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Introduction
During RAN#84 meeting, the Work Item (WI) was approved to specify the NR RRM enhancement requirements for R16 [1]. One of the objectives is to specify the RRM requirements of multiple SCell activation/deactivation in both FR1 and FR2 as indicated below. In this contribution, we are discussing the SCell activation and deactivation delay requirements for multiple SCell activation/deactivation.  
           (2) 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


SCell Activation and Deactivation Delay requirements with multiple SCells
The RRM requirement of SCell Activation and deactivation delay have been specified in [2], which applies for the UE configured with one downlink SCell and when one SCell is being activated. 
Multiple downlink SCells can be activated/deactivated in the same MAC control element (CE) or in the different MAC CE. As defined in [3], one SCell Activation/Deactivation MAC CE can indicate the activation/deactivation status of up to 7 configured SCells with one-octet MAC CE, or up to 31 configured SCells with four-octet MAC CE. The MAC entity is supposed to process the MAC CE by applying the activation/deactivation procedure for each configured SCell. Therefore, even if multiple SCells are activated/deactivated in the same MAC CE, the RRM requirement shall apply to each of the SCells in serial sequence. 
Proposal1: The RRM requirement shall apply to each of the SCells in serial sequence, even if multiple SCells are activated/deactivated in the same SCell Activation/Deactivation MAC CE.
SCell Activation Delay requirement for Deactivated SCell with multiple Downlink SCells
The single SCell activation delay requirement has been specified as cited below. For simplicity, we take it as the basic SCell activation delay requirement, Tactivation_basic. to facilitate the discussion with multiple SCells, i.e. Tactivation_basic = THARQ + Tactivation_time + TCSI_Reporting.
Upon receiving 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].
THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.321 [3].
Tactivation_time is the SCell activation delay. 
TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources as specified in TS 38.331 [4].




When multiple downlink SCells are considered, one SCell activation/deactivation or SCell addition/release may cause interruption to PCell, PScell and/or any other SCells. The cells being interrupted and the interruption requirements are defined in [2] respectively for EN-DC, NR SA, NE-DC, NR-DC scenarios. So the multiple SCell activation delay shall be discussed in different scenarios.
1) NR standalone carrier aggregation
In case of NR CA scenario, while a SCell is being activated, this SCell activation delay may be extended due to the interruptions from any other SCell activation, deactivation, configuration and/or deconfiguration. Similarly, as specified in [5], the delay extension can be counted as the interruption time multiplied by the number of interruptions while a SCell is being activated. That is, the SCell activation delay requirement (Tactivation_total) with multiple SCells can be defined as below. In an extreme case, if the UE does not receive any command to activate, deactivate or reconfigure any other SCell or PCell/PSCell during the SCell activation delay, the UE shall apply the basic single SCell activation delay requirements. As up to 7 SCells are configured, deconfigured, activated or deactivated when specifying the interruptions with standalone NR CA, the number of SCells shall be restricted to 7. 

Where
Tactivate_total is the total time to activate a SCell and is expressed in subframes.
Tactivate_basic is the basic single SCell activation delay specified in section 8.3.2 of [2];
Ki (0 ≤ Ki ≤ [3]) is the number of times the other ith SCell is activated, deactivated, configured or deconfigured while the SCell is being activated.
N (2≤N≤7) is the maximum number of SCells supported by the UE.
X1 is the maximum interruption time for any other SCell activation/deactivation/configuration/deconfiguration  
Proposal1: For standalone NR carrier aggregation, it is proposed to define the SCell activation delay requirements with multiple SCells as above.
2) EN-DC and NE-DC
For EN-DC and NE-DC, while a SCell is being activated, this SCell activation delay may be extended due to the interruptions from any other SCell activation, deactivation, configuration and/or deconfiguration, where the SCell could be one E-UTRAN SCell or one NR SCell. Following the same principle as in NR CA scenario, the SCell activation delay requirement (Tactivation_total) with multiple SCells in EN-DC/ NE-DC case can be defined as:

