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1. Introduction
During the email discussion for minimizing user data interruption [1], two types of non-split bearer solutions are promoted, i.e. non-split bearer solution with single active protocol stack at a time and non-split bearer solution with dual active protocol stacks at a time.
In this contribution, we give some more details about the key aspects for the non-split bearer solution with single active protocol stack at a time, including:
· Data forwarding;
· UE detachment from the source (i.e. UE stops UL transmission/DL reception with the source);
· Source detachment from the UE (i.e. Source stops DL transmission and UL reception with the UE);
· RRC anchor and PDCP anchor transfer to the target;
· Data loss avoidance;
· Data duplication reduction;
Based on the analysis of these key aspects, we summarize the benefits and suggest supporting the non-split bearer solution with single active protocol stack.
2. Discussion
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Figure 1.
Figure 1 illustrates the message flow we presented in the email discussion [1] for the non-split bearer solution with single active protocol stack at a time (Solution 2.6). In the following, the details of the six listed key aspects are analyzed one by one.
Data forwarding:
During the email discussion [1], the following four possible options for data forwarding were proposed:
Opt1. Starts immediately after issuing the HO command;  
Opt2. Starts after receiving an explicit indicator from the target eNB;
Opt3. Starts after receiving an explicit indicator from the UE 
Opt4. Starts when the source eNB decides to stop exchanging data with the UE, and the timing is determined by implementation. 
Generally speaking, data forwarding should be subject to RAN3 decision. However, it should be noted that to achieve 0ms interruption time, the X2 latency can’t be ignored. So from this perspective, just like the legacy handover procedure, data forwarding should be started immediately after issuing the HO command, i.e. Opt1 should be selected (Step 6 in Fig.1). Given that, a LS can be sent to RAN3 to list the four possible options discussed in RAN2 and indicate that to achieve 0ms interruption time, RAN2 thinks that Opt1 is preferred.
Proposal 1: To achieve 0ms interruption time, data forwarding should be started immediately after issuing the HO command.
Proposal 2: Send a LS to RAN3 to list the data forwarding options discussed in RAN2 and indicate that from RAN2 perspective, to achieve 0ms interruption time, the X2 latency can’t be ignored (i.e. start data forwarding immediately after issuing the HO command is preferred). 

UE detachment from the source (i.e. UE stops UL transmission/DL reception with the source)
In the legacy R14 MBB solution, it is up to UE implementation when to detach from the source cell to initiate re-tuning for connection to the target cell. For example, the UE may detach from the source cell before performing the first transmission through PRACH to the target cell. So with the legacy MBB solution, the exact time UE detaches from the source is unpredictable and the 0ms interruption time can’t be ensured. To resolve the issue, in the non-split bearer solution with single active protocol stack at a time, the UE keeps data transmission/reception with the source while it performs random access to the target. As soon as it successfully completes the random access procedure to the target, the UE detaches from the source, i.e. the UE stops UL transmission/DL reception with the source, performs PDCP data recovery for all RBs that are established (Step 9 in Fig.1). In this way, the UE detaches from the source cell in a determined time and the 0ms interruption time can be achieved. 
It should be noted that we are still waiting for RAN1/RAN4’s reply for the requirement and feasibility to perform simultaneous transmission/reception with two cells for various scenarios. In the non-split bearer solution with single active protocol stack at a time, only the RACH procedure to the target will be processed simultaneously with data transmission/reception in the source, the concurrent time will be quite short. Given that, in case RAN1/RAN4 conclude that simultaneous transmission/reception with two cells is impossible for some scenarios (e.g. simultaneous UL transmission with two cells is impossible), considering that the RACH procedure to the target should be high-prioritized, the UE can simply skip the data transmission to the source cell, e.g. skip data transmission to the source cell when colliding with Msg1/Msg3 transmission to the target. In this way, the 0ms interruption can still be ensured without the introduction of complex TDM solutions. While from the data transmission point of view, in this solution, there’s only one protocol stack (MAC/RLC/PDCP) active in the UE at any given time, which would simplify the specification and reduce the UE complexity. 
Observation 1: The non-split bearer solution with single active protocol stack at a time can be applied for the scenarios where simultaneous transmission/reception with two cells is impossible, without the need of introducing complex TDM solutions.
Observation 2: The non-split bearer solution with single active protocol stack at a time can simplify the specification and reduce the UE complexity.
Proposal 3: UE keeps data transmission/reception with the source while performing random access to the target.
Proposal 4: UE detaches from the source (i.e. UE stops UL transmission/DL reception with the source) as soon as successfully completes the random access procedure to the target.

