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1 Introduction
In the RAN2#107 meeting [1], the following agreements were made for reduction in user data interruption during handover:
Agreements

1
Introduce a solution for HO interruption time reduction based on dual active protocol stack.

In RAN2#107bis [2], following agreements regarding MAC and UL transmission aspects of DAPS HO were made:

1 
UE switches the UL PDCP data transmission upon successful RACH procedure (Msg2 for CFRA or Msg4 for CBRA).  

2
The UE keeps the UL HARQ (re)transmission of the source link after UL data transmission switching to the target eNB.

3
When an uplink grant indicating the HARQ new transmission is received in the source link after UL data switching, the UE is expected to perform the corresponding UL transmission accordingly.

Additionally, following agreements are made regarding the control plane aspects of DAPS HO

Agreements

1
T304 is reused to determine the DAPS handover failure.

2
When the DAPS handover fails, the UE report the DAPS handover failure via the source link without triggering RRC connection re-establishment if the source link is still available (i.e. RLF is not declared).

3
When the DAPS handover fails, the UE resumes the DRB data transmission via the source link if the source link is still available.

4
Before the successful completion of the RACH to the target cell, the UE keeps the source link failure detection.

5
Before the successful completion of the RACH to the target cell, when the source link fails, the UE releases the source link (but not source RRC configuration which may be used for re-establishment) and stops any data transmission or reception via the source link.
6
After the successful completion of the RACH to the target cell and before the release of the source link, the UE does not keep the source link failure detection of the source link. 

8
As the legacy handover, the UE continues the RACH to the target cell before the DAPS handover failure is claimed, even though the target MAC entity indicates the random access problem.

9
After the successful completion of RACH to the target cell, the target link RLM is the same as the legacy UE

10
After the target cell RACH completion and before the release of the source cell, when the target link fails, the UE triggers RRC connection re-establishment.

11
If both the handover/target link failure and the source link failure occur, the UE triggers RRC connection re-establishment.
12
The UE has only one RRC state/entity.
In the current running 36.331 CR for mobility enhancements [3] an FFS item is captured as follows:

Editor’s Note: The actions at release of source cell, i.e. release of physical channel configuration, reset MAC of source cell, release source cell MAC configuration and release of all RLC entities and associated logical channels for source cell, to be added when it is clear when the release takes place.
In this contribution, we discuss the different options for source cell release and propose preferred conditions upon which the UE should release the source connection.
2 Source cell release during DAPS HO
In the context of Reducing User Data Interruption (RUDI) during mobility procedure, the UE will be able to receive simultaneously from source and target cells. It was agreed during RAN2#107 that the simultaneous connection operation is based on Dual Active Protocol Stack (DAPS). Some of the high-level principles of DAPS HO can be summarized as follows: 
· the UE performs deciphering/integrity verification, header compression for the DL PDCP SDUs received from the source gNB and target gNB separately but has a common PDCP reception buffer to perform reordering. 
· the UE switches UL data transmission (new and unacknowledged PDCP SDUs) to target gNB upon reception of the first UL grant for data transmission from the target gNB after RA procedure towards the target gNB is successfully completed.
· the UE continues UL transmissions in the source even after UL data transmission switching to the target cell. This is not limited to HARQ retransmissions, i.e. could include new HARQ transmissions based on the received UL grant.
The main feature of DAPS HO is that the UE continues data transmission and reception via source connection while establishing the target link. The reason for this is to minimize the periods where the UE cannot transmit or receive data, i.e. to ensure 0ms mobility interruption time. 
One aspect of DAPS operation which is still not agreed is the timing of source connection release. It is important that the UE continues the source link at least until the data transmission and/or reception has started in the target cell. If the UE releases the source connection too early, then it might result in data loss and lead to additional interruption time. It was already agreed that the UE switches the new PDCP UL data transmission upon reception of first UL grant for data transmission. If the same condition is used for releasing source link connection, then there could be data interruption since the UE spends UL resources to transmit MSG3. 

