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The combination of RRC states between Relay UE and Remote UE was discussed at the last RAN2 meeting. It was agreed to support the RRC states combination of remote UE in RRC_INACTIVE and relay UE in RRC_CONNECTED for L2 UE-to-Network Relay. This paper discusses detailed operation for such RRC states combination.
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Reachability for Remote UEs in RRC Inactive
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 1:  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. 

General support for Remote UE in RRC Inactive
A likely sidelink relay operation case 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.
When the Remote UE stays or goes to RRC_INACTIVE from Uu interface perspective, the PC5 link can be 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.
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 direct 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.
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 2: The network needs to store the Remote UE-Relay UE association when there is unicast PC5 link between Remote UE and Relay UE.
For the abovementioned scenario, when the data communication resumes, 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. 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 3: 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. 
Remote UE in RRC Inactive impacted by SL DRX
We assume there is a need for Remote UE to perform power saving and then Remote UE has no need to always 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 SL DRX discussion for sidelink general enhancement.
As depicted at figure 1, when the Remote UE stays or goes to RRC_Inactive from Uu interface perspective, the PC5 link is subject to SL DRX operation. Hence the communication over PC5 is suspended even though the connection between Relay UE and gNB is kept. 
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Figure 1:  Remote UE in RRC Inactive impacted by SL DRX
The specific issue here 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 4:  Delayed L3 message forwarding is supported at Relay UE when there is L3 message destined to a Remote UE (in DRX state). 



 
 
Conclusion
Proposal 1:  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 2: The network needs to store the Remote UE-Relay UE association when there is unicast PC5 link between Remote UE and Relay UE.
Proposal 3: 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 4:  Delayed L3 message forwarding is supported at Relay UE when there is L3 message destined to a Remote UE (in DRX state).
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