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1. Introduction
In RAN#78 meeting, the plan to address 0ms handover interruption requirement has been discussed [1]. RAN2 is asked to investigate how the IMT-2020 requirement on 0ms handover interruption requirement can be addressed for LTE and NR within the Rel-15 time frame. RAN2 shall report to RAN#79 with the following two steps:
· Step 1: Study if the IMT-2020 requirement can be achieved with existing LTE specs, and with developing NR specs.
· Step 2: If conclusion of first step is 'no', then consider what can be done in Rel-15 in order to meet it.
In this contribution, we focus on Step1 and provide the analysis results of whether 0ms mobility interruption can be achieved by the existing mobility solutions in LTE. 
2. Discussion
2.1 LTE HO service interruption & mechanisms for improvement

In LTE, as defined in [2], the handover procedure with the focus on handover execution phase, i.e. only step 7 to step 11, is illustrated following:
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Figure 1 Handover execution procedure in LTE
Based on Figure 1, Table 1 analyses the latency step by step and the main latency during handover execution includes the following aspects:
Table 1 the latency during handover execution in LTE
	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
	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


Obviously, the minimum delay during handover execution is about 45.5ms, and it significantly impacts the user experience. In Rel-14, 3GPP has studied on latency reduction techniques for LTE, and two solutions were adopted to reduce latency during handover. One is RACH-less handover, and the other is “make before break”(MBB). In RACH-less handover solution, most of the RACH procedure can be skipped during handover. MBB requires UE to keep the connection with the source eNB after receiving the handover command until RACH is initiated.
An optimistic assumption is to employ the RACH-less HO and MBB together to achieve aggregated reduction of service interruption during HO. However, it is well known that LTE RACH-less HO can only work if strict synchronization conditions are met. LTE RACH-less HO can be used only when the TA value of the source cell is reused for the targeted cell, or TA=0. It is intended for very special scenarios such as HO across co-located carriers or across small cells with very small coverage. Therefore, for most scenarios of the HOs across different geographical LTE cells, the condition for LTE RACH-less HO cannot be met and it does not work. The assumption RACH-less HO and MBB working together is not realistic.  Observation 1: In most mobility scenarios RACH-less HO cannot work together with MBB.
2.2 LTE service interruption evaluation for existing reduction schemes
Using the existing LTE schemes for service interruption reduction, we take three cases as examples for the evaluation:
Case 1: intra-site inter-frequency HO, with RACH-less only:

LTE allows two options for RACH-less HO: 
Option1: provide the pre-allocated uplink grant in the handover command. In this option at least 2ms additional latency is introduced for waiting the pre-configured periodic UL resources to carry the RRC Connection Reconfiguration Complete message.

Option2: the UE monitors PDCCH of the target eNB to receive an uplink grant which is sent by the network periodically. Monitoring and receiving the uplink grant can take as much as 4 ms. After received the UL grant, the UE sends out the RRC Connection Reconfiguration Complete message via granted UL resources.

From Table 2, we can see that RACH-less HO cannot completely eliminate the delay from steps 9.3 to 10. The delay is implementation dependent. Here we denote the delay as X ms (X>0). As a result, the total delay left is still 41+X ms.
Table 2 the latency with RACH-less HO only
	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
	20

	9.3
	Delay to acquire first available PRACH in target eNB
	0

	9.4
	PRACH preamble transmission
	0

	10
	UL Allocation + TA for UE
	X

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms] 
	41+X


Observation 2: RACH-less handover solution in LTE can not achieve 0ms mobility interruption.
Case 2: inter-NB intra-frequency HO, use MBB only:
In "make before break" solution, the UE can continue the data transmission/reception with the source eNB after receiving the handover command until the UE acquires and tunes to the target cell. The service interruption starts from the UE tuning to the target cell regardless whether the source cell is still transmitting the data to the UE. The service interruption remains until RRC Connection Reconfiguration Complete message is sent. The MBB is not able to completely eliminate the time taken at step 9.2. We denote this part of time at step 9.2 used for protocol stack reset/security update as Yms (0<Y<20). .  As is shown in Table 3, after MBB is used, there is still 11~13 +Y ms of service interruption. This is the LTE service interruption in most mobility scenarios.
Table 3 the latency for MBB

	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	0

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	Y

	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] 
	11/13+Y


Observation 3: The LTE MBB solution cannot achieve 0ms mobility interruption.