Different options could be considered to define the condition upon which the UE should release the source connection. Pros and Cons of different options and the preferred options are discussed below:
Option:1 Leave it to UE implementation:
In this option, the UE determines when to release the source connection and the criteria is not explicitly defined in the specification. The disadvantage of this solution is that it might lead to un-deterministic behavior. Since the source would not know when the HO is complete, the source continues to schedule the UE after DAPS HO command. If the UE releases the connection before the source cell would, then the DL assignments and UL grants provided in the source will go unutilized. This option therefore leads to inefficient usage of radio resources in the source cell. One option would be for the UE to indicate to the network the release timing. This may introduce new procedure for indication and doesn’t provide flexibility for the network to determine when to release the source link. 
Observation 1:
Leaving the source release timing determination to UE implementation is not preferred since it leads to un-deterministic behaviour and requires a new procedure for indication.
Option:2 Explicit NW signalling on the source link: 
In this option, signaling on the source link may be used to indicate source cell release. This solution is not preferable for several reasons. The first reason is that, during late phases of DAPS HO, the source link might not be reliable. It is not reasonable to use that link for release signaling. The second reason is complexity due to source signaling. It was agreed in RAN2#107bis [2] that UE has only one RRC state/entity. Hence it is not clear how to enable this source signaling without RRC entity associated with the source. The third reason is that the source would not know exactly when the handover is successfully completed. The source would have to depend on either UE based indication or indication from target node to determine successful completion of HO and release the source link connection.
Observation 2:
Explicit signalling on the source link is not preferred due to unreliability and signalling complexity.
Option:3 Explicit NW signalling on the target link: 
In this option, signaling on the target link is used to indicate release of source cell connection. The target can determine when to release the source connection. The target can transmit an indication to the UE to release the source connection. The target can also indicate the source to release the connection. The exact timing can be left to network implementation. This could provide more flexibility to release source cell connection, e.g. based on network deployment. For example, the target can release the source connection when the DL and UL data transmission has started in the target cell. This option is preferred due to limited specification impacts. 
Proposal 1:
The UE releases the source cell connection when explicit indication is received from the target cell. FFS which message carries such indication.
Option:4 Implicit method based on timer:
Another option is that the UE can release the source cell upon expiry of a predefined time period. For example, the time period can begin from start of DAPS HO execution procedure. This is not preferred as it is not tied to successful target cell access and would lead to interruptions. Another option is to start the timer after the target cell access is completed. This is also not preferred since the source link might fail sooner than timer expiry. 
Option:5 Implicit methods based on events:
In this option, implicit methods can be specified for releasing source cell connection. One example of implicit method is based on well-defined events. It should be noted that RAN2#107bis [2] agreed to the following:
5
Before the successful completion of the RACH to the target cell, when the source link fails, the UE releases the source link (but not source RRC configuration which may be used for re-establishment) and stops any data transmission or reception via the source link.

6
After the successful completion of the RACH to the target cell and before the release of the source link, the UE does not keep the source link failure detection of the source link. 

Since it was agreed that the UE does not perform RLM in the source cell after successful RACH completion, an alternate mechanism to release the source cell link may be defined. One option is to use the source cell quality measurements. The UE can release the source cell connection when the quality of source cell goes below a preconfigured threshold, after UL PDCP data transmission is switched to the target cell. The threshold can be configured as part of DAPS HO configuration.
Proposal 2:
After the successful completion of the RACH to the target cell the UE releases the source cell connection when the quality of the source cell goes below a threshold.
Proposal 3:
The cell quality threshold for source cell release is configured as a part of DAPS HO configuration. 
3 Conclusion

This contribution discussed the conditions upon which the UE should release the source connection and following observations and proposals are made:

Observation 1:
Leaving the source release timing determination to UE implementation is not preferred since it leads to un-deterministic behaviour and requires a new procedure for indication.
Observation 2:
Explicit signalling on the source link is not preferred due to unreliability and signalling complexity.
Proposal 1:
The UE releases the source cell connection when explicit indication is received from the target cell. FFS which message carries such indication.
Proposal 2:
The UE releases the source cell connection when the quality of the source cell goes below a threshold, after UL PDCP data transmission is switched to the target cell.
Proposal 3:
The cell quality threshold for source cell release is configured as a part of DAPS HO configuration. 
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