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Introduction
In last RAN4 meeting two CRs for NR handover requirements were endorsed in [1][2]. However, some of the parameters in the handover requirements are still open. In this contribution, we further discuss the handover requirements and propose parameters to finalize the requirement equation.
NR – NR HO
Tsearch
As raised by other companies in the last meeting, it’s desirable to differentiate intra-frequency and inter-frequency handover due to the AGC estimation time. Different from LTE, beamforming would be widely deployed at both base station and UE side, which will cause much bigger power variance among different SSBs on different frequencies. So extra processing time is needed for AGC estimation for inter-frequency handover, here we propose extra 1 SMTC periodicity for AGC estimation provided that signal quality is sufficient for successful cell detection on the first attempt.
· Target cell is FR1
With consideration of extra AGC estimation time, the cell search time will be (2*SMTC periodicity + 5)ms.
Proposal 1: For FR1, 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 = [2*SMTC periodicity + 5] ms.
· Target cell is FR2
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/SSS 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 intra-frequency HO requirement we propose 8 as well. Also with the extra AGC estimation time for inter-frequency handover, the Tsearch = [9*SMTC period+5].
Proposal 2: For FR2, Tsearch is the time for PSS/SSS detection, which is 0 for known cell; 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 = [8*SMTC period+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 = [9*SMTC period+5] ms. 
Tloops
Tloops was discussed in last meeting, which is used for UE to do the refinement of DL timing. However, we think UE probably need to do more measurement during this period for FR2. 

· Target cell is FR1
Based on the last meeting discussion, we think the Tloops is needed only for MIB reading case in FR1. If the MIB reading is needed, only the coarse timing estimated within cell detection period is not sufficient for UE to accurately conduct the timing/frequency tracking for MIB decoding, 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. Otherwise, if MIB reading is not needed, the Tloops is not needed accordingly.
Proposal 3: for FR1 Tloops = [SMTC period]ms provided that the signal quality is sufficient for successful time refinement on the first attempt if MIB decode is needed, otherwise Tloops =0ms.

· Target cell is FR2
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 = [8*SMTC period] ms (time refinement can be included in the measurement period) and 1 SMTC SSB index acquisition can be counted in the TMIB.
Proposal 4: for FR2 Tloops is time for time refinement, beam pair measurement and SSB index acquisition, which is [8*SMTC period]ms provided that the signal quality is sufficient for SSB measurement on the first attempt.
TMIB
The MIB is decoded for determine the SFN and half frame indicator which can make UE transmit the RACH preamble on the correct SFN and subframe.
· Target cell is FR1
If UE have no information about SFN and half frame before, the MIB decode is needed and the TMIB = [SMTC period] provided that the signal quality is sufficient for successful MIB decoding on the first attempt, otherwise TMIB = 0ms. However, it’s not testable whether UE is aware of the SFN before or not, so as the worst case we would like to keep TMIB in the equation.
Proposal 5: for FR1 TMIB = [SMTC period]ms provided that the signal quality is sufficient for successful MIB decoding on the first attempt.
Since MIB decoding is always added in the requirement, so the proposal 3 shall be also revised to:
Proposal 3a: for FR1 Tloops = [SMTC period]ms provided that the signal quality is sufficient for successful time refinement on the first attempt.
· Target cell is FR2
As discussed in section 2.3, MIB decoding is always needed for SSB index acquisition, so we propose that,
Proposal 6: for FR2 TMIB = [SMTC period]ms provided that the signal quality is sufficient for successful MIB decoding on the first attempt.
Conclusion
In this contribution, we further discuss the handover requirements and propose parameters to finalize the requirement equation.
Proposal 1: For FR1, 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 = [2*SMTC periodicity + 5] ms.
Proposal 2: For FR2, Tsearch is the time for PSS/SSS detection, which is 0 for known cell; 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 = [8*SMTC period+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 = [9*SMTC period+5] ms. 
Proposal 3a: for FR1 Tloops = [SMTC period]ms provided that the signal quality is sufficient for successful time refinement on the first attempt.
Proposal 4: for FR2 Tloops is time for time refinement, beam pair measurement and SSB index acquisition, which is [8*SMTC period]ms provided that the signal quality is sufficient for SSB measurement on the first attempt.
Proposal 5: for FR1 TMIB = [SMTC period]ms provided that the signal quality is sufficient for successful MIB decoding on the first attempt.
[bookmark: _GoBack]Proposal 6: for FR2 TMIB = [SMTC period]ms provided that the signal quality is sufficient for successful MIB decoding on the first attempt.
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