such to the eNB via the Adaptation layer;


According to TR36.746 [4], “PC5 Signalling Protocol" is assumed to be used for establishing a secure connection and the legacy connection establishment procedure is assumed to be used. And it is captured as editor’s note that it is FFS whether PDCP layer is needed between eRemote-UE and eRelay-UE for PC5. In addition, according to TR 36.746, Uu PDCP is terminated between the eRemote-UE and the eNB, i.e. end-to-end PDCP is used between the eRemote-UE and the eNB. In our understanding, the PDCP layer between the eRemote-UE and the eRelay-UE on PC5 interface is not necessary for the relayed data packet since the relayed data packets could be protected by the end-to-end PDCP between the eRemote-UE and the eNB. On the other hand, for the non-relayed data packets, PDCP layer between the eRemote-UE and the eRelay-UE should be kept based on the legacy PC5 radio protocol. So the assumption from SA2 “PC5 Signalling Protocol is re-used between eRemote-UE and eRelay-UE; i.e., PDCP is required over PC5;” is valid and can be fulfilled from RAN2’s perspective. 
As for the second assumption, there is no conclusion yet in RAN2 on how the eRelay-UE's AS layer differentiate packets received over PC5 from the eRemote UEs, i.e. whether it is PC5-SP, PDCP packets towards eNB for different bearers. In our view, the eRelay-UE's AS layer could differentiate whether the packets received over PC5 from the eRemote UEs is PC5-SP or is destinated to the eRelay-UE or the eNB via the PDCP SDU type. In this way, the eRelay-UE could differentiate whether the data packets should be relayed to the eNB according to the PC5 bearer of the received data packets. 
Furthermore, it is captured in TR 36.746 that no additional bearer identity is required to be exchanged between the eRelay-UE and the eRemote-UE over the PC5. As we know, the eRelay-UE could obtain the PC5 LCID in the PC5 MAC sub-header from the data packet received from eRemote-UE. Assuming that the Uu bearer of eRemote-UE is one to one mapped to a PC5 bearer, the eRelay-UE could derive the corresponding Uu bearer of the eRemote-UE’s data packet from the PC5 LCID. On the other hand, it is specified in TR36.746 that the eRelay-UE forward the eRemote-UE’s data packet to the eNB and indicates the eRemote-UE and the corresponding eRemote-UE’s bearer to the eNB via an adaptation layer. So the SA2 assumption “The eRelay-UE indicate the type of the packets received over PC5 to the eNB via the Adaptation layer” is valid and can be fulfilled from RAN2’s perspective. 
Proposal 1: RAN2 confirms that the SA2’s assumption “PC5 Signalling Protocol is re-used between eRemote-UE and eRelay-UE; i.e., PDCP is required over PC5” is valid. However, there is no conclusion yet in RAN2 on how the eRelay-UE's AS layer differentiate packets received over PC5 from the eRemote UEs, i.e. whether it is PC5-SP, PDCP packets towards eNB for different bearers. 
Enhancements to Connection Setup between an eRemote-UE and an eRelay-UE
	-
For Key Issue 3 (Enhancements to Connection Setup between an eRemote-UE and an eRelay-UE):
-
PC5 Signalling Protocol is re-used between eRemote-UE and eRelay-UE;
-
Pending SA WG3 decision the mutual authentication and security procedures can be omitted.


