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1. Introduction 
With regard to data forwarding for DAPS HO, RAN3 made further progresses and agreed the following proposals [1] as the working assumption in RAN3#105bis. In addition, RAN3 agreed 36.300 and 38.300 baseline CRs implementing the proposals and updated 36.300 baseline CR in [2].  

(Downlink) The last SN STATUS TRANSFER is the same as legacy, for which normal data forwarding follows.

(Downlink) It is FFS in RAN3 whether/how discarding of already forwarded PDCP SDUs is executed.
(Uplink) UL delivery to the CN from the source continues until the source sends the last SN Status Transfer to the target (same as legacy). The target won’t forward uplink packets in-sequence to the CN until it receives this last SN STATUS TRANSFER (as in the legacy).

(Uplink) The last SN STATUS TRANSFER sent for DL is also used for UL (for which the normal data forwarding follows as in the legacy)

(Uplink) It is FFS in RAN3 whether we allow the source to send an intermediate SN STATUS TRANSFER (between the first and the last) to convey uplink out-of-sequence receiving status so that the target can send PDCP status report to the UE immediately when accessed.
No need to inform CT4 about GTP-U extension header.

In this contribution, we discuss FFSs highlighed in yellow. In our companion paper [3], we propose the “Bye” message for DAPS HO to get the best interruption time and support the exact UL data switching. With the help of “Bye” message, we can resolve the remaining FFSs on data forwarding for DAPS HO. In addition, with the help of “Bye” message, we can resolve the remaining FFS on data forwarding for CHO.
2. Discussion
The source eNB/gNB can send SN STATUS TRANSFER when it receives the indication (i.e., “Bye” message) from the UE. If the source has already sent the first SN STATUS TRANSFER, this can be an intermediate SN STATUS TRANSFER. For DL, the target can discard already forwarded PDCP SDUs based on the intermediate SN STATUS TRANSFER. For UL, the target can send PDCP status report to the UE immediately when accessed, based on the updated receiving status in the intermediate SN STATUS TRANSFER.
Observation 1: For DL, the target can discard already forwarded PDCP SDUs based on the intermediate SN STATUS TRANSFER triggered by the “Bye” message from the UE.
Observation 2: For UL, the target can send PDCP status report to the UE immediately when accessed, based on the updated receiving status in the intermediate SN STATUS TRANSFER triggered by the “Bye” message from the UE.
Observation 3: As a whole, with the help of “Bye” message, we can resolve the remaining FFSs on data forwarding for DAPS HO.
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Figure 1. “Bye” Message Timing Options
Figure 1 shows possible options when the UE sends “Bye” message to the source eNB/gNB. RAN3 agreed to specify both “early data forwarding” and “late data forwarding” as shown in Figure 1 and the definitions of them as follows [2],
Early Data Forwarding: data forwarding that is initiated before the UE executes the handover.
Late Data Forwarding: data forwarding that is initiated after the source eNB knows that the UE has successfully accessed a target eNB. 

In this paper, we use the definitions.

In Option 1, the UE sends “Bye” message just before the initial UL transmission in the target cell. If the source has already sent the first SN STATUS TRANSFER, the source can send an intermediate SN STATUS TRANSFER. Otherwise, the source can send the first SN STATUS TRANSFER at this time. It can support “later” early data forwarding which can remedy the shortcomings of early data forwarding which can cause large amount of data forwarding and many discards in the target.

Observation 4: Option 1 (i.e., the UE sends “Bye” message just before the initial UL transmission in the target cell) can support “later” early data forwarding.

In Option 2, the UE sends “Bye” message upon receiving Msg2 in the target cell. If the source has already sent the first SN STATUS TRANSFER, the source can send an intermediate SN STATUS TRANSFER, as in Option 1. Furthermore, in CFRA case, the timing of Option 2 is the same as the timing of UL data switching. Therefore, for UL, this can be regarded as the last SN STATUS TRANSFER. If the source has not sent the first SN STATUS TRANSFER yet, the source can send the first SN STATUS TRANSFER at this time. It can support “ealier” late data forwarding which can remedy the shortcomings of late data forwarding which is too late from the interruption time point of view because DL data will become available in the target after a delay corresponding to the X2/Xn round-trip delay + processing time in the source.

Observation 5: Option 2 (i.e., the UE sends “Bye” message upon receiving Msg2 in the target cell) can support “ealier” late data forwarding.
Observation 6: For UL, SN STATUS TRANSFER triggered by Option 2 can be regarded as the last SN STATUS TRANSFER. 
In Option 3 as in-between option, the UE sends “Bye” message after RA preamble transmission in the target cell. If the source has already sent the first SN STATUS TRANSFER, the source can send an intermediate SN STATUS TRANSFER, as in Option 1. It can support “later” SN STATUS TRANSFER than in Option 1 or  “earlier” SN STATUS TRANSFER than in Option 2.

