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Introduction

The Rel-16 NR mobility enhancements WI aims to reduce handover interruption time and improve mobility robustness. Currently two main solutions have been proposed for achieving reduced handover interruption:

· DC based handover aka split-bearer solution

· Make-Before-Break aka non-split bearer solution

In this contribution we compare DC based handover and Make-Before-Break based on the agreed evaluation criteria:

Agreements

1
Solution proposals should consider at least the following evaluation criteria: 


- Mobility robustness 


- Interruption time

2
Other criteria to be considered are: 


- Applicable deployment scenarios 


- Signalling overhead 


- Specification effort 


- UE/network complexity

2
Discussion

Interruption time

One main difference between the NR and LTE work items on mobility enhancements is the requirement on reduced handover interruption time. In LTE, the target for reduced user data interruption time during handover is to come as close as possible to 0ms, while for NR, the target is 0ms interruption time.

Based on RAN2 discussion so far, it seems both DC based handover and Make-Before-Break can achieve 0ms interruption.

Applicable deployment scenarios

Both DC based handover and Make-Before-Break require that the UE can receive and transmit on two cells simultaneously which means the applicable deployment scenarios are the same.

One potential issue in DC based handover is that the target node needs to be added as a secondary node while the radio conditions are still good. This means the solution may be less suitable for scenarios where the radio environment is changing rapidly or in small cell deployments where there are many potential target cells. This problem can potentially be avoided with the optimized version of DC based handover suggested in where the SN addition and role change are merged into a single procedure. 
Signalling overhead

The table below shows the signaling overhead for DC based handover and Make-Before-Breakas well as for regular Xn handover. From these numbers, it is clear that DC based handover requires more radio and network signaling than Make-Before-Break. 

It should be noted here that the exact number of Uu/Xn messages in Make-Before-Break depends on the Make-Before-Break solution chosen. In some descriptions of Make-Before-Break the source cell is released using a separate RRC reconfiguration procedure which means that two additional Uu messages would be needed. Even with this change though the signaling overhead for Make-Before-Break is still less than for DC based handover.

As mentioned under “Applicable deployment scenarios”, an optimized version of DC based handover has been suggested in RAN2, where the SN addition and role change are performed together. In this case the signaling overhead of DC based handover would be comparable to that of Make-Before-Break. However, there are many details of this solution that still need to be explained. In particular, it is unclear what purpose the split bearer serves in this case. If the split bearer can be replaced with a non-split bearer, the resulting solution may be similar to Make-Before-Break.
	
	Nr of Uu messages
	Nr of Xn messages

	Regular Xn HO (baseline)
	RA + 2 (HO)
	2 (Handover preparation) + 1 (SN status transfer) + 1 (UE Context Release) 

	Make-Before-Break
	RA + 2 (HO)
	2 (Handover preparation) + 1 (SN status transfer) + 1 (HO complete indication) + 1 (UE Context Release)

	DC based HO
	RA + 2 (SN addition) + 2 (Role change)  + 2 (SN removal)
	2 (SN addition) + 2 (Role change) + 1 (SN status transfer) + 2 (SN removal)


Specification impact

One benefit of DC based handover is that it builds on the existing DC framework specified as part of NR Rel-15 late-drop. Except for the role switch procedure, it appears most of the functionality is already supported by existing procedures. On the other hand, the role switch is the most complex part and ensuring that it is interruption free is not trivial. Specifying the DC based handover therefore does not seem any simpler than specifying Make-Before-Break.

We also note that (enhanced) Make-Before-Break has already been chosen as the solution for reduced handover interruption in the Rel-16 LTE mobility enhancements WI. If Make-Before-Breakis adopted also for NR, parts of the specification work for LTE can potentially be re-used for NR.

UE/network complexity
The fact that DC based handover relies on DC is also a drawback in that the whole DC framework needs to be implemented to support the feature. This is not a problem if DC is anyway implemented but from LTE experience we know this may not be the case. For this reason, Make-Before-Break may be simpler to implement since it is a smaller and independent feature that only targets a specific use case.

Due to the use of split bearer, the DC based handover also suffers from so called key confusion. The same confusion also exists for the ROHC context if header compression is applied for a DRB. Another issue with split bearer is that it is more difficult to avoid duplicate DL transmissions from the target cell.
Mobility robustness

Reduced handover interruption and mobility robustness are separate WI objectives, and both do not necessarily need to be fulfilled at the same time or by the same solution, although that would obviously be beneficial.

In our view the main solution for achieving mobility robustness is conditional handover. To achieve both mobility robustness and reduced handover interruption, conditional handover can be combined with Make-Before-Break. 

DC and DC based handover can provide some level of mobility robustness as the UE is connected to two cells at the same time and you have features such as PDCP duplication that can increase reliability. However, it is not a replacement for conditional handover since DC is limited to two nodes.
3
Conclusion

The analysis in section 2 is summarized in the table below.

	
	DC based handover
	Make-Before-Break

	Reduced handover interruption
	0 ms (assuming dual Rx/Tx)
	0 ms (assuming dual Rx/Tx)

	Applicable deployment scenarios
	Same scenarios (i.e. intra-frequency, inter-frequency etc.) supported by both solutions.

DC based handover may be less suitable for scenarios where the radio environment is changing rapidly or in small cell deployments where there are many potential target cells due to the need to add the SN early.  
Note: Currently only inter-band DC is supported, i.e. the two cell groups use different non-overlapping frequency bands
	Same scenarios (i.e. intra-frequency, inter-frequency etc.) supported by both solutions.



	Signalling overhead
	RA + 6 Uu + 7 Xn

An optimized variant of DC based handover is proposed in [7] which requires less signalling. However, the details of this solution and how it differs from Make-Before-Break still needs to be explained.
	RA + 2 Uu + 5 Xn

Two extra Uu messages are needed if the source cell is released using RRC reconfiguration.

	Specification impact
	Similar impact for both solutions (?).

Can re-use parts of the DC framework but the role switch needs to be specified. 
	Similar impact for both solutions (?).

May be possible to re-use parts of the LTE work.

	UE/network complexity
	Depends on if UE and network vendors already implement DC. If not, then implementation effort will be higher.

Open issue on how to avoid key confusion during role switch.

Open issue on how to avoid duplicate DL transmissions from target during role switch.
	Make-Before-Break can be seen as a trimmed down version of DC only solving one particular use case. Hence the implementation will be lower.

	Mobility robustness
	DC and DC based handover provides limited level of mobility robustness. Can not replace CHO due to the two node restriction.
	Must be combined with CHO to provide mobility robustness.


Based on the analysis we propose:

Proposal 1: Specify Make-Before-Break (i.e. non-split bearer solution) for reaching the 0ms interruption time target.
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