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Introduction
In RAN2, it was agreed to introduce the dual active protocol stack (DAPS) based handover solution for reducing HO interruption time. In this contribution, we provide the discussion on the handover requirements for DAPS based handover solution 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. In last RAN4, it was agreed to define the starting point of simultaneous connectivity handover delay as the time when UE receives RRC indicating handover, however, the ending point of handover delay needs to be further studied.
After UE receives a RRC command indicating DAPS-based handover, the following procedure is same as legacy handover except that UE still needs to have connection with the source cell. 
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Figure 1: Example of DAPS-based Handover procedure
As shown in Figure 1, when UE receives a DAPS-based handover command at time point A, UE shall start to perform RRC procedure for target cell. For legacy handover delay, the ending point is defined as the time when UE starts the PRACH transmission for the target cell. 
After completing RRC procedure, the following procedure includes UE process time, cell search time for unknown target cell, the time for fine timing tracking and the time for acquiring the first available PRACH. During UE process time, UE may need to do preparation for adding the target cell. In Figure 1, the UE is assumed to transmit uplink PRACH channel to target cell at time point E. 
After sending preamble on PRACH, UE shall monitor the PDCCH/PDSCH from target cell in order to acquiring the scheduling information and TA information for PUSCH transmissions. In Figure 1, the UE is assumed to starts the PUSCH transmission to target cell at time point F.
After the UE starts the PUSCH transmission to target cell, UE could release the data connection with source cell. However, when and how to inform UE to release the data connection with source cell is still under discussion in RAN2. In Figure 1, the UE is assumed to release source cell at time point G. 
During the period between time point F and time point G, the UE may need to receive PDSCH from both source and target cells and transmit PUSCH to both source and target cells. However, how to avoid interruption time depends on RAN1’s design on the procedures related to PDSCH/PUSCH resource allocation and transmission for source and target cells.
Hence, the time when UE starts to transmit PUSCH to the target cell is suggested as the ending point of DAPS-based HO delay.
Proposal 1: The ending point of DAPS-based handover delay is defined as the time when UE starts the PUSCH transmission to the target cell.
Proposal 2: For DAPS-based HO, the handover delay DDAPS-HO can be defined as: 
DDAPS-HO = TRRC_procedure + TUE_process + T∆ + TIU +Tmonitoring
Where,
TRRC_procedure 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
Tmonitoring is the PDCCH/PDSCH monitoring time for acquiring the initial PUSCH transmission occasion from the target cell

Interruptions
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 and/or AGC settling are required.
For DAPS-based handover, both the interruption to source cell due to target cell addition and the interruption to target cell due to source cell release are considered in this section.
For inter-band 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 performs RF re-tuning on one RF chain will still cause 1ms interruption time on another RF chain. For synchronous scenarios, the interruption time due to target cell addition or source cell release can be defined as 1ms. For asynchronous scenarios, the interruption time can be defined as 1ms + 1slot.
For intra-band inter-frequency deployment, the UE uses the same RF chain for source cell and target cell. UE needs to perform RF re-tuning and AGC settling operation on the shared RF chains. RF re-tuning operation will cause 1ms interruption time. UE need to one SMTC duration for AGC settling. For synchronous scenarios, the interruption time due to target cell addition or source cell release can be defined as 1ms + SMTC duration. For asynchronous scenarios, the HO interruption time can be defined as 1ms + SMTC duration + 1slot.
For intra-frequency deployment, the UE uses the same RF chain for source cell and target cell. When the BWP/system bandwidth of target cell is larger than the BWP/system bandwidth of source cell, UE needs to perform RF-tuning on the same carrier when adding target cell. When the BWP/system bandwidth of target cell is smaller than the BWP/system bandwidth of source cell, UE needs to perform RF-tuning on the same carrier when releasing source cell. The interruption time due to target cell addition or source cell release can be defined as BWP switching interruption time for synchronous scenarios and defined as BWP switching interruption time plus 1 slot for asynchronous scenarios. When the BWP/system bandwidth of target cell is same as the BWP/system bandwidth of source cell, UE does not need to perform RF-tuning or AGC settling operation, and there is no interruption.
It can be observed that additional 1 slot margin is considered into the interruption time for asynchronous scenarios. Usually, source cell and target cell are considered as synchronous when the received timing difference between source cell and target cell are within a CP length. The received timing difference includes BS TAE and propagation delay difference. The BS TAE could be 3us for a synchronous network. When source cell and target cell are not co-located, the received timing difference between source cell and target cell would be longer than the CP length for most cases. Hence, we suggest to define the interruption requirements based on asynchronous scenarios.
