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Introduction
In RAN4 #AH1801 meeting, a wayforward for HO requirement for NR was approved in [1], and some agreement are duplicated as below,
	Handover from NR to NR:
Tinterrupt shall be defined in TS38.133 
Tinterrupt = Tsearch + TIU + Tmargin + TMIB ms
Where: 
Tsearch: is the time for PSS/SSS detection, which is 0 for known cell. aAnd [TBD] ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt 
TIU: is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to [TBD] ms. 
Tmargin: it comprises at least Tprocessing_NR. Whether Tmargin also includes Tloops is FFS where:
· Tprocessing_NR: is the UE processing time, which can be up to [TBD]ms
· Tloops: is time for time refinement, which is up to [TBD] ms
TMIB: is the time to required to decode MIB, if MIB decode is necessary, otherwise TMIB = 0. 
Handover from NR to E-URTAN
Tinterrupt shall be defined in TS38.133 
Tinterrupt = Tsearch + TIU + Tprocessing_NR2LTE ms
Where: 
Tsearch: is the time for PSS/SSS detection, which is 0 for known cell and 80ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt 
TIU: is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30ms. 
Tprocessing_NR2LTE: is the UE processing time, which can be up to [TBD]ms.
Handover from E-UTRAN to NR
Tinterrupt shall be defined in TS36.133 
Tinterrupt = Tsearch + TIU + Tmargin + TMIB ms
Where: 
Tsearch: is the time for PSS/SSS detection, which is 0 for known cell and [TBD] ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt 
TIU: is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to [TBD] ms. 
Tmargin: it comprises at least Tprocessing_NR. Whether Tmargin also includes Tloops is FFS where:
· Tprocessing_NR: is the UE processing time, which can be up to [20] ms
· Tloops: is time for time refinement, which is up to [TBD] ms
TMIB: is the time to required to decode MIB, if MIB decode is necessary, otherwise TMIB = 0. 


In this contribution, we continue to discuss the requirement for HO for NR based on the approved WF[1].
Handover from NR to NR 
For HO from NR to NR, the interruption time consists of Tsearch, TIU, Tmargin, and TMIB, and we analyse those parts one by one.
Tsearch
In LTE HO requirement, if the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms and the PSS/SSS periodicity is 5ms. The reason is we also need to consider the duty cycle for UE behaviour beside the synchronization signal periodicity. In NR the synchronization signal periodicity of target cell is indicated as SMTC period. In order to consider the uncertainty of the SMTC period, e.g. UE missed one SMTC window and need to wait for next available SMTC window, the delay for one successful attempt to detect PSS/SSS can be up to “SMTC period + 5ms” (SMTC window duration could be up to 5ms). 
In FR1 since SMTC period could be up to 160ms and, then one successful attempt to detect PSS/SSS can be up to 160ms+5ms.  On the other hand we also need to take into account the duty cycle for UE power saving purpose, since 80ms is an acceptable value for mobility performance in LTE, we would like to use it as a lower bound for Tsearch for NR. So we propose that,
Proposal 1: For FR1, Tsearch is the time for PSS/SSS detection, which is 0 for known cell, and max{[80], [SMTC period+5]} ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt.
In FR2, it’s different from FR1 case since the UE Rx beam shall also be taken into account. The first attempt means the channel condition is good enough to meet one shot timing estimation but UE still need to train all the Rx beams to find out the reliable DL timing from PSS/SSS. Like PSS/SSS detection requirement design, the total PSS/SS detection delay is [Y1] x [N1] x SMTC_period, Y1 is the sample number for PSS/SSS detection and N1 is the Rx beam number; one attempt means channel condition is good enough to use Y1=1, but the Rx beam number N1 still need to be reflected as an actual value rather than N1=1. Since we propose 8 as Rx beam number in cell identification requirement, here for HO requirement we propose 8 as well. 
Proposal 2: For FR2, Tsearch is the time for PSS/SSS detection, which is 0 for known cell, and max{[80], [8*SMTC period+5]} ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt.
TIU
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. In latest RAN1 discussion (CR R1-1801291), the RACH configuration table is revised and some examples of RACH configurations can be found as below,
	PRACH
Configuration 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of time-domain PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	0
	0
	16
	1
	1
	-
	-
	-

	1
	0
	16
	1
	4
	-
	-
	-

	2
	0
	16
	1
	7
	-
	-
	-

	3
	0
	16
	1
	9
	-
	-
	-

	28
	1
	16
	1
	1
	-
	-
	-

	29
	1
	16
	1
	4
	-
	-
	-

	30
	1
	16
	1
	7
	-
	-
	-

	31
	1
	16
	1
	9
	-
	-
	-

	53
	2
	16
	1
	1
	0
	-
	-


So the longest periodicity of RACH can be 160ms, and regarding the uncertainty of one system frame, we propose 170ms for TIU.
Proposal 3: TIU: is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to [170]ms for both FR1 and FR2.
Tmargin
Tmargin comprises at least Tprocessing_NR. In LTE the processing time is 20ms which came from the R4-080729,
	In our understanding this time should cover following aspects:
a) HARQ operation: Upon detection of PDSCH transmission in subframe n intended for the UE and for which ACK and NACK shall be provided, UE shall transmit ACK/NACK response in subframe n+4. Accounting the HARQ processing and UL response this will correspond time of 4ms.
b) Passing the message from L1 to higher layers and processing required by them
c) Configuration of MAC and L1 and time required for processing/start-up
Of these aspects  a) can be considered to be independent of the implementation, whereas time requirements set by points b) and c) are related to specific implementation. Note that points b) and c) are given as an example and also exact partitioning of these timings is implementation dependent. However in a form or another similar processing can be seen to be required by UEs a prior they can be expected to be ready to start transmit on the new cell.
Based on internal analyses we feel that the 20ms processing time proposed for UE in [1] is sufficient.


