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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This is for the discussion of left issues on L2 Relay.
Discussion
For L2 relay, there is no open issues or editor-note, so before going into further detailed issues, RAN2 should prioritize the completion of existing open issues or editor notes, before looking into new issues.
Proposal 1 [bookmark: _Toc61345205]RAN2 prioritize the completion of existing open issues / editor notes in TR, before looking into new issues of L2 relay in SI phase.
UE-to-Network Relay
Architecture and Protocol Stack
Currently, there is a left issue for WI phase
Whether the adaptation layer is also supported at the PC5 interface between Remote UE and Relay UE is left to WI phase (assuming down-selection first before studying too much on the detailed PC5 adaptation layer functionalities).
According to the discussion history on this topic, it is not feasible to reach a quick decision on this issue during SI phase. On the other hand, there are some other related issues, which are independent of this issue, and can be discussed if time allows.
QoS
Currently, there is a left issue for WI phase
Details of handling in case PC5 RLC channels with different end-to-end QoS are mapped to the same Uu RLC channel can be discussed in WI phase.
According to the discussion at RAN2#112, considering QoS enforcement is mainly of gNB implementation, it is not very urgent to go into this issue, considering gNB can anyway put PC5 RLC channel with same QoS into the same Uu RLC channel.
Service Continuity
Mobility of remote UE
The CP issues have been extensively studied.
Firstly, the delta part due to inter-gNB is to be further checked (which is anyway related to RAN3)
For the inter-gNB cases, compared to the intra-gNB cases, potential different parts on RAN2 Uu interface in details can be studied either in SI phase or in WI phase.
However, since the content of HO-command is to be further discussed in SI, there is no need to further check this during SI phase
Exact content of the messages (e.g. handover command) can be discussed in WI phase.
Secondly, in more details, for preparation phase:
The reporting may include the relay UE’s ID and SL RSRP information, where the measurement on PC5 details can be left to WI phase, in step 1.
And for execution phase, for indirect to direct switching, where
· Step-3 is for HO-command of remote-UE
· Step-5 is for HO-confirm of remote-UE
· Step-6 is for reconfiguration of relay-UE
· Step-7 is for PC5 link release
· Step-8 is for UL/DL data delivery over new direct path
-	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.
And for direct to indirect switching, where
· Step-2 is for reconfiguration of relay UE
· Step-3 is for HO-command of remote-UE
· Step-4 is for PC5 link establishment
-	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.
For Uu link for relay UE, in case of (in)direct to indirect switching, if the relay UE is in RRC_INACTIVE/IDLE state
· Either RRC connection establishment is to be triggered by remote UE. 
· Or, the Uu connection establishment is to be triggered by network, 
In the latter case, it means the paging has to be initiated by core network or source RAN, which would further complicate the whole procedure, so a remote UE triggered manner would be simpler, i.e., reusing the scheme as in the normal establishment procedure. 
Proposal 2 [bookmark: _Toc54273698][bookmark: _Toc61345206]RAN2 discusses whether to support INACTIVE/IDLE relay UE for direct to indirect switching. If yes, further discuss whether Uu connection establishment between relay UE and gNB is triggered by remote UE or by network. 
Then the UP has not been fully studied yet. 


