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A new study item on NR sidelink relay was approved at RAN#86. This document discusses the operation of Remote UE and Relay UE at different RRC States for UE-to-Network relaying.   
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The discussion within this section is architecture agnostic and it applies to both L2 UE-to-Network relay and L3 UE-to-Network relay. 
RRC states for Relay discovery 
In LTE ProSe UE-to-Network Relay operation, the remote UE can decide when to start monitoring for ProSe UE-to-Network Relay discovery and the Remote UE can transmit ProSe UE-to-Network Relay discovery solicitation messages while in RRC_IDLE and in RRC_CONNECTED mode. The ProSe-UE-to-Network Relay UE can be initiated to perform ProSe discovery in both RRC_IDLE and in RRC_CONNECTED mode. During RRC_IDLE, Relay UE uses discovery resources read from broadcast signalling. During RRC_CONNECTED, Relay UE uses discovery resources acquired from dedicated RRC signalling.
Allowing the Remote UE to perform relay discovery during RRC_ CONNECTED state provides a chance for the cell edge Remote UE to keep its connection with the network via Relay UE when his cellular link drops.  Allowing the Remote UE to perform relay discovery during RRC_IDLE/RRC_INACTIVE state can obviously benefit the Remote UE out of coverage (OOC) for coverage extension. Otherwise, there is no way for the OOC Remote UE to connect with the network. Hence it is proposed to follow legacy approach to allow both RRC_IDLE/RRC_INACTIVE and in RRC_CONNECTED mode Remote UEs to perform Relay discovery.  
Specific to UE-to-Network Relay UE, when it is in RRC_CONNECTED mode, the gNB can control the discovery procedure. In addition, UE-to-Network Relay UEs in RRC_IDLE/ RRC_INACTIVE should also be allowed to perform discovery in order to improve the possibility for Remote UE to find an anchor node to connect with the network. 
Proposal 1: follow legacy approach to allow both RRC_IDLE/ RRC_INACTIVE and in RRC_CONNECTED mode Remote UEs to perform Relay discovery.
Proposal 2: follow legacy approach to allow both RRC_IDLE/RRC_INACTIVE and in RRC_CONNECTED mode UE-to-Network Relay UEs to perform Relay discovery.
RRC states for Relay communication
In LTE, the ProSe UE-to-Network Relay UE performing sidelink relaying communication has to be in RRC_CONNECTED.  During LTE ProSe UE-to-Network Relay discussion in Rel-13, there was proposal on the RRC_IDLE mode based relaying communication. The main motivation was to allow UE-to-Network Relay UE to forward broadcast traffic from the network to the remote UEs. However, a UE-to-Network Relay UE supporting broadcast traffic relaying needs anyway communicate with the Base Station to get necessary authorization and resource allocation for sidelink forwarding when getting the broadcast traffic relaying request from the remote UE. This means the UE-to-Network Relay UE needs to be RRC_CONNECTED. 
Specific to NR sidelink relay operation, there is no broadcast traffic relaying requirement so far. So then regardless of the RRC state before starting the relay communication, it would be beneficial for the UE-to-Network Relay UE to stay in RRC connected mode after starting the relaying communication operation. 
Proposal 3: UE-to-Network Relay UE to stay in RRC connected mode after starting the relaying communication operation, same as legacy LTE ProSe UE-to-Network Relay.
During the study of 5G ProSe at SA2, it is assumed that the UE-to-Network Relay may only relay data/signaling for the Remote UE(s) when the UE-to-Network Relay is in CM-CONNECTED/RRC Connected states. When RAN make the corresponding decision, coordination with SA2 should be done via LS. 
[bookmark: _GoBack]Proposal 4: LS SA2 on the agreed RRC state(s) for Relay UE communication (RRC connected state).
Handling of RRC states mismatch
For the study of the sidelink relay operation, there are two legs for direct communication path (Uu for Relay UE and PC5) and there is only one leg for indirect communication path (Uu for Remote UE). There is a possibility that different RRC states run at these communication legs. In addition, as concluded in Rel-16 NR V2X, there is no PC5 RRC state defined on the PC5 link, which may make the thing a bit more complicated.
The discussion within this section mainly applies to L2 UE-to-Network relay. But the general principle may apply to other cases also. 
Remote UE reachability 
One important aspect of NR sidelink relay is to improve the reachability of Remote UE during relaying operation, which benefits the remote UEs in both commercial and non-commercial use cases. We assume that the Remote UE should be reachable by network while the UE-to-Network Relay is reachable by network and the Remote UE is reachable by the UE-to-Network Relay. In general, the Remote UE is only reachable via the Relay UE if a unicast PC5 link is established between the Remote UE and the Relay UE. 
Proposal 5:  the Remote UE should be reachable by network while the UE-to-Network Relay is reachable by network and there exists a unicast PC5 link between Remote UE and UE-to-Network Relay. 
Possible Scenarios
Because of different link status between direct communication path and indirect communication path, there are multiple possible scenarios for the whole link, as described in the table below.

