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1 Introduction
RAN2#107 meeting has agreed to support conditional PSCell addition/change [1]:
Agreements

1: 
Support conditional NR PSCell addition/change and reusing the conditional HO solution being developed. Supported for any architecture option with NR PSCell.

2
From RAN2 perspective conditional NR PSCell change can be supported for both intra-SN and inter-SN
RAN2#106 meeting has reached the following agreements related to RLM/RLF/HOF for CHO [2]:
Agreements

1
UE shall not stop T310 and shall not start T304 when it receives configuration of a CHO candidate 

2.
The timer T310 is stopped and timer T304-like is started when the UE begins execution of a conditional handover for a target cell. (Stage 3 detail whether we reuse T304 or define a new timer)

Working assumption (to be confirmed next meeting after checking further details)

3
At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed
4
At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed
In RAN2#107 it was agreed to support the conditional NR PSCell addition/change. The intention is to reuse the most CHO mechanism. On the other hand, there are also differences between the CHO and PSCell addition/change.   
The generic PSCell change can be considered as PSCell release/addition. In this paper, we focus on the inter-SN PSCell addition case. We will discuss the similarity and difference between conditional PSCell addition/change and CHO for RLM/RLF handling. Possible solutions for RLM/RLF on conditional PSCell addition/change are proposed. 
2 Discussion
One of the major differences between conditional PSCell addition and CHO is that the UE connection with the PCell is not affected by the PSCell addition or release. The conditional PSCell addition/change can occur in two scenarios: 1) DC is not enabled, 2) DC is enabled. 
Scenario 1), there is no PSCell yet. The UE only performs conditional PSCell addition. 
Scenario 2), there already is a PSCell. If the conditional PSCell change is an inter-SN PSCell change, before adding a new PSCell (before or upon the UE starting to access a target new PSCell), the original PSCell should be released since the UE only has DC capability and can only support two parallel connections. Afterwards, it is the conditional PSCell addition. If the conditional PSCell change is an intra-SN PSCell change, the PSCell change will be the PSCell/Scell switch with the Scell(s) at the same SN. There is no synchronization issue and the reconfiguration for a PSCell/Scell switch can be done without (the need of) sync. In this case the conditional PSCell change is effectively conducted under DC, and the RLM/RLF handling should follow the existing rules for DC. Therefore, we do not further discuss the intra-SN PSCell change and only focus on inter-SN PSCell change in this paper.
Observation 1: Different from CHO, during conditional PSCell addition the UE connection with the PCell is not affected by the PSCell addition or release.

Observation 2: For intra-SN conditional PSCell change, RLM/RLF handling can simply follow the existing rules for DC.
In this paper, we focus on RLM/RLF handling for inter-SN conditional PSCell addition. There is only slight difference if DC has already been enabled. The major events and different phases of conditional PSCell addition is shown in Figure 1.
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Figure 1. The major events and operation phases during conditional PSCell addition
Figure 1 shows that the conditional PSCell addition operations are driven by several major events. The operations can be separated into two major parts: 1) when UE connection with PCell is good, 2) after the RLF occurs with Pcell.
2.1 Operations when connected with PCell 
Different from the conditional HO, the working assumption of conditional PSCell addition is that the UE maintains strong connection with the PCell during the normal operations including conditional PSCell addition request/configuration, UE decided access to a PSCell candidate, original PSCell release and UE access status report. 
More specifically, after the UE received an RRC reconfiguration for a conditional PSCell addition, the RLM on the UE connection with the PCell is continued. The UE should not stop T310 and start any T304 like timer at all the UE events including when the UE received the PSCell addition reconfiguration message, when the UE decides and starts to access to the target cell, and when the UE fails or succeeds to access the target cell. 
Multiple candidate cells are provided to the UE by the reconfiguration message. The UE searches through the candidates by performing the measurement on all the candidate cells to check if anyone of them meets the execution condition for access (as in CHO). After a qualified target cell is identified, Random Access procedure is started. The UE can follow the MAC procedures supporting multiple candidate cells as for CHO [3]. If the UE fails the access attempts to a target cell for PSCell addition, and if there is another candidate cell also meets the execution condition, the UE can take it as the new target cell and start a new Random Access to the new target.

In order to help the network to decide when to issue new RRC reconfigurations, whenever there is an indication of Random Access problem reported from the MAC entity, the UE report the access failure with the target cell ID to the PCell.    
Observation 3: Different from CHO, the UE maintains full connection with the PCell during the normal operations of conditional PSCell addition/modification.
Proposal 1: The RLM including T310 on the connection with PCell should not be stopped by any UE operation events for conditional PSCell addition/modification.

