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1 Introduction
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 compare the two candidates for different aspects, e.g. interruption time, impact for control plane and user plane.
2 Discussion  
Based on previous discussion for simultaneous connectivity, there are two candidate solutions, e.g. DC-based solution and eMBB-based solution:
· DC-based handover

In general, in DC-based handover, there is a called “role change” procedure, i.e., the PDCP anchor point would be changed from source node to the target node. It is shown as Figure 1.
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Figure 1 Protocol stack before and after handover 
for legacy handover (left) and for DC-based handover procedure

It can be seen that 
· In legacy HO, at UE side, the re-set / re-establishment of PHY/MAC/RLC is needed for the stack at UE side, since there is only one active stack during the procedure. 

· However, that is not needed in DC-based HO, since the UE would already establish two stacks (PHY/MAC/RLC) w.r.t. source and target node before handover, so the reconfiguration / re-establishment operation is only needed at PDCP layer. 

· eMBB-based handover

For eMBB-based handover case, in order to reduce the legacy interruption time, the source stack can be kept when the target stack is being setup. It is shown as Figure 2.
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Figure 2 Protocol stack before and after handover 
for legacy handover (left) and for eMBB-based handover procedure (right)

It can be seen that in legacy HO, at UE side, the release of PHY/MAC/RLC/PDCP stack at source side is needed before the setup of stack at target side, but that is not needed in eMBB based HO, since the UE would already establish the stacks (PHY/MAC/RLC/PDCP) w.r.t. target node before releasing the stack w.r.t. the source node.
2.1 Interruption time
In [2], one of the objectives is to reduce the use data interruption during handover:
· 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,

And in 36.133, the interruption time is defined as:

“The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH when UE is configured with normal or make-before-break handover, or the time the UE starts transmission of new PUSCH when UE is configured with RACH-less or combination of make-before-break and RACH-less handover, excluding the RRC procedure delay.”

When intra-frequency make-before-break handover is performed, the interruption time shall be less than 5ms. And the 5ms interruption time is mainly caused by the RF chain change as well as the PDCP/RLC/MAC/PHY re-establishment / re-configuration operation, once UE receive the RRC connection reconfiguration message. To save this latency,
· For DC-based handover, the interruption time due to the RLC/MAC/PHY re-establishment / re-configuration can be saved, since dual PHY/MAC/RLC stack is to be used. Only PDCP layer is left, i.e., the latency due to PDCP re-establishment / re-configuration cannot be saved
· For eMBB based handover, the interruption time for all the PDCP/RLC/MAC/PHY re-establishment / re-configuration can be saved, since dual stack is used for all the layers.

For PDCP layer, the impact on overall latency can be very minor, especially considering the objective of is to reach ‘close to 0ms’ latency. 
Observation 1 Both DC-based HO and eMBB-based HO help to save handover latency by utilizing dual stack, where the difference is only at PDCP, i.e., whether a single or dual PDCP entity / functionality is to be used.

Observation 2 PDCP re-establishment / re-configuration would cause minor delay in terms of interruption time.
However, the above interruption time is defined as from ‘the last DL packet UE received from source node’ to the ‘the first UL packet UE transmits to target node’. If one looks at the latency from ‘the last DL packet UE received from source node’ to the ‘the first DL packet UE receives from the target node’, the DC-based HO would need to wait for X2-delay (e.g., ~10ms), in order for source node to indicate target node on the role switching and to perform data forwarding from source node to target node. 
Observation 3 DC-based HO would cause latency from ‘the last DL packet UE received from source node’ to the ‘the first DL packet UE receives from the target node’, which can be saved if UE can maintain two keys at the same time, as in eMBB-based handover.
2.2 User Plane Impact

As discussed in [5]

 REF _Ref528852142 \r \h 
[6], 
· For eMBB-based handover, the key UP impact is that the UE maintains two keys at the same time. Therefore, additional effort at UE would be required to support this functionality. However, it helps to provide diversity gain during the handover procedure, and save the latency due to PDCP anchor relocation at network side (as analysed above).

· For DC-based handover, the key UP impact is that UE needs to differentiate the packet ciphered by different keys for the same RLC entity. Therefore, additional effort at UE would be required to support this functionality. However, it helps to provide diversity gain during the handover procedure.
Observation 4 In order to provide diversity gain during the handover procedure, eMBB-based HO requires the UE to maintain two keys at the same time, and DC-based HO requires the UE to differentiate packet ciphered by different keys, both of which would cause impact to user plane stacks. 

2.3 Control Plane Impact
As discussed in [3]

 REF _Ref528853270 \r \h 
[4], looking at X2 interface

· For eMBB-based handover, the impact on X2 signalling is more to reuse the legacy procedure, but adapt to the eMBB-based handover (e.g., differentiate from the legacy HO);

· For DC-based handover, the impact on X2 signalling is mainly on role switching, for which a new procedure is needed;
Observation 5 Compared to eMBB-based HO, DC-based HO requires a new X2 procedure on role switch.
2.4 A short summary
To summarize the conclusion above:

	
	eMBB-based HO
	DC-based HO

	Interruption time
	0ms
	Close to 0ms but additional latency from ‘the last DL packet UE received from source node’ to the ‘the first DL packet UE receives from the target node’.

	UP Impact
	The UE to maintain two keys at the same time
	The UE to differentiate packet ciphered by different keys

	CP Impact
	Mostly reuse the legacy HO procedure
	A new role switching procedure is needed


Considering the DC-based HO would cause 

· Additional delay in DL, 

· Bigger impact on the X2 procedure for role change
We have a slightly preference on eMBB-based HO.

Proposal 1 Adopt enhanced make-before-break handover as the baseline scheme.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Both DC-based HO and eMBB-based HO help to save handover latency by utilizing dual stack, where the difference is only at PDCP, i.e., whether a single or dual PDCP entity / functionality is to be used.
Observation 2
PDCP re-establishment / re-configuration would cause minor delay in terms of interruption time.
Observation 3
DC-based HO would cause latency from ‘the last DL packet UE received from source node’ to the ‘the first DL packet UE receives from the target node’, which can be saved if UE can maintain two keys at the same time, as in eMBB-based handover.
Observation 4
In order to provide diversity gain during the handover procedure, eMBB-based HO requires the UE to maintain two keys at the same time, and DC-based HO requires the UE to differentiate packet ciphered by different keys, both of which would cause impact to user plane stacks.
Observation 5
Compared to eMBB-based HO, DC-based HO requires a new X2 procedure on role switch.


Based on the observations, we propose:
Proposal 1
Adopt enhanced make-before-break handover as the baseline scheme.
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