Source detachment from the UE (i.e. Source stops DL transmission and UL reception with the UE)
When detecting that the UE has successfully accessed the target cell, the target cell sends an indication to the source cell (Step 10 in Fig.1). With the reception of the indication, the source cell detaches from the UE, i.e. stops UL data reception/DL data transmission with the UE.
Proposal 5: With the reception of an indication (e.g. HO success indication) from the target, the source detached from the UE (i.e. Source stops DL transmission/UL reception with the UE).

RRC anchor and PDCP anchor transfer to the target
At the UE side, the UE detaches from the source as soon as it successfully completes the random access procedure to the target. At the same time, the RRC anchor (i.e. RRC responsibility) and PDCP anchor (i.e. the PDCP function, including SN assignment, PDCP reordering, (de)cipher, (de)compression etc.) should be transferred to the target (Step9 in Fig.1).
At the NW side, with the reception of an indication (e.g. HO success indication in Step10) from the target, the source detaches from the UE and sends the SN STATUS TRANSFER to the target (Step 12 in Fig.1). With the reception of the SN STATUS TRANSFER, the RRC anchor and PDCP anchor are transferred to the target.
[bookmark: OLE_LINK1]Proposal 6: At the UE side, the RRC anchor and PDCP anchor are transferred to the target as soon as successfully completes the random access procedure to the target.
Proposal 7: At the NW side, the RRC anchor and PDCP anchor are transferred to the target as soon as the SN STATUS TRANSFER is sent from the source to the target.

Data loss avoidance
At the NW side, after issuing the HO command to the UE, the source forwards all the DL PDCP SDUs received from the gateway to the target, i.e. the source does not apply any form of data selection. It should be noted that the same DL PDCP SDUs that are forwarded to the target will also be transmitted to the UE in the source cell. DL PDCP SDUs which have been processed in the source but not acknowledged by the UE can also be forwarded to the target. In this way, all the PDCP SDUs are duplicated in the source and target, which can avoid data loss when the UE stops data transmission/reception in the source after it successfully accesses the target. To ensure SN continuity and security synchronization as in legacy handover, the COUNT value (i.e. SN+HFN) should be forwarded to the target. However, in this solution, the source would keep data transmission/reception with the UE until the reception of a HO success indication from the target. So at least before stopping data transmission/reception with the UE (i.e. before sending the SN STATUS TRANSFER to the target), the COUNT value (i.e. SN+HFN) should be forwarded with each PDCP SDU in the GTP-U extension header. Nevertheless, how to perform data forwarding should be subject to RAN3 decision. So a LS should be sent to RAN3 to indicate the above considerations.
Proposal 8: To avoid data loss, the source should forward all the PDCP SDUs received from the core network to the target without applying any form of data selection.
Proposal 9: To avoid data loss, the source should also forward PDCP SDUs which have been processed in the source but not acknowledged by the UE yet to the target.
Proposal 10: At least before sending the SN STATUS TRANSFER to the target, the corresponding COUNT value (i.e. SN+HFN) should be forwarded with each PDCP SDU in the GTP-U extension header.
Proposal 11: A LS should be sent to RAN3 to indicate that from RAN2 perspective, to avoid data loss:
· The source should forward all the PDCP SDUs received from the core network to the target without applying any form of data selection;
· The source should also forward PDCP SDUs which have been processed in the source but not acknowledged by the UE yet to the target;
· At least before sending the SN STATUS TRANSFER to the target, the corresponding COUNT value (i.e. SN+HFN) should be forwarded with each PDCP SDU in the GTP-U extension header
At the UE side, the UE performs PDCP data recovery for all RBs that are established (Step 9 in Fig.1) as soon as successfully completes the random access procedure to the target. In this way, UL data loss can be avoided when the UE detaches from the source and stops UL data transmission to the source cell.
Proposal 12: To avoid data loss, the UE performs PDCP data recovery for all RBs that are established as soon as it successfully completes the random access procedure to the target.

