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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#86 meeting, the SID on sidelink relay was approved [1]. One of the objectives is as below:
	1. Study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay, focusing on the following aspects (if applicable)  for layer-3 relay and layer-2 relay [RAN2];
…..
F． Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;


In our understanding, UE-to-NW relay should be prioritized in this study item compared with UE-to-UE Relay. Hence, in this contribution, we will first discuss the L2 UE-to-NW relay protocol stacks and then focus on the corresponding control and user plane procedures.
Discussion
Protocol stacks 
According to [1], it suggested that for L2 UE-to-NW relay, the architecture of end-to-end PDCP and hop-by-hop RLC, e.g., as recommended in TR 36.746, is taken as starting point. The user plane and control plane protocol stacks for L2 UE-to-NW relay in TR36.746 are shown below:


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure-1 User Plane Protocol Stack for L2 UE-to-NW Relay UE in TR36.746


Figure-2 Control Plane Protocol Stack for L2 UE-to-NW Relay UE in TR36.746
If the above user plane and control plane protocol stacks are reused in NR, considering the new network architecture and new introduced protocol layer (e.g. SDAP layer), it can be directly modified into the following two figures, which have also been captured in [2]:


Figure-3 User Plane for L2 UE-to-NW Relay UE

                                      Figure-4 Control Plane for L2 UE-to-NW Relay UE
[bookmark: _Ref35615059][bookmark: OLE_LINK7][bookmark: OLE_LINK8]In the above two figures, the function of the adaption layer is to perform the mapping between PC5 RLC channel and Uu BH RLC channel. If multi-hop is not needed, the adaption layer only exists between the relay UE and gNB. If multi-hop needs to be considered, it can also exist between the UE-to-NW relay and the remote UE who can works as a UE-to-UE relay for another remote UE. But considering the aiming of this SID is to perform L2 and L3 UE-NW relay down-selection, the consideration on multi-hop can be deprioritized. Hence, the above Figure-3 and Figure-4 can be captured as the L2 UE-to-NW relay architecture in the Rel-17 Relay TR.  
[bookmark: _Ref46223140][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: Capture the above Figure-3 and Figure-4 as the user plane and control plane protocol stacks for L2 UE-to-NW relay in the TR.
[bookmark: _Ref46223144]Proposal 2: The adaption layer exists only between the relay UE and gNB, whose main function is to perform the mapping between PC5 RLC channel and Uu BH RLC channel.
Control plane procedures
Regarding to the control plane of L2 UE-to-NW relay, at least the following procedures should be considered:
· Relay connection setup procedure;
· Relay connection maintenance procedure;
· Relay/Remote UE RRC states;
· Remote UE system information acquisition procedure;
· Remote UE paging procedure;
· RLF handling.
In the following, the above control plane procedures will be analyzed one by one:
1) [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Relay connection setup procedure
Regarding to the L2 UE-to-NW relay, in our understanding, the relay connection setup procedure can be shown in the following figure:


Figure-5 Relay Connection Setup Procedure of L2 UE-to-NW Relay
Regarding to the above L2 UE-to-NW relay connection setup procedure, two main issues needs to be further clarified:
· Issue 1: For step 2b, which Uu BH RLC channel can be used to carry the data from PC5 RLC channel since the mapping between PC5 RLC channel and Uu BH RLC channel has not been established?
· Issue 2: For gray part of the Figure-5, who determines the mapping between the PC5 RLC channel and Uu BH RLC channel?
Regarding to issue 1, in our understanding, one default Uu BH RLC channel should be introduced to carry the data from PC5 RLC channel before the mapping between PC5 RLC channel and Uu BH RLC channel is established.
Regarding to issue 2, there are two solutions:
· Option 1: the network determines the mapping between the PC5 RLC channel and Uu BH RLC channel, and it sends the mapping relation to relay UE.
· Option 2: the relay UE determines the mapping between PC5 RLC channel and Uu BH RLC channel.
If only UE-to-NW relay is considered, Option 1 is more attractive since everything is under control of network, but if UE-to-UE relay is also considered, Option 2 can also be considered.
[bookmark: _Ref46223147]Proposal 3: Capture the above Figure-5 as the L2 UE-to-NW relay connection setup procedure in the TR.
Proposal 4: Before the mapping between PC5 RLC channel and Uu BH RLC channel is established, one default Uu BH RLC channel should be introduced.
[bookmark: _Ref46223148]Proposal 5: For L2 UE-to-NW relay, it is suggested that gNB determines the mapping between PC5 RLC channel and Uu BH RLC channel.
2) Relay connection maintenance procedure
The relay connection maintenance procedure includes the PC5-S connection maintenance and Uu BH connection maintenance. 
For L2 UE-to-NW relay, two unexpected connection release may happen, listed below: 
· For the PC5-S connection, considering the data transmission between remote UE and relay is terminated at the PC5-RLC layer of Figure-3 and Figure-4. It is possible that the PC5-S connection may be released since there is no PC5-S signaling transmission for long time.
· For the Uu BH connection, if there is no data transmission requirement for the relay UE, the CN may trigger AN release to release the RRC connection of the relay UE.
In order to avoid the above two cases, enhancement on the relay connection maintenance procedure should be considered.
[bookmark: _Ref46500708]Proposal 6: Suggest RAN2 to consider the enhancement on relay connection maintenance to avoid unexpected PC5-S or Uu BH connection interruption.
3) Relay/Remote UE RRC states
In LTE L3 relay, remote UE is invisible to network and relay UE always keeps in RRC_CONNECTED once it works as a relay UE. Different from LTE L3 relay, for L2 relay, remote UE is visible to network, in addition, RRC_INACTIVE is introduced in NR. Hence there are two issues need to be addressed:
· Issue 1: Whether remote UE should have RRC states?
· Issue 2: Whether relay UE can enter RRC_INACTIVE state?
For issue 1, in our understanding, since remote UE is visible to network, network can know whether it is reachable or not, hence network should maintain its RRC state. From network perspective, for simplify, the remote UE can be in the same RRC state as the relay UE when relay connection has been established.
For issue 2, if relay UE is allowed to enter RRC_INACTIVE state, it can save signaling overhead when relay UE is moving while there is no data relay requirement. But it will introduce additional complexity to resume the Uu RRC connection since it serves many remote UEs.
[bookmark: _Ref46223150]Proposal 7: The remote UE can be in the same RRC state as the relay UE once the relay connection has been established.
[bookmark: _Ref46223151]Proposal 8: Suggest RAN2 to discuss whether relay UE can be in RRC_INACTIVE state.
4) Remote UE system information acquisition procedure
In case of L2 UE-to-NW relay, remote UE system acquisition procedure is necessary, e.g., for acquiring the sidelink related resource pool and so on. Hence, the following issues should be addressed:
· Issue 1: Which system information is needed for remote UE?
· Issue 2: What is the procedure for acquiring the system information for the remote UE?
For issue 1, similar as the discussion in FeD2D, in our understanding, at least the MIB, SIB1 and sidelink related SIB should be informed to the remote UE.
For issue 2, for MIB and SIB1, the relay UE can directly forward it to the remote UE. But for the other SIBs which only needed by the remote UE, the on-demand procedure shown in the following Figure-6 should be considered.


