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1 Introduction
In 3GPP TSG RAN #80 Meeting, a new WI targeting at ‘even further mobility enhancement in E-UTRAN’ has been approved. One of the objectives of the work is highlighted as follows:

Prior to the last RAN2 meeting, an email discussion regarding the reduction of user data interruption during handover was carried out, and the discussion results have been approved as agreements in the last RAN2 meeting, indicated as follows:

Agreements

1
Specify the “non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

2
Decide during the work item phase whether a single active protocol stack or two active protocol stacks are used in enhanced Rel-16 E-UTRAN mobility solution.
3
Agree the following common aspects for “non-split bearer” solution candidate:

a.
PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. Details of how SN information is transferred is FFS.
b.
RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

c.
The UE procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. via procedural text and/or via dedicated message/indication.).
d.
In case of two active protocol stacks, a separate security key is used for each of the protocol stacks.

4
RAN2 is asked to work further on the details of the following open issues:

a.
When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side
b.
Whether data forwarding is done “late” or “early”. Consider potential combination with CHO and how SN Status transfer is done and how HFN is handled. 

c.
LS to RAN3 on data forwarding enhancements to enable reduced interruption time during HO 

5
The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on the received LS replies.

In this paper, we will address our views on the bullet highlighted.
2 Discussion
2.1 Single protocol stack vs dual protocol stack
When the signal protocol stack is applied during HO, the data transmission between the UE and the source eNB needs to be stopped after the RACH procedure between the UE and the source eNB finishes. On the other hand, for the dual protocol stack, the data transmission between the UE and source eNB could be maintained until the UE explicitly detach from the cell or vice versa.
For application of single protocol stack, some companies may claim that simultaneous Tx/Rx with source and target eNB is not required, since the data transmission only halt in the duration of UE performing RACH to the target eNB. In this way, rather than strictly achieving 0ms handover, the application of single protocol stack is to achieve close to 0ms handover.  However, the duration of RACH process may be longer than expected, if we further consider that the first try of the RACH may fail. Bearing this in mind, we can find that there is no difference in the RF chain requirement of the UE between single protocol stack and dual protocol stack to achieve 0ms interruption handover.

Observation 1: there is no difference in the RF chain requirement of the UE between signal protocol stack and dual protocol stack to achieve 0ms interruption handover.
Next, we would like to discuss the aspects of data transmission continuity. The figure below indicates possible implementations of single protocol stack and dual protocol stack.  
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(a) Data transmission interruption occurs in the single protocol stack
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                 (b) Data transmission interruption does not occur in the dual protocol stack
Figure 1: Comparison of the data transmission continuity between single and dual protocol stack
From the figure, it could be found that data transmission interruption occurs if the single protocol stack is applied. Specifically, SN enquiry should be made by the target eNB after the RACH procedure is completed by the UE and the source eNB. Before the SN report is received by the target eNB, target eNB does not know from which packet should it transmit to the UE. As a result, during the time, at least continuous downlink data transmission might be suspended. Note that this analysis also makes sense if the SN enquiry has been sent during the RACH procedure, since the SN report could be still received by the target eNB after the UE has already sent the HO confirm to the target eNB. 
Observation 2: unignorable data transmission interruption occurs in the single protocol stack.
Proposal 1: RAN2 is kindly proposed to agree to adopt the dual protocol stack to be applied for the handover for reduction of the data transmission interruption.
2.2 Transfer of the SN information.
For the dual protocol stack, the PDCP layer at the source eNB could be responsible for the assignment of the SNs of the DL packets. For the data sent to the target eNB, there are two options. The first option is to separate the received DL packets from the S-GW into two groups. Among them, transmission of one group of data packets is the duty of the source eNB, while the target eNB is responsible for the other one group. Another option is to duplicate and forward all the received DL packets to the target eNB.

For the first option, the benefit is to avoid forwarding duplicated copies of the DL packets to the target eNB. However, due to the uncertainty of when the target eNB could begin transmitting DL packets to the UE, the boundary separation of the two groups are difficult to be determined. In case the group of DL packets to be transmitted by the source eNB is insufficient, the source eNB has to transmit the DL packets in the range of the other group. In such cases, part or even all packets forwarded to the target eNB becomes redundancy also. On the other hand, in case the number of DL packets to be transmitted by the source eNB is overwhelmingly large so that part of them could not be transmitted towards the UE before the source eNB detaches from the UE, the source eNB should forward them to the target eNB at the time, which might cause additional DL transmission interruption.   
As the second choice, the source eNB forwards all data with the SNs tagged received from the S-GW to the target eNB. Before the detach of the UE, the source eNB could send a SN report to the target eNB informing it of the SN of the DL packet that should the target eNB begin transmission. Although the duplication could not be avoided, the data transmission interruption could be reduced to the minimum level.
Proposal 2: RAN2 is kindly proposed to agree that all data received from the SGW should be forwarded to the target eNB from the source eNB. In addition, SN report when detaching from the UE could be sent by the source eNB to synchronize the DL transmission status.
3. Conclusions
Observation 1: there is no difference in the RF chain requirement of the UE between signal protocol stack and dual protocol stack to achieve 0ms interruption handover.

Observation 2: unignorable data transmission interruption occurs in the single protocol stack.

Proposal 1: RAN2 is kindly proposed to agree to adopt the dual protocol stack to be applied for the handover for reduction of the data transmission interruption.
Proposal 2: RAN2 is kindly proposed to agree that all data received from the SGW should be forwarded to the target eNB from the source eNB. In addition, SN report when detaching from the UE could be sent by the source eNB to synchronize the DL transmission status.
Specify further enhancements to achieve following targets, [RAN2/3]


reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 


improve the robustness during handover
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