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1 Introduction
Several control plane aspects were discussed in RAN2#111e and subsequent email discussions [1].  In this contribution, we provide further details on RRC states and state transitions of the remote and relay UEs (including aspects specific to INACTIVE state), as well as support of system information delivery to the remote UE. 
2 Discussion
2.1 Allowable States and State Transitions

At RAN2#111e [1], the allowable RRC states for the relay and remote UEs for both L2 and L3 relays was discussed as part of an email discussion [2].  In the resulting text in section 4.1 of TR 38.886, the description of the RRC states of the L2 UE to NW relay was captured as follows:
For L2 UE-to-Network Relay:

-
Remote UE must be in RRC CONNECTED to perform transmission/reception of relayed unicast data.

-
The Relay UE can be either in RRC_IDLE or RRC_CONNECTED as long as all the PC5-connected Remote UE(s) are in RRC_IDLE.   

Clearly, the consideration of RRC_INACTIVE is missing from this description.  On the other hand, in section 4.2, the description of discovery which applies to both L2 and L3 UE to NW relays considers RRC_INACTIVE.  This seems to be inconsistent with the discussions related to the two sections, as it is clear that a remote UE and relay UE (as with any UE) support RRC_INACTIVE.

Regarding the supported state combinations for L2 UE to NW relay, RRC_INACTIVE should be equivalent to RRC_IDLE.  Specifically, a remote UE cannot perform transmission/reception of relayed unicast data while in RRC_INACTIVE.  Furthermore, the relay UE can be in any RRC state as long as all PC5-connected remote UE(s) are in RRC_IDLE or RRC_INACTIVE.  Therefore, the only invalid state combination for the relay and remote UE are the cases where the remote UE is in RRC_CONNECTED while the relay UE is in RRC_INACTIVE or in RRC_IDLE.  The appendix contains a text proposal which corrects this inconsistency in the TR. 
Proposal 1: 
Correct inconsistency in TR 38.836 and confirm that RRC_INACTIVE state is supported for the L2 UE to NW relay and remote UEs.  

Proposal 2: 
For L2 UE to NW relay case, RRC_INACTIVE is equivalent to RRC_IDLE from the perspective of the supported state combinations of the relay/remote UE.  

For the L2 or L3 UE to NW relay, the relay UE must be in RRC_CONNECTED to perform relaying of data.  As a result, if a relay UE is in RRC_IDLE or RRC_INACTIVE, it should trigger an establishment/resume procedure if the remote UE wants to transmit/receive data.  The high level procedure for remote UE connection establishment (starting with establishment of the PC5-RRC connection) was discussed in the email discussion on remaining aspects for L2 architecture [3], and it was observed that the relay UE could initiate the RRC connection:
· When the PC5-RRC connection is established

· When the first Uu RRC message from the remote UE is received at the relay UE

Since it is possible for the remote UE to be in RRC_IDLE/RRC_INACTIVE while PC5-RRC connected to the relay UE, it seems the second option is preferable since it can handle both the cases when the remote UE is already PC5-RRC connected, and the case where the remote UE initiates a PC5-RRC connection in order to start relaying.  As a result, the relay UE would listen for any messages on the predefined PC5 RLC bearer for transmission of SRB0 by the remote UE, and trigger establishment/resume upon reception of a PDU on that RLC bearer. 

Proposal 3: 
For L2 UE to NW relay, a relay UE in RRC_IDLE/RRC_INACTIVE initiates an RRCSetup/RRCResume procedure upon reception the first Uu RRC message received from any PC5-RRC connected remote UE.  

For the L3 UE to NW relay, the relay UE is not aware of the relayed traffic.    For this reason, the first approach above is instead needed.  Furthermore, the relay UE should also distinguish between a PC5-RRC connection for relaying, and a legacy (Rel16) PC5-RRC connection.  This distinction can be provided by upper layers following establishment of the unicast link.
Proposal 4: 
For L3 UE to NW relay, a relay UE in RRC_IDLE/RRC_INACTIVE initiates an RRCSetup/RRCResume procedure upon establishment of a PC5-RRC connection for the purposes of relaying.  

Based on the state description for L2 UE to NW relay, a remote UE can maintain its PC5-RRC connection with the relay UE after its RRC connection is released and it moves to RRC_IDLE/RRC_INACTIVE.  Legacy Uu release triggers (i.e. release message, inactivity timer) should be supported when the remote UE is connected via the relay.  Further enhancements specific to relays, such as the network simultaneously releasing the relay and all attached remote UEs, can be discussed further in the WI phase.

Proposal 5: 
For L2 UE to NW relay, triggers for release to IDLE/INACTIVE supported via Uu (e.g. release message, inactivity timer) are supported for the remote UE.  Enhancements, if any, can be considered in the WI phase.  