Figure 3 Stack change for switching between direct and indirect links.
Firstly, for RLC/MAC, since the remote UE has to use two stacks
· One for PC5 link, where relay UE as the counterpart entity;
· The other for Uu link, where gNB is the counterpart entity;
Considering remote UE is actually 
· Switching between PC5-RLC/PC5-MAC and Uu-RLC/Uu-MAC, for direct/indirect path switching;
· Switching between a first PC5-RLC/PC5-MAC and a second PC5-RLC/PC5-MAC, for indirect/indirect path switching;
there is no point to perform RLC re-establishment / MAC re-set as in legacy HO procedure.
Proposal 3 [bookmark: _Ref51144270][bookmark: _Toc54273699][bookmark: _Toc61345207]For service continuity of L2 U2N relay, remote UE perform RLC bearer (PC5 or Uu) release and add.
Secondly, for PDCP/SDAP, it is preferred to keep the PDCP/SDAP behavior as in legacy HO, but the open issue is as follows: for switching from indirect to (in)direct path, in the source path:
· Remote UE send a RLC SDU to relay UE, and received the ACK from relay UE;
· However, due to outage of Uu link between relay UE and gNB, the RLC SDU failed to be sent to gNB;
In such case, the PDCP re-establishment starting from the first missing packet (without RLC ACK) would not be enough, and would thus lead to packet loss.
There could be different alternatives to solve this, e.g., 
· RLC-ACK at first hop is sent after RLC-ACK has been received from the second hop, or 
· Rely on SR for the PDCP re-transmission. 
On the one hand, considering the same issue has been identified in IAB, yet fail to reach consensus in R16, it is OK to leave it as it is, since the root issue is caused by RLF of relay UE (Otherwise, this issue should not happen), for which no need to ensure lossless.
Proposal 4 [bookmark: _Toc51145089][bookmark: _Ref51086366][bookmark: _Toc54273700][bookmark: _Toc61345208]To support switching between direct/indirect and between indirect/indirect paths, perform PDCP re-establishment as in legacy HO procedure.
Mobility of Relay UE
For the mobility of relay UE, there are two types of traffic to be considered
· Traffic of relay UE its own
· Traffic of remote UE
For the former one, it can be handled as in legacy HO procedure.
For the latter one, it can be further divided into three sub-cases, i.e., after the mobility 
1. Remote UE stays at the source cell;
2. Remote UE moves to a third cell, i.e., different from the target cell for relay UE;
3. Remote UE moves to the same target cell as for relay UE (i.e., group-HO); 
Then the procedure for remote UE are as follows
	
	Case-1
	Case-2
	Case-3

	Remote UE
	Intra-gNB indirect to (in)direct path switch
	Inter-gNB indirect to (in)direct path switch
	Inter-gNB indirect to indirect path switch


So with the analysis in section-2, the behavior of remote UE has been clarified, and the left issue is how for remote UE to behave
In Case-1, the issue is mainly how to handle the UL (DL) traffic that has been sent to relay yet not sent to gNB (remote UE), which may cause packet loss to remote UE.
If following Proposal 7, there is no need to handle this issue, or in other words, it is up to network to trigger the switching of remote UE first to avoid such problem.
[bookmark: _Toc54273565][bookmark: _Toc61345463]If remote UE keeps at the source cell, it is up to network to send switching command to remote UE before HO of relay UE.
The same logic holds as for case-1.
[bookmark: _Toc54273566][bookmark: _Toc61345464]If remote UE moves to a third cell, it is up to network to send switching command to remote UE before HO of relay UE.
As discussed in section-2, from remote UE perspective, the procedure for switching from indirect to indirect connection is 
· Firstly disconnection from the old relay-UE;
· Secondly connect to the new relay-UE;
For case-3, 
· On the one hand, if saving the disconnect/re-connection step, due to the key change at PDCP layer, MAC re-set and RLC re-establishment, due to the same reason for Proposal 6. 
· On the other hand, if still apply the disconnect/re-connection step, the MAC re-set/RLC re-establishment is to be done naturally.
In order to aim at a common solution that applies to all cases, considering both alternatives work, it is preferred to not optimize for the case where the relay and remote UE moves together.
Proposal 5 [bookmark: _Toc54273701][bookmark: _Toc61345209]RAN2 does not optimize the procedure for the scenario where relay and remote UE moves together.
Control Plane Procedure
SI Acquisition
SI forwarding is necessary anyway, the key point is how to implement the SI forwarding – according to TR 38.836
Relay UE can forward the system information to Remote UE via broadcast, groupcast, or dedicated PC5-RRC signalling. The detailed mechanisms of broadcast, groupcast and PC5-RRC signalling design and what system information can be relayed to Remote UEs can be discussed in WI phase. 
The key issue is whether the relay UE has to be aware of the requested SIB by remote UE, in case tha the network decide to respond the SI request via broadcasted SI. Considering the broadcast SI forwarding is anyway in place, it is not so urgent to solve this during SI.
Cell (re)selection
For RRC_IDLE/INACTIVE UE, the related procedures can be further divided into two types, 
· Cell selection:
· Cell reselection:
For cell selection, there is no big motivation to change the behavior for the cell selection following PLMN/SNPN selection, but there might be a need to check the behavior for the cell selection upon leaving CONNECTED mode, 
1) At least to avoid the case that when a remote UE is released to IDLE/INACTIVE by network via the indirect connection, the UE is forced to camp on direct connection, due to the legacy procedure of cell selection, when leaving CONNECTED mode, i.e., indirect connection could be a candidate for cell selection;
2) Furthermore, if indirect connection can be included as a candidate for cell selection, the S-criterion relying on the definition of RSRP/RSRQ measurement of Uu interface, so it is questionable whether the same criterion applies to PC5 interface;
Therefore, during study phase, it is sufficient to confirm point-1 above, while the left issues can be left to WI phase.
Proposal 6 [bookmark: _Toc61345210]For L2 UE-to-Network Relay, cell selection procedure needs to allow the UE to camp on relay UE, and the further details are left to WI phase.
For cell reselection, it can be further divided into 2 sub-types:
· Inter-frequency and inter-RAT Cell Reselection criteria
· Intra-frequency and equal priority inter-frequency Cell Reselection criteria
For both cases, the impact due to L2 UE-to-network relay is unavoidable, i.e., UE should be allowed to reselect to another indirect connection due to mobility in RRC_IDLE/INACTIVE state, e.g.,
1) The RSRP/RSRQ measurement definition based on Uu interface has to be adapted to PC5 interface of indirect connection;
2) How to handle the beam related measurement based on Uu interface, since there is no beam defined at PC5 interface;
Proposal 7 [bookmark: _Toc61345211]For L2 UE-to-Network Relay, cell re-selection procedure needs to allow the UE to camp on relay UE, and the further details are left to WI phase.

