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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#107 meeting has also agreed on CHO[2]:

Agreements

1  For FR1, we will leave it up to UE implementation to select the target cell if more than one candidate cell meets the triggering condition (same as for FR2).

2  Do not introduce “bye” message from UE to the source cell for CHO.
3  If UE receives conventional handover command, it will execute the handover command regardless of stored (configured) conditional handover command. This applies if the HO cmd is received before any CHO triggering condition is satisfied. FFS how HO failure is handled.
4 
The UE can’t receive and perform RRC configuration from source cell while executing CHO command (which means from the time when the UE starts synchronization with target cell).

FFS whether simultaneous connectivity and CHO can work simultaneously.
5
UE is not required to continue evaluating the triggering condition of other candidate cell(s) during CHO execution.
6
We will not change cell selection procedure due to CHO (T310 expiry, T304(-like) expiry, etc.) 

7
CHO is optional feature for UEs and networks.

In RAN2#107 it was agreed to support the conditional NR PSCell addition/change (modification). The intention is to reuse the most CHO mechanism. On the other hand, there are also differences between the CHO and PSCell addition/modification.   
In this paper, we focus on the inter-SN PSCell addition case. We will discuss the similarity and difference of conditional PSCell addition/modification versus conventional DC SN addition/modification and CHO on procedures and configurations.
2 Discussion
2.1 Procedure and configurations for conditional SN change
For Conditional SN change (addition/modification), the call flow can be designed mainly based on the conventional SN addition and modification. For the “Conditional” aspect the treatment should be similar to CHO.
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Figure 1. The call flow of normal operations for Conditional SN addition/modification
Figure 1 shows a typical procedure of normal Conditional SN Addition or Modification. 
1. For Conditional SN addition, it involves PSCell addition. If multiple SNs are determined to be the candidates of the Conditional SN Addition, the MN should send an SN Addition Request to each candidate SN. For an SN with multiple candidate cells, a list of cells should be included in the condition SN addition message. FFS the maximum number of the candidate cells. In the scenario of on-going DC, if the conditional SN change is an inter-SN change, the procedure is pretty much the same as SN addition except the release of the original PSCell (will be discussed separately). If the SN change is an intra-SN modification, the conditional SN modification message sent to a SNx can have multiple target candidate SCells. Therefore, Conditional SN Modification message can have list of candidate target SCells. In all cases, the conventional SN addition/modification message can be largely reused with an indication of conditional SN change.

2. The conventional SN Addition/Modification Request Acknowledge message can be largely reused for the conditional inter-SN-change cases. A container can carry a CellGroupConfig IE for the candidate SN. In case an intra-SN change involves multiple candidate target PSCells which currently are SCells, UE configurations for all the candidate cells can be realized by configuring a list of SpCells, and the container of every candidate SpCell should be carried by the conditional SN Addition/Modification Request Acknowledge message.

3. The contents of the RRC reconfiguration message for the conditional SN addition/modification should be based on the conventional SN addition/modification. The changes will be similar to those for the CHO command: the UE configuration of all the target candidate cell are encapsulated per candidate SN and included in the RRC Reconfiguration message. The execution triggering criteria similar to CHO should also be included. 
4. Different from the conventional SN addition/change, this message only acknowledges the UE successfully received the RRC Reconfiguration for conditional SN change, confirms the UE compliance of the target cell configuration, and rejects the cells with configurations not supported by the UE. The message does not trigger the MN sending SN reconfiguration complete message to the SN since this UE acknowledgement is only for a pre-configuration of conditional future action of SN change.  
5. The synchronization to the target and random-access procedure are triggered by execution condition similar to CHO.
6. Upon successfully access the target cell, the UE sends RRC reconfiguration complete message to the target cell as in CHO. This message acknowledges to the target SN that the UE has been configured for the target SN. It triggered the newly added SN sends SN reconfiguration complete message to the MN.
7. Upon reception of the UE RRC reconfiguration complete message, the new SN sends SN Reconfiguration Complete to the MN. The MN starts path update procedure.
Proposal 1: The signalling messages for conditional SN addition/modification can be developed from the corresponding messages for conventional SN change with an indication for “conditional SN change”.

