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1 Introduction
In RAN plenary #84 meeting, it agrees on the new work item: NR RRM enhancement in R16. A subtopic is multiple SCell activation/deactivation in both FR1 and FR2.
	(1) RRM requirements of multiple Scell activation/deactivation in both FR1 and FR2
· Scell activation and deactivation delay and interruption requirements for multiple SCell activation/deactivation in FR1, and FR2, and FR1+FR2
·  the corresponding delay requirements for both FR1 and FR2 should be power class agnostic


In this paper, we will discuss the impact on multiple SCell activation and deactivation delay and interruption.
2 HARQ feedback Impact
In legacy LTE, UE don’t need to further consider other SCell’s HARQ feedback colliding with target SCell’s RF switch on and AGC retuning because the CRSs which are used for AGC retuning are transmitted in every subframe. However, in NR, the SSB would be used for AGC retuning. Once target SCell’s RF switch on time is colliding with the other SCell’s HARQ feedback, the UE will lose the chance to retune its AGC by current SSB and will have to wait next available SSB occasion. Thus, the target SCell’s activation delay should be extended with TSMTC_max. 
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Figure 1: Other SCell’s HARQ feedback colliding with target SCell’s RF switch on
[bookmark: _Ref20395178]Observation 1: HARQ feedback’s priority is higher than SCell RF switch on.
[bookmark: _Ref20395193]Proposal 1: Target SCell’s activation delay should be extended with TSMTC_max when HARQ feedback in other SCell activation is colliding with RF switch on in target SCell activation. 
3 Interruption Impact
In legacy LTE, the delay requirement of multiple SCell activation is only extended due to the interruption in target SCell because of always-on CRS. In NR, owing to the SMTC structure, UE has to wait the new SSB when the SSB is colliding with other SCell’s interruption time. Thus, not only the interruption time but also the SMTC periodicities needs to be considered in multiple NR SCell activation. At first, we’ll discuss other SCells’ interruption impact in FR1 only. After that, we can extend the conclusion further into FR2 only and FR1+FR2 scenarios. In the following, we consider 2 SCells being activated as the example. The concept can be generalized to the case witl more SCells being activated. 
3.1. FR1 only
In FR1 only, two different scenarios need to be considered as follow.
· Multiple Intra-band SCell activation
· Multiple Inter-band SCell activation
3.1.1. Multiple Intra-band SCell activation
In current NR SCell activation, at first UE needs to wait SMTC_max which is the longest SMTC periodicity among active serving cells and the SCell being activated. After that, UE needs wait the target SCell’s SMTC periodicity for cell search and time tracking. Thus, UE needs to differentiate the following two cases for target SCell activation.
Scenario 1: The 2nd SCell’s activation command is received between the reception of 1st SCell activation command and the first SMTC_max occasion
Case 1:
When the 2nd SCell’s SMTC periodicity is equal to or smaller than current SMTC_max, the SMTC_max value won’t need to update and the 1st SCell will still switch on its RF at the time after SMTC_max. Thus, there is no impact to the activation delay of 1st SCell. 
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Figure 2: 2nd SCell’s SMTC periodicity smaller than current SMTC_max
Case 2:
When 2nd SCell’s SMTC periodicity is larger than current SMTC_max, the SMTC_max had to be updated. The 1st SCell’s activation RF switch on time will be postponed based on the new SMTC_max occasion. 
[image: ]Figure 3: 2nd SCell’s SMTC periodicity larger than current SMTC_max
[bookmark: _Ref20395197]Proposal 2: When the activation command of the 2nd SCell in the same band is received between the reception of the 1st SCell activation command and the first SMTC_max,
Case 1: There is no impact to the 1st SCell’s activation delay when the 2nd SCell’s SMTC periodicity is equal to or smaller than current SMTC_max.
Case 2: The 1st SCell’s activation delay will be extended to next SMTC_max when the 2nd SCell’s SMTC periodicity is larger than current SMTC_max. 
At the same time, the SMTC_max definition of the 2nd activated SCell in the same band should also be updated. TSMTC_MAX is the longer SMTC periodicity between active serving cells and all SCells being activated provided the cell specific reference signals from the active serving cells and the SCells being activated are available in the same slot.
