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Introduction
In RAN#89-e new WI [3], NR RRM further enhancement requirements for Rel-17 is agreed. One of the objective of the WI is to specify requirements for PUCCH SCell activation/deactivation. The objective [3] related to PUCCH SCell activation/deactivation is described below for reference.
PUCCH SCell activation/deactivation [RAN4]
· Specify SCell Activation Delay Requirement for Deactivated PUCCH SCell (including valid TA and invalid TA)
· Specify SCell Activation Delay Requirement for Deactivated PUCCH SCell with Multiple SCells (including valid TA and invalid TA)
· Specify SCell Deactivation Delay Requirement for Activated PUCCH SCell
· Specify SCell Deactivation Delay Requirement for Activated PUCCH SCell with Multiple SCells.
 In this contribution we analyze the requirements for PUCCH SCell activation/deactivation for single and multiple SCells. 
Background
 Carrier Aggregation enhancements introduced in earlier releases includes PUCCH grouping to avoid the overload of single carrier’s PUCCH channel. The PUCCH grouping is illustrated in figure 1. As shown in figure 1, Uplink Control Information (UCI) corresponding to the cells under primary cell group are carried over PUCCH of the PCell and UCI corresponding to the cells under secondary PUCCH group are carried over PUCCH of PUCCH SCell. As NR supports SCell activation/deactivation based on the data requirements of the UE, activation/deactivation of PUCCH SCell also supported. In the next section we discuss about the difference of PUCCH SCell activation/deactivation w.r.t NR SCell activation or deactivation to derive the requirements for PUCCH SCell activation/deactivation.Figure 1: PUCCH SCell illustration

Note: as we are discussing about the PUCCH SCell requirements, existing SCell requirements are referred as normal/PUCCH less SCell requirements for convenience.   
	Discussion
	PUCCH SCell activation with single SCell
In our understanding, the difference between (normal/PUCCH less) SCell activation and PUCCH SCell activation is as follows.
Normal/PUCCH less SCell: 
· Start point: SCell activation command on PCell using MAC CE or RRCReconfiguration (for direct SCell activation)
· Completion point: CSI reporting on PCell 

PUCCH SCell:
· Start point: SCell activation command on PCell using MAC CE or RRCReconfiguration (for direct SCell activation)
· Completion point: CSI reporting on SCell 

In case of PUCCH SCell activation, UE shall be able to transmit CSI report on PUCCH of the SCell upon SCell activation completion. To transmit CSI report on PUCCH SCell, UE should know the Timing Advance (TA) for the PUCCH SCell within the PUCCH SCell activation completion window. In some scenarios, UE may already know the TA of the PUCCH SCell and in some other scenarios UE may not know the TA for the PUCCH SCell. If UE do not know the TA for the PUCCH SCell, UE should acquire and apply the TA within the PUCCH SCell activation completion. That means PUCCH SCell activation shall include TA acquisition and application delay.
Observation 1: PUCCH SCell activation delay requirement shall consider TA command acquisition and application time.
Form observation 1, we can observe that PUCCH SCell activation delay is a sum of PUCCH less SCell activation delay and TA command acquisition and application delay. Therefore we can represent PUCCH SCell activation delay (TDelay_PUCCH_SCell) as:
TDelay_PUCCH_SCell=TBasic_SCell_activation_delay + TTA_delay;
Where,
TBasic_SCell_activation_delay: SCell activation delay as described in clause 8.3.2 of TS 38.133
TTA_delay: Delay required for TA command acquisition and application.
From the above analysis we make following proposal.
Proposal 1: PUCCH SCell activation delay (TDelay_PUCCH_SCell) is defined as: TDelay_PUCCH_SCell = TBasic_SCell_activation_delay + TTA_delay; where, TBasic_SCell_activation_delay is SCell activation delay as described in clause 8.3.2 of TS 38.133; and TTA_delay is delay required for TA command acquisition and application.
As discussed above, UE may know the TA for SCell. Though UE may know the TA, based on some other factors TA may be valid or invalid at PUCCH SCell activation. Further we can observe that delay required for TA command acquisition and application depends on whether TA is valid or invalid for the PUCCH SCell. Since both are valid cases, and also as specified in the objective of the WID, RAN4 shall specify requirements for both TA valid and TA invalid case.

As a first step of defining requirements, in our view, RAN4 shall first agree on the definition of valid TA and invalid TA. 
Similar to the LTE, we can define the TA valid or invalid based on whether TimeAlignmentTimer associated with the Timing Advance Group (TAG) containing the PUCCH SCell is running or not. If the TimeAlignmentTimer is running, TA is considered valid for PUCCH SCell. If TimeAlignmentTimer is not running then TA should be considered invalid and UE should acquire the TA by performing RACH procedure to PUCCH SCell. 

From the above analysis we make following proposal.

Proposal 2: If TimeAlignmentTimer is running for the TAG containing the PUCCH SCell, TA is considered valid. If TimeAlignmentTimer is not running for the TAG containing the PUCCH SCell, TA is considered invalid.