Proposal 2: Similar to CHO, the conditional SN addition/modification message can include list of the candidate cells. 
Proposal 3: The conditional SN addition/modification ACK message carries the UE configurations of a candidate SN which should be encapsulated in a per SN container.





For inter-SN change, UE configurations of a candidate SN should be included in the container,

For intra-SN change, UE configurations of multiple candidate SpCells should be carried by the container.
Proposal 4: Enhance the RRC reconfiguration message with new structure to carry the encapsulated UE conditional configurations for every candidate SNs, and execution criteria as for CHO.

Proposal 5: Define an RRC Reconfiguration ACK message for the UE to acknowledge the reception and acceptance of RRCReconfiguration. 

Proposal 6: RAN2 discuss and determine the baseline procedure for conditional SN addition/modification.
2.2 Release of the original SN
When DC is in operation, a UE can only access to a new SNx after the original SNo is disconnected. Before the UE connected to a new SNx, the original SNo have to be disconnected with the UE. The network can instruct the UE to release the SNo. The network may also try to make use of SNo as much as possible as long as the its channel condition is good, and let the UE to disconnect with the SNo when the UE starts to access a new SNx. Figure 2 shows an original SNo release procedure with UE determined when to disconnect the SNo. 
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Figure 2. Original SNo release for conditional SN addition with DC

The conventional SNo release steps are shown in Figure 2 after the UE successfully access the new SNx at the step 5: 

7. The UE sends the RRC Reconfiguration Complete message to the new SNx. The UE clear all the configurations of other candidate cells for conditional SN change. 
8. The SNx sends a notification message, SN Configuration Complete, back to the MN. It shows to MN which SN the UE connected to, and as a result, the original SNo has already been disconnected. 
9. Then the MN stop sending data to SNo and sends a message to SNo to let SNo release the UE context. The SNo releases the UE context and send the data buffered at the SNo back to MN

With the conventional SNo release approach, during the period from the UE disconnects SNo (starting access SNx) to MN received SN Reconfiguration Complete message, MN may continue sending data to SNo. With conditional SN addition, the UE access may last long in case the UE retry access to different candidates. In these cases, large amount of data may be buffered at the SNo before SNo is notified and sends them back to MN. This can cause increased service delay and increased chance of packet loss.

A possible solution is let the UE notify the MN when it is disconnected from SNo upon accessing to SNx. This signalling is show as step 6 & 6.1 in Figure 2. The merit of this approach is that the MN can suspend sending data to SNo as soon as the UE disconnected from it. SNo sends much small amount of buffered data back to the MN much earlier. The drawback is some additional signalling.  

Proposal 7: RAN2 discuss and determine the procedure for original SNo release.
Proposal 8: RAN2 discuss whether UE should notify the MN upon it is disconnected from SNo. 
3 Conclusions
Based on the discussion on the procedure of conditional SN addition/modification, we have the following:
Proposal 1: The signalling messages for conditional SN addition/modification can be developed from the corresponding messages for conventional SN change with an indication for “conditional SN change”.

Proposal 2: Similar to CHO, the conditional SN addition/modification message can include list of the candidate cells. 
Proposal 3: The conditional SN addition/modification ACK message carries the UE configurations of a candidate SN which should be encapsulated in a per SN container.





For inter-SN change, UE configurations of a candidate SN should be included in the container,

For intra-SN change, UE configurations of multiple candidate SpCells should be carried by the container.

Proposal 4: Enhance the RRC reconfiguration message with new structure to carry the encapsulated UE conditional configurations for every candidate SNs, and execution criteria as for CHO.

Proposal 5: Define an RRC Reconfiguration ACK message for the UE to acknowledge the reception and acceptance of RRCReconfiguration. 

Proposal 6: RAN2 discuss and determine the baseline procedure for conditional SN addition/modification.
Proposal 7: RAN2 discuss and determine the procedure for original SNo release.

Proposal 8: RAN2 discuss whether UE should notify the MN that it is disconnected from SNo upon starting the access to a SNx.  
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