In Option 4, the order the UE sends the “Bye” message to the source and performs the RA procedure towards the target is not defined. It is alike that TS 36.300 [4] says, for SeNB addition procedure for DC operation, “the order the UE sends the RRCConnectionReconfigurationComplete message and performs the Random Access procedure towards the SCG is not defined. The successful RA procedure towards the SCG is not required for a successful completion of the RRC Connection Reconfiguration procedure.” If the source has already sent the first SN STATUS TRANSFER, the source can send an intermediate SN STATUS TRANSFER, as in Option 1.
In RAN3 agreed 36.300 baseline CR [2], there is another FFS on data forwarding for CHO as below:
Editor’s note: FFS whether, when and how early data forwarding is applied.
In RAN2#107 meeting, RAN2 agreed to not introduce “Bye” message from UE to the source cell for CHO without consideration of the interruption time. However, with the help of “Bye” message, we can resolve the FFS on data forwarding for CHO and it can help for reduction in user data interruption during CHO. The source eNB/gNB can start data forwarding only to the selected target cell when it receives the indication (i.e., “Bye” message) from the UE. Therefore, it can implement “later” early data forwarding without the waste of X2/Xn resources for useless data forwarding to other candidate cells. Even though it is beneficial for data forwarding, PDCP anchoring point change, RRC switching, and resource reservation, the source link may not be reliable at this time if “too late” execution condition is configured. However, “too late” execution condition can cause more HO failures and this is contradictory to the objective of CHO. Anyway, if the interruption time does not matter, “Bye” message can be not a mandatory component but an optimization in the CHO, and the UE does not need to delay the HO execution for sending the “Bye” message. 
Observation 7: For CHO, “Bye” message when the execution condition is met can support “later” early data forwarding only to the selected target cell.

Observation 8: If “too late” execution condition is configured, the source link may not be reliable when the execution condition is met. However, “too late” execution condition can cause more HO failures and this is contradictory to the objective of CHO.
Observation 9: With the help of “Bye” message, we can resolve the remaining FFS on data forwarding for CHO and it can help for reduction in user data interruption during CHO.
3. Conclusion
Observation 1: For DL, the target can discard already forwarded PDCP SDUs based on the intermediate SN STATUS TRANSFER triggered by the “Bye” message from the UE.
Observation 2: For UL, the target can send PDCP status report to the UE immediately when accessed, based on the updated receiving status in the intermediate SN STATUS TRANSFER triggered by the “Bye” message from the UE.
Observation 3: As a whole, with the help of “Bye” message, we can resolve the remaining FFSs on data forwarding for DAPS HO.

Observation 4: Option 1 (i.e., the UE sends “Bye” message just before the initial UL transmission in the target cell) can support “later” early data forwarding.

Observation 5: Option 2 (i.e., the UE sends “Bye” message upon receiving Msg2 in the target cell) can support “ealier” late data forwarding.
Observation 6: For UL, SN STATUS TRANSFER triggered by Option 2 can be regarded as the last SN STATUS TRANSFER. 
Observation 7: For CHO, “Bye” message when the execution condition is met can support “later” early data forwarding only to the selected target cell.

Observation 8: If “too late” execution condition is configured, the source link may not be reliable when the execution condition is met. However, “too late” execution condition can cause more HO failures and this is contradictory to the objective of CHO.
Observation 9: With the help of “Bye” message, we can resolve the remaining FFS on data forwarding for CHO and it can help for reduction in user data interruption during CHO.
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to introduce the “Bye” message to resolve the remaining FFSs on data forwarding for DAPS HO and consider that if the source link is still available, the UE sends “Bye” message to the source, 

- Option 1: just before the initial UL transmission in the target cell; 
- Option 2: upon receiving Msg2 in the target cell;

- Option 3: after RA preamble transmission in the target cell; 
- Option 4: the order the UE sends the “Bye” message to the source and performs the RA procedure towards the target is not defined.
Proposal 2: RAN2 is requested to introduce the “Bye” message to reduce the interruption and resolve the remaining FFS on data forwarding for CHO and consider that if the source link is still available, the UE sends “Bye” message to the source when the execution condition for CHO is met. 

Note: The UE does not need to delay the HO execution for sending the “Bye” message.

Proposal 3: Leave it up to RAN3 whether the source to trigger the first, an intermediate, or the last SN STATUS TRANSFER when it receives the “Bye” message from the UE.
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