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During RAN4#86 it was agreed that PSCell addition, which carries and implicit activation in the command, shall reuse Tactivation_SCell from SCell activation. A WF [1] was agreed, stating the following:
PSCell addition delay 
· TPCell_ DU is not needed anymore in NR PSCell addition delay
· TSFN_acquisition in the PSCell addition delay equation is not needed, since it has already been covered by Tactivation
· PSCell addition delay requirements can be defined as:
Tconfig_PSCell = TRRC_delay + Tactivation_time + TPSCell_ DU
· 

In this contribution we are providing an analysis of time needed for PSCell addition.
Discussion
Addition of PSCell without UE Rx beam sweeping (FR1)
We have provided an analysis of SCell activation time in [2]. One difference between SCell addition and PSCell addition is that for the former, it is assumed that the PCell and SCell are in synchronous operation with respect to frame borders, meaning that the time difference between them is limited to at most ±30µs. The UE can exploit this when activating the SCell. Dual connectivity, however, comes in two flavours: synchronous and asynchronous operation with respect to both SFN and frame borders. In the former case, the procedure from SCell activation can be reused, but in the latter case, it depends on whether the PSCell is known or unknown to the UE, or particularly: if the UE already knows the timing of the associated SSB(s).
In case the PSCell is unknown at the time of addition, the UE does not know whether the PSCell is in synchronous operation with the PCell and thus will have to search over the whole SSB window plus the timing uncertainty of the SMTC relative to the PCell, ±0.5ms due to the granularity of SMTC, to find the PSCell. For this reason, we would like to allow the UE to use one additional SMTC period compared to the activation time of unknown SCell.
The PSCell addition sequence for unknown cell, comprised in Tactivation_time is essentially:
· Find proper gain setting for the carrier
· Detect the PSCell including timing, and adjust frequency
· Acquire MIB
The assumptions we make on the addition procedure for unknown cell are as follows.
· Finding proper gain setting: 3 SMTC periods
· Detecting the PSCell, including timing and frequency adjustments: [2] SMTC periods
· Acquiring MIB: [2] SMTC periods
In all we end up with a blind addition procedure that take at most [7] SMTC periods.
Proposal 1: PSCell addition time for blind addition is specified to Tactivation = [7] SMTC periods, comprising 3 SMTCs for initial gain setting, [2] SMTC periods for confirmation and timing correction to the PSCell, and [2] SMTC periods for MIB acquisition.

For the case where the cell is known from previous neighbour cell measurements, the UE already has already synchronized to the cell. Although this synchronization may not be perfect, we assume that it is good enough for the UE to handle potential frequency corrections digitally on received radio samples before decoding the MIB. 
The assumptions we make on the addition procedure for known cell are as follows.
· Adjusting gain: 1 SMTC period
· Acquiring MIB: [2] SMTC periods
Thus, we end up with a regular addition procedure that takes at most [3] SMTC periods. It shall be noted that here we do not make the same assumption as for SCell activation regarding that one sometimes can skip the gain adjustment. The reason is that for SCell activation, the SCell has been measured according to a configured measurement cycle – hence the network node knows the age of the gain state, whereas for PSCell addition the PSCell might have been measured as an inter-RAT or inter-frequency neighbor cell (depending on mode of operation), for which the precise measurement pattern is unknown to the network.  
Proposal 2: PSCell addition time for addition of known cell is specified to Tactivation = [3] SMTC periods, comprising 1 SMTC for adjusting gain, and 2 SMTCs for MIB reading.

Addition of PSCell with UE Rx beam sweeping (FR2)
When beam sweeping is employed by the UE, it may have an impact on the gain setting and cell detection times, but should not impact the MIB decoding times as at that point in time the UE has already detected which Rx beam to use.
Assuming that the UE is sweeping the Rx beams in NRXBS sets, the corresponding addition procedure for unknown PSCell will be: 
· Finding proper gain setting: NRXBS × 3 SMTC periods
· Detecting the PSCell, including timing and frequency adjustments: NRXBS × [2] SMTC periods
· Acquiring MIB: [2] SMTC periods
resulting in a blind addition time of NRXBS × [5]+[2] SMTC periods.
Proposal 3: When the UE is employing Rx beam sweeping, the PSCell addition time for blind addition is specified to Tactivation = NRXBS × [5]+[2] SMTC periods, comprising NRXBS × 3 SMTCs for initial gain setting, NRXBS× [2] SMTC periods for confirmation and timing correction to the PSCell, and [2] SMTC periods for MIB acquisition. The value of NRXBS is FFS.

Provision of additional signals (TRS)
Before analyzing activation times when e.g. TRS are present, some agreement on assumptions regarding TRS periodicity with respect to SMTC periodicity need to be reached.
Proposal 4: RAN4 shall agree on the TRS periodicity that can be assumed for TRS and SSB-based core requirements, if such requirements are to be specified.

Summary and Conclusions
In this contribution we have provided an analysis on PSCell addition times. The difference between PSCell addition and SCell activation is that for the latter, one can assume a certain frame boundary synchronization to the PCell (in the order of ±30µs), which cannot be assumed for PSCell. Hence, we are proposing allowing some additional time for the UE to complete the activation part of the PSCell addition compared to corresponding time for SCell activation. We have the following proposals:
Proposal 1: PSCell addition time for blind addition is specified to Tactivation = [7] SMTC periods, comprising 3 SMTCs for initial gain setting, [2] SMTC periods for confirmation and timing correction to the PSCell, and [2] SMTC periods for MIB acquisition.
Proposal 2: PSCell addition time for addition of known cell is specified to Tactivation = [3] SMTC periods, comprising 1 SMTC for adjusting gain, and 2 SMTCs for MIB reading.
Proposal 3: When the UE is employing Rx beam sweeping, the PSCell addition time for blind addition is specified to Tactivation = NRXBS×[5]+[2] SMTC periods, comprising NRXBS×3 SMTCs for initial gain setting, NRXBS× [2] SMTC periods for confirmation and timing correction to the PSCell, and [2] SMTC periods for MIB acquisition. The value of NRXBS is FFS.
Proposal 4: RAN4 shall agree on the TRS periodicity that can be assumed for TRS and SSB-based core requirements, if such requirements are to be specified.
A CR has been prepared for introduction of Tactivation_time values to 36.133 [3].
References
[1] [bookmark: _Ref503356144][bookmark: _Ref498420781][bookmark: _Ref485387765][bookmark: _Ref481738953]R4-1803505 “Way forward on PSCell addition delay and SCell activation delay”, CATT
[2] [bookmark: _Ref506048872]R4-1802433 “On SCell activation”, Ericsson
[3] [bookmark: _Ref506054967][bookmark: _Ref506054980]R4-1805092 “CR 36.133 NR PSCell addition delay”, Ericsson
[bookmark: _GoBack]



1

