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Introduction
RAN4 has been discussing the aspect of PSCell addition delay. Currently, RAN4 has defined the delay requirements for PSCell addition delay for known PSCell in FR1, while for a PSCell in FR2 the requirements were discussed in the Xi’an meeting with an agreed WF in [1]. 
In last RAN4 meeting in Xi’an, some very relaxed agreements seem to have been captured in 36.133 and 38.133 while ongoing discussion are still active. The agreements allow for PSCell addition delay which is same as (or very close to) the existing cell detection requirements in FR2.
Such an approach obviously seems too relaxed as for PSCell addition, the legacy approach is that it usually will be based on a UE measurement report including the potential PSCell measurements results. I.e. in typical cases the PSCell is already detected and measured and there is no need for additional cell detection. 
In this paper we analyse further PSCell known conditions based on the agreed WF [1]and the addition delays. 
Discussion
Current agreement e.g. in 36.133 is:
Tsearch is the time for AGC settling and PSS/SSS detection.
-	For NR PSCell in FR1: if the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 3* Trs ms;
-	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.
Where also the known PSCell definition only covers FR1 PSCell. Otherwise – i.e. for any FR2 PSCell – the PSCell is unknown.
In the WF from Xi’an following was agreed:
· Focus on Case 1 in Slide #3 (Fully known PSCell)
· Reuse the agreement for SCell activation on known/unknown conditions for Power Class 1
· FFS for UE supporting Power Class 2/3/4
Additionally, the WF captured:
· PSCell Delay in FR2 is defined similar as for FR1:
· From when PSCell is added
· Untill UE sends PRACH on PSCell
And it was also agreed to re-use the SCell activation delay as a baseline:
· PSCell is known if:
· If during the period equal to [X ms]:
· the UE has sent a valid measurement report for the cell, and
· measurement report includes Index
· the cell remains detectable according to the cell identification conditions
· The SSB measured during the period equal to [Y ms] also remains detectable during the PSCell addition delay according to the cell identification conditions specified in section 9.2 and 9.3.
Based on this there are two aspects to analyse and decide for the PSCell addition in an FR2 band:
1) Detailed conditions when the PSCell is defined as a known PSCell.
2) Detailed addition delay requirements for a known PSCell.
In the following sections we discuss each of the open issues.

FR2 Known PSCell conditions
As mentioned a WF[1] was agreed in Xi’an meeting to progress the work, while also some changes to the specification were agreed to 36.133 and 38.133. These changes though lead to long latencies and having unknown PSCell conditions for any FR2 PSCell added.
This is not reasonable based on the latest discussions and the SCell activation delay discussion. Looking at the detailed flow for adding a PSCell in figure 1, we see that the procedure is very similar to SCell activation except no activation command is needed and the final step is that UE accesses the PSCell with PRACH instead of sending valid CQI report to the PCell/PSCell.




Figure 1General illustration of Known PSCell addition.
The principle behind the known PSCell is that the PSCell to be added has been reported by the UE to the network within a given time period. In this case the Cell A with Index A is reported to the network. Once the UE reports Cell A with Index A to the network, time X starts. 
The network may then configure the UE with Cell A as PSCell. The PSCell configuration command is received by the UE, time X stops, and time Y starts. If at this point, the Cell A is still detectable, the condition for known PSCell is still fulfilled. 
If during time Y, the reported SSB, Index A of Cell A, is still detectable (according to sections 9.2 and 9.3) the condition for known PSCell remains fulfilled.
In this case, the UE can measure the DL reference signal of the PSCell based on the reported SSB with Index A. To enable the UE to validate whether the reported SSB with Index A is still detectable, the UE would need one occurrence of the SSB.
To enable the UE to validate whether the reported SSB with Index A is still detectable, the UE would need one occurrence of the SSB.
For FR1, RAN4 requirement is that the PSCell is known if the UE has sent valid measurement report for the PSCell, during the period equal to 5s before the reception of the PSCell configuration command. Additionally, the PSCell shall remain detectable during that time, i.e. one of the SSBs from the PSCell remains detectable according to the cell identification conditions specified in section 9.3.
A very similar set of conditions can be used for known FR2 PSCell condition. In fact, the PSCell (Cell A in figure 1) should in fact remain detectable during [X+Y] ms.
[bookmark: _Hlk7361700]For FR2 the conditions for a PSCell is that it remain detectable during [X+Y] ms.
Then additionally it would be necessary to add the conditions for reported SSB (Index). The condition for the reported SSB could be similar as for FR1. If focusing on case #1 this would mean that the SSBs reported by the UE, from NR PSCell being configured remains detectable during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3.
In figure 1 this means that the SSB should remain detectable during [Y]ms.
For FR2 the conditions for the known PSCell is that the SSB remains detectable during [Y] ms.
As the for actual values of X and Y it seems that the conditions for when the PSCell can be considered as known, X, would be the same as used for FR1 – i.e. using 5 seconds.
The conditions for known PSCell, X, when in an FR2 band is a 5 seconds period.
The conditions for when the SSB would be detectable, it would be enough if this period covers the actual PSCell addition time. I.e. when the UE has been configured with the PSCell and would need to perform PRACH. The value Y would be:
 The conditions for known SSB, Y, considering PSCell addition in an FR2 band is equal to the PSCell Addition Delay.
The PSCell addition Delay (and Y) is discussed in next section.

