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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
SCell activation times were discussed during RAN4-AH-1801, but without reaching any conclusion. The main discussion concerned the time needed for AGC before the UE is able to estimate CSI. A way forward was agreed [1], where AGC settling time and PSS/SSS and CSI acquisitions are to be studied.· Background: it was agreed in RAN4#85 that “Upon receiving SCG SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n+ [THARQ + Tactivation_time + TCSI_Reporting ] ”
· Tactivation_time is consisted of 
· RF warm up excluding AGC settling: TBD and independent of SCS
· AGC settling: N1 SMTC periods for known and N2 SMTC periods for unknown cells
· PSS/SSS and SSB index acquiring: 
· X1 SMTC periods for known cell
· X2 SMTC period for unknown cell
· X1 and X2 will be decided by RAN4#86
· Side condition: SINR ≥ -3dB
· Activation time for activation of multiple SCells; No. of SCells is FFS 

In this contribution we are providing an analysis of the time needed for AGC settling as well as for CSI acquisition.
Discussion
Aspects related to SSB location
In carrier aggregation the timing difference between corresponding frame borders may amount up to ±30µs between PCell and SCell. Hence even before the UE has detected the SCell, it has a good idea about where to find the SCell timing-wise, as the ±30µs corresponds to ±0.5, ±1, ±2, and ±4 OFDM symbols for SCS of 15, 30, 60, and 120kHz, respectively.
[bookmark: _Hlk505849521][bookmark: _Hlk505849130]The SMTC periodicity and position of the SSB(s) associated with the SCell are given by RRC signaling of ssb-PositionsInBurst which is part of the ServingCellConfigCommon IE provided at the addition of the SCell.
[bookmark: _Hlk505849919]The SMTC offset is given by RRC signaling of SSB-MeasurementTimingConfiguration which is part of the MeasObjectNR IE.
Observation 1: In case of blind SCell addition or blind SCell activation, i.e. blind SCell addition followed by activation before the UE has detected the SCell, the UE anyway has a good idea of where, timing-wise, to find the SCell. In case of regular SCell addition or SCell activation, the UE already knows the timing of the SCell.
Aspects related to SCC Gain Control
When the UE is tuning in to the SCC the first time, it has to determine the general signal levels on the carrier, in order to set the LNA to an operating point where saturation of the received signal is avoided. There are also other amplifiers in the RF circuitry, such as VGA(s) and digital gain (bit shifting) that are used to condition the signal before and after the ADC, and whose initial settings can be determined once the LNA setting has been fixed. If choosing too high amplification in the LNA, the received signal will be saturated resulting in distortion and interference. If choosing too low amplification in the LNA, the received signal will have to be amplified more by the VGA(s) by which more noise will result.
LNAs usually have 2-3 fixed operating points for different ranges of signal levels. A typical procedure in LTE to determine which out of 3 LNA settings to use, and initial VGA setting, comprises 3 RSSI measurements during a subframe that contains CRS. Starting at a mid gain LNA setting, a series of RSSI measurements is conducted. Each RSSI measurement in the series measures the power over about ½ OFDM symbol to avoid measurements where only a fraction of the energy carried by the CRS is captured (adjacent symbols may be empty). The series of RSSI measurements spans a time interval that corresponds to the uncertainty in timing on where to find the OFDM symbol that carries CRS. Based on the maximum RSSI value, the UE determines whether the signal is saturated, too poorly amplified, or whether the LNA setting is acceptable. If too poorly amplified, a new series of measurements is carried out with a higher LNA setting; if saturated, with a lower LNA setting. After two measurements (about one LTE slot) the UE has found an acceptable LNA setting, and can determine VGA setting, DC offset compensation, et cetera, in a third measurement. The initial gain setting therefore consumes about one subframe of time, and thereafter, gain is controlled via AGC using feedback from both RSSI measurements and baseband measurements (RSRP).
Observation 2: Initial gain setting comprises up to 3 series of RSSI measurements over time intervals where it is known that signals will be present.
Observation 3: At blind SCell addition or blind SCell activation, the UE needs to perform an initial gain search, comprising three measurement occasions, and where depending on numerology, each occasion may require measurements over a full SSB  
Observation 4: Once the UE has detected the SCell, the UE does not have to go through initial gain search again. Instead, gain control is based on maintaining a good gain state using AGC.
Aspects related to Detection and Timing of the SCell
The UE can tune timing and frequency to the SCell using any known signal. In case of fully SSB-based solution, the UE may conduct a matched filtering over ±30us to detect SSS and determine the timing of the SCell. It may additionally confirm the existence of the SCell by estimating SINR based directly on the matched filtering (filter output, residual).
In case the SCell has been measured before, the UE can instead confirm existence of the SCell and adjust the timing by determining a PDP for SSS or DMRS.
Observation 5: There is no need to detect PSS at SCell addition or SCell activation. Instead the UE can use knowledge of the SCell and confirm the presence of the cell using known and locally unique signals, e.g. SSS or DMRS, and determine timing corrections based on these signals.
Aspects related to Frequency Tuning to the SCell
Frequency tuning to the SCell can be determined from any known and locally unique signals, such as e.g. SSS and DMRS. In case the SCell has already been measured, frequency tuning can be carried out at the same time as determining timing corrections.
Aspects related to CSI measurement
The CSI measurement essentially comprises determining the SINR of a known signal. In case of significant errors in gain setting, timing and/or frequency tuning, the estimated SINR and thereby the measured CSI, will be degraded. The more recently the SCell was measured last time, the more accurate gain, timing and frequency will be.