	Scenarios
	Indirect Uu link status
(between Remote UE and gNB)
	PC5 link status
(between Remote UE and Relay UE)
	Direct Uu link status
(between Relay UE and gNB)

	Scenario 0 (normal state)
	RRC Connected
	PC5 RRC Connected
	RRC Connected

	Scenario 1
	RRC Connected
	PC5 RRC interrupted
	RRC Connected

	Scenario 2
	RRC Connected
	PC5 RRC Connected (in DRX)
	RRC Connected

	Scenario 3
	RRC Inactive
	PC5 RRC Connected
	RRC Connected

	Scenario 4
	RRC Inactive
	PC5 RRC Connected (in DRX)
	RRC Connected

	Scenario 5
	RRC Inactive/Idle
	PC5 RRC Connected (in DRX)
	RRC Inactive/Idle

	Scenario 6
	RRC Inactive/Idle
	No PC5 RRC connection
	RRC Inactive/Idle


The scenarios as listed in the table are discussed in the following sections in detail. 

Scenario1: RRC Connected over Uu while PC5 interrupted for Remote UE (with Relay UE connected at Uu)
Figure 1 depicts the scenario, where Remote UE stays in RRC Connected from Uu interface perspective, and Remote UE lost the PC5 connection before Remote UE (in RRC connected) re-establishes his direct Uu path with gNB. 
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Figure 1:  RRC Connected over Uu while PC5 interrupted for Remote UE (with Relay UE connected at Uu)

In this case Remote UE needs to re-establishes his connection with gNB in an independent way. There is no message forwarding via relaying link. It should be noted that when Remote UE re-establishes his connection with gNB, the previous UE context can be inherited with only one exception: the stored Remote UE- Relay UE association is not valid. gNB may need to initiate specific RRC Reconfiguration to update the Relay UE for the status of the association between Relay UE and Remote UE.

Proposal 6: Confirm scenario 1: RRC Connected over Uu while PC5 interrupted for Remote UE (with Relay UE connected at Uu).
Proposal 6a: gNB needs to update the Relay UE for the status of the association between Relay UE and Remote UE, when Remote UE re-establishes from direct Uu interface because of interrupted relaying link.
Scenario 2: RRC Connected over Uu while Active over PC5 for Remote UE (with Relay UE connected at Uu)
Figure 2 depicts the scenario, where Remote UE stays in RRC_Connected from Uu interface perspective even though there is no data transmission, since there is no power saving gain for Remote UE to enter RRC-Inactive and there is no additional signalling overhead for gNB to maintain the indirect connection with the Remote UE. However, the PC5 link is still kept between remote UE and relay UE. The communication over PC5 is suspended (DRX alike state as discussed for Rel-17 SL enhancement) even though there is PC5 link between remote UE and relay UE.
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Figure 2:  RRC Connected over Uu while Active over PC5 for Remote UE (with Relay UE connected at Uu)

From Remote UE perspective, there is new UE behavior for RRC_Connected perspective, the Remote UE in relaying should not be monitoring for Uu RLF (i.e. the Remote UE does not monitor the PDCCH in Uu interface) and the corresponding RLM does not apply. Meanwhile, the gNB should be aware that a Remote UE is still in RRC Connected mode if there is a Relay UE associated with that Remote UE, which helps the gNB to know the path of the data delivery when data transmission resumes. 
During the silent stage, the Remote UE may conduct the radio measurements according to gNB configuration. Then the network may initiate path switch for the remote UE from PC5 to Uu according to Remote UE report. The detailed signalling flow the path switch is for further study. 

