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1 Introduction

Based on the discussions in RAN2#105bis, RAN2 reached the following agreements with respect to PC5-RRC message exchanges for unicast:

Agreements on PC5-RRC message exchange: 
1: 
PC5-RRC connection is needed to establish SL UE context. Synchronization of SL UE context between two UEs is supported by the concept of PC5-RRC connection.


- Need for PC5-RRC state is FFS.


> Option 1: Define PC5-RRC state for unicast operation.



> Option 2: Refer to PC5-S state for unicast operation

- SL UE context may include at least SL UE capability of the destination UE.


> FFS whether AS configuration information can be also stored in SL UE context.

- UE context is per destination UE.



> It is considered that UE may store UE capability of the destination UE for a newly 


coming service between UEs in unicast.


> It may depend on SA2 discussion related to layer-2 ID allocation. RAN2 will come 


back if there is a problem based on SA2 progress.

- FFS whether explicit PC5-RRC connection establishment procedure is needed or not.
2: 
Security aspect comes back after SA3 progress (if there is any issue/problem).


And previously in RAN2#105, RAN2 reached the following agreements with respect to AS level link management for unicast:

Agreements on AS Level Link Management for unicast:
1: SL RLM / RLF declaration based AS level link management is supported.
2: The definition and motivation of SL RRM based AS level link management need further discussion.

3: We will ask to RAN1 for RLM RS design and if ok to follow Uu RLM model for SL RLM. We will indicate from RAN2 point of view, Uu RLM model is preferred as baseline for SL RLM with the description how Uu RLM works.

4: The AS level link status (e.g., failure) should be informed to upper layer. The detailed information exchanged between layers should be decided together with SA2.

5: If SL RLC AM is supported for unicast, RLF declaration could be triggered by indication from RLC that the maximum number of retransmissions has been reached.
In this contribution, we will consider if it makes sense to introduce PC5-RRC state.
2 Discussion
Before we decide on the need for PC5-RRC state we should have a better understanding of the purpose for having states in general, regardless if the states are defined within PC5-S or PC5-RRC.  If we initially consider the case when no state is defined then under normal conditions the unicast connection may be established and released along with capability exchanges in between.  However, under poor radio conditions the unicast connection may be severely disrupted.  If we depend solely on PC5-S signalling and service types it may take a long time before the upper layer realizes that some problem may have occurred and latency for services may be severely impacted.  
Observation: 
If no states are defined it may be difficult to explicitly determine when the radio link is broken.  
However, if states can be defined, it would be straightforward to define at least two states PC5-CONNECTED and PC5-IDLE.  PC5-CONNECTED may be defined as the PC5 state whereby connection establishment has been successfully completed and prior to Connection Release under good PC5 radio link.  Therefore, PC5-IDLE would be considered the state other than the condition for PC5-CONNECTED. 

Proposal 1: 
If PC5 states are defined, RAN2 should define at least PC5-CONNECTED and PC5-IDLE regardless if the state is defined in PC5-S or PC5-RRC.
The usefulness of defining these two states may be better explained by the UE behaviour under PC5-IDLE.  While the UE is in PC5-IDLE, unlike the case for RRC_IDLE for the Uu link, there’s no need to define where and how the UE should camp on or reselect.  Rather it would be a state whereby the UE in the upper layer would determine the best radio interface to establish/re-establish the unicast connection towards the same receiving UE.  The re-establishment assumes the on-going unicast connection was terminated unexpectedly and existing service needs to be restored.  The procedure for re-establishment may not need to be different from establishment and the details can be left for further consideration. But it may be assumed that PC5-IDLE UEs will discard any SL UE context exchanged between the UEs while in PC5-CONNECTED. Also the PC5-IDLE UEs should not need to perform RLM/RLF.  For now it may be assumed that for establishment/re-establishment, once the UE transitions to PC5-IDLE it would find the best link for the unicast connection via PC5 for either LTE or NR considering the available channel(s) and in some cases the Uu link may be the best option. Regardless if the state is defined for PC5-S or PC5-RRC, the upper layer should know the UE’s current state.  Furthermore, these states should only be applicable if the UE intends to establish unicast connection with another UE (refer to Figure 1).
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Figure 1: PC5 state transitions


Proposal 2: 
In PC5-IDLE and PC5-CONNECTED should only be applicable if the UE intends to establish unicast connection with another UE.