Within the L2 UE-to-Network Relay architecture, Uu PDCP and RRC are terminated between the eRemote UE and the eNB, as shown in Figure 5.1.1-1 [4]. By the end to end Uu PDCP and RRC between the eRemote UE and the eNB, the traffic between eRemote UE and eNB can be protected by legacy AS security procedure. Note that this protocol stack only applies to the signaling and data between eRemote UE and eNB via eRelay UE. For the PC5 signaling between eRemote UE and eRelay UE, legacy PC5 Signalling Protocol is reused for PC5 connection setup between eRemote UE and eRelay UE. On the other hand, the secure communication over PC5 should be finally decided by SA3. In SA3’s response LS [5] on PC5 secure communication to SA2, SA3 indicates that they are studying DoS attacks which may be caused by a rogue eRelay UE and they will investigate solutions for PC5 secure communication if these attacks are found to be relevant. Nevertheless, for the secure communication over PC5, SA2 and RAN2 should wait for further inputs from SA3.  
Proposal 2: RAN2 also assumes that PC5 Signalling Protocol to be reused for PC5 connection setup between eRemote UE and eRelay UE. The secure communication mechanism over PC5 should be finally decided by SA3.
EPS Bearer handling for Indirect 3GPP Communication
	-
For Key Issue 4 (EPS Bearer handling for Indirect 3GPP Communication):
-
The eRelay-UE's PC5 AS layer is able to differentiate packets from different bearers (SRBs, DRBs) from a particular eRemote-UE;
-
The adaptation layer between eRelay-UE and eNB is able to differentiate bearers (SRBs, DRBs) of a particular UE and apply QoS accordingly.


The first assumption is a basic design goal for L2 UE-to-Network relay. It is agreed in RAN2 no additional UE ID needs to be provided by adaptation layer (FFS whether it is needed) over PC5 and no additional bearer ID is required to be exchanged over PC5. The eRelay UE can identify the eRemote UE through the source ID field in the PC5 MAC subheader. Regarding different bearers, the Uu bearer of eRemote UE could be one-to-one mapped to a PC5 bearer. With the one-to-one mapping relationship between eRemote UE’s Uu bearer and PC5 bearer, the eRelay UE could derive the corresponding Uu bearer ID from the LCID obtained from the PC5 MAC sub-header. In this way, eRelay UE could differentiate packets from different bearers (SRBs, DRBs) from a particular eRemote UE. Thus, the first assumption can be fulfilled in RAN2. 
Within the protocol architecture of L2 UE-to-Network relay defined by RAN2, traffic of one or multiple eRemote UEs may be mapped to a single DRB of Uu interface of the eRelay UE and multiple Uu DRBs may be used to carry traffic of different QoS classes for one or multiple eRemote UEs. The adaptation layer between eRelay UE and eNB is designed to identify the eRemote/eRelay UE and the corresponding bearer. It is agreed in RAN2 that the eRemote UE is identified in the adaptation layer by a local identifier which is known to at least the eNB and the eRelay UE, and a bearer identity is included in adaptation layer for identifying bearer of the eRemote UE. As we can see, the adaptation layer between eRelay UE and eNB is able to differentiate bearers of a particular UE and apply QoS accordingly, thus the second assumption can be fulfilled in RAN2.
Proposal 3: RAN2 confirms that the SA2’s assumptions of EPS bearer handling for indirect 3GPP communication are valid and can be fulfilled.
Service Continuity
	-
For Key Issue 5 (Service Continuity):
-
For direct to indirect UE-initiated path switch request the eNB allows HO triggered by an RRC message from the eRemote-UE.
-
For handover of eRelay-UE with eRemote-UE(s), the eNB handles the handover signalling of the eRelay-UE and eRemote-UE independently. The eNB ensures the handover signalling of the eRemote-UE is handled before the eRelay-UE signalling.
-
The eNB is able to handle measurement reports in all scenarios including when eRM-UE is out of coverage of the eNB and when the eRM-UE is under the coverage of another cell.


