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1. Introduction
In RAN4#86 meeting, RAN4 had extensive discussion on SCell known condition and activation delay requirements, and a WF [1] was agreed on PSCell addition delay and SCell activation delay requirements, the related agreement was captured as follows:
	SCell known condition
· In SSB based SCell activation requirements, SCell in FR1 can be considered as known without MIB reading, known with MIB reading and unknown by considering 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 UE has sent a valid measurement report 
· the SCell being activated is indicated as a synchronous cell or the UE has already decoded MIB of the target SCell 
· 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].
· How to define the conditions for SCell known without MIB reading and SCell known with MIB reading is FFS 
SCell activation delay
· Activation delay requirement will be different for case whether UE has to decode PBCH 
· Further study SSB based activation delay requirement Tactivation_time 
· 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 provided that PSS/SSS detection and MIB reading are not needed
· X2 SMTC period for known cell provided that MIB reading is needed
· X3 SMTC period for unknown cell provided that PSS/SSS detection and MIB reading are needed 
· X1, X2 and X3 will be decided by RAN4#86bis 
· RAN4 to study the improvement on Tactivation_time  delay if network configure additional reference signals e.g. TRS
(*) Different N1 values depending on quality of gain state information is to be investigated.


 In this contribution, we further discuss the SCell known conditions and the related values for SCell activation delay requirements. 
2. Discussion
2.1	SCell known condition
In last RAN4 meeting, we discussed that the condition of known cell shall make sure UEs have the full timing information. It means UE has to send the valid measurement report with the corresponding SSB index. Thus, for the SCell being activated, there will be 3 different states as follows:
1. SCell known without MIB reading, 
2. SCell known with MIB reading,
3. Unknown.     
And we have the following proposal on the side conditions.
Proposal 1:  In SSB based SCell activation requirements, SCell in FR1 can be considered as known without MIB reading by considering 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 UE has sent a valid measurement report, and 
· the UE has sent SSB index or the SCell being activated is indicated as a synchronous cell, 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].
And the SCell in FR1 can be considered as known with MIB reading by considering 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 UE has sent a valid measurement report, 
· 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].
Otherwise, the SCell in FR1 can be considered as unknown.
2.2	SCell activation delay
Similar to LTE, the NR SCell activation is consisted of the following procedure delay:
1. HARQ feedback delay
2. Interruption due to RF retuning and AGC settling 
3. CQI reporting delay
In this section, we provide the analysis on each part of delay.
THARQ
In RAN1, HARQ processing time was discussed and agreed in RAN1#92 meeting. The UE processing time and HARQ feedback timing is defined as in table 1.
Table 1: UE processing time and HARQ timing (Capability #1)
	Configuration
	HARQ Timing 
Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	8
	10
	17
	20

