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This document addresses RLM activity as a function of connection state, and evaluates whether to have an explicit model of the RRC state on the PC5 interface.
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]Discussion
State management from an RLM perspective
On the Uu interface, RLM is a major state-specific activity in RRC_CONNECTED; the UE monitors IS/OOS indications from lower layers while a cell group is configured in RRC_CONNECTED and stops when the cell group is released and the UE transitions to RRC_IDLE/RRC_INACTIVE.  On PC5, there is as yet no agreement to have an explicit connection state at RRC layer, and the closest equivalent to having an SpCell configuration is the reception of the configuration message from the peer UE.  It therefore seems to make sense to have RLM controlled by receiving the PC5-RRC configuration message.
Proposal 1: RLM activity is driven by the contents of the PC5-RRC configuration; i.e. RLM starts when an RLM configuration is received.
Correspondingly, RLM should stop when the RLM configuration is no longer valid, i.e. when the connection is released—whatever that means in the PC5 context.  If there is no explicit signalling of connection establishment and release on PC5, the nearest equivalent to a “connection release” event would be the termination of the link by upper layers.  Of course, if there is explicit signalling for connection release, then the release is an unambiguous event and RLM can stop when the connection is released.
Proposal 2a: If there is explicit PC5-RRC connection release signalling, RLM stops when the connection is released.
Proposal 2b: If there is no explicit PC5-RRC connection release signalling, RLM stops when upper layers indicate termination of the link.
Note that proposal 2b is agnostic to whether there is an upper-layer recovery procedure.  If PC5-S has a mechanism for recovering the connection, it could prevent link termination and the connection at PC5-RRC layer would persist; if the PC5-S connection is released immediately, that release would propagate to the PC5-RRC layer.
For the case of a connection that experiences RLF, the resulting flow (without any link re-establishment procedure, and without any transmit-side RLF detection) would be as shown in Figure 1.


[bookmark: _Ref6399231]Figure 1: State management and link monitoring based on PC5-S state
Note that there is a brief desynchronisation between the ends of the link; UE2 considers the connection to be gone as soon as upper layers indicate link release (triggered by the AS-layer detection of RLF) and stop sending the keep-alive, while UE1 only detects the failure based on detecting the fact that it is not receiving keep-alive messages at its own upper layer.  This desynchronisation does not appear to cause any problems and we suggest that it does not need to be fixed unless a problem is shown.
Proposal 3: Alignment between the two ends of a connection is not enforced, i.e. one UE may “transition to idle” before the other.
Adding transmit-side RLF detection would not make a substantial difference to the flow, although it would reduce the length of the desync period, since UE1 would detect RLF from the Tx side (e.g. based on a lack of feedback transmissions) before the keep-alive failed.
The situation is essentially symmetrical in a bidirectional connection where user-plane data are sent in both directions; both UE1 and UE2 would send RLM reference signals, each UE would have an RLM configuration for monitoring the other, and one of the steps in the “transition to idle” stage would be to stop sending reference signals, resulting again in both UEs releasing the connection after potentially experiencing a short desynchronisation period.  The details depend on ongoing RAN1 work (e.g. the nature of the reference signals used for RLM is still under discussion) but it seems reasonable to determine that the reference signals would no longer be sent from a UE in idle state (if there is a connection state).
Proposal 4: If there is a PC5-RRC connection state, the transition to idle state includes ceasing to transmit RLM reference signals.
Other functionality in PC5 “RRC_IDLE” and “RRC_CONNECTED”
Whether to have an explicit state model for the PC5-RRC connection depends on whether there are state-dependent behaviours to be specified.  The analysis of the last section suggests that link monitoring can be managed based on configurations rather than on a state machine, i.e. from the pure RLM perspective there may be no need to control the UE based on an explicit state.  This section discusses whether there are other state-specific behaviours that need to be captured.
Perhaps the most significant state-related behaviour would be whether to maintain the context for the peer UE.  However, this can be managed already in terms of the PC5-S link state; the context is created when PC5-S indicates setup of the link and deleted when PC5-S indicates release/failure of the link.
Proposal 5: The lifetime of a PC5-RRC context for a peer UE is defined based on the PC5-S link state.
In RRC_IDLE on Uu, the UE camps on a cell in order to receive paging and to be prepared for access.  These procedures have no direct parallel on PC5; there is no need to “camp” in the service of another UE, and the equivalent of connection establishment for paging (MT) or access (MO) is the establishment of a PC5-S connection.  This suggests that there is no need for an “RRC_IDLE” state as part of PC5-RRC; we have not identified any idle-mode functionality that needs to be associated with a state machine.
Regarding the functionality of a connected state, as analysed in [1] and based on the discussion at RAN2#105bis, it appears that security management does not require an explicit connection state; the security association can be established by PC5-S and the PC5-RRC protocol can be considered to have security always active (assuming no surprises from SA3).  Furthermore, there is no cell group management or mobility on PC5; thus these concerns do not militate for an explicit RRC_CONNECTED state.  It does not appear that there is any specific RRC_CONNECTED functionality that requires the state to be modelled explicitly on PC5.
Proposal 6: There is no need for explicit modelling of idle/connected states in PC5-RRC.
Conclusion
This document makes the following proposals:
Proposal 1: RLM activity is driven by the contents of the PC5-RRC configuration; i.e. RLM starts when an RLM configuration is received.
Proposal 2a: If there is explicit PC5-RRC connection release signalling, RLM stops when the connection is released.
Proposal 2b: If there is no explicit PC5-RRC connection release signalling, RLM stops when upper layers indicate termination of the link.
Proposal 3: Alignment between the two ends of a connection is not enforced, i.e. one UE may “transition to idle” before the other.
Proposal 4: If there is a PC5-RRC connection state, the transition to idle state includes ceasing to transmit RLM reference signals.
Proposal 5: The lifetime of a PC5-RRC context for a peer UE is defined based on the PC5-S link state.
Proposal 6: There is no need for explicit modelling of idle/connected states in PC5-RRC.
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