With regard to path switch from direct to indirect path, several solutions are captured in TR36.746 [4]. For example, as described in solution 2a-2, the eRemote UE reports the information of selected eRelay UE to the serving eNB via measurement report message. Then, the serving eNB of the eRemote UE (i.e. source eNB) decides to switch the eRemote UE from cellular link to relay link via the eRelay UE according to the report from the eRemote UE. So the first assumption for key issue 5 (Service Continuity) from SA2 is valid and can be fulfilled from RAN2’ perspective.
Proposal 4: RAN2 confirms that the SA2’s assumption “For direct to indirect UE-initiated path switch request the eNB allows HO triggered by an RRC message from the eRemote-UE” is valid and can be fulfilled. 
For the second assumption related to service continuity, the corresponding scenario is that the eRelay UE linked with one or more eRemote UE is required to handover to a cell. This scenario is also discussed in RAN2 and group mobility is proposed to hand over the eRelay-UE and linked eRemote-UEs together. The assumption that the eNB ensure the handover signaling of the eRemote-UE is handled before the eRelay-UE signalling has not been discussed in RAN2 yet. In our understanding, assuming that the handover signalling of the eRemote-UE is handled before the eRelay-UE signalling, the uplink data packets of the eRemote-UE would be forwarded to the source eNB by eRelay-UE even if the eRemote-UE has already handovered to the target eNB. So the source eNB has to forward the eRemote-UE’s uplink PDCP SDU to the target eNB. For the downlink, when the eRemote-UE’s DL data packets arrive at the target eNB, the eRelay-UE may not handover to the target eNB yet. In this situation, direct communication for the downlink could be used to deliver the DL data packets to the eRemote-UE from the target eNB. And once the eRelay-UE completes the handover  to the target eNB, the downlink path of the eRemote-UE could be switched from the direct path to indirect path. However, the detailed procedure needs to be further discussed in RAN2. 
Proposal 5: It is not discussed in RAN2 on how the eNB handle the handover signalling of the eRelay-UE and eRemote-UE independently. 
With regard to the third assumption related to service continuity from SA2, as we know, eRemote UE’s RRC dedicated signaling could be relayed to the eNB via the eRelay UE not matter the eRemote UE is in coverage or out of coverage. And the eNB could identify the eRemote UE and the radio bearer that the received packet belongs through the adaptation layer. In this way, the eNB is able to handle measurement reports when eRemote-UE is out of coverage from RAN2’ perspective. As stated in TR36.746 [4], the scenario of the UE context for the eRemote UE and the eRelay UE maintained in the same eNB is prioritized. In other word, the scenario of the eRemote-UE and eRelay-UE are served by different eNB is deprioritized. In our opinion, the eNB could handle eRemote UE’s measurement reports when eRemote UE and eRemote UE are in different cells of the same eNB. However, it is not discussed in RAN2 how the eNB handles eRemote UE’s measurement reports when eRemote UE and eRemote UE are served by different eNBs.
Proposal 6: RAN2 confirms that the eNB could handle eRemote UE’s measurement reports when eRemote UE and eRemote UE are in the same cell or in different cells of the same eNB. However, it is not discussed in RAN2 how the eNB handles eRemote UE’s measurement reports when eRemote UE and eRemote UE are served by different eNBs.
Idle mode operation
	-
For Key Issue 6 (Idle Mode Operation):
-
The DRX feature on PC5 is used to forward Uu paging messages
-
Forwarding of relevant SIB information and synchronization signals are used by the eRemote-UE in idle mode.
-
Paging messages forwarded on PC5 is performed after but in conjunction with the eRemote-UE PO on Uu.