Proposal 7: Confirm scenario 2: RRC Connected over Uu while Active over PC5 for Remote UE (with Relay UE connected at Uu).
Proposal 7a: study the signalling flow for Remote UE at path switch in case of scenario 2.
Scenario3: RRC Inactive over Uu while Active over PC5 for Remote UE (with Relay UE connected at Uu)
Figure 3 depicts the scenario, where the Remote UE stays or goes to RRC_INACTIVE from Uu interface perspective. However, the PC5 link is still kept between remote UE and relay UE. The connection between Relay UE and gNB is also kept because there may be relaying Radio Bearers between other Remote UE and gNB, or it is reserved for the succeeding relaying data between the current Remote UE and gNB.
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Figure 3:  RRC Inactive over Uu while active over PC5 for Remote UE (with Relay UE connected)
A likely sidelink relay operation case for scenario 3 is that the relay UE has multiple associations with a number of Remote UEs. For example, the head node of car platooning (Relay UE) serves his member car, and some member cars are communicating with the network with relaying supported by the head node. But the other member cars have no traffic during this stage and may stays at RRC_INACTIVE. 
Proposal 8: Confirm scenario 3: RRC Inactive over Uu while Active over PC5 for Remote UE (with Relay UE connected at Uu). 
When the Remote UE under coverage of its parent UE-to-Network Relay is inactive to the network, i.e. RRC_INACTIVE from the perspective of indirect path with the network, and the UE-to-Network Relay is RRC_ CONNECTED, from legacy operation perspective, the Remote UE seen as RRC_INACTIVE by the network would force the gNB to use paging to reach the Remote UE. Thus the relay UE needs to monitor paging occasions for the remote UE while in RRC_CONNECTED. This puts a lot of burden for Relay UE, since monitoring Page Occasion for the Remote UE would either cause undue complexity on the UE-to-Network Relay. It may impair the reachability of the Remote UE.
As discussed in Rel-14 FeD2D, the Relay UE should not be loaded to monitor the paging occasions for Remote UE. In this case, the network needs to store the Remote UE-Relay UE association when there is unicast PC5 link between these Remote UE and Relay UE. With this knowledge, it will remove the need from the network to initiate specific paging (with Remote UE paging occasions) when intending to reach the Remote UE. 
Proposal 8a: The network needs to store the Remote UE-Relay UE association when there is unicast PC5 link between Remote UE and Relay UE.
For Scenario 3, the direct communication path is kept when it is RRC Inactive over indirect communication path (i.e. Uu) for Remote UE. In general, when the data communication resumes over indirect communication path, there is no need for the network to initiate the RAN based paging to reach the remote UE, as Remote UE is reachable by PC5 by Relay UE and Relay UE is reachable by the network. For scenario 3, in order to resume the data connection between Remote UE and Network, the general L3 Resume signalling (other than the RAN based paging) applies. It should be noted that this is a new RRC behaviour for a network-initiated RRC resume comparing with legacy RRC resume. 
Proposal 8b: Legacy RAN based paging need not apply to Inactive Remote UE (with Relay UE Uu connected) when the network intends to resume the RRC connection with the Remote UE. 
Scenario 4: RRC Inactive over Uu while DRX over PC5 for Remote UE (with Relay UE connected at Uu)
Figure 4 depicts the scenario, where the Remote UE stays or goes to RRC_Inactive from Uu interface perspective. However, the PC5 link is still kept between remote UE and relay UE. The connection between Relay UE and gNB is also kept. The communication over PC5 is suspended (DRX alike state, expected to be supported for sidelink at Rel-17) even though there is PC5 link between Remote UE and Relay UE.  
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Figure 4:  RRC Inactive over Uu while DRX over PC5 for Remote UE (with Relay UE connected)
A likely sidelink relay operation case for scenario 4 is that there is a requirement for Remote UE to perform power saving and then Remote UE has no need stay aware at PC5 when there is no data occurrence for a long period of time. Meanwhile the Relay UE needs to forward the data between other Remote UE and the network. We believe this is a likely scenario for Rel-17 when considering both sidelink relay operation and the requirement for sidelink general enhancement.  
Proposal 9: Confirm scenario 4: RRC Inactive over Uu while DRX over PC5 for Remote UE (with Relay UE connected at Uu).
From network handling perspective, there is no difference between Scenario 3 and Scenario 4. Since for both Scenario 3 and Scenario 4, Relay UE is seen as connected and Remote UE is seen as Inactive by the network. Then the general principle as described at the previous section for Scenario 3 applies to Scenario 4. The difference is that when the network send L3 signalling to the remote UE to Resume the RRC connection, the Relay UE cannot immediately forward the L3 message to the Remote UE as the Remote UE is subject to DRX cycle (during active PC5 link). This requires the Relay UE to buffer the relayed L3 message until the Remote UE wakes up at the end of the DRX cycle. The buffering operation may cause additional cost for Relay UE. But in the context of some application scenario (e.g. V2X) it may be not a big issue.
Proposal 9a:  Delayed L3 message forwarding is supported at Relay UE when there is L3 message destined to a Remote UE (in DRX state). 