Data duplication reduction
At the UE side, to avoid DL data duplication as much as possible, the UE can include a PDCP STATUS REPORT in the first UL data transmission to the target (Step8 in Fig.1).
At the NW side, after stopping data transmission/reception, the source sends an SN STATUS TRANSFER message to the target. With the reception of the SN STATUS TRANSFER, the target can generate a PDCP STATUS REPORT correspondingly to the UE. Based on the PDCP STATUS REPORT, the UE can avoid sending UL PDCP SDUs which have already been received by the source.
Observation 3: The UE can include a PDCP STATUS REPORT in the first UL data transmission to the target to reduce DL data duplication.
Observation 4: The target can generate a PDCP STATUS REPORT to the UE according to the SN STATUS TRANSFER message received from the source to reduce UL data duplication.
From the analysis above, it can be seen that with the adoption of the non-split bearer solution with single active protocol stack at a time:
· 0ms interruption time can be achieved;
· The time UE detaches from the source is predictable, which is better than R14 MBB;
· It would have less impact on the specification and less UE complexity compared to the solution with dual active protocol stack at a time;
· It can be applied for the scenarios where simultaneous transmission/reception with two cells is impossible;
· It can be applied both to LTE and NR;
So we propose to support and specify the non-split bearer solution with single active protocol stack at a time.
Observation 5: With the adoption of the non-split bearer solution with single active protocol stack at a time:
· 0ms interruption time can be achieved;
· The time UE detaches from the source is predictable, which is better than R14 MBB;
· It would have less impact on the specification and less UE complexity compared to the solution with dual active protocol stack at a time;
· It can be applied for the scenarios where simultaneous transmission/reception with two cells is impossible;
· It can be applied both to LTE and NR;
Proposal 13: Support and specify the non-split bearer solution with single active protocol stack at a time.
3. Conclusion and proposals
In this contribution, we provided some detail analysis about the key aspects for the non-split bearer solution with single active protocol stack at a time, with the following observations and proposals:
Observations:
Observation 1: The non-split bearer solution with single active protocol stack at a time can be applied for the scenarios where simultaneous transmission/reception with two cells is impossible, without the need of introducing complex TDM solutions.
Observation 2: The non-split bearer solution with single active protocol stack at a time can simplify the specification and reduce the UE complexity.
Observation 3: The UE can include a PDCP STATUS REPORT in the first UL data transmission to the target to reduce DL data duplication.
Observation 4: The target can generate a PDCP STATUS REPORT to the UE according to the SN STATUS TRANSFER message received from the source to reduce UL data duplication.
Observation 5: With the adoption of the non-split bearer solution with single active protocol stack at a time:
· 0ms interruption time can be achieved;
· The time UE detaches from the source is predictable, which is better than R14 MBB;
· It would have less impact on the specification and less UE complexity compared to the solution with dual active protocol stack at a time;
· It can be applied for the scenarios where simultaneous transmission/reception with two cells is impossible;
· It can be applied both to LTE and NR;

Proposals:
Proposal 1: To achieve 0ms interruption time, data forwarding should be started immediately after issuing the HO command.
Proposal 2: Send a LS to RAN3 to list the data forwarding options discussed in RAN2 and indicate that from RAN2 perspective, to achieve 0ms interruption time, the X2 latency can’t be ignored (i.e. start data forwarding immediately after issuing the HO command is preferred). 
Proposal 3: UE keeps data transmission/reception with the source while performing random access to the target.
Proposal 4: UE detaches from the source (i.e. UE stops UL transmission/DL reception with the source) as soon as successfully completes the random access procedure to the target.
Proposal 5: With the reception of an indication (e.g. HO success indication) from the target, the source detached from the UE (i.e. Source stops DL transmission/UL reception with the UE).
Proposal 6: At the UE side, the RRC anchor and PDCP anchor are transferred to the target as soon as successfully completes the random access procedure to the target.
Proposal 7: At the NW side, the RRC anchor and PDCP anchor are transferred to the target as soon as the SN STATUS TRANSFER is sent from the source to the target.
Proposal 8: To avoid data loss, the source should forward all the PDCP SDUs received from the core network to the target without applying any form of data selection.
Proposal 9: To avoid data loss, the source should also forward PDCP SDUs which have been processed in the source but not acknowledged by the UE yet to the target.
Proposal 10: At least before sending the SN STATUS TRANSFER to the target, the corresponding COUNT value (i.e. SN+HFN) should be forwarded with each PDCP SDU in the GTP-U extension header.
Proposal 11: A LS should be sent to RAN3 to indicate that from RAN2 perspective, to avoid data loss:
· The source should forward all the PDCP SDUs received from the core network to the target without applying any form of data selection;
· The source should also forward PDCP SDUs which have been processed in the source but not acknowledged by the UE yet to the target;
· At least before sending the SN STATUS TRANSFER to the target, the corresponding COUNT value (i.e. SN+HFN) should be forwarded with each PDCP SDU in the GTP-U extension header
Proposal 12: To avoid data loss, the UE performs PDCP data recovery for all RBs that are established as soon as successfully it completes the random access procedure to the target.
Proposal 13: Support and specify the non-split bearer solution with single active protocol stack at a time.
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