According to TR36.746 [4], DRX on PC5 should be supported for the eRemote UE/eRelay UE in L2 relaying for all RRC states. After receiving PC5 DRX configuration forwarded by the eRelay UE, the eRemote UE performs DRX on PC5 to receive data or signaling from the eNB. As we can see, for RRC_Idle mode eRemote UE, the DRX feature could be used to forward Uu paging messages. However, the DRX feature is not restricted to paging forwarding. For RRC_Connected eRemote UE, PC5 DRX could also be used to forward both the data and signalling in power efficient way. 
For the system information, the eRelay UE supports relaying of system information for the linked eRemote UEs located in-coverage of E-UTRAN coverage as well as out of E-UTRAN coverage according to TR 36.746. In addition, eRelay UE may serve as a synchronization source for eRemote UE. So the SA2 assumption “Forwarding of relevant SIB information and synchronization signals are used by the eRemote UE in idle mode” is also valid. It should be noted that the forwarding of relevant SIB information and synchronization signals could also be used by the eRemote UE in RRC_Connected mode. 
For the third assumption “paging messages forwarded on PC5 is performed after but in conjunction with the eRemote UE PO on Uu”, we think the paging messages should be forwarded to eRemote UE after the eRelay UE receive the paging message over eRemoe UE’s PO on Uu. However, the specific time of paging forwarding depends on the PC5 DRX configuration. In other word, the paging should be forwarded to eRemote UE through the on duration of PC5 DRX cycle. It may not be always in conjunction with the eRemote UE PO on Uu.
Proposal 7: The assumptions for idle mode operation are valid except that the paging message forwarding over PC5 may not be always in conjunction with the eRemote UE PO on Uu.
Support for emergency and eMPS call from eRemote UE
	-
For Key Issue 7 (Support for Emergency and eMPS call from eRemote-UE):
-
Multiple priority bearers are multiplexed over the same eRelay-UE's DRB.
-
The access stratum layer between eRelay-UE and eRemote-UE is able to provide priority treatment for the emergency and eMPS bearers.


As mentioned before, the traffic of one or multiple evolved ProSe Remote UEs may be mapped to a single DRB of Uu interface of the evolved ProSe UE-to-Network Relay UE according to TR36.746. And multiple Uu DRBs may be used to carry traffic of different QoS classes, for one or multiple evolved ProSe Remote UEs. So it is feasible to assume that multiple priority bearers are multiplexed over the same eRelay UE’s DRB.
With regard to the priority treatment for the emergency and eMPS bearers, it has not been extensively discussed in RAN. Although it is agreed in RANT 2 that the relay solution shall allow for various QoS configurations to meet requirements of different services and traffic types, the detailed mechanism for prioritizing emergency and eMPS bearer has not been discussed. It is anticipated that this would be a possible topic to be further investigated in work item.
Proposal 8: The detailed mechanism for prioritizing emergency and eMPS bearer has not been discussed. It is anticipated that this would be a possible topic to be further investigated in work item.
3   Conclusion
In this contribution, we investigated the SA2’s assumptions one by one and analyze whether they are aligned with RAN2’s understanding.  And we have the following observations and proposals:
Proposal 1: RAN2 confirms that the SA2’s assumption “PC5 Signalling Protocol is re-used between eRemote-UE and eRelay-UE; i.e., PDCP is required over PC5” is valid. However, there is no conclusion yet in RAN2 on how the eRelay-UE's AS layer differentiate packets received over PC5 from the eRemote UEs, i.e. whether it is PC5-SP, PDCP packets towards eNB for different bearers. 

Proposal 2: RAN2 also assumes that PC5 Signalling Protocol to be reused for PC5 connection setup between eRemote UE and eRelay UE. The secure communication mechanism over PC5 should be finally decided by SA3.
Proposal 3: RAN2 confirms that the SA2’s assumptions of EPS bearer handling for indirect 3GPP communication are valid and can be fulfilled.
Proposal 4: RAN2 confirms that the SA2’s assumption “For direct to indirect UE-initiated path switch request the eNB allows HO triggered by an RRC message from the eRemote-UE” is valid and can be fulfilled. 
Proposal 5: It is not discussed in RAN2 on how the eNB handle the handover signalling of the eRelay-UE and eRemote-UE independently. 
Proposal 6: RAN2 confirms that the eNB could handle eRemote UE’s measurement reports when eRemote UE and eRemote UE are in the same cell or in different cells of the same eNB. However, it is not discussed in RAN2 how the eNB handles eRemote UE’s measurement reports when eRemote UE and eRemote UE are served by different eNBs.
Proposal 7: The assumptions for idle mode operation are valid except that the paging message forwarding over PC5 may not be always in conjunction with the eRemote UE PO on Uu.
Proposal 8: The detailed mechanism for prioritizing emergency and eMPS bearer has not been discussed. It is anticipated that this would be a possible topic to be further investigated in work item.
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