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Introduction
Known cell condition for FR2 cells has so far been undefined in RAN4. A cell is thus always considered unknown in FR2. This impacts handover, SCell activation and PSCell addition delay requirements, which for FR2 now always take into account cell detection delay. 
In RAN4#89 meeting a way forward was agreed in [1] for defining known cell condition for FR2:
· 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.
The discussion continued in the last meeting, but no conclusion was reached. In this contribution we continue the discussion of a possible definition for known FR2 cell and reflect this to Tsearch parameter value in handover requirements.
Discussion
When a cell is a known cell, it means that this cell is already detected, measured and reported, so the cell information is visible for the UE.  When a cell is an unknown cell, cell detection is needed. 

In section 6.1.1 of 38.133, RAN4 has agreed the requirement on known cell condition for handover interruption requirements for handover to FR1 target cells as below: 
	In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.1 for inter-frequency handover.



The situation is more complicated for FR2 cells, because beam change needs to be taken into account. 
As we discussed in our last meeting’s paper [2], we can identify the three following cases happening from gNB Tx perspective during the time the known cell condition should be fulfilled. The three cases are further illustrated in Figures 1-3, respectively.
1) target gNB cell and Tx beam both remain the same
2) target gNB cell remains the same, but Tx beam changes
3) target gNB cell changes
In Figure 1, UE is in the coverage zone of the beam with green colour in the cell. UE has the information of this beam and the cell. UE moves to a slightly different location, but it is still in the coverage zone of the green beam. 
[image: ]
Figure 1: BS Tx Beam not changed

In Figure 2, UE is in the coverage zone of the beam with green colour in the cell. UE has the information of this beam and the cell. UE moves to another location, and it is out of the coverage of the beam with green colour, but it is still in the coverage of the same cell. 
[image: ]
Figure 2: Tx beam changed
In Figure 3, UE is in the coverage zone of the beam with green colour in the cell. UE has the information of this beam and the cell. Then UE moves to another place, and it is out of the coverage of beam with green colour and also out of the coverage of the cell.
[image: ]Figure 3: Cell changed

Additionally, UE Rx beam may change, but UE Rx beam control is UE implementation specific, and not testable from RAN4 requirement point of view. Hence, it would be difficult to define a condition for known cell taking UE Rx beam change directly into account, which is why we think this can be taken into account as a general relaxation of requirements for handovers to FR2 cells.
Take UE Rx beam change into account by allowing some additional relaxation to the Tsearch requirement.
Taking into account the possible cases with Tx beam change, for FR2 not only the cell can be unknown, but also the beam. The three cases listed above would lead to following conditions:
· Known cell and known beam:
· The relevant cell identification requirement has been fulfilled during the last x seconds for the cell and beam.
· Tx beam remains unchanged.
· Known cell (unknown beam):
· The relevant cell identification requirement has been fulfilled during the last x seconds for the cell and one or more gNB Tx beam.
· Tx beam is a detected and reported beam.
· Otherwise the cell or beam is considered unknown.
We propose to extend the known cell condition to cover both known cell and known Tx beam condition by taking into account the cases described above.
For FR2 handover requirements, both known cell and known Tx beam conditions are defined. 
With these conditions, it needs to be defined how much relaxation due to possible Rx beam change is needed under each condition. This should be discussed by RAN4. Below we give an initial proposal on possible values that can be used.
Currently, Tsearch for handover requirements to FR2 cells is defined as follows:
	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.



When both cell and beam are known, we think that Tsearch can be defined as 0 ms similarly as for FR1. For the case when Tx beam changes, some relaxation could be allowed, but the relaxation should in our view be less than for the case when the cell is unknown. 
As a starting point, for the three different cases, we would propose the following values for Tsearch (for intra-frequency target cell in FR2):
· [bookmark: _Hlk794986]If the target cell and gNB Tx beam are known, then Tsearch = 0 ms
· If the target cell is known (but gNB Tx beam is unknown), then Tsearch = [4* Trs + 2] ms
· If the target cell and Tx beam are unknown and the target cell Es/Iot ≥ -TBD dB, then Tsearch = [8* Trs + 2] ms (already agreed earlier)

Use the following definition and Tsearch values for known and unknown FR2 cells and Tx beams:
· If the target cell and gNB Tx beam are known, then Tsearch = 0 ms. 
· If the target cell is known (but gNB Tx beam is unknown), then Tsearch = [4* Trs + 2] ms
· If the target cell and Tx beam are unknown and the target cell Es/Iot ≥ -TBD dB, then Tsearch = [8* Trs + 2] ms (already agreed earlier)
Where:
· A cell is known if the UE has met the relevant cell identification requirement during the last 5 seconds on this cell. Otherwise the cell is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.1 for inter-frequency handover.
· A Tx beam is known if during the last 5 seconds the UE has met the relevant cell identification requirement on the same gNB Tx beam as the UE is currently receiving.


Conclusion
In this paper we have discussed known cell condition for FR2 cells, and Tsearch value for handover to FR2 cells taking into account this condition. We have made the following proposals:
1. Take UE Rx beam change into account by allowing some additional relaxation to the Tsearch requirement.
For FR2 handover requirements, both known cell and known Tx beam conditions are defined. 
Use the following definition and Tsearch values for known and unknown FR2 cells and Tx beams:
· If the target cell and gNB Tx beam are known, then Tsearch = 0 ms. 
· If the target cell is known (but gNB Tx beam is unknown), then Tsearch = [4* Trs + 2] ms
· If the target cell and Tx beam are unknown and the target cell Es/Iot ≥ -TBD dB, then Tsearch = [8* Trs + 2] ms (already agreed earlier)
Where:
· A cell is known if the UE has met the relevant cell identification requirement during the last 5 seconds on this cell. Otherwise the cell is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.1 for inter-frequency handover.
· A Tx beam is known if during the last 5 seconds the UE has met the relevant cell identification requirement on the same gNB Tx beam as the UE is currently receiving.
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