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Discussion
1 
Introduction 
In TS38.133[1] the SCell activation requirements can be defined as:

	8.3.2
SCell Activation Delay Requirement for Deactivated SCell

The requirements in this section shall apply for the UE configured with one downlink SCell in SCG.

The delay within which the UE shall be able to activate the deactivated SCell in SCG depends upon the specified conditions.

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 ] 

Where:

THARQ is the timing between DL data transmission and acknowledgement as specified in [7].  

Tactivation_time is the SCell activation delay. If the SCell is known and belongs to FR1, Tactivation_time is [TBD]. If the SCell is unknown and belongs to FR1, Tactivation_time is [TBD] provided the SCell can be successfully detected on the first attempt. If the SCell is known and belongs to FR2,Tactivation_time is [TBD]. If the SCell is unknown and belongs to FR2, Tactivation_time is [TBD] provided the SCell can be successfully detected on the first attempt.

TCSI_reporting is the delay uncertainty in acquiring the first available CSI reporting resources as specified in [2].

SCell is known if it has been meeting the following conditions:

-
[During the period equal to max([5] measCycleSCell,  [5] DRX cycles) for FR1 before the reception of the SCell activation command (the condition for FR2 case is FFS):

-
the UE has sent a valid measurement report for the SCell being activated and

-
the SCell being activated remains detectable according to the cell identification conditions specified in section TBD,]

-
SCell being activated also remains detectable during the SCell activation delay according to the cell identification conditions specified in section [TBD].

In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command specified in [2] for an SCG SCell at the first opportunities for the corresponding actions once the SCell is activated.

The PSCell interruption specified in section 8.2 shall not occur before slot n+[THARQ] and not occur after the timing as defined in section TBD of [3] (timing for secondary Cell activation/deactivation).

Starting from the slot specified in section [TBD] of [3] (timing for secondary Cell activation/deactivation) and until the UE has completed the SCell activation, the UE shall report out of range if the UE has available uplink resources to report CQI for the SCell.


As one of most important parameters of SCell activation requirements from RAN4 perspective, Tactivation_time is still open for the discussion. Therefore in this contribution we will provide some considerations on this parameter.

2 
Discussion 
Same as the requirement for LTE[2], Tactivation_time shall take into account the time for the procedures below particularly:

a) RF warm-up: for RF transceiver power-on especially the oscillator to generate the reference system clock active.
b) Synchronization acquisition 

c) AGC settling
d) Timing and frequency tracking loop (e.g. AFC) 

In the figure below, an example of NR SCell activation timing was illustrated.
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Figure 1. NR SCell activation timing

In principle the first step of NR Scell activation shall be the RF chain power-on and generation of the reference clock signal. Generally the jitter for the reference clock generation can be small enough to be ignored (e.g. <2ps). But an important aspect of RF front end for the wideband wireless system (e.g. LTE, NR, WiFi) is the reconfigurable LO (local oscillator) because of multiple RF frequency bands ranging from 500MHz to >6GHz bands. It is a very complex task to generate all local oscillator signals by a single oscillator directly. Thus in order to generate all required LO signals in the wide range (e.g. 0.1 ~6 GHz), a voltage-controlled oscillator (VCO) and PLL were used as typical frequency generation and synthesis techniques [3]. At same time, to make these systems efficient in terms of power consumption, the VCO and PLL tuning range still has to be large as possible to cover more frequency bands especially considering multiple bands operations. As a result, the tuning/re-turning time for LO will significantly contribute to the overall setup delay for the RF front-end. For example, the jitter time of LO can be less than 2ps [4] but for the lock time of LO synthesizer can be large as 30us [5]. As it is clear from the analysis above, we can conclude that
Observation 1: The duration for RF chain warm-up mainly relies on the time for RF LO tuning/re-tuning.
On the other hand, as in NR the operating frequency range of FR2 is larger than that of FR1, the time of RF chain setting up for them can be different. However it is feasible that the same RF tuning/re-tuning duration as defined in LTE measurement gap design [2] for both NR FR1 and FR2 scenarios. Hence we can propose:
Observation 2: The time of RF warming up when NR SCell activation can be less than 0.5ms for both FR1 and FR2.

Secondly, the synchronization for NR SCell activation shall be added for the unknown scenario only. Provided the single successful shot PSS/SSS detection, the duration of synchronization time can be simply specified as 1 SMTC periodicity. However, in case of the first SSB block assigned within a SMTC window, the first PSS/SSS symbol may be missed after the RF chain warming up as illustrated in the figure above. In order to eliminated such uncertainty and guarantee there is an available PSS/SSS symbol after RF power on, one more SMTC periodicity can be counted into the overall successful synchronization period. 
Observation 3: Given the SCell can be successfully detected on the first attempt, two SMTC windows can be enough for NR SCell synchronization.
Thirdly, for AGC and TF tracking loop operation it is highly depending on the implementation. To avoid the specific requirements, a typical implementation when SCell activating will be assumed, by which PSS symbol will be used for AGC and AFC. It is also noted that in LTE AGC for SCell activation need 4 CRS symbols [2]. However, as PSS symbols are not distributed over the whole system bandwidth as CRS symbols, the measurement samples for AGC estimation will be less in NR. That is AGC in NR may need more measurements symbols in the time domain to ensure the same accurate power gain estimation. Hence we can assume that more PSS symbols are necessary to make AGC and tracking loop converged to the stable state in NR in comparison with AGC operation in LTE. For example, 6 PSS symbols are feasible to obtain the steady AGC/AFC in NR SCell activation. 

Observation 4: The delay for AGC/AFC can be up to [6] SMTC periodicities.   

On the other hand, according to our understanding, the different requirements of SCell activation delay for FR1 and FR2 are necessary since the numerology of frame structure including the reference signal are different. That is the availability of PSS/SSS/DMRS symbols which can used for the synchronization and AGC/AFC tracking loop can much diverse. As a result the duration for SCell activation may be differentiated if the absolute time unit applied. However, as we explained above the time of SCell activation can be represented by SMTC periodicity, which depends on the numerologies of operating carrier frequency. It is possible to define a same Tactivation_time requirement for both FR1 and FR2.  

Proposal 1:  The SCell activation time requirements (Tactivation_time ) can be specified the same one with the unit of “SMTC periodicity”. 

In summary, with the observations above, it is safe to conclude that:

Proposal 2:  The SCell activation time requirements of NR can be:
	Tactivation_time
	SCell unknown
	SCell known

	FR1
	0.5ms + [2+6]*SMTC_period
	0.5ms+ [6]*SMTC_period

	FR2
	
	


3 Conclusion
In this contribution, our considerations on NR SCell activation delay requirements are provided and the following observations and proposals can be drawn: 
Observation 1: The duration for RF chain warm-up mainly relies on the time for RF LO tuning/re-tuning.
Observation 2: The time of RF warming up when NR SCell activation can be less than 0.5ms for both FR1 and FR2.
Observation 3: Given the SCell can be successfully detected on the first attempt, two SMTC windows can be enough for NR SCell synchronization.
Observation 4: The delay for AGC/AFC can be up to [6] SMTC periodicities.
Proposal 1:  The SCell activation time requirements (Tactivation_time ) can be specified the same one with the unit of “SMTC periodicity”.

Proposal 2:  The SCell activation time requirements of NR can be:

	Tactivation_time
	SCell unknown
	SCell known

	FR1
	0.5ms + [2+6]*SMTC_period
	0.5ms+ [6]*SMTC_period

	FR2
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