Where
Tactivate_total is the total time to activate a SCell and is expressed in subframes.
Tactivate_basic is the basic single SCell activation delay specified in section 8.3.2 of [2];
Ki (0 ≤ Ki ≤ [3]) is the number of times the other ith SCell is activated, deactivated, configured or deconfigured while the SCell is being activated.
N (2≤N≤13) is the maximum number of both SCells in MCG and SCells in SCG supported by the UE.
X2 is the maximum interruption time for any other SCell activation/deactivation/configuration/deconfiguration  
Proposal2: For EN-DC and NE-DC, it is proposed to define the SCell activation delay requirements with multiple SCells as above.
3) NR Dual Connectivity (DC)
For NR-DC, while a SCell is being activated, this SCell activation delay may be extended due to the interruptions from any other SCell activation, deactivation, configuration and/or deconfiguration, where the SCell could be one SCell in MCG or one SCell in SCG. The SCell activation delay requirement (Tactivation_total) with multiple SCells in NR-DC case can be defined as:

Where
Tactivate_total is the total time to activate a SCell and is expressed in subframes.
Tactivate_basic is the basic single SCell activation delay specified in section 8.3.2 of [2];
Ki (0 ≤ Ki ≤ [3]) is the number of times the other ith SCell is activated, deactivated, configured or deconfigured while the SCell is being activated.
N (2≤N≤Y) is the maximum number of SCells supported by the UE. Y is TBD as specified in section 8.2.4.1.
X3 is the maximum interruption time for any other SCell activation/deactivation/configuration/deconfiguration  
Proposal3: For NR-DC, it is proposed to define the SCell activation delay requirements with multiple SCells as above.
[bookmark: _Toc535475976]SCell Deactivation Delay Requirement for Activated SCell with multiple downlink SCells
The single SCell deactivation delay requirement has been specified as below. According to [3], the UE is supposed to stop respective timers and clear resources associated with the SCell upon receiving the SCell deactivation command. As such deactivation behaviours do not require any communication with the network, they would not be interrupted by any other SCell activation, deactivation or reconfiguration. Therefore, the SCell deactivation delay requirements with multiple downlink SCells remain the same with the single SCell deactivation relay requirements.     Upon receiving SCell deactivation command or upon expiry of the sCellDeactivationTimer in slot n, the UE shall accomplish the deactivation actions for the SCell being deactivated no later than in slot n+[THARQ +3ms ].

Proposal4: The SCell deactivation delay requirements with multiple downlink SCells remain the same with the single SCell deactivation relay requirements.
Conclusion
This contribution discussed the multiple SCell activation/deactivation delay requirements in NR CA, EN-DC/NE-DC and NR-DC respectively. The observations and proposals are summarized as below: 
Proposal1: For standalone NR carrier aggregation, it is proposed to define the SCell activation delay requirements with multiple SCells as:

Where
Tactivate_total is the total time to activate a SCell and is expressed in subframes.
Tactivate_basic is the basic single SCell activation delay specified in section 8.3.2 of [2];
Ki (0 ≤ Ki ≤ [3]) is the number of times the other ith SCell is activated, deactivated, configured or deconfigured while the SCell is being activated.
N (2≤N≤7) is the maximum number of SCells supported by the UE.
X1 is the maximum interruption time for any other SCell activation/deactivation/configuration/deconfiguration  
Proposal2: For EN-DC and NE-DC, it is proposed to define the SCell activation delay requirements with multiple SCells:


Where
Tactivate_total is the total time to activate a SCell and is expressed in subframes.
Tactivate_basic is the basic single SCell activation delay specified in section 8.3.2 of [2];
Ki (0 ≤ Ki ≤ [3]) is the number of times the other ith SCell is activated, deactivated, configured or deconfigured while the SCell is being activated.
N (2≤N≤13) is the maximum number of both SCells in MCG and SCells in SCG supported by the UE.
X2 is the maximum interruption time for any other SCell activation/deactivation/configuration/deconfiguration  
Proposal3: For NR-DC, it is proposed to define the SCell activation delay requirements with multiple SCells as:

Where
Tactivate_total is the total time to activate a SCell and is expressed in subframes.
Tactivate_basic is the basic single SCell activation delay specified in section 8.3.2 of [2];
Ki (0 ≤ Ki ≤ [3]) is the number of times the other ith SCell is activated, deactivated, configured or deconfigured while the SCell is being activated.
N (2≤N≤Y) is the maximum number of SCells supported by the UE. Y is TBD as specified in section 8.2.4.1.
X3 is the maximum interruption time for any other SCell activation/deactivation/configuration/deconfiguration  
Proposal4: The SCell deactivation delay requirements with multiple downlink SCells remain the same with the single SCell deactivation relay requirements.
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