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1	Introduction
In RAN2#103bis the following was agreed based on [1]:
	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)



[bookmark: _GoBack]We are discussing the non-split bearer solution in [2] and the split bearer solution in [3] targeting at ~0ms service interruption. We observe, that solutions targeting at exactly 0ms service interruption may become unexpectedly complex. Therefore, in this contribution we describe an alternative solution which is much simpler than the split bearer and non-split bearer solutions but sacrifices the true 0ms target for service interruption.
2	Review of Rel-14 RACH-less and MBB handover
Figure 1 shows a message sequence chart of the Rel-14 RACH-less and MBB handover (using only 1 TRX).
We make the following observations:
· The achievable total service interruption (i.e. the time where the UE cannot exchange data with the network) is determined by
· UE processing time for RF/baseband re-tuning and security key update
· Time it takes for UE to send RRCConnectionReconfigurationComplete
According to the table below (taken from [4]) the service interruption time for Rel-14 solution sums up to 11ms.
Please note that the table is based on the definition of the total interruption time as given in 38.913. RAN4 considers a value of 5ms in 36.133, but that is based on excluding the time to send the RRCConnectionReconfigurationComplete.
· Even the interruption time of 11ms is only achievable in very limited scenarios where RACH-less can be applied, namely
· Synchronous networks (i.e. timing advance of source and target cell is practically zero)
· Source and target cell have co-located antennas (i.e. the timing advance of source and target cell is the same)
· For the MBB component, there is quite some uncertainty when the source eNB will stop transmission (and starts forwarding) and when UE detaches from the source eNB. This will (in practice) contribute in an implementation-dependent (i.e. somewhat unpredictable) way to the service interruption time. 
Observation 1: Rel-14 MBB+RACH-less handover achieves 11ms service interruption time, but only in very specific scenarios and with some uncertainty.
We believe, that solutions which improve Rel-14 MBB+RACH-less handover (especially the predictability) are attractive and shall be considered as well, even if they do not achieve the true 0ms service interruption. This was already discussed in RAN2#103bis, where most companies considered that “true 0ms” interruption time is not needed.
Proposal 1: RAN2 is asked to also consider solutions which significantly improve Rel-14 MBB+RACH-less handover, even if they do not achieve the true 0ms service interruption.


[bookmark: _Ref528335111]Figure 1 Rel14 Handover with MBB and RACH-less
Table 1 Components of Handover interruption [4] 
	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	5 (20)*

	9.3
	Delay to acquire first available PRACH in target eNB
	0.5/2.5

	9.4
	PRACH preamble transmission
	1

	10
	UL Allocation + TA for UE
	3/5

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms]
	45.5/49.5


* 5ms is the RAN4 requirement for the case that source and target cell use the same bandwidth (and the same center frequency), otherwise the 20ms assumption is valid.
3	Proposed Alternative Handover Procedure with close to zero ms interruption
It has already been concluded that solutions with 1TRX cannot go significantly beyond the MBB+RACHless handover. As discussed in [2] and [3], the solutions with split and non-split bearers are both based on assumption for 2TRX, but have some inherent complexities that require careful analysis to be solved. To attempt to simplify, we also assume 2TRX but we consider a general scenario which does not necessarily allow for RACH-less handover, i.e. neither synchronous networks nor co-located antennas.
The principles of the solution would be as follows:
· UE does not execute the HO command immediately but retains connection to the source while executing RACH towards the target.
· Once RACH has been successful, network indicates to UE to resume the HO, at which time UE connects to target cell in the same way as with RACHless HO.
· Since there is no RACH at HO execution, UE just sends Msg5 to target eNB and resumes UP there.
We illustrate the simplified two-step handover solution is shown in Figure 2. 