PUCCH SCell activation delay when the TA is valid:
TA acquisition and application delay when TA is valid can be considered as zero as the TA is already known and it is valid. Therefore, TDelay_PUCCH_SCell = TBasic_SCell_activation_delay; where, TBasic_SCell_activation_delay is SCell activation delay as described in clause 8.3.2 of TS 38.133.
From the above analysis we make following proposal.
Proposal 3: PUCCH SCell activation delay (TDelay_PUCCH_SCell) when the TA is valid is defined as: TDelay_PUCCH_SCell = TBasic_SCell_activation_delay; where, TBasic_SCell_activation_delay is SCell activation delay as described in clause 8.3.2 of TS 38.133.
PUCCH SCell activation delay when the TA is invalid:
In our understanding, similar to LTE, TA acquisition and application delay (TTA_delay) when TA is invalid is T1+T2+T3; where:
T1: delay uncertainty in acquiring next available PRACH occasion in the PUCCH SCell; and 
T2: delay for obtaining a valid TA command for the TAG to which the SCell configured with PUCCH belongs; and
T3: delay for applying the received TA for uplink transmission.
From the above analysis, we make following proposal.
Proposal 4: PUCCH SCell activation delay (TDelay_PUCCH_SCell) when the TA is valid is defined as: TDelay_PUCCH_SCell = TBasic_SCell_activation_delay + T1 + T2 + T3; where, 
· TBasic_SCell_activation_delay is SCell activation delay as described in clause 8.3.2 of TS 38.133; 
· T1: delay uncertainty in acquiring next available PRACH occasion in the PUCCH SCell; 
· T2: delay for obtaining a valid TA command for the TAG to which the SCell configured with PUCCH belongs;
· T3: delay for applying the received TA for uplink transmission.
  	PUCCH SCell activation with multiple SCell
In our understanding difference between PUCCH SCell activation with single SCell and PUCCH SCell activation with multiple SCell is the Basic SCell activation delay corresponding to Single SCell and multiple SCell. Therefore PUCCH SCell activation with multiple SCell can be represented as 
TDelay_PUCCH_SCell=TBasic_SCell_activation_delay + TTA_delay;
Where,
TBasic_SCell_activation_delay: SCell activation delay as described in clause 8.3.7 of TS 38.133
TTA_delay: Delay required for TA command acquisition and application.
TTA_delay is same for single SCell activation and multiple SCell activation case. Upon agreement on TTA_delay, PUCCH SCell activation requirements for multiple SCells should be straightforward. Therefore, we feel that RAN4 can consider completing single SCell scenario first before discussing PUCCH SCell activation with multiple SCell scenario.
Proposal 5: RAN4 to define requirements for PUCCH SCell activation with multiple SCell after requirements for PUCCH SCell activation with single SCell are completed.   
	SCell Deactivation for Activated PUCCH SCell
In our understanding there is no difference in SCell deactivation procedure of PUCCH less SCell or PUCCH SCell. Hence we feel that same requirements for PUCCH less SCell as specified in clause 8.3.3 of TS 38.133 [1] can be reused for PUCCH SCell deactivation.
Based on the above understanding, we make following proposal.
Proposal 6: RAN 4 to reuse the SCell deactivation requirement of clause 8.3.3 for SCell Deactivation requirements of Activated PUCCH SCell.
	SCell Deactivation for Activated PUCCH SCell with multiple SCells
In our understanding there is no difference in SCell deactivation procedure of PUCCH less SCell with multiple SCells or PUCCH SCell with multiple SCells. Hence we feel that same requirements for PUCCH less SCell with multiple SCells as specified in clause 8.3.8 of TS 38.133 [1] can be reused for deactivation of PUCCH SCell with multiple SCells.
Based on above understanding, we make following proposal.
Proposal 7: RAN 4 to reuse the SCell deactivation requirement of clause 8.3.8 for SCell Deactivation requirements of Activated PUCCH SCell with multiple SCells.
	Conclusion
In this contribution we have discussed PUCCH SCell activation and deactivation requirements for single and multiple SCells and made the following proposals:
Proposal 1: PUCCH SCell activation delay (TDelay_PUCCH_SCell) is defined as: TDelay_PUCCH_SCell = TBasic_SCell_activation_delay + TTA_delay; where, TBasic_SCell_activation_delay is SCell activation delay as described in clause 8.3.2 of TS 38.133; and TTA_delay is delay required for TA command acquisition and application.

Proposal 2: If TimeAlignmentTimer is running for the TAG containing the PUCCH SCell, TA is considered valid. If TimeAlignmentTimer is not running for the TAG containing the PUCCH SCell, TA is considered invalid.

Proposal 3: PUCCH SCell activation delay (TDelay_PUCCH_SCell) when the TA is valid is defined as: TDelay_PUCCH_SCell = TBasic_SCell_activation_delay; where, TBasic_SCell_activation_delay is SCell activation delay as described in clause 8.3.2 of TS 38.133.

Proposal 4: PUCCH SCell activation delay (TDelay_PUCCH_SCell) when the TA is valid is defined as: TDelay_PUCCH_SCell = TBasic_SCell_activation_delay + T1 + T2 + T3; where, 
· TBasic_SCell_activation_delay is SCell activation delay as described in clause 8.3.2 of TS 38.133; 
· T1: delay uncertainty in acquiring next available PRACH occasion in the PUCCH SCell; 
· T2: delay for obtaining a valid TA command for the TAG to which the SCell configured with PUCCH belongs;
· T3: delay for applying the received TA for uplink transmission.

Proposal 5: RAN4 to define requirements for PUCCH SCell activation with multiple SCell after requirements for PUCCH SCell activation with single SCell are completed.  
 
Proposal 6: RAN 4 to reuse the SCell deactivation requirement of clause 8.3.3 for SCell Deactivation requirements of Activated PUCCH SCell.

Proposal 7: RAN 4 to reuse the SCell deactivation requirement of clause 8.3.8 for SCell Deactivation requirements of Activated PUCCH SCell with multiple SCells.
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