[bookmark: _Ref20395200]Proposal 3: The SMTC_max definition of the 2nd SCell in the same band could be impacted by the former SCells being activated. 
Scenario 2: The 2nd SCell activation command is received after the reception of the 1st SCell activation command plus TSMTC_max
The time that 2nd SCell’s SSB for AGC retuning will collide the 1st SCell’s SSB when 2nd SCell activation command is received after the reception of the 1st SCell’s activation command plus TSMTC_max. In this scenario, the 1st SCell’s activation delay will be extended with a TSMTC_SCell plus the interruption duration. 
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Figure 4: 2nd SCell activation command is received after 1st SCell’s RF switch on
[bookmark: _Ref20395203]Proposal 4: When the SCell activation command of the 2nd SCell in the same band is received after the reception of 1st SCell’s activation command plus TSMTC_max, the 1st SCell’s activation delay will be extended with TSMTC_SCell plus the interruption duration. 
3.1.2. Multiple Inter-band SCell activation
In NR inter-band CA scenario, all serving cells share the same frame boundary and MRTD is 33us in FR1. The interruption caused by the 2nd SCell’s activation could always be properly arranged by UE to avoid colliding with 1st SCell’s SSB. At the same time, the AGC for inter-band SCells could be retuned separately. Thus, there is no impact to 1st SCell in this scenario.
[bookmark: _Ref20395183]Observation 2: The interruption caused by the 2nd SCell’s activation could always be properly arranged by UE to avoid colliding with 1st SCell’s SSB.
[bookmark: _Ref20395207]Proposal 5: There is no impact to existing SCell activation delay when multiple inter-band NR SCells being activated are in the same cell group.
In NR-DC scenario, there is no any timing restriction between the SSBs of 2nd SCell and target SCell’s SSBs. The SMTC offset of the 2nd SCell could be not aligned with the 1st SCell’s SMTC offset. The interruption caused by the 2nd SCell could collide with the first SSB, or the other SSB, or SSB post processing time of the 1st SCell.
Case A: The interruption caused by the 2nd SCell in a different band is colliding with first available SSB of 1st SCell being activated (corresponding to SMTC_max)
Owing to the interruption caused by 2nd SCell is colliding with the 1st SCell’s first available SSB which is used for AGC retuning. It means the 1st SCell should wait another TSMTC_max to retune its AGC. The activation delay of the 1st SCell should be extended with TSMTC_max.
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Figure 5: The interruption caused by 2nd SCell activation is colliding with 1st SCell’s SSB for AGC retuning
Case B: The interruption caused by the 2nd SCell is colliding with other SSB of the 1st SCell being activated (corresponding to SMTC_SCell)
This case is similar as the intra-band scenario 2. The 1st SCell activation delay should be extended with TSMTC_SCell.
Case C: The interruption caused by the 2nd SCell is colliding with processing time of 1st SCell being activated 
For the 1st SCell, the activation delay is only extended by the interruption duration.
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Figure 6: The interruption caused by the 2nd SCell is colliding with the 1st SCell’s post processing time
[bookmark: _Ref20395210]Proposal 6: When other inter-band SCells activation command is configured in NR-DC,
Case 1: The 1st SCell’s activation delay will be extended with TSMTC_max when the interruption caused by the 2nd SCell is colliding with the first available SSB of the target SCell being activated.
Case 2: The 1st SCell’s activation delay will be extended with TSMTC_SCell when the interruption caused by the 2nd SCell is colliding with the SSB except the first available SSB of the 1st SCell being activated. 
Case 3: The 1st SCell’s activation delay will be extended with interruption duration only when the interruption caused by the 2nd SCell is colliding with the processing time of the 1st SCell being activated except the SSB occasion time.
3.1.3. Interruption Duration
In NR interruption requirement, SCell addition/release and SCell activation/deactivation define two different requirements because RF retuning and RF switch on time is different. To simplify the requirements for multiple SCell activation, it’s better to follow LTE’s idea: using the worst interruption duration in the requirements. It’s not necessary to differentiate SCell addition/release or SCell activation/deactivation. The additional 1ms+ interruption duration (defined in SCell addition/release) will be added in the activation delay of the 1st SCell.
