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1 Introduction

According to the WID [RP-181475] of even further mobility enhancement in E-UTRAN, one of the objectives is:

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

In RAN2#103bis meeting, multiple connectivity during HO to reduce the user data interruption time has been discussed based on [1]. For further discussion, two candidate solution will be studied as a baseline, and some guidance has been made during the meeting:
=>
Use the protocol stack comparison in this contribution as baseline for further discussions between the split bearer and non-split bearer solutions.

=>
We should discuss the security key aspects more when we discuss the details of the solutions.

=>
Consider how to do reordering in non-split case

=>
FFS whether single or dual RRC (and e.g. whether we have 1 or 2 S1-C connections) is considered (S1-C would affect also RAN3)

=>
FFS how duplication is considered (depending on solution details)

In this contribution, we will discuss the possible CP solution to support the eMBB handover.
2 Discussion 
2.1 Protocol Stack Establishment / Release
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Figure 1 eMBB-based handover protocol stack for CP

eMBB-based handover is aiming to maintain two stacks to achieve the simultaneous transmission between UE and eNB. The protocol stack for eMBB-based handover procedure can be split into three phases, as shown in figure 1: 

1. The first phase is that UE is connected with the source eNB. At this stage, the PDCP and RRC anchor is only located at source eNB side.

2. The second phase is that the UE keeps connection w.r.t. the source and target eNB at the same time. At this stage, the PDCP anchor are kept both at source and target node.
3. Once the handover procedure is successfully completed, the source connection is released, so that the stack is released with corresponding PDCP and RRC stack.

The first issue when for the UE to establish the stack w.r.t. the target eNB and when to release the stack w.r.t. the source eNB. For this, one straightforward solution is to rely on HO command to establish the stacks towards the target node. 

Proposal 1 UE establishes the protocol stack w.r.t the target node following the configuration in handover command.

For the stack release of source node, it cannot be done based on HO command since the objective here is to maintain two connection. Although the release operation has to be done anyway after UE accessing the target eNB successfully, the detailed trigger can be various:

1. Event-trigger: A specific event is defined for the release operation

A. Alternative 1: The connection with source eNB can be released when the random access procedure to target cell is successfully complete,

B. Alternative 2: The connection with source eNB can be released by following the RRC reconfiguration message.
2. Timer-based trigger: A timer based solution can be introduced to manage the active time of source eNB, i.e. network configure a timer with the start/stop/expire conditions for the connection with source.

With the options listed above, RAN2 can discuss when to release the protocol stack in source eNB.
Proposal 2 RAN 2 discuss the trigger for UE to release the protocol stack for source eNB.

2.2 Single RRC vs. Dual RRC
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Figure 2 SRB stack for eMBB-based HO (left: A, middle: B, right: C)
For the second phase, one left-issue is at UE side, during the second phase, whether separated PDCP and RRC entities are needed for source and target connection respectively. 

For RRC, similarly, it is about whether there is a need for the RRC entity at UE side to talk to both source and target node, or just one node of the two. For this issue, we see two possibilities:

1. If the HO is done successfully, there is no need for RRC message TX/RX to/from source node, but just needs to exchange RRC messages with target node.

2. But if the HO is not done successfully, there might be a case where the UE report the failure to source node [4] – in this case, RRC message exchange with target node is not needed

Observation 1 If the UE needs to report failure to source node on the handover failure, the RRC entity for the source node may need to maintain after handover.

If there is a need for UE to do RRC message TX/RX towards source node after receiving HO-command, one can only pick up the architecture C as shown in Figure 2.
Proposal 3 Before decision on single-RRC or dual-RRC, RAN2 clarify whether UE needs to transmit RRC message (e.g., failure report) to source node after receiving HO-command.

Proposal 4 If RAN2 agrees that UE can transmit RRC message (e.g., failure report) to source node after receiving HO-command, adopt stack C in figure-2 for SRB.

Or if RAN2 does not pursue dual-RRC as above, there is a left issue for PDCP, i.e., 
· On the one hand, legacy handover does not optimize SRB handling for lossless switching, so that PDCP variables would be re-set and there is no PDCP re-transmission during the handover procedure. Considering this, it is questionable whether eMBB-HO needs to apply to SRB or not. This is mapped to architecture A as shown in Figure 2.
· On the other hand, duplicate SRB has been introduced in HRLLC, so that an eMBB-HO like structure can provide similar PDCP-level duplication benefit for SRB. This is mapped to architecture B as shown in Figure 2.
Architecture-B would cause some further work on SRB, e.g., to utilize the PDCP status transfer procedure, avoid PDCP variable re-set during handover for SRB and etc. These impact has to be taken into account. 
Proposal 5 If RAN2 agrees that UE does not need to transmit RRC message (e.g., failure report) to source node after receiving HO-command, RAN2 further discussion to adopt either stack-A or stack-B in figure-2 for SRB.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
If the UE needs to report failure to source node on the handover failure, the RRC entity for the source node may need to maintain after handover.


Based on the observations, we propose:
Proposal 1
UE establishes the protocol stack w.r.t the target node following the configuration in handover command.
Proposal 2
RAN 2 discuss the trigger for UE to release the protocol stack for source eNB.
Proposal 3
Before decision on single-RRC or dual-RRC, RAN2 clarify whether UE needs to transmit RRC message (e.g., failure report) to source node after receiving HO-command.
Proposal 4
If RAN2 agrees that UE can transmit RRC message (e.g., failure report) to source node after receiving HO-command, adopt stack C in figure-2 for SRB.
Proposal 5
If RAN2 agrees that UE does not need to transmit RRC message (e.g., failure report) to source node after receiving HO-command, RAN2 further discussion to adopt either stack-A or stack-B in figure-2 for SRB.
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