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Introduction
This contribution follows the way forward in [1]
· For RAN4#90 meeting, RAN4 intends to find a known cell condition for FR2 target cell, which takes into account scenarios in which the UE is able to use prior information from measurement results on suitable TX and/or RX beam to use initially for the target cell
Discussion
Analysis
The existing FR2 handover interruption time is 
The interruption time 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 the RRC procedure delay.
When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing+ T∆ ms
Where:
Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is an intra-frequency cell and the target cell Es/Iot≥-TBD dB, then Tsearch = [8* Trs + 2] ms. If the target cell is an inter-frequency cell and the target cell Es/Iot≥-TBD dB, then Tsearch = [8*3* Trs + 2] ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = [1]* Trs.
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. x is defined in the table 6.3.3.2-2 of [6].
Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this section is applied with Trs=[5]ms assuming the SSB transmission periodicity is 5ms. There is no requirements if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.

NOTE 1:	The actual value of TIU shall depend upon the PRACH configuration used in the target cell.

For intrafrequency and interfrequency handover, the equation can be shown to be
Tinterrupt,intra = 9*Trs+Tiu+22
Tinterrupt,inter = 25*Trs+Tiu+22
Substituting Trs=20ms, which we think will be a commonly used value due to UE assumptions in initial cell search, gives 
Tinterrupt,intra= 202 + Tiu milliseconds
Tinterrupt,inter= 522 + Tiu milliseconds
Considering that a handover interruption of 250ms is noticeable for real time services, Tinterrupt,intra is on the upper limit of what is tolerable, and Tinterrupt,inter is beyond what could be accepted for a typical handover. The network could, of course, improve the handover (and other RRM) performance by reducing SMTC periodicity, however practically speaking the SSB overhead will become problematic for 5 or 10ms SMTC periodicity.
Since RAN4 specifies minimum requirements, it could be hoped that in many typical cases the handover delay would be shorter than the minimum requirement. In other words, 38.133 requirements provide an upper limit which is useful in network design since it means that the handover procedure is rather unlikely to succeed if a longer time is allowed, which provides a basis for setting timers to release network resources in case the UE does not hand over as expected.
Improving handover performance for known cells
Since most of Tinterrupt is made up of Tsearch, as discussed in the way forward, it would be desirable for UEs to make use of prior information to speed up the handover in typical scenarios. Of course, it is always possible that the UE orientation changes between the last measurement before handover, and the handover command being sent, but it could be naturally expected that if the UE observes a certain RX beam as being strongest for measurements, this beam is at least representing a favorable RX direction to attempt handover in.
It can be assumed that measurements prior to handover are performed with rough beams, whereas the target cell after handover would be connected to with fine beams. Therefore, to use prior information in the handover procedure, it implies that the UE has knowledge of the mapping between rough beam coverage and fine beam coverage. This is illustrated in figure 1
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Figure 1: Illustration of mapping between rough and fine beams
In figure 1, rough beam 1 corresponds approximately to the same coverage directions as fine beams 2 and 3. Hence, measuring best RX SS-RSRP on rough beam 1 means that it is likely after handover that fine beam 2 or fine beam 3 are suitable/best for the connection. Therefore, it would be reasonable for 
Figure 1 is shown in 2D for simplicity, but what matters in the end is which fine beam(s) are within the coverage of each rough beam, which can be known also in 3D.
The number of fine beams which are within each rough beam coverage depends on both the fine and rough beam width and codebook design. At any rate, we propose that
Proposal 1 : For known cell Tsearch,intra=NfrTrs and Tsearch,inter=3*NfrTrs where Nfr<8
Proposal 2 : RAN4 to discuss the suitable value of Nfr
This is not to say that a UE can always meet the known cell requirement, for example if it is rotated during the time between the last measurement sample and the handover command then it may not be able to find the cell on the expected fine beam. However, it seems better to search on probable beams first, and only search on remaining beams if the cell is not found on probable beams. To capture this from a specification point of view
Proposal 3: The known cell requirement applies if the propagation channel and UE remain directionally unchanged between measurement and processing of handover command
Proposal 4: If the known cell requirement is not met, the UE shall meet the unknown cell requirement
Observation 1: Proposal 4 does not imply that the UE has knowledge if the channel condition/UE orientation is changed. The UE simply prioritizes SSB search on expected RX beams first, and if the expected RX beams fail then it attempts using the remaining RX beams.
Proposal 5: A consistent approach may be applied to PSCell and SCell activation.
Text proposal
Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-TBD dB, then Tsearch = [8* Trs + 2] ms.  If the target cell is an known intra-frequency cell and the target cell Es/Iot≥-TBD dB, then Tsearch = [8* Trs + 2] ms If the target cell is an inter-frequency cell and the target cell Es/Iot≥-TBD dB, then Tsearch = [8*3* Trs + 2] ms. If the target cell is an known inter-frequency cell and the target cell Es/Iot≥-TBD dB, then Tsearch = [TBD* Trs + 2] ms Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
A cell is known if it has been measured by the UE within the last [5] seconds, and the cell has remained detectable for the time period since the measurement with the same direction of arrival at the UE.


Conclusion
Proposal 1 : For known cell Tsearch,intra=NfrTrs and Tsearch,inter=3*NfrTrs where Nfr<8
Proposal 2 : RAN4 to discuss the suitable value of Nfr
Proposal 3: The known cell requirement applies if the propagation channel and UE remain directionally unchanged between measurement and processing of handover command
Proposal 4: If the known cell requirement is not met, the UE shall meet the unknown cell requirement
Proposal 5: A consistent approach may be applied to PSCell and SCell activation.
Observation 1: Proposal 4 does not imply that the UE has knowledge if the channel condition/UE orientation is changed. The UE simply prioritizes SSB search on expected RX beams first, and if the expected RX beams fail then it attempts using the remaining RX beams.
Text proposal
Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-TBD dB, then Tsearch = [8* Trs + 2] ms.  If the target cell is an known intra-frequency cell and the target cell Es/Iot≥-TBD dB, then Tsearch = [8* Trs + 2] ms If the target cell is an inter-frequency cell and the target cell Es/Iot≥-TBD dB, then Tsearch = [8*3* Trs + 2] ms. If the target cell is an known inter-frequency cell and the target cell Es/Iot≥-TBD dB, then Tsearch = [TBD* Trs + 2] ms Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
A cell is known if it has been measured by the UE within the last [5] seconds, and the cell has remained detectable for the time period since the measurement with the same direction of arrival at the UE.
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