Scenario 5: RRC Inactive over Uu while DRX over PC5 for Remote UE (with Relay UE disconnected at Uu)
Figure 5 depicts the scenario, where the Remote UE stays or goes to RRC_INACTIVE/RRC_IDLE from Uu interface perspective. However, the PC5 link is still kept between remote UE and relay UE even though the communication over PC5 is suspended (DRX alike state) as for Scenario 4. The connection between Relay UE and gNB is broken and Relay UE enters either RRC_INACTIVE or RRC_IDLE state. This case may occur when the current Remote UE goes to DRX state over PC5 link and there is no ongoing relaying traffic between the other Remote UE and the network.  
Proposal 10: Confirm scenario 5: RRC Inactive over Uu while DRX over PC5 for Remote UE (with Relay UE disconnected at Uu). 
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Figure 5: RRC Inactive over Uu while DRX over PC5 for Remote UE (with Relay UE disconnected)
When both Relay UE and Remote UE goes to RRC_INACTIVE/RRC_IDLE, the network uses RAN based or CN based paging to wake up Relay UE before paging the Remote UE for downlink data transmission. The association between the Relay UE and Remote UE is stored by the network. This association can be added into the UE context stored in the network. Taking advantage of the available PC5 link between Relay UE and Remote UE, the Relay UE can make direct interaction with Remote UE to wake it up for Uu connection establishment, since Relay UE already knows where the Remote UE is. However the communication between Remote UE and Relay UE are subject to the DRX cycle. Then delayed L3 message forwarding should be supported at Relay UE as same as Scenario 4 when there is L3 message destined to a Remote UE (in DRX state).   
Proposal 10a:  The network pages the UE-to-Network Relay UE in order to reach its associated Remote UEs according to the stored associations between the Relay UE and Remote UE.

Scenario 6: Remote UE not connected with Relay UE and Network (with Relay UE disconnected at Uu)
Figure 6 depicts the general scenario, where the Remote UE and Relay UE stays or goes to RRC_INACTIVE/RRC_IDLE from Uu interface perspective. There is no PC5 link yet between remote UE and relay UE. It should be noted here that there is no RRC state mismatch here among the communication legs. 
This case can happen provided that there is association assumed between Relay UE and Remote UE beforehand. For example, in a platooning case, the association between the head node and the member care may be well established before the actual sidelink relaying communication. In addition, it should be noted that this is a practical case studied by Rel-14 FeD2D when considering the wearables/IoT devices. 
Proposal 11: Confirm scenario 6: Remote UE is not connected with Relay UE and Network (with Relay UE disconnected at Uu). 
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Figure 6: Remote UE in Inactive/Idle at both PC5 and Uu (with Relay UE disconnected)
During the study of 5G ProSe at SA2, the paging for Remote UE is discussed at TR23.752. There were difference options studied at LTE ProSe stage for paging Remote UE as captured in both TR36.746 and TR23.733. RAN2 need to discuss how the network reaches the Remote UE in this case based on the options as documented in relevant TRs. For example, Relay UE monitors the paging for Remote UE.
A follow-up discussion should be taken by RAN2 is how Relay UE reaches Remote UE via PC5 as there is no PC5 link. There are two alternative way. One way is to configure a long DRX over PC5 and then Remote UE periodically wakes up following the DRX cycle. The other way is to perform PC5 based paging to reach Remote UE by Relay UE. PC5 based paging is more power saving friendly but lead to efforts for Remote UE to monitor the paging over two different links (PC5 and Uu). 
Proposal 11a: Discuss the options to reach Remote UE at both Uu and PC5 interface Remote UE is not connected with Relay UE and Network (with Relay UE disconnected at Uu). 
On-demand SI support Remote UE
On-demand SI support for Idle Remote UE 
NR Rel-15 specified the support of on-demand system information transmission for NR to support both RRC-Idle mode UE and RRC-Inactive mode UE. When the remote UE is in RRC_IDLE with regard to the gNB, it may have a relaying relationship with the relay UE already. In this case, the only things being relayed are paging and system information. From on demand SI perspective, it is not preferred to let the remote UE go through the legacy Msg1/Msg3-based procedure, as it cannot be forwarded. RAN2 needs to discuss the handling over PC5. For example, a new PC5-RRC message can be used the SI, and the relay UE can use the connected-mode request procedure.
Proposal 12:  Discuss if the On-demand SI delivery is supported for Idle mode Remote UE when the PC5 link is available between Remote UE and Relay UE. 
On-demand SI support for connected Remote UE
In NR Rel-16, the on-demand system information transmission is enhanced to support RRC-Connected mode UE also. There may be scenarios where Relay UE is RRC connected, and Remote UE is also RRC connected. So then there is a case that On-demand SI transmission needs to be supported between Remote UE and network. The necessary PC5 RRC may need to be enhanced in order to enable the relaying operation at Relay UE for the On-demand SI transmission. 
Also for the RRC_CONNECTED Remote UE, the important period that needs to be further considered for on demand SI delivery is at the stage after the Remote UE sends the connected-mode SI request message to the gNB. It should be noted that the L2 relay UE doesn’t know that the request was made in this case, since it just sees an encrypted message go through on an SRB via the relaying channel. 
In general, the Base Station (i.e. gNB) has two ways to respond the on-demand SI request from the Remote UE in RRC_CONNECTED. One way is to respond via dedicated RRC signalling (e.g. a RRC Reconfiguration message) in unicast manner. The Base Station may put the requested SIB(s) into a RRC Reconfiguration message. The other way is that the Base Station simply update the SIB1, broadcast the requested SIBx over Uu interface. 
If the network responds by unicast, this is no problem since the response will also go transparently through the relay to the remote UE via L2 relaying path. However, if the network responds by broadcasting the concerned SIBs, the relay UE can see the new SIBs being transmitted but has no way to know it should be delivered to the remote UE.
Proposal 13: Discuss the handling of the On-demand SI delivery for Remote UE in RRC Connected state when the PC5 link is available between Remote UE and Relay UE. 
Conclusion
Proposals on the RRC states of Relay discovery and Relay Communication:  
Proposal 1: follow legacy approach to allow both RRC_IDLE/RRC_INACTIVE and in RRC_CONNECTED mode Remote UEs to perform Relay discovery.
Proposal 2: follow legacy approach to allow both RRC_IDLE/RRC_INACTIVE and in RRC_CONNECTED mode UE-to-Network Relay UEs to perform Relay discovery.
Proposal 3: UE-to-Network Relay UE to stay in RRC connected mode after starting the relaying communication operation, same as legacy LTE ProSe UE-to-Network Relay.
Proposal 4: LS SA2 on the agreed RRC state for Relay UE communication (RRC connected state).