Figure-6 Remote UE on-demand SI Procedure
[bookmark: _Ref46223153]Proposal 9: Remote UE should at least acquire the MIB, SIB1 and sidelink related SIB from the network through the relay UE.
[bookmark: _Ref46223154]Proposal 10: Relay UE can initiate the on-demand SI procedure based on the request from the remote UE.
5) Remote UE paging procedure
Since the remote UE is visible to network, the network may page the remote UE, e.g., for system information update and so on. 
In the discussion of FeD2D, the following solutions have been proposed:
· Option 1: The evolved ProSe Remote UE monitors its own paging occasion (PO) over Uu interface.
· Option 2: The evolved ProSe UE-to-NW relay UE monitors its linked evolved ProSe Remote UE's PO in addition to its own PO.
· Option 3: The evolved ProSe UE-to-NW relay UE monitors its own PO only and paging for the linked evolved ProSe Remote UE is also sent in the evolved ProSe UE-to-NW Relay UE's PO.
After discussion, Option 2 is recommended. Hence, we can take option 2 as baseline in the discussion of NR L2 UE-to-NW relay to avoid duplicated discussion.
[bookmark: _Ref46223155]Proposal 11: The relay UE should monitor its linked remote UE’s PO in addition to its own PO.
6) RLF handling
For Rel-16 IAB, in case of BH link RLF, re-routing to an alternative path can be performed. Similar as IAB, the RLF handling for L2 UE-to-NW should also be considered:
· If Uu BH RLF happens, the relay UE should notify the remote UE to perform relay reselection.
· If PC5 RLF happens, the relay UE should notify the network to release mapping between the PC5 RLC channel/Uu BH RLC channel and the remote UE’s context.
[bookmark: _Ref46223156]Proposal 12: For UE-to-NW relay, both Uu BH RLF handling and PC5 RLF handling should be supported.
Proposal 13: If Uu BH RLF happens, relay UE should notify the remote UE, and if the PC5 RLF happens, relay UE should notify it to the gNB.
User plane procedures 
Compared with the Rel-15 Uu and Rel-16 PC5 user plane procedures, for L2 UE-to-NW relay, enhancements on the following perspectives can be considered:
· Resource allocation;
· BSR;
· Flow control.
In the following, the above procedures will be analyzed one by one:
1) Resource allocation
For LTE L3 relay, relay UE should be always in RRC_CONNECTED state if it works as a relay. The sidelink Tx resource of relay UE should be configured by network through dedicated signaling. For remote UE, if it is in RRC_CONNECTED state, the same resource allocation mechanism as the relay UE is used; and if it is in RRC_IDLE, it can acquire the Tx resource through SIB; and if it is OOC, it can acquire the Tx resource through pre-configuration.
In NR, if L2 UE-to-NW relay is introduced, how to perform the resource allocation can be further discussed. 
For relay UE, the following two options can be considered:
· Option 1: Take LTE L3 relay resource allocation mechanism as baseline, e.g., relay UE always keep in RRC_CONNECTED and acquire the sidelink Tx resource through dedicated signaling.
· Option 2: Take Rel-16 SL resource allocation mechanism as baseline if relay UE can have both RRC_CONNECTED and RRC_INACTIVE states.
For remote UE, besides the above two options, further enhancement, e.g., relay UE allocates resource for its served remote UEs, can also be considered.
[bookmark: _Ref46223157]Proposal 14: For NR sidelink relay, take LTE L3 relay resource allocation methods as baseline, and further enhancements can also be considered.
2) BSR
In IAB, in order to reduce the scheduling latency, pre-emptive BSR was introduced. 
For L2 UE-to-NW relay, in order to reduce the Uu BH UL scheduling latency of relay UE, the Uu pre-emptive BSR similar as IAB can be introduced in L2 UE-to-NW relay, e.g., upon relay UE receives the SCI from remote UE or sends HARQ NACK feedback to remote UE, Uu pre-emptive BSR can be triggered to request resource on Uu in advance, which can reduce the uplink scheduling latency.
[bookmark: _Ref46230369]Proposal 15: Pre-emptive BSR can be introduced to reduce the Uu BH UL scheduling latency.
3) Flow control
Flow control is necessary for relay system in order to avoid congestion. For L2 UE-to-NW relay, if PC5 is congested, relay should notify the gNB to reduce the DL data transmission; otherwise, if the Uu BH is congested, the relay UE should notify the remote UE to reduce the Tx transmission in PC5.
[bookmark: _Ref46230372]Proposal 16: Flow control should be supported for L2 UE-to-NW relay.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: Capture the above Figure-3 and Figure-4 as the user plane and control plane protocol stacks for L2 UE-to-NW relay in the TR.
Proposal 2: The adaption layer exists only between the relay UE and gNB, whose main function is to perform the mapping between PC5 RLC channel and Uu BH RLC channel. 
Proposal 3: Capture the above Figure-5 as the L2 UE-to-NW relay connection setup procedure in the TR.
Proposal 4: Before the mapping between PC5 RLC channel and Uu BH RLC channel is established, one default Uu BH RLC channel should be introduced.
Proposal 5: For L2 UE-to-NW relay, it is suggested that gNB determines the mapping between PC5 RLC channel and Uu BH RLC channel.
Proposal 6: Suggest RAN2 to consider the enhancement on relay connection maintenance to avoid unexpected PC5-S or Uu BH connection interruption.
Proposal 7: The remote UE can be in the same RRC state as the relay UE once the relay connection has been established.
Proposal 8: Suggest RAN2 to discuss whether relay UE can be in RRC_INACTIVE state.
Proposal 9: Remote UE should at least acquire the MIB, SIB1 and sidelink related SIB from the network through the relay UE.
Proposal 10: Relay UE can initiate the on-demand SI procedure based on the request from the remote UE.
Proposal 11: The relay UE should monitor its linked remote UE’s PO in addition to its own PO.
Proposal 12: For UE-to-NW relay, both Uu BH RLF handling and PC5 RLF handling should be supported.
Proposal 13: If Uu BH RLF happens, relay UE should notify the remote UE, and if the PC5 RLF happens, relay UE should notify it to the gNB.
Proposal 14: For NR sidelink relay, take LTE L3 relay resource allocation methods as baseline, and further enhancements can also be considered.
Proposal 15: Pre-emptive BSR can be introduced to reduce the Uu BH UL scheduling latency.
Proposal 16: Flow control should be supported for L2 UE-to-NW relay.
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