So in NR we also need a time delay to consider all the above aspects during the HO. Since RAN1 has not decided on the exact HARQ delay for all the NR cases, we propose to reuse the current 20ms as a starting point, and any other candidate values can be FFS.
Proposal 4: Tprocessing_NR: is the UE processing time, which can be up to [20]ms for both FR1 and FR2.
Tloops was raised in last meeting for UE to do the refinement of DL timing. However, we think UE probably need to do more measurement during this period for FR2. 
For FR1, if the cell is known, only the coarse timing information is maintained at UE, and therefore we need Tloops which is [SMTC period]ms provided that the signal quality is sufficient for successful time refinement on the first attempt. 
For FR2, it’s different from FR1 case since the UE Rx beam shall also be taken into account. The first attempt means the channel condition is good enough to meet one shot timing estimation but UE still need to train all the Rx beams to find out the best beam pair and use its correspondence for RACH. Cell known/unknown condition is not clear in FR2 since spatial assumption shall also be taken into account, e.g. whether Tx/Rx beam changed or not. The last measurement timing is easy to verify between UE and network, but the spatial change is difficult to be verified. For instance, network cannot guarantee that the same Rx beam is used at UE between “during measurement before HO” and “during HO procedure”; and UE also cannot guarantee that the Tx beam is changed or not at network side. Even though the legacy cell known/unknown condition can be used to guarantee the timing information is maintained at UE side, the change on spatial domain shall also be considered in the HO equation. So for FR2, the Tloops is time for time refinement, beam pair measurement and SSB index acquisition. 
For FR2, the best beam pair might be changed, so SSB measurement and SSB index acquisition is always needed to find out the best pair for RACH. Like SSB measurement requirement design, the total measurement delay is [Y3] x [N3] x SMTC_period, Y3 is the sample number for SSB measurement and N3 is the Rx beam number; one attempt means channel condition is good enough to use Y3=1, but the Rx beam number N3 still need to be reflected as an actual value rather than N3=1. The SSB index acquisition time could be 1 due to enough good channel condition. Since we propose 8 as Rx beam number in SSB based measurement requirement, here for HO requirement we propose Tloops = [9*SMTC period] ms (time refinement can be included in the measurement period).
[bookmark: _GoBack]Proposal 5: for FR1 Tloops is time for time refinement, which is [SMTC period]ms provided that the signal quality is sufficient for successful time refinement on the first attempt.
Proposal 6: for FR2 Tloops is time for time refinement, beam pair measurement and SSB index acquisition, which is [9*SMTC period]ms provided that the signal quality is sufficient for successful time refinement, beam pair measurement and SSB index acquisition on the first attempt.
Handover from NR to EUTRAN 
The only remaining issue for this scenario is:
Tprocessing_NR2LTE: is the UE processing time, which can be up to [TBD]ms
Since the target cell is LTE, we don’t need to consider time refinement delay here. In LTE the pure processing delay for UE implementation is 20ms, and in our proposal 4, we also suggest to use 20ms for NR as starting point, so here we propose that:
Proposal 7: Tprocessing_NR2LTE: is the UE processing time, which can be up to [20]ms.
Handover from EUTRAN to NR
All the parameters in the scenario are same as NR to NR HO.
Proposal 8: all the parameters in EUTRAN to NR HO requirement can reuse the parameters in NR to NR HO requirement.
Conclusion
In this contribution, we continue to discuss the requirement for HO for NR based on the approved WF[1].
Proposal 1: For FR1, Tsearch is the time for PSS/SSS detection, which is 0 for known cell, and max{[80], [SMTC period+5]} ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt.
Proposal 2: For FR2, Tsearch is the time for PSS/SSS detection, which is 0 for known cell, and max{[80], [8*SMTC period+5]} ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt.
Proposal 3: TIU: is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to [170]ms for both FR1 and FR2.
Proposal 4: Tprocessing_NR: is the UE processing time, which can be up to [20]ms for both FR1 and FR2.
Proposal 5: for FR1 Tloops is time for time refinement, which is [SMTC period]ms provided that the signal quality is sufficient for successful time refinement on the first attempt.
Proposal 6: for FR2 Tloops is time for time refinement, beam pair measurement and SSB index acquisition, which is [9*SMTC period]ms provided that the signal quality is sufficient for successful time refinement, beam pair measurement and SSB index acquisition on the first attempt.
Proposal 7: Tprocessing_NR2LTE: is the UE processing time, which can be up to [20]ms.
Proposal 8: all the parameters in EUTRAN to NR HO requirement can reuse the parameters in NR to NR HO requirement.
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