FR2 Known PSCell Addition Delay
Currently the NR PSCell addition delay – and Y - requirements is defined as:
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
Considering that most of the delays are independent from whether the PSCell is known or unknown, at least the parameter Tsearch would depend on whether the PSCell is known or unknown – as discussed in our paper in Xi’an [2].
It seems obvious that the UE would not need to perform cell detection for a known PSCell. Considering the known PSCell conditions, as proposed above, and focusing on case #1, where it is assumed that PSCell and SSB both remain detectable according to the cell identification conditions specified in section 9.3 during the period, it seems difficult to justify why Tsearch would be 24*TRS.
Tsearch could be less than 24*TRS for a known PSCell.
Such a requirement (24*TRS) for Tsearch would perhaps be suitable for an unknown PSCell addition where the UE would need to allowed time to perform a more thorough search.
For a known PSCell in FR2, assuming this most likely would be the first cell in the FR2 band, the Tsearch could be same as for an initial known SCell in an FR2 band – i.e. Tsearch = 0. However, next we look at each delay element in the PSCell addition delay:
TRRC_delay: Is not impacted by known/unknown PSCell.
Tprocessing: May not be impacted known/unknown PSCell.
Tsearch: Impacted by the known/unknown condition. For unknown Tsearch = 24*TRS. However, for known PSCell which is already detected and measured a lower number should be enough. As the PSCell most likely is the first cell in the FR2 band, and Tsearch includes AGC, the Tsearch could be 8*TRS if the SSB had changed. But, for case #1 Tsearch = 0 as the condition is that neither cell nor beam has changed during the PSCell addition time.
T∆: the time for fine time and frequency tracking for known PSCell can be as currently defined – 1*TRS. However, for an unknown PSCell where the UE is allowed a Tsearch = 24*TRS it can be assumed that the UE would also have done fine time and frequency tracking during this period of time. I.e. T∆ = 0 for an unknown PSCell.
TPSCell_ DU: is independent from known/unknown PSCell discussion.
Based on this discussion we propose:
Known PSCell addition delay = Y = Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms.
For known PSCell addition Tsearch = 0.
[bookmark: _GoBack]Other parameters than Tsearch would stay unchanged for known PSCell addition.

FR2 Unknown PSCell Addition Delay
As discussed above, our view is that the current PSCell addition delay requirement already covers the basic unknown PSCell requirement for the FR2 PSCell.

Generic FR2 PSCell Addition Delay requirements
The general PSCell addition delay requirement for an FR2 PSCell would then be expressed as follows:
Upon receiving NR PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards NR PSCell no later than in subframe n + Tconfig PSCell:
Where:
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
TRRC_delay is the RRC procedure delay as specified in [2].
Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms if NR PSCell is in FR1, Tprocessing = 40 ms if NR PSCell is in FR2.
Tsearch is the time for AGC settling and PSS/SSS detection.
· For NR PSCell in FR1: if the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 3* Trs ms;
· For NR PSCell in FR2: if the target cell is a known inter-frequency, Tsearch = 0 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 = 24* Trs ms.
T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = 1*Trs ms for a known PSCell and T∆ = 0 ms for an unknwon PSCell.
TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the NR PSCell. TPSCell_ DU is up to x*10 +10 ms. x is defined in the table 6.3.3.2-2 of [42].
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 PSCell addition message, 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 [5] ms. There is no requirements if the SSB transmission periodicity is not 5 ms.
In FR1 and 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.
In [3, 4] we have provided a draft CR capturing the generic proposals and conditions for the PSCell addition delay in an FR2 band.

Conclusion
Based on the WF [1] agreed in last meeting in Xi’an we analyse the known PSCell conditions and the related addition delay. Based on the analysis we propose conditions for known PSCell and the PSCell addition delay requirements for known PSCell. We propose:
1. For FR2 the conditions for a PSCell is that it remain detectable during [X+Y] ms.
1. For FR2 the conditions for the known PSCell is that the SSB remains detectable during [Y] ms.
1. The conditions for known PSCell, X+Y, when in an FR2 band is a 5 seconds period.
1. The conditions for known SSB, Y, considering PSCell addition in an FR2 band is equal to the PSCell Addition Delay.
1. Known PSCell addition delay = Y = Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms.
1. For known PSCell addition Tsearch = 0.
In [3, 4] we have provided a draft CR capturing the generic proposals and conditions for the PSCell addition delay the PSCell in an FR2 band. 
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