[bookmark: _Ref528335073]Figure 2 Alternative solution based on the RACH-less+MBB procedure
Comparing with the RACH-less+MBB handover in Figure 1, we observe that steps 1 through 7 are identical. However, after decoding the RRC Connection Reconfiguration (i.e. the HO Command), the UE suspends the further steps of the RACH-less procedure for a while (until RACH is completed), and instead starts the RACH procedure with the target cell using the second TRX. Data communication with the source eNB continues unchanged using the first TRX. 
When the RACH with the target is successfully completed, the source eNB is informed either by the target eNB or by the UE (this can be left for further study). Finally, the source eNB will trigger the UE to resume the handover exactly as done with the legacy procedure. In other words, the execution of the handover itself is not triggered by the handover command, but by the “handover resume” as shown in step 10.
The handover resume message does not have to carry a lot of information, since all necessary details are already available at the UE thanks to the handover command. It can even be considered to implement it as a MAC control element to accelerate the detection at the UE side.
Proposal 2: RAN2 is asked to consider the two-step handover procedure as an alternative to the split and non-split bearer solutions targeting true 0 ms service interruption.
4	Analysis
4.1	Complexity
Such a solution would  to large extent reuse, the RACH-less + MBB procedure. The only difference is that the RACH access procedure to the target cell is started in parallel to the data communication with the source eNB, before the UE detaches from the source cell.
The Handover Resume message (step 10 of Fig. 2) will make sure that the key change is synchronized between network and UE side. All reordering and duplicates removal problems are avoided with this step. The UE still has only one protocol stack at a time.
Observation 2: The implementation of the alternative two-step handover procedure is much simpler than those of split and non-split bearer solutions. 
4.2	Interruption
Obviously, such a solution does not achieve true 0ms service interruption. 
Nevertheless, it is important to mention that this solution will achieve massive improvements in wide range of scenarios where Rel-14 RACH-less handover cannot be applied.
Furthermore, even in scenarios where RACH-less can be applied, it achieves smaller interruption than the Rel-14 RACH-less + MBB solution, as:
· UE processing for RF/baseband retuning is avoided entirely (through the use of the second TRX)
· The transmission of the RRC Connection Reconfiguration Complete can be accelerated compared with the RACH-less handover, since the target cell is completely up and running, including the lower layer radio procedures  (whereas for RACH-less, only TA of the target is available).
Hence, the interruption time for such a solution could go down to less than 5ms.
Observation 3: The alternative two-step handover procedure can achieve smaller service interruption time than RACH-less & MBB, and it can be applied in wider range of scenarios and without the uncertainties of MBB implementation.
4.3	Robustness
The source cell is free to postpone the Handover Resume message. It can even configure an additional measurement reporting event and send the Handover Resume when this report is received.
In turn, this means that the original handover command could be sent earlier without risking that the UE ends up in an unstable target cell. These benefits would be similar to those of the conditional handover.
Observation 4: Mobility robustness can be integrated to the proposed alternative two-step handover procedure by sending the handover command earlier and postponing the transmission of the handover resume message.
4.4	Extensions / Improvements
Instead of inserting the RACH procedure into the RACH-less handover (Step 8 of Fig. 2), we can also insert an SeNB setup (of the target) and establish a split bearer. This will not improve the interruption (we would still have the hard switch with flushing the buffers), but this will contribute massively to mobility robustness, since after SCG setup, data as well as RRC messages can be protected through PDCP duplication (split SRB and/or split DRB).
Such a combination of a DC based handover and a RACH-less handover has already been proposed in [5]. 
Observation 5: The alternative two-step procedure allows to configure a split-bearer (instead of only RACH access) with the target eNB for enhancing the mobility robustness.
4.5	Comparing the proposed solutions (i.e. current, [2] and [3])
To compare the proposed solution against the solutions in [2] and [3], we provide a table with qualitative assessment based on the metric agreed in RAN2#103bis:
	Metric
	Solution proposal

	
	eMBB
	Split bearer [3]
	Non-Split bearer [2]

	Mobility robustness
	+ (allows early handover command, which helps to prevent too late handover problems)
	++ (DC allows having connection to both source and target)
	o Robustness benefits require additional solutions early HO Command will lead to early change to target)

	Interruption time
	2-5ms
	~0ms
	~0ms

	Applicable deployment scenarios
	Suitable to all deployment scenarios

	LTE DC scenarios
	Async deployments may present issues

	Signalling overhead
	Similar to legacy
	DC configuration for bearers
	Similar to legacy

	Specification effort
	small (no handling of parallel protocol stacks)
	Medium (added on top of LTE DC)
	Medium (security handling, UP changes) 

	UE complexity
	Medium (single protocol stack, dual Tx/Rx)
	Large (similar to LTE DC: bearer splitting, dual Tx/Rx)
	Large (support dual protocol stacks, dual Tx/Rx)

	Network complexity
	Medium (scheduling and HO timing changes)
	Large (similar to LTE DC)
	Medium (scheduling and timing changes)



4	Conclusion
This paper discussed a two-step handover procedure for reducing the interruption time during HO. As a result, the following observations and proposals have been made:
Observation 1: Rel-14 MBB+RACH-less handover achieves 11ms service interruption time, but only in very specific scenarios and with some uncertainty.
Proposal 1: RAN2 is asked to also consider solutions which significantly improve Rel-14 MBB+RACH-less handover, even if they do not achieve the true 0ms service interruption.
Proposal 2: RAN2 is asked to consider the two-step handover procedure as an alternative to the split and non-split bearer solutions targeting true 0 ms service interruption.
Observation 2: The implementation of the alternative two-step handover procedure is much simpler than those of split and non-split bearer solutions. 
Observation 3: The alternative two-step handover procedure can achieve smaller service interruption time than RACH-less & MBB, and it can be applied in wider range of scenarios and without the uncertainties of MBB implementation.
Observation 4: Mobility robustness can be integrated to the proposed alternative two-step handover procedure by sending the handover command earlier and postponing the transmission of the handover resume message.
Observation 5: The alternative two-step procedure allows to configure a split-bearer (instead of only RACH access) with the target eNB for enhancing the mobility robustness.
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