[bookmark: _Ref20395213]Proposal 7: To simplify the requirements of multiple SCell activation, it’s not necessary to differentiate SCell addition/release or SCell activation/deactivation activities. The additional 1ms+ interruption duration (defined in SCell addition/release) will be added in the activation delay of the 1st SCell.  
3.1.4. FR2 only
In intra-band FR2 scenario, the extended rule of target SCell’s activation time could follow on the analysis of FR1 only above. However, in inter-band FR2 scenario, we should wait RAN4 RF session’s discussion on whether Rx beam could be shared or independent between each band.
[bookmark: _Ref20395216]Proposal 8: The extended rule of target SCell’s activation time could follow on the rule of FR1 only in intra-band FR2 scenario; we should wait RAN4 RF session’s discussion on whether Rx beam could be shared or independent between each band in inter-band FR2 scenario.
3.1.5. FR1+FR2
From our view, there is no much difference between FR1+FR2 and FR1 only scenario. Only per-FR gap capability should be noticed. When UE supports per-FR gap, the UE only considers the time extension caused on the same frequency range as the target SCell.
[bookmark: _Ref20395219]Proposal 9: When UE supports per-FR gap, the UE only considers the time extension caused on the same frequency range as the target SCell. 
4 Summary
In this paper, we propose the multiple SCell activation requirement for NR.
Observation 1: HARQ feedback’s priority is higher than SCell RF switch on.
Observation 2: The interruption caused by the 2nd SCell’s activation could always be properly arranged by UE to avoid colliding with 1st SCell’s SSB
Proposal 1: Target SCell’s activation delay should be extended with TSMTC_max when HARQ feedback in other SCell activation is colliding with RF switch on in target SCell activation.
Proposal 2: When the activation command of the 2nd SCell in the same band is received between the reception of the 1st SCell activation command and the first SMTC_max,
Case 1: There is no impact to the 1st SCell’s activation delay when the 2nd SCell’s SMTC periodicity is equal to or smaller than current SMTC_max.
Case 2: The 1st SCell’s activation delay will be extended to next SMTC_max when the 2nd SCell’s SMTC periodicity is larger than current SMTC_max. 
Proposal 3: The SMTC_max definition of the 2nd SCell in the same band could be impacted by the former SCells being activated.
Proposal 4: When the SCell activation command of the 2nd SCell in the same band is received after the reception of 1st SCell’s activation command plus TSMTC_max, the 1st SCell’s activation delay will be extended with TSMTC_SCell plus the interruption duration.
Proposal 5: There is no impact to existing SCell activation delay when multiple inter-band NR SCells being activated are in the same cell group.
Proposal 6: When other inter-band SCells activation command is configured in NR-DC,
Case 1: The 1st SCell’s activation delay will be extended with TSMTC_max when the interruption caused by the 2nd SCell is colliding with the first available SSB of the target SCell being activated.
Case 2: The 1st SCell’s activation delay will be extended with TSMTC_SCell when the interruption caused by the 2nd SCell is colliding with the SSB except the first available SSB of the 1st SCell being activated. 
[bookmark: _GoBack]Case 3: The 1st SCell’s activation delay will be extended with interruption duration only when the interruption caused by the 2nd SCell is colliding with the processing time of the 1st SCell being activated except the SSB occasion time.
Proposal 7: To simplify the requirements of multiple SCell activation, it’s not necessary to differentiate SCell addition/release or SCell activation/deactivation activities. The additional 1ms+ interruption duration (defined in SCell addition/release) will be added in the activation delay of the 1st SCell. 
Proposal 8: The extended rule of target SCell’s activation time could follow on the rule of FR1 only in intra-band FR2 scenario; we should wait RAN4 RF session’s discussion on whether Rx beam could be shared or independent between each band in inter-band FR2 scenario.
Proposal 9: When UE supports per-FR gap, the UE only considers the time extension caused on the same frequency range as the target SCell.
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