In LTE it was specified that the UE shall report a valid CSI i.e. a CSI that was not set to zero, within some time frame. The validity of the initially reported CSI is however not tested, and it would anyway be difficult to do so without OLLA to determine the UE-specific bias in the CSI reporting. Base station implementations are taking this into account, and a slight inaccuracy initially from the optimum CSI has no system impact. What matters is the quality of the CSI reporting when OLLA has kicked in. A non-zero CSI indicates to the base station that the UE is ready to be scheduled in the SCell. The base station – at this point without knowledge of the UE specific bias of the CSI reporting – will use OLLA to find the optimum MCS over time. It is therefore more important that the initial non-zero CSI report arrives early, than that it is fully accurate. Hence some degradation of the initial CSI report is acceptable, if it leads to that the UE can be scheduled earlier.
Observation 6: The base station does not know the UE-specific bias in the CSI reporting when the initial CSI report upon SCell activation is received. It takes OLLA to determine this bias. Hence a slight degradation of the initially reported CSI will not have system impact.
Observation 7: Provided that there are no significant errors in gain, timing and/or frequency tuning, and the SCell has been measured recently, CSI can be measured at the same time as determining gain, timing and frequency corrections.
Proposals
Based on the discussion above, we propose the following in order to allow the network to be able to schedule the UE on the SCell in a timely manner.
Proposal 1: SCell activation time requirement is differentiated for the following cases:
· Blind activation (unknown cell)
· Regular activation (known cell) where measurement cycle of deactivated SCell exceeds [160]ms
· Regular activation (known cell) where measurement cycle of deactivated SCell is equal to or less than [160]ms
Proposal 2: SCell activation time for blind activation is specified to Tactivation = 6 SMTC + 1 subframe, comprising 3 SMTCs for initial gain setting, 1 SMTC for confirmation and timing correction to the SCell, and 1 SMTC for fine-tuning of gain, timing, and frequency and 1 SMTC for CSI measurement.
Proposal 3: SCell activation time for regular activation, where deactivated SCell has been measured with a measurement cycle exceeding [160] ms, is specified to Tactivation = 2 SMTC + 1 subframe, comprising 1 SMTC for fine-tuning of gain, timing and frequency offset, and 1 SMTC for CSI measurements 
Proposal 4: SCell activation time for regular activation, where deactivated SCell has been measured with a measurement cycle of up to and including [160]ms, is specified to Tactivation = 1 SMTC + 1 subframe, which is used for CSI measurement directly.
The additional subframe is to cover the reception time of SSB as well as the post-processing of CSI.
Summary and Conclusions
In this contribution we have analysed the operation carried out at SCell activation. We have made the following observations.
Observation 1: In case of blind SCell addition or blind SCell activation, i.e. blind SCell addition followed by activation before the UE has detected the SCell, the UE anyway has a good idea of where, timing-wise, to find the SCell. In case of regular SCell addition or SCell activation, the UE already knows the timing of the SCell.
Observation 2: Initial gain setting comprises up to 3 series of RSSI measurements over time intervals where it is known that signals will be present.
Observation 3: At blind SCell addition or blind SCell activation, the UE needs to perform an initial gain search, comprising three measurement occasions, and where depending on numerology, each occasion may require measurements over a full SSB  
Observation 4: Once the UE has detected the SCell, the UE does not have to go through initial gain search again. Instead, gain control is based on maintaining a good gain state using AGC.
Observation 5: There is no need to detect PSS at SCell addition or SCell activation. Instead the UE can use knowledge of the SCell and confirm the presence of the cell using known and locally unique signals, e.g. SSS or DMRS, and determine timing corrections based on these signals.
Observation 6: The base station does not know the UE-specific bias in the CSI reporting when the initial CSI report upon SCell activation is received. It takes OLLA to determine this bias. Hence a slight degradation of the initially reported CSI will not have system impact.
Observation 7: Provided that there are no significant errors in gain, timing and/or frequency tuning, and the SCell has been measured recently, CSI can be measured at the same time as determining gain, timing and frequency corrections.
Based on the analysis, we put forward the following proposals.
Proposal 1: SCell activation time requirement is differentiated for the following cases:
· Blind activation (unknown cell)
· Regular activation (known cell) where measurement cycle of deactivated SCell exceeds [160]ms
· Regular activation (known cell) where measurement cycle of deactivated SCell is equal to or less than [160]ms
Proposal 2: SCell activation time for blind activation is specified to Tactivation = 6 SMTC + 1 subframe, comprising 3 SMTCs for initial gain setting, 1 SMTC for confirmation and timing correction to the SCell, and 1 SMTC for fine-tuning of gain, timing, and frequency and 1 SMTC for CSI measurement.
Proposal 3: SCell activation time for regular activation, where deactivated SCell has been measured with a measurement cycle exceeding [160] ms, is specified to Tactivation = 2 SMTC + 1 subframe, comprising 1 SMTC for fine-tuning of gain, timing and frequency offset, and 1 SMTC for CSI measurements.
Proposal 4: SCell activation time for regular activation, where deactivated SCell has been measured with a measurement cycle of up to and including [160]ms, is specified to Tactivation = 1 SMTC + 1 subframe, which is used for CSI measurement directly.
A CR for 38.133 [2], as well as an LS to RAN2 [3] informing RAN2 about essential information at SCell addition, have been prepared.
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