UE-to-UE Relay
Architecture and Protocol Stack
Currently, there is a left issue for WI phase
-	In addition, the identity information of Source Remote UE and/or the identity information of Destination Remote UE are candidate information to be included in the adaptation layer, which are to be decided in WI phase.
According to the discussion history on this topic, it is not feasible to reach a quick decision on this issue during SI phase. 
[bookmark: _Toc56775424]Control Plane Procedure
The key design of CP procedure is anyway coupled with SA2 design
RAN2 consider the SA2 solution in TR 23.752[6] as baseline. Further RAN2 impacts can be discussed in WI phase, if any.
So it is hard for RAN2 to start the work before SA2 concluding.

Conclusion
We have the following observations:
Observation 1	If remote UE keeps at the source cell, it is up to network to send switching command to remote UE before HO of relay UE.
Observation 2	If remote UE moves to a third cell, it is up to network to send switching command to remote UE before HO of relay UE.

We have the following proposals:
Proposal 1	RAN2 prioritize the completion of existing open issues / editor notes in TR, before looking into new issues of L2 relay in SI phase.
Proposal 2	RAN2 discusses whether to support INACTIVE/IDLE relay UE for direct to indirect switching. If yes, further discuss whether Uu connection establishment between relay UE and gNB is triggered by remote UE or by network.
Proposal 3	For service continuity of L2 U2N relay, remote UE perform RLC bearer (PC5 or Uu) release and add.
Proposal 4	To support switching between direct/indirect and between indirect/indirect paths, perform PDCP re-establishment as in legacy HO procedure.
Proposal 5	RAN2 does not optimize the procedure for the scenario where relay and remote UE moves together.
Proposal 6	For L2 UE-to-Network Relay, cell selection procedure needs to allow the UE to camp on relay UE, and the further details are left to WI phase.
[bookmark: _GoBack]Proposal 7	For L2 UE-to-Network Relay, cell re-selection procedure needs to allow the UE to camp on relay UE, and the further details are left to WI phase.
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