When connected directly via Uu, RRC_IDLE/RRC_INACTIVE is associated with DRX, where the UE monitors for paging according to an IDLE/INACTIVE DRX cycle.  Similarly, power savings should be achieved for a remote UE that is PC5-RRC connected to a relay UE while in Uu RRC_IDLE/RRC_INACTIVE.  Specifically, constant monitoring of PC5-RRC by the remote UE is not necessary, and the remote UE needs only monitor sidelink for paging messages relayed by the relay UE.  While sidelink DRX is currently planned for Rel17 SL enhancements WI, we can assume such functionality can be assumed for the remote UE once it has been specified.  In addition, the remote UE may also monitor system information and discovery signal to determine whether reselection to a different relay is needed.  Finally, certain functions associated with legacy PC5-RRC (e.g. RLF monitoring, bearer reconfiguration) can be disabled while in RRC_INACTIVE/RRC_IDLE.  
Proposal 6: 
For L2 UE to NW relay case, a remote UE moves to a reduced PC5 monitoring state when it moves to RRC_IDLE/RRC_INACTIVE while PC5-RRC connected.  Details can be discussed in the WI phase.
2.2 Paging for L2 Relay

Option 2 for paging in FeD2D was agreed to be used for the L2 UE to NW relay.  In option 2, the relay UE monitors the paging occasions on behalf of the remote UE.  In order to do so, the relay UE would need the UE ID (S-TMSI or I-RNTI) of the remote UE.  In addition, the relay UE would need to be informed of any state changes at the remote UE. The ID and/or indication of state change can be provided either by the remote UE itself, or by the network.  Since the remote UE and relay UE will likely need to exchange information related to reduced PC5 monitoring at the time of a state change, it may be preferable to have the remote UE inform the relay, thus saving the extra RRC message to the relay UE.  
Proposal 7: 
For L2 UE to NW relay, a remote UE can inform the relay UE of a change in Uu state and/or provide its IDLE/INACTIVE UE ID (S-TMSI/I-RNTI) via PC5-RRC signalling.
2.3 RAN Area Update

Inactive state supports RAN paging of a UE and RAN area updates performed to the network.  When a remote UE is connected to a UE to NW relay, the network can configure the remote UE with a RAN notification area (similar to Uu).  Furthermore, the network should be aware of changes in the remote UE location caused by relay reselection so it can reach the remote UE via paging.  If the remote UE reselects a relay connected to a different RAN area, the UE should initiate a RAN area update procedure with the network.  Otherwise, the UE can initiate a new PC5-RRC connection procedure with the reselected relay without the need of any NW signalling.
Proposal 8: 
For L2 UE to NW relay, a remote UE in RRC_INACTIVE can be configured with a RAN area. 

Proposal 9: 
For L2 UE to NW relay, a remote UE initiates a RAN area update procedure when reselecting/connecting to a relay that is connected to a cell outside of its configured RAN area
If a relay UE is in RRC_INACTIVE and changes its RAN area, the remote UE may also require an update in its INACTIVE context.  Several options are possible and can depend on the relationship between the remote UE’s RAN area and the relay UE’s RAN area:

· The remote UE can trigger a RAN area update upon detection of the change in cell by the relay UE

· The relay UE can inform the remote UEs of the RAN area update, and can trigger each of the remote UEs to do the same

· Following the relay UE’s RAN area update, the network can update the inactive configuration of each attached remote UE
These can be discussed further in the WI phase:

Proposal 10: 
For L2 UE to NW relay, a relay UE can perform a RAN area update while having PC5-Connected remote UEs.  How to update the remote UEs RAN area can be discussed further in the WI phase. 

2.4 System Information Delivery to Remote UE

In the email discussion on remaining architecture for L2 relays [3], most companies agree to support system information via unicast PC5-RRC and groupcast/broadcast.  Exactly how the UE receives system information will further depend on the PC5-RRC connection state, and the coverage scenario of the UE.
Specifically, a UE in coverage can always receive system information directly from Uu when not PC5-RRC connected.  Once PC5-RRC connected, it should follow the system information of the cell to which the relay is connected, since this is the cell that the remote UE would eventually connect to. 

Proposal 11: 
An IC L2 remote UE receives system information via Uu when it is not PC5-RRC connected, otherwise, it receives system information directly from the relay UE. 

