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1 	Introduction
In the RAN4 #86bis meeting the newest CR on the handover interruption time was agreed [1]. The proposed requirement structure are shown as follow. 
	· Handover delay and interruption time should be defined
· Handover delay Dhandover is defined from the time when the UE receives a RRC message implying handover to the time when UE shall be ready to start the transmission of the new uplink PRACH channel:
Dhandover = TRRC_procedure_delay + Tinterruption
Where:
· TRRC_procedure_delay: it is the RRC procedure delay defined TS 38.331
· Tinterruption: it is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding TRRC_procedure_delay.
· Tinterrupt shall be defined in TS38.133 
Tinterrupt = Tsearch + TIU + [20] + TMIB ms
Where: 
· Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [SMTC periodicity + 5] ms. If the target cell is an unknown inter-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [TBD] ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
· TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to [x*10 +10] ms. 
· Tloops is [TBD] ms
· TMIB = SMTC periodicity provided that the signal quality is sufficient for successful MIB decoding on the first attempt [if MIB decode is necessary, otherwise TMIB = 0.]  



In this paper, we continue to discuss the requirement for handover interruption time for SA NR.
2 NR-NR handover interruption delay
Tsearch
Tsearch is the time required to do the PSS/SSS detection and AGC tuning. 
Tsearch = TAGC + TPSS/SSS-sync
· PSS/SSS Sync.

· If the target cell is known, TPSS/SSS-sync = 0. 
· When the target cell is not already known and signal quality is sufficient for successful cell detection on the first attempt, the PSS/SSS detection time should be 1 SSB period (denoted by TSSB).
· AGC issue
In FR1, when target cell is an intra-frequency cell, UE doesn’t need to re-tune AGC, but the additional AGC tuning time should be considered when target cell is an inter-frequency cell. 
When inter-frequency cell is a known cell, the AGC tuning time could be short because UE has the history about power information of this frequency. UE may only need one more SSB bursts for AGC fine tuning before cell search in this scenario.
While inter-frequency is an unknown cell, UE had no knowledge about this frequency. Because of the SSB-specific beamforming, the target cell’s received signal power could be very dynamic and independent for different SSBs. Therefore, UE cannot use the (n-1)th SSB to adjust AGC gain for the nth SSB in the same SSB burst. UE had to take three more SSB periodicity for AGC tuning before cell search.

[bookmark: _Ref513837864]Proposal 1: The time need for Tsearch:
· For intra-frequency known cell in FR1, Tsearch = 0.
· For inter-frequency known cell in FR1, Tsearch = 1 x TSSB for AGC fine tuning, where TSSB is the SSB periodicity of the target cell.
· For intra-frequency unknown cell in FR1, Tsearch = 1 x TSSB + 5ms for cell search.
· For inter-frequency unknown cell in FR1, Tsearch = 4 x TSSB + 5ms for AGC fine tuning and cell search.

TMIB
In NR-NR handover, when the target cell MIB is not already known, UE should read the target cell’s MIB information for SSB time index (SBI), SFN and half-frame indicator which is different with LTE. UE may not know the target cell MIB in the following scenarios:   
· Network did not configured SBI in measurement report
In this scenario, UE is not required to know target cell’s MIB information in its measurement report.
· Network configured SBI in measurement report
· In FR1, only DMRS detection is needed for SBI acquisition. UE is not required to decode MIB. Therefore, additional MIB decoding is needed when UE executes handover procedure.
· In FR2, both PBCH-DMRS detection and PBCH NR-MIB decoding are needed for SBI acquisition. So it does not need to decode PBCH NR-MIB again during handover.
[bookmark: _Ref513837055][bookmark: _Ref513837856][bookmark: _Ref513300529]Observation 1: When the target cell NR-MIB is not already known and signal quality is sufficient for successful NR-MIB reading on the first attempt, TMIB = TSSB.  

Tloops
Tloops is the time for frequency/time refinement. In NR, it doesn’t have CRS for fast frequency/time refinement as LTE. 
· When the target cell is known and target cell MIB is known, 
UE does not need to run target cell’s PSS/SSS detection and PBCH decoding. This will result in target cell frequency/time inaccuracy so that UE should need 1 more SSB to refine the frequency/time before sending PRACH. 
· When the target cell MIB is not already known,
UE need to execute target cell’s PBCH decoding. Considering that frequency/time refinement can be done at the same time with PBCH decoding, it is believed that UE does not need 1 more SSB to refine the frequency/time after successfully PBCH NR-MIB decoding.  
[bookmark: _Ref513837058][bookmark: _Ref513837858][bookmark: _Ref513300534]Observation 2: Tloops is the time for UE to refine frequency/time in the target cell. When UE doesn’t need to decode the NR-MIB information, Tloops = TSSB.
[bookmark: _Ref513837866]Proposal 2: When the signal quality is sufficient for successful NR-MIB reading on the first attempt, TMIB = TSSB and Tloops =0.


FR2
In FR2, considering Rx beam sweeping, AGC tuning will encounter more challenges and need more time [2]. At the same time, UE still need to train all the Rx beams to find out the reliable DL timing from PSS/SSS when the channel condition is good enough to meet one shot detection. 
[bookmark: _Ref513300542]Proposal 3: In FR2, when the signal quality is sufficient for successful cell detection on the first attempt, Tsearch = N(TAGC +TSSB), where, N is the scaling factoring to address Rx beam sweeping.
In FR2, the best beam pair might be changed, so SSB index acquisition is always needed to find out the best pair after PSS/SSS acquisition and use its correspondence for RACH.
[bookmark: _Ref513300545]Proposal 4: When the signal quality is sufficient for successful NR-MIB reading on the first attempt, TMIB = NTSSB, where, N is the scaling factoring to address Rx beam sweeping. 

3 Summary
In this paper, we propose the handover interruption requirement for SA NR.
Observation 1: When the target cell NR-MIB is not already known and signal quality is sufficient for successful NR-MIB reading on the first attempt, TMIB = TSSB.
Observation 2: Tloops is the time for UE to refine frequency/time in the target cell. When UE doesn’t need to decode the NR-MIB information, Tloops = TSSB.
Proposal 1: The time need for Tsearch: 
· For intra-frequency known cell in FR1, Tsearch = 0.
· For inter-frequency known cell in FR1, Tsearch = 1 x TSSB for AGC fine tuning, where TSSB is the SSB periodicity of the target cell.
· For intra-frequency unknown cell in FR1, Tsearch = 1 x TSSB + 5ms for cell search.
· For inter-frequency unknown cell in FR1, Tsearch = 4 x TSSB + 5ms for AGC fine tuning and cell search.
Proposal 2: When the signal quality is sufficient for successful NR-MIB reading on the first attempt, TMIB = TSSB and Tloops =0.
Proposal 3: In FR2, when the signal quality is sufficient for successful cell detection on the first attempt, Tsearch = N(TAGC +TSSB), where, N is the scaling factoring to address Rx beam sweeping.
Proposal 4: When the signal quality is sufficient for successful NR-MIB reading on the first attempt, TMIB = NTSSB, where, N is the scaling factoring to address Rx beam sweeping.
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