Proposal 2: Allow the UE to decide a new target cell if it meets the requirement and if the UE failed to access to the original target cell.
2.2 Operations when PCell connection RLF
When RLF occurs on the UE connection with the PCell, in Rel-15 NR DC an RLF is declared. In case of conditional PSCell addition, increase the chance of fast MCG recovery should also be taken into consideration.
The first possible solution is the same as in DC, if the radio link with PCell fails, declare overall failure for the conditional PSCell addition. The merit of this approach is simple. The drawback is that it missed some opportunities that the UE successfully completes the access and connects the PSCell. 
In Rel-16, for NR DC RAN2 already agreed to have fast MCG recovery to take advantage of the connection with the PSCell. For conditional PSCell addition, we can consider the following procedure to minimize the chance of triggering a final RLF and getting into the reestablishment procedure. 
The second possible solution is: 


If T310 for the link with PCell is expired and RLF occurs, and



If the UE don’t have any access activity on any one of the conditional PSCell candidates: 


      Declare an overall RLF and start the re-establishment procedure.



Elseif the UE is conducting the access to a target PSCell:
Do not declare RLF and start a timer (T304 like).  
     


If the UE succeeds to access the target PSCell:
The UE notifies the PSCell there is PCell link failure and starts the procedure of PCell recovery.





Else






At the expiry of T304 like timer, declare an RLF and start re-establishment procedure. 
When PCell RLF occurs and there is no candidate target cell is identified for PSCell addition, the likelihood for the UE to find a suitable target PSCell to connect is small. It is better to go to the re-establishment procedure.

If PCell RLF occurs and the UE is already in the execution phase to access a target PSCell, the UE is effectively in a HO process to the target cell. In addition, when access procedure is started for one target cell, the chance of other candidates also qualifying for access is also high. It is worth to allow some more time for the UE to complete the HO procedure. With successful HO to the target cell, the declaration of RLF and re-establishment can be avoided.  
 Proposal 3: For conditional PSCell addition, if RLF occurs with PCell adopt the follow procedure:



If the UE is not in an access procedure, starts the reestablishment procedure;



If the UE is in an access procedure towards a target PSCell, starts a timer (T304 like);

If before the expiry of the timer, the UE succeeds to access a target cell, starts the PCell recovery procedure;

Elseif the UE fails to access to any of the candidate cells, at the expiry of the timer, starts the reestablishment procedure.  
2.3 PCell recovery approach
If RLF occurred with the PCell and before the expiry of the PCell recovery timer, the UE succeeds to access a target cell, starts the PCell recovery procedure. The PCell recovery procedure should be very similar to SCG fast recovery procedure. The only difference is that the PCell recovery includes the random access, while fast MCG recovery occurs when the SN had been enabled. There are two possible design options for signalling the link failure of the PCell to the newly connected PSCell, and the PSCell forward it to the PCell:

Option 1: After the UE successfully accesses to the PSCell, and the PSCell bearer is established, reuse the MCG fast recovery message to start MCG fast recovery procedure. The merit is that the same recovery mechanism can be reused. The drawback is that UE needs to wait for SRB ready to send out the MCG fast recovery message.  
Option 2: Use message 3 (RRC reconfiguration completed) to carry an indication of PCell link failure. Upon received the RRC reconfiguration complete message, the PSCell embeds the PCell link failure indication in SN Reconfiguration Complete message and sends the message to the PCell. 

Proposal 4: RAN2 further discuss and determine the details of PCell recovery signalling and procedure, whether adopt the signalling of fast MCG recovery for PCell recovery.                                                                                                                                                                                 
3 Conclusions
Based on the discussion on the handling the RLM/RLF for conditional PSCell addition, we have the following:
Observation 1: Different from CHO, during conditional PSCell addition the UE connection with the PCell is not affected by the PSCell addition or release.

Observation 2: For intra-SN conditional PSCell change, RLM/RLF handling can simply follow the existing rules for DC.
Observation 3: Different from CHO, the UE maintains full connection with the PCell during the normal operations of conditional PSCell addition/modification.
Proposal 1: The RLM including T310 on the connection with PCell should not be stopped by any UE operation events for conditional PSCell addition/modification.
Proposal 2: Allow the UE to decide a new target cell if it meets the requirement and if the UE failed to access to the original target cell.
Proposal 3: For conditional PSCell addition, if RLF occurs with PCell link adopt the follow procedure:



If the UE is not in an access procedure, starts the reestablishment procedure;



If the UE is in an access procedure towards a target PSCell, starts a timer (T304 like);

If before the expiry of the timer, the UE succeeds to access a target cell, starts the PCell recovery procedure;

Else at the expiry of the timer, starts the reestablishment procedure.
Proposal 4: RAN2 further discuss and determine the details of PCell recovery signalling and procedure, whether adopt the signalling of fast MCG recovery for PCell recovery.
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