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1	Introduction
The NR PSCell addition delay has been discussed in the past several RAN4 meetings. Known cell condition for FR2 cells has so far been undefined in RAN4. A cell is thus always considered unknown in FR2. In the last 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 discuss a possible definition for known FR2 cell and PSCell addition delay requirements in FR2.
2	Discussion
2.1	PSCell known condition
In section 7.31.2 of 36.133, RAN4 has agreed the requirement on NR PSCell known condition as below: 
	In FR1, the NR PSCell is known if it has been meeting the following conditions:
During the last 5 seconds before the reception of the NR PSCell configuration command:
-	the UE has sent a valid measurement report for the NR PSCell being configured and
-	One of the SSBs measured from the NR PSCell being configured remains detectable according to the cell identification conditions specified in section 9.3 of TS 38.133 [50],
-	One of the SSBs measured from NR PSCell being configured also remains detectable during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].
otherwise it is unknown.
Editor’s note: The definition of known cell in FR2 is TBD.




In the agreement, the PSCell known condition in FR1 is ready, but in FR2, it is TBD and further discussion is needed. 
When a cell is a known cell, it means that this cell is already detected, measured and reported, the cell information is visible for UE. 
When a cell is an unknown cell, cell detection is needed.
Based on this understanding, the PSCell addition delay should be different for known cell and unknown cell. In 36.133, It is defined in E-UTRA and FR1 that the PSCell addition delay is different for known cell and unknown cell. For FR2 Cell, it should also be different for known cell and unknown cell. 
As we discussed in our last meeting’s paper [2], we see 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 has changed
3)	target gNB cell has changed
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. 
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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. 
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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 in all of the above cases, but UE Rx beam control is UE implementation specific, and not testable from 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 relaxation of requirements.
Proposal 1: [bookmark: _Hlk1049176]Take UE Rx beam change into account by allowing some additional relaxation to the FR2 PSCell addition delay requirement.
Taking into account the possible cases with Tx beam change, for FR2 not only the cell can be unknown, but also the Tx/Rx beam. The three cases listed above would lead to following conditions:
- Known cell and known beam:
i. The relevant cell identification requirement has been fulfilled during the last x seconds for the cell and beam.
ii. Tx beam remain unchanged.
- Known cell:
i. The relevant cell identification requirement has been fulfilled during the last x seconds for the cell and one or more gNB Tx beam.
ii. Tx beam is a detected and reported beam.
- Otherwise the cell or beam is considered unknown.
These three scenarios may happen during the time between when the UE reported the potential target PSCell and the time when that PSCell is added by the network. 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.
Proposal 2: For FR2 PSCell addition delay requirements, both known cell and known Tx beam conditions are defined. 
With these three scenarios, it is proposed that cell condition for FR2 is divided into three: “known cell and beam”, “known cell” and “unknown cell”. We could define the requirements for each condition in the following way:
NR PSCell known condition in FR2 could be:
[bookmark: _Hlk1127697]In FR2, the NR PSCell is known if it has been meeting the following conditions:
During the last 5 seconds before the reception of the NR PSCell configuration command:
-	the UE has sent a valid measurement report for the NR PSCell being configured and
-	One of the SSBs measured from the NR PSCell being configured remains detectable according to the cell identification conditions specified in section 9.3 of TS 38.133 [50],
-	One of the SSBs measured from NR PSCell being configured also remains detectable during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].
otherwise it is unknown.
[bookmark: _Hlk1176958]Tx beam in FR2 is known if it has meeting the following conditions:
During the last 5 seconds before the reception of the NR PSCell configuration command:
-	the UE has sent a valid measurement report for the NR PSCell being configured and
-	the Tx beam remains detectable according to the cell identification conditions specified in section 9.3 of TS 38.133 [50],
-	The Tx beam remains the same during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].
Otherwise the Tx beam in FR2 is unknown.
Proposals are included in our CR [3].
2.2	PSCell addition delay
RAN4 has agreed the requirement on NR PSCell addition delay in FR2 as below: 
	-	For NR PSCell in FR2: if the target cell is an inter-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 24* Trs ms.



As discussed in 2.1, there have three scenarios in FR2, “known cell and beam”, “known cell” and “unknown cell”. We would propose the following values for Tsearch  in NR PSCell addition delay in FR2.
PSCell addition delay in FR2 could be:
· if the target cell is known and the target Tx beam is known, then Tsearch = 0 ms. 
· If the target cell is known but the target Tx beam is unknown, then Tsearch = 8* Trs ms. 
· If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 24* Trs ms.
Proposals are included in our CR [3].
3	Conclusion
1. Take UE Rx beam change into account by allowing some additional relaxation to the FR2 PSCell addition delay requirement.
For FR2 PSCell addition delay requirements, both known cell and known Tx beam conditions are defined. 
NR PSCell known condition in FR2 could be:
In FR2, the NR PSCell is known if it has been meeting the following conditions:
During the last 5 seconds before the reception of the NR PSCell configuration command:
-	the UE has sent a valid measurement report for the NR PSCell being configured and
-	One of the SSBs measured from the NR PSCell being configured remains detectable according to the cell identification conditions specified in section 9.3 of TS 38.133 [50],
-	One of the SSBs measured from NR PSCell being configured also remains detectable during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].
Otherwise the PSCell in FR2 is unknown.
Tx beam in FR2 is known if it has meeting the following conditions:
During the last 5 seconds before the reception of the NR PSCell configuration command:
-	the UE has sent a valid measurement report for the NR PSCell being configured and
-	the Tx beam remains detectable according to the cell identification conditions specified in section 9.3 of TS 38.133 [50],
-	The Tx beam remains the same during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].
Otherwise the Tx beam in FR2 is unknown.
PSCell addition delay in FR2 could be:
· if the target cell is known and the target Tx beam is known, then Tsearch = 0 ms. 
· If the target cell is known but the target Tx beam is unknown, then Tsearch = 8* Trs ms. 
· If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 24* Trs ms.
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