Proposal 3: 
PC5-IDLE UEs will discard any SL UE context exchanged between the UEs while in PC5-CONNECTED.
Proposal 4: 
In PC5-IDLE the UE should determine the best link to establish/re-establish the unicast connection with the receiving UE.
If the above Proposals are agreeable, we can consider if it the state should be defined within PC5-S or PC5-RRC.  Considering the changes in radio condition, even if the state is defined within PC5-S some assistance from the AS layer is needed for the upper layer to know the radio link condition.  However, it would be straightforward to define the state as part of PC5-RRC since RAN2 has already agreed to define RLM/RLF for PC5-RRC.  Although RAN2 has requested RAN1 what reference signal may be used for SL radio link monitoring, based on the LS response from RAN1 [1] further inputs are still needed to conclude on how the UE monitors the SL radio link since RAN1 has so far concluded that no reference signal will be dedicated just for SL RLM; however, a SL RS introduced for other purpose(s) is reused for SL RLM/RLF.
Proposal 5: 
If the RLM/RLF for PC5-RRC is well defined, the states should be applicable to PC5-RRC.
Within the LS response from RAN1 [1], they also mentioned that they expect further input from RAN2 to further progress on this topic.  In our view, if the UE is allowed to periodically transmit PSCCH-only towards the receiving UE, this may be used by the receiving UE for RLM/RLF. Such periodically PSCCH-only transmission was previously discussed in section 3.3.2 of [2].  As a response the receiving UE also transmits a PSCCH-only transmission within a specified time-period.
Proposal 6: 
RAN2 should suggest to RAN1 whether periodical PSCCH-only transmissions towards the receiving UE should be considered for RLM/RLF. 
RAN2 should also consider if there are other means for the transmitting UE and receiving UE to determine when RLF should be declared.  In particular, the receiving UE should know whether the transmitting UE has experienced RLF and vice versa.  One possibility is to depend on the HARQ feedback or CSI-RS feedback.  In case of lack of HARQ feedback or CSI-RS feedback from the receiving UE, the transmitting UE may be able to determine when to declare RLF; however, the situation may be different at the receiving UE in case the receiving UE cannot even decode the SCI sent from the transmitting UE. As another option, a conditional RLF with a timer may be defined whereby the receiving UE would start a RLF timer whenever a message is received from the transmitting UE.  Assuming the message is successfully ACKed by the receiving UE, both UEs would be able to determine when to transition to PC5-IDLE when the SL radio channel deteriorates.  The timer may be started/restarted whenever a new message is received or transmitted, including for ARQ and HARQ feedbacks.  
Proposal 7: 
RAN2 should also discuss if it is necessary for both UEs in a unicast connection to know the RLF status of one another.
3 Conclusion

In this contribution, we discussed issue with the need for supporting states in either PC5-S or PC5-RRC.  We have the following observation and proposals.
Observation: 
If no states are defined it may be difficult to explicitly determine when the radio link is broken.  

Proposal 1: 
If PC5 states are defined, RAN2 should define at least PC5-CONNECTED and PC5-IDLE regardless if the state is defined in PC5-S or PC5-RRC.

Proposal 2: 
In PC5-IDLE and PC5-CONNECTED should only be applicable if the UE intends to establish unicast connection with another UE.

Proposal 3: 
PC5-IDLE UEs will discard any SL UE context exchanged between the UEs while in PC5-CONNECTED.
Proposal 4: 
In PC5-IDLE the UE should determine the best link to establish/re-establish the unicast connection with the receiving UE.
Proposal 5: 
If the RLM/RLF for PC5-RRC is well defined, the states should be applicable to PC5-RRC.

Proposal 6: 
RAN2 should suggest to RAN1 whether periodical PSCCH-only transmissions towards the receiving UE should be considered for RLM/RLF. 
Proposal 7: 
RAN2 should also discuss if it is necessary for both UEs in a unicast connection to know the RLF status of one another.
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