Case 3: intra-site intra-frequency HO, use RACH-less+ MBB:
Table 4 the latency for RACH-less+ MBB

	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	0

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	Y

	9.3
	Delay to acquire first available PRACH in target eNB
	0

	9.4
	PRACH preamble transmission
	0

	10
	UL Allocation + TA for UE
	X

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms] 
	6+X+Y


As is shown in Table 4, even if “make-before-break” combines with “RACH-less”, there is still service interruption of 6+X+Y ms. 
Observation 4: Even with LTE MBB + RACH-less solution, we cannot achieve 0ms mobility interruption.
In general, 0ms mobility interruption cannot be achieved in all three cases with existing LTE mechanisms. Most likely a UE will experience the service interruption of 11~13 +Y ms since case 2 is most common mobility scenario in LTE.. 
Observation 5: In LTE, the existing mobility mechanisms including RACH-less handover and/or make before break are not able to achieved 0ms mobility interruption. In most mobility scenarios, the interruption is at least 11~13 +Y ms. 

2.3 Issues with existing interruption reduction schemes and the solutions
It appears that MBB itself has flaws. “make-before-break” requires maintaining the link with the source cell during the most time of the HO process. This unrealistically relies on that source cell link will stay in good condition during this long period of time. In reality the link condition can be degraded quickly when a UE is moving across the border area. Although “make-before-break” reduced the interruption time, it compromised the HO reliability and increased the chance of HO failures.
The specifications on MBB is loose and RACH-less HO allows different options. The performance of interruption reduction is highly implementation dependent and hardly guaranteed. TS 36.300 states that the source eNB decides when to stop TX to UE. In TS 36.331, it states:” It is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell(s) to initiate re-tuning for connection to the target cell”. This means the stop of data operation at the source eNB and the UE can be independent. If the source eNB stops the data operations much earlier than the UE, less service interruption can be saved. If the source eNB stop the data transmission after the UE stopped data receiving and sends out the HO complete message there can be loss of data.
Observation 6: LTE MBB cannot reliably reduce the service interruption and can compromise the HO performance and increase the chance of HO failures.

In LTE, DC 3C has already been adopted for normal inter-frequency dual-connectivity operations. To allow DC during a UE moving across radio coverage and network coverage border areas, the flexibility of allowing PDCP relocation and L2 reset/re-establishment independently [3] can be simply achieved with minimal  LTE specification changes.
Since the requirement for 0ms mobility interruption can not be achieved with existing LTE specs, in Rel-15 we shall consider the feasible solutions to meet the requirement. In [3], DC 3C based scheme including a role change is introduced, whose protocol stack is cleaner and adopted in LTE DC function split discussion. However, the enhanced MBB (also enhanced HO) solution in [4-5] needs to conduct intra-PDCP function split which increases the complexity, and it is similar to the structure of DC 3B which was ruled out in LTE. Considering Rel-15 time frame, expanding DC 3C based scheme into HO is more proper with minimized impact.
Proposal 1: In Rel-15 time frame, it is more proper to consider adopting DC 3C based scheme to achieve 0ms mobility interruption. 
1. Conclusion
This paper mainly discusses whether 0ms mobility interruption can be achieved by the existing mobility enhancement solutions in LTE. Based on the above analysis, we have following observations:
Observation 1: In most mobility scenarios RACH-less HO cannot work together with MBB.
Observation 2: RACH-less handover solution in LTE can not achieve 0ms mobility interruption.
Observation 3: The LTE MBB solution cannot achieve 0ms mobility interruption.

Observation 4: Even with LTE MBB + RACH-less solution, we cannot achieve 0ms mobility interruption.

Observation 5: In LTE, the existing mobility mechanisms including RACH-less handover and/or make before break are not able to achieved 0ms mobility interruption. In most mobility scenarios, the interruption is at least 11~13 +Y ms.

Observation 6: LTE MBB cannot reliably reduce the service interruption and can compromise the HO performance and increase the chance of HO failures.

Proposal 1: In Rel-15 time frame, it is more proper to consider adopting DC 3C based scheme to achieve 0ms mobility interruption.
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