Based on the above analysis, the followings are proposed:
Proposal 3: For DAPS-based HO, the interruption time due to target cell addition can be defined as TDAPS-HO_interrupt1:
· Inter-band inter-frequency deployment
TDAPS-HO_interrupt1 = 1ms + 1 slot
· Intra-band inter-frequency deployment
TDAPS-HO_interrupt1 = 1ms + SMTC duration + 1 slot
· Intra-frequency deployment (BW of target cell > BW of source cell)
TDAPS-HO_interrupt1 = BWP switch interruption time + 1 slot
· Intra -frequency deployment (BW of target cell <= BW of source cell)
No interruption
Proposal 4: For DAPS-based HO, the handover interruption time due to source cell release can be defined as TDAPS-HO_interrupt2:
· Inter-band inter-frequency deployment
TDAPS-HO_interrupt2 = 1ms + 1 slot
· Intra-band inter-frequency deployment
TDAPS-HO_interrupt2 = 1ms + SMTC duration + 1 slot
· Intra-frequency deployment (BW of target cell < BW of source cell)
TDAPS-HO_interrupt2 = BWP switch interruption time + 1 slot
· Intra -frequency deployment (BW of target cell >= BW of source cell)
No interruption
It was agreed in [1] that RAN4 needs to discuss if delay and interruption requirement is needed for source cell release. When UE to release source cell is still under discussion in RAN2.
One possible solution is that UE is indicated to release source cell by a new RRC message. In this case, the operation of source cell release is response for the new RRC message not for DAPS HO command. Then, RAN4 needs to define the new delay and interruption requirements for source cell release.
And another possible solution is that UE could disconnect with source cell after the first PUSCH transmission from the target cell. For this solution, the operation of source cell release is one response for DAPS HO command. Then, RAN4 shall consider to define the interruption time due source cell release for DAPS HO requirements.
Proposal 5: How to define interruption time due to source cell release for DAPS HO depends on RAN2’s conclusion on when UE to release source cell.
· If release source cell is indicated by a new RRC message, RAN4 needs to define the new delay and interruption requirements for source cell release.
· If UE is allowed to release source cell after the first PUSCH transmission from the target cell, RAN4 shall consider to define the interruption time due source cell release for DAPS HO requirements.

Conclusions
This contribution provides the discussion on the handover delay and interruption requirements for DAPS-based handover for NR mobility enhancements. The following are provided:
Proposal 1: The ending point of DAPS-based handover delay is defined as the time when UE starts the PUSCH transmission to the target cell.
Proposal 2: For DAPS-based HO, the handover delay DDAPS-HO can be defined as: 
DDAPS-HO = TRRC_procedure + TUE_process + T∆ + TIU +Tmonitoring
Where,
TRRC_procedure 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
Tmonitoring is the PDCCH/PDSCH monitoring time for acquiring the PUSCH transmission occasion from the target cell
Proposal 3: For DAPS-based HO, the interruption time due to target cell addition can be defined as TDAPS-HO_interrupt1:
· Inter-band inter-frequency deployment
TDAPS-HO_interrupt1 = 1ms + 1 slot
· Intra-band inter-frequency deployment
TDAPS-HO_interrupt1 = 1ms + SMTC duration + 1 slot
· Intra-frequency deployment (BW of target cell > BW of source cell)
TDAPS-HO_interrupt1 = BWP switch interruption time + 1 slot
· Intra -frequency deployment (BW of target cell <= BW of source cell)
No interruption
Proposal 4: For DAPS-based HO, the handover interruption time due to source cell release can be defined as TDAPS-HO_interrupt2:
· Inter-band inter-frequency deployment
TDAPS-HO_interrupt2 = 1ms + 1 slot
· Intra-band inter-frequency deployment
TDAPS-HO_interrupt2 = 1ms + SMTC duration + 1 slot
· Intra-frequency deployment (BW of target cell < BW of source cell)
TDAPS-HO_interrupt2 = BWP switch interruption time + 1 slot
· Intra -frequency deployment (BW of target cell >= BW of source cell)
No interruption
Proposal 5: How to define interruption time due to source cell release for DAPS HO depends on RAN2’s conclusion on when UE to release source cell.
· If release source cell is indicated by a new RRC message, RAN4 needs to define the new delay and interruption requirements for source cell release.
· If UE is allowed to release source cell after the first PUSCH transmission from the target cell, RAN4 shall consider to define the interruption time due source cell release for DAPS HO requirements.
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