When a remote UE is OOC, it first selects a relay UE.  To do so, it will use relay selection criteria.  Such criteria should include information about the cell (e.g. PLMN, UAC parameters, etc).  Otherwise, the UE may initiate a PC5-RRC connection to later determine it needs to release it after it receives the system information.  For this reason, groupcast/broadcast SI is needed at least for the OOC UEs as part of relay selection.  In this case, at least some portion of the SI can be included in the discovery message, for example.  To further reduce the overhead associated with groupcast/broadcasting of the SI by the relay, SI request can be supported for this case.
Proposal 12: 
An OOC L2 remote UE can request/receive broadcast/groupcast system information from a relay UE before it initiates a PC5-RRC connection.  How to support SI request by the remote UE in this case can be discussed in the WI phase.
When PC5-RRC connected, the remote UE can be in RRC_CONNECTED or RRC_IDLE/RRC_INACTIVE.  When RRC_CONNECTED, most companies agree that SI delivery can be performed by dedicated RRC signalling carried transparently by the relay UE.  When the remote UE is in RRC_IDLE/RRC_INACTIVE, most companies agree that the remote UE can obtain the SI using MSG3 based SI request procedure performed via the relay UE.  
A remote UE should have access to some minimum system information in order to perform such SI request (e.g. value tag and parameters associated with the SI request).  The value tag may further represent the system information that is relevant to the remote UE to avoid that the remote UE initiates an SI request for changes in Uu related SI parameters, for example.  Furthermore, to efficiently send the minimum SI to each UE, it would be preferable to use a single groupcast message, rather than individual unicast messages to each connected remote UE.  The contents of the minimum SI and how this is transmitted can be discussed in more details in the WI phase.

Proposal 13: 
A relay transmits some minimum SI (including at least a value tag) to each PC5-RRC remote UE.  Details can be discussed during the WI phase. 
3 Conclusion
In this contribution, the following conclusions were made on various control plane aspects for UE to NW relays:
Proposal 1: 
Correct inconsistency in TR 38.836 and confirm that RRC_INACTIVE state is supported for the L2 UE to NW relay and remote UEs.  

Proposal 2: 
For L2 UE to NW relay case, RRC_INACTIVE is equivalent to RRC_IDLE from the perspective of the supported state combinations of the relay/remote UE.  

Proposal 3: 
For L2 UE to NW relay, a relay UE in RRC_IDLE/RRC_INACTIVE initiates an RRCSetup/RRCResume procedure upon reception the first Uu RRC message received from any PC5-RRC connected remote UE.  

Proposal 4: 
For L3 UE to NW relay, a relay UE in RRC_IDLE/RRC_INACTIVE initiates an RRCSetup/RRCResume procedure upon establishment of a PC5-RRC connection for the purposes of relaying.  

Proposal 5: 
For L2 UE to NW relay, triggers for release to IDLE/INACTIVE supported via Uu (e.g. release message, inactivity timer) are supported for the remote UE.  Enhancements, if any, can be considered in the WI phase.  

Proposal 6: 
For L2 UE to NW relay case, a remote UE moves to a reduced PC5 monitoring state when it moves to RRC_IDLE/RRC_INACTIVE while PC5-RRC connected.  Details can be discussed in the WI phase.

Proposal 7: 
For L2 UE to NW relay, a remote UE can inform the relay UE of a change in Uu state and/or provide its IDLE/INACTIVE UE ID (S-TMSI/I-RNTI) via PC5-RRC signalling.

Proposal 8: 
For L2 UE to NW relay, a remote UE in RRC_INACTIVE can be configured with a RAN area. 

Proposal 9: 
For L2 UE to NW relay, a remote UE initiates a RAN area update procedure when reselecting/connecting to a relay that is connected to a cell outside of its configured RAN area

Proposal 10: 
For L2 UE to NW relay, a relay UE can perform a RAN area update while having PC5-Connected remote UEs.  How to update the remote UEs RAN area can be discussed further in the WI phase. 

Proposal 11: 
An IC L2 remote UE receives system information via Uu when it is not PC5-RRC connected, otherwise, it receives system information directly from the relay UE. 

Proposal 12: 
An OOC L2 remote UE can request/receive broadcast/groupcast system information from a relay UE before it initiates a PC5-RRC connection.  How to support SI request by the remote UE in this case can be discussed in the WI phase.

Proposal 13: 
A relay transmits some minimum SI (including at least a value tag) to each PC5-RRC remote UE.  Details can be discussed during the WI phase. 
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5 TP to 38.886 for Correction to RRC states
4.1
Scenarios, Assumptions and Requirements 

….

The Uu RRC state of the relay UE and Remote UE can change when connected via PC5. Both Relay UE and Remote UE can perform relay discovery in any RRC state. A Remote UE can perform relay discovery while out of Uu coverage. A Relay UE must be in RRC_CONNECTED to perform relaying of unicast data.
For L2 UE-to-Network Relay:

-
Remote UE must be in RRC CONNECTED to perform transmission/reception of relayed unicast data.

-
The Relay UE can be either in any RRC state RRC_IDLE or RRC_CONNECTED as long as all the PC5-connected Remote UE(s) are in RRC_IDLE or RRC_INACTIVE.   
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