	Front-loaded + additional DMRS
	N1
	Symbols
	13
	13
	20
	24

	Frequency-first RE-mapping
	N21
	Symbols
	10
	12
	23
	36



As we can be observed from this table, NR supports different UE processing time and HARQ timing. And for the HARQ timing for PDSCH-to-HARQ, it defines in 36.213 one DCI field is used to indicate one timing value from RRC indication. The detailed value k1 will be specified in 38.331(DL-data-DL-acknowledgement).
Proposal 2: The HARQ feedback delay is defined as k1, which shall refer to TS38.331.
Interruption delay due to RF retuning and AGC settling
RF retuning related to SCell activation/deactivation is expected to be performed after HARQ feedback. The interruption delay due to RF adjustment can be the same RF retuning duration as defined in NR measurement gap design for FR1 and FR2 scenario. Hence, we propose the RF adjustment for FR1 and FR2 can be 0.5ms.
Proposal 3: The interruption delay due to RF tuning/retuning for SCell activation/deactivation can be 0.5ms.
Once the RF adjustment is accomplished, UE is expected to receive SSB to perform AGC settling. According to RAN1’s agreement, AGC estimation can be based on TRS configured by network. However, from RAN4’s perspective, some simulation work is expected to see how many samples of TRS can archive good performance for AGC settling as well as fine timing tracking. Considering the timeline of Rel-15, we propose that SCell activation/deactivation delay requirements are defined based on SSB.
Proposal 4: SCell activation and deactivation delay requirements are defined based on SSB in Rel-15.
In case there is no TRS available, AGC settling should be estimated based on SSB. According to the analysis in [2], UE would need 1 SSB for AGC settling. Thus, the delay for AGC should be up to 1 SMTC periodicity, Therefore, the AGC adjustment delay could be 1 SMTC periodicity.
Proposal 5: The interruption delay due to AGC adjustment for SCell activation/deactivation can be 1 SMTC periodicity.
Proposal 6: The interruption delay due to RF tuning/retuning and AGC adjustment for SCell activation/deactivation can be 0.5ms + 1 SMTC periodicity.
CQI reporting delay
CQI reporting delay is consisted of PSS/SSS detection, PBCH decoding and finer timing tracking. As we discussed in section 2.1, SCell in FR1 can be considered as known without MIB reading, known with MIB reading and unknown. For SCell known without MIB reading, it is no need to perform PSS/SSS detection and PBCH decoding. UE could directly perform finer timing tracking based on SSB to feedback CQI reporting. For NR, UE can finish finer timing tracking within 2 SMTC durations. Thus, the CQI reporting delay for SCell known without MIB reading could be 2*SMTC periodicity.
For SCell known with MIB reading, UE need to decode PBCH to acquire the half frame timing information for performing CQI reporting. As the discussion on PBCH index acquisition time in [2], PBCH decoding delay would be 2 SMTC for FR1 in SNR = -3dB. Considering the finer timing tracking delay, the CQI reporting delay could be 4*SMTC periodicity.
For SCell unknown, UE need to detect PSS/SSS signal for synchronization as well as decode PBCH to acquire the half frame timing information for performing CQI reporting. According to our simulation results, 1 SMTC is needed under the condition SNR = -3dB. Considering the PBCH decoding delay and finer timing tracking delay, the CQI reporting delay could be 5*SMTC periodicity.
Proposal 7: When the SCell being activated is known without MIB reading, the CQI reporting delay for SCell activation/deactivation can be 2*SMTC periodicity, when the SCell being activated is known with MIB reading, the CQI reporting delay for SCell activation/deactivation can be 4*SMTC periodicity, and when the SCell being activated is unknown, the CQI reporting delay for SCell activation/deactivation can be 5*SMTC periodicity.
In summary, the SCell activation delay can be expressed in the function as follows:
Proposal 8: the SCell activation delay can be
For known SCell without MIB reading: Tactivation_delay = THARQ + TInterruption + TCQI_reporting = k1+0.5ms+3*SMTC periodicity
For known SCell with MIB reading: Tactivation_delay = THARQ + TInterruption + TCQI_reporting = k1+0.5ms+5*SMTC periodicity
For unknown SCell: Tactivation_delay = THARQ + TInterruption + TCQI_reporting = k1+0.5ms+6*SMTC periodicity
3. Conclusion
In this contribution, we further the SCell known conditions and the related values for SCell activation delay requirements, and provide the proposals as follows:
Proposal 1:  In SSB based SCell activation requirements, SCell in FR1 can be considered as known without MIB reading by considering 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 UE has sent a valid measurement report, 
· the UE has sent SSB index or the SCell being activated is indicated as a synchronous cell,
· 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].
And the SCell in FR1 can be considered as known with MIB reading by considering 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 UE has sent a valid measurement report, 
· 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].
Otherwise, the SCell in FR1 can be considered as unknown.
Proposal 2: The HARQ feedback delay is defined as k1, which shall refer to TS38.331.
Proposal 3: The interruption delay due to RF tuning/retuning for SCell activation/deactivation can be 0.5ms.
Proposal 4: SCell activation and deactivation delay requirements are defined based on SSB in Rel-15.
Proposal 5: The interruption delay due to AGC adjustment for SCell activation/deactivation can be 1 SMTC periodicity.
Proposal 6: The interruption delay due to RF tuning/retuning and AGC adjustment for SCell activation/deactivation can be 0.5ms + 1 SMTC periodicity.
Proposal 7: When the SCell being activated is known without MIB reading, the CQI reporting delay for SCell activation/deactivation can be 2*SMTC periodicity, when the SCell being activated is known with MIB reading, the CQI reporting delay for SCell activation/deactivation can be 4*SMTC periodicity, and when the SCell being activated is unknown, the CQI reporting delay for SCell activation/deactivation can be 5*SMTC periodicity.
Proposal 8: the SCell activation delay can be
For known SCell without MIB reading: Tactivation_delay = THARQ + TInterruption + TCQI_reporting = k1+0.5ms+3*SMTC periodicity
For known SCell with MIB reading: Tactivation_delay = THARQ + TInterruption + TCQI_reporting = k1+0.5ms+5*SMTC periodicity
For unknown SCell: Tactivation_delay = THARQ + TInterruption + TCQI_reporting = k1+0.5ms+6*SMTC periodicity
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