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Introduction
During last two RAN4 meeting, the feasibility of handover with simultaneous connectivity were discussed and confirmed under some conditions. In this contribution, we provide the discussion on the simultaneous connectivity handover requirements with in NR.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]For NR mobility enhancement, the feasibility of simultaneous connectivity handover was confirmed under some conditions. RAN4 need to define the corresponding handover requirements. The handover requirements include the handover delay and the corresponding interruption.
Handover delay
The definition of the handover delay depends on how to define the starting point and the ending point. Obviously, the starting point can be defined as the time that the UE receives a RRC message implying simultaneous connectivity handover. The legacy handover ending point is defined as the time that the UE starts PRACH transmission for target cell, which may not be suitable to be reused for simultaneous connectivity handover. For simultaneous connectivity handover, RAN2 achieved the following agreements:
Agreements
1	PDCP packet duplication does not need to be supported in combination with the HO interruption solution (but doesn't preclude that it might be possible to support it and it may be beneficial in some cases)

2	Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 
	
3	There is a point in time where the UL PUSCH switches from source to target.
In RAN2, a point is introduced to indicate the time where the UL PUSCH switches from source target. The switching point can be defined as the handover ending point.
Observation 1: The legacy handover delay definition may not be suitable for simultaneous connectivity handover.
For legacy handover, the handover delay includes RRC procedure time, UE process time, cell search time for an unknown target cell, the time period for fine time tracking and the uncertainty time for acquiring the first available PRACH occasion. As we discuss above, the ending point might be different for simultaneous connectivity handover, and the time between the first PRACH occasion and the first available PUSCH transmission to target cell shall also be considered for simultaneous connectivity handover. However, the detailed procedure for simultaneous connectivity handover is still under discussion in RAN2, and the handover delay requirements shall be defined according to RAN2’s finial decision.
Observation 2: Based on the legacy handover delay, additional time period may need to be considered for simultaneous connectivity handover, which depends on RAN2’s conclusion.
Proposal 1: For simultaneous connectivity HO, the handover delay DCHO can be defined as: 
DCHO = TRRC_process + TUE_process + TIU + T∆ +Tuncertainty
Where,
TRRC_process is the RRC processing delay.
TUE_process equals to 20ms for same FR handover, and equals to 40ms for inter-FR handover
TIU is the uncertainty time in acquiring the first available PRACH occasion 
T∆ is the time for fine time tracking and acquiring full timing information of the target cell
Tuncertainty is the uncertainty time in acquiring the first PUSCH transmission occasion of the target cell

Interruptions
In RAN2, the interruption time definition for simultaneous connectivity handover was also discussed and the following agreements have been achieved.
Agreements
1:	Mobility interruption time means the shortest time duration supported by the system during which a user terminal is not able to exchange user plane packets with any base station during transitions.   
2:	RAN2 common understanding is to reduce interruption time at radio (i.e. air interface) level during mobility (i.e. handover) to improve user experience at service/application layer.
3: 	RAN2 aim to develop protocol design to achieve strict 0ms (if feasible) else close to 0ms interruption time on radio level during handover considering UE capabilities and deployment scenarios.
4: 	For achieving the aim of agreement 3, RAN2 targets a single solution
5: 	Interruption time reduction in DL to be prioritized, but UL will still be considered. 
The solution of simultaneous connectivity handover is aimed to 0ms interruption. However, 0ms interruption could not be achieved in all the scenarios, such as the scenarios where RF re-tuning is required.
For intra-frequency deployment, the UE uses the same RF chain for source cell and target cell. When the bandwidth of the source and target cell are the same, no RF retuning action is needed. Then, there is no interruption for intra-frequency deployment when the bandwidth of source cell and target cell is the same. When the bandwidth of the source and target cell are the same, no RF retuning action is needed. Then, there is no interruption for intra-frequency deployment when the bandwidth of source cell and target cell is the same.
Observation 3: 0ms interruption time for simultaneous connectivity handover can be achieved for intra-frequency deployment if the bandwidth of source cell and target cell are the same.
Observation 4: Non-zero interruption time for simultaneous connectivity handover need be allowed for AGC settling for intra-frequency deployment if the bandwidth of source cell and target cell are different.
For inter-frequency deployment, it is assumed that the UE has separate RF chains for source cell and target cell. Even for separate RF chains, the UE reconfiguration on one RF chain will still cause 0.5ms interruption time on another RF chain due to sharing the same oscillator/PLL.
Observation 5: 0.5ms interruption time for simultaneous connectivity handover need be allowed for inter-frequency deployment.

Conclusions
This contribution provides further discussion on the feasibilities of handover with simultaneous connectivity for NR mobility enhancements. The following are provided:
Observation 1: The legacy handover delay definition may not be suitable for simultaneous connectivity handover.
Observation 2: Based on the legacy handover delay, additional time period may need to be considered for simultaneous connectivity handover, which depends on RAN2’s conclusion.
Proposal 1: For simultaneous connectivity HO, the handover delay DCHO can be defined as: 
DCHO = TRRC_process + TUE_process + TIU + T∆ +Tuncertainty
Where,
TRRC_process is the RRC processing delay.
TUE_process equals to 20ms for same FR handover, and equals to 40ms for inter-FR handover
TIU is the uncertainty time in acquiring the first available PRACH occasion 
T∆ is the time for fine time tracking and acquiring full timing information of the target cell
Tuncertainty is the uncertainty time in acquiring the first PUSCH transmission occasion of the target cell
Observation 3: 0ms interruption time for simultaneous connectivity handover can be achieved for intra-frequency deployment if the bandwidth of source cell and target cell are the same.
Observation 4: Non-zero interruption time for simultaneous connectivity handover need be allowed for AGC settling for intra-frequency deployment if the bandwidth of source cell and target cell are different.
Observation 5: 0.5ms interruption time for simultaneous connectivity handover need be allowed for inter-frequency deployment.
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