Proposals on the handling for mismatch RRC states:
Proposal 5:  the Remote UE should be reachable by network while the UE-to-Network Relay is reachable by network and there exists a unicast PC5 link between Remote UE and UE-to-Network Relay.
Proposal 6: Confirm scenario 1: RRC Connected over Uu while PC5 interrupted for Remote UE (with Relay UE connected at Uu).
Proposal 6a: gNB needs to update the Relay UE for the status of the association between Relay UE and Remote UE, when Remote UE re-establishes from direct Uu interface because of interrupted relaying link.
Proposal 7: Confirm scenario 2: RRC Connected over Uu while Active over PC5 for Remote UE (with Relay UE connected at Uu).
Proposal 7a: study the signalling flow for Remote UE at path switch in case of scenario 2.
Proposal 8: Confirm scenario 3: RRC Inactive over Uu while Active over PC5 for Remote UE (with Relay UE connected at Uu).
Proposal 8a: The network needs to store the Remote UE-Relay UE association when there is unicast PC5 link between Remote UE and Relay UE.
Proposal 8b: Legacy RAN based paging need not apply to Inactive Remote UE (with Relay UE Uu connected) when the network intends to resume the RRC connection with the Remote UE.
Proposal 9: Confirm scenario 4: RRC Inactive over Uu while DRX over PC5 for Remote UE (with Relay UE connected at Uu).
Proposal 9a:  Delayed L3 message forwarding is supported at Relay UE when there is L3 message destined to a Remote UE (in DRX state).
Proposal 10: Confirm scenario 5: RRC Inactive over Uu while DRX over PC5 for Remote UE (with Relay UE disconnected at Uu).
Proposal 10a:  The network pages the UE-to-Network Relay UE in order to reach its associated Remote UEs according to the stored associations between the Relay UE and Remote UE.
Proposal 11: Confirm scenario 6: Remote UE is not connected with Relay UE and Network (with Relay UE disconnected at Uu).
Proposal 11a: Discuss the options to reach Remote UE at both Uu and PC5 interface Remote UE is not connected with Relay UE and Network (with Relay UE disconnected at Uu).

Proposals for On-demand SI handling:
Proposal 12:  Discuss if the On-demand SI delivery is supported for Idle mode Remote UE when the PC5 link is available between Remote UE and Relay UE. 
Proposal 13: Discuss the handling of the On-demand SI delivery for Remote UE in RRC Connected state when the PC5 link is available between Remote UE and Relay UE.
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