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1. Introduction
[bookmark: OLE_LINK7]At RAN#78, RAN2 was tasked to investigate how the IMT-2020 requirement on 0ms handover interruption time can be addressed for LTE and NR within the Rel-15 time frame. And per the guideline from RAN#78, the first step is to study if the IMT-2020 requirement can be achieved with existing LTE specs, and with developing NR specs [1].
An email discussion over the RAN2 reflector is planned for this until RAN2#101, where a joint LTE/NR discussion is expected to take place.
In this contribution, we anyway start to share our views on how to address the 0ms handover interruption with existing LTE specs, and with developing NR specs.
2. Discussion
In the typical LTE HO, the UE stops communication with the source cell upon receiving the HO command. So from the perspective of service transmission, the data disruption starts from the receiving of the HO command until the UE transmits/receives the first packet to/from the target cell. In 36.881[2], the service interruption time in handover (i.e. the handover interruption) is defined as the duration between the time when UE stops transmission/reception with the source eNB and the time when target eNB resumes transmission/reception with the UE.
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Figure.1 Service interruption time in handover
Table.1 Minimum/Typical radio access latency components (Rel. 8/Rel. 9) during handover
	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


Table 1
Per 36.881[2], the components of handover interruption in typical LTE HO is visualized in Figure 1. And the minimum/typical latency of each component is summarized in Table 1. Given that, the total handover interruption in typical LTE HO is 45.5/49.5 ms.
A WI for further mobility enhancements in LTE [3] was established in LTE R14. Two solutions, Make-Before-Break (MBB) and RACH-less handover were introduced to reduce the handover interruption time. With the adoption of MBB, the connection to the source cell is maintained with the reception of HO command until the UE executes initial uplink transmission/reception to/from the target cell. So the latency of the RRC procedure delay (i.e. the latency in step7) is considered to be 0ms in MBB. UE will re-establish user plane immediately before UE turns to target cell and by proper software design it could be done in parallel with data transmission/reception in source side i.e. it could be 0ms also. The TUE_process can be reduced down to 5ms within R14 time frame [4]. Our understanding is that in theory it could be 0ms too if e.g. source cell and target cell is completely synchronized with same bandwidth and thus no RF turning is needed for intra-frequency case at least. Current 5ms was relaxed to simplify the RF design of UE, so maybe some note could be added to clarify how 0ms could be achieved. Furthermore with the adoption of RACH-less handover, the UE could accesses the target cell via the uplink grant pre-allocated in the HO command , So the processing time in step 9.3,9.4 and 10 could be skipped. The RRC Connection Reconfiguration Complete will be ready and sent within the pre-allocated uplink grant, therefore processing time in step 11 could be skipped too.

	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
	0

	9.3
	Delay to acquire first available PRACH in target eNB
	0

	9.4
	PRACH preamble transmission
	0

	10
	UL Allocation + TA for UE
	0

	11
	UE sends RRC Connection Reconfiguration Complete
	0

	
	Minimum/Typical Total delay [ms] 
	0


Table 2
The MBB and RACH-less HO optimizations can be configured to the UE simultaneously. Given the above analysis, the minimum latency of each component during the HO with the combination of MBB and RACH-less is summarized in Table 2. In other words, the total handover interruption in LTE can be reduced as 0ms.
Conclusion 1: With the combination of MBB and RACH-less HO, the handover interruption can be reduced down to 0ms in LTE for intra-frequency case
[bookmark: OLE_LINK3]The combination of MBB and RACH-less HO is introduced only for the intra-frequency scenario. And according to the analysis in our companion contribution [5], the RACH-less handover can also be supported in NR both for low frequencies and high frequencies with some minor changes to take the beamforming property into consideration. For both cases, similar as the analysis in Table 2, with the combination of MBB and RACH-less, the handover interruption time can be reduced to 0ms at least for intra-frequency case. 
Observation 1: RACH-less handover can also be supported in NR both for low frequencies and high frequencies with some minor changes to take the beamforming property into consideration.
Conclusion 2: With the combination of MBB and RACH-less HO, in R15, the handover interruption can be reduced down to 0ms for NR at least for the intra-frequency scenario. 
For the inter-frequency scenario all the analysis is still valid except for step 9.2. Assuming UE is equipped with 2 RX, there is no RX RF tuning is needed for reception because UE can use 1 RX for source and target cell respectively. But typical LTE UE will only have 1TX, therefore TX RF tuning time is needed for uplink transmission. If RF tuning is small enough and doesn’t prevent continuous scheduling in physical layer then such RF tuning time will not result in more than 0ms interruption time. Obviously RAN4 should be consulted with this issue. If it is acceptable to assume that UE could be equipped with 2TX, then TX RF tuning for uplink transmission could be also 0ms. 
Given the above analysis, from RAN2 perspective, at least for the intra-frequency scenario, the 0ms IMT-2020 requirement can be achieved with the existing LTE specs and some updates to the NR specs in R15. One note maybe needed to clarify how to achieve 0ms for intra-frequency case in RAN4 spec. While for the inter-frequency scenario, whether the 0ms IMT-2020 requirement can be achieved depends on RAN4’s evaluation on the TX RF tuning time. So, one LS should be sent to RAN4 to share the analysis in RAN2.
Proposal 1: Send an LS to RAN4 to share the analysis in RAN2:
—  To confirm for the intra-frequency scenario, the 0ms IMT-2020 requirement can be achieved with the existing LTE specs with some minor clarification on RF tuning time
To confirm by adopting similar scheme as LTE in NR specs in R15, 0ms IMT-2020 requirement can be also be met;
—  For the inter-frequency scenario, to check whether 2TX is acceptable assumption and if not, what is reasonable RF tuning time for TX;
3. Conclusion and proposals
In this contribution, how to address the 0ms handover interruption with the combination of MBB and RACH-less is analyzed with the following observations and proposals:
Conclusion 1: With the combination of MBB and RACH-less HO, the handover interruption can be reduced down to 0ms in LTE for intra-frequency case
Observation 1: RACH-less handover can also be supported in NR both for low frequencies and high frequencies with some minor changes to take the beamforming property into consideration.
Conclusion 2: With the combination of MBB and RACH-less HO, in R15, the handover interruption can be reduced down to 0ms for NR at least for the intra-frequency scenario. 
A draft LS is provided in our companion contribution [6].
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