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Introduction
One of the objective of the NR RRM further enhancement requirements WI is to specify requirements for PUCCH SCell activation/deactivation. In last meeting RAN4 discussed and agreed on the open issues for defining the requirements. The open issues are agreed in the WF [3]. 
In this contribution we further analyze PUCCH SCell activation requirement for single SCell and deactivation requirements for 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 Figure 1: PUCCH SCell illustration

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.
Note: as we are discussing about the PUCCH SCell requirements, existing SCell requirements are referred as legacy PUCCH less SCell requirements for convenience.   
	Discussion
	PUCCH SCell activation with single SCell
Main difference between normal SCell activation and PUCCH SCell activation is at the end of PUCCH SCell activation, SCell should be ready to receive and transmit on PUCCH SCell. That means UE should complete the TA acquisition for the PUCCH SCell within PUCCH SCell activation window. According to RAN1/RAN2 procedure random access procedure on a SCell can only be initiated by a PDCCH order. The RAN2 specification (TS 38.321, clause 5.1.1) which points this principle is shown below.  
The Random Access procedure on an SCell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000
For gNB to initiate PDCCH order on SCell, gNB shall know the beam information of the SCell. Based on SCell known or unknown to the UE, gNB may or may not have beam information of the SCell.
In legacy SCell activation procedure, SCell activation procedure completion point is when UE transmits CSI report/CQI report to the gNB. In the legacy SCell activation, CSI report is transmitted on PCell. However in the case of PUCCH SCell activation, CSI report could be transmitted on SCell also. In last meeting there was no consensus on which cell the CSI report be transmitted. As discussed, couple of options discussed are:
· CSI reporting of SCell sent on PCell;  or
· CSI reporting of SCell sent on SCell

In our view, since CSI reporting is configurable on both PCell and SCell, we understand that both the options are feasible. We analyse the steps involved in PUCCH SCell procedure for both CSI reporting options to see feasibility from RAN4 point of view and thereby determine the ending point. We consider FR1 known SCell, FR1 unknown SCell, FR2 known SCell and FR2 unknown SCell for further discussion. Known cell and unknown cell definitions to be followed from the TS 38.133, clause 8.3.2.
	CSI reporting of SCell sent on PCell
Known SCell from FR1: Since gNB knows the SCell, gNB knows the beam information of the SCell. Hence, in this case gNB shall be able to initiate PDCCH order before CSI reporting. By the time of CSI reporting is completed, UE can acquire the TA command. 
Unknown SCell from FR1: In this case, SCell activation procedure does not include L1-RSPP or beam reporting, hence gNB may not know the beam information.  Since gNB do not know the beam information, gNB may not be able to initiate PDCCH order. However, in this case CSI reporting can be transmitted on PCell. 
Known SCell from FR2: In this case since gNB knows the beam information of the SCell. Hence in this case gNB shall be able to initiate PDCCH order before CSI reporting. By the time of CSI reporting is completed, UE can acquire the TA command. 
Unknown SCell from FR2: In this case, since the SCell activation procedure include L1-RSPP or beam reporting, gNB knows the beam information.  Since gNB knows about the beam information, gNB shall be able to initiate PDCCH order before sending the CSI report. However, in this case CSI reporting can be transmitted on PCell. 
Based on the above analysis, we can make following observations.
Observation 1: CSI reporting on PCell do not need TA acquisition to be completed for the SCell.
From the above analysis, we can observe that there is no problem seen for CSI reporting on PCell in PUCCH SCell activation. Now the question is what should be the ending point of PUCCH SCell activation? Whether it should be CSI reporting on PCell or TA acquisition on SCell? In our view, it is preferable to keep consistent ending point across legacy and PUCCH SCell activation if possible. Since CSI reporting on PCell and TA acquisition on SCell do not depend on each other, both of them can be ending points. However to keep consistent ending point across legacy and PUCCH SCell activation, we prefer CSI reporting on PCell as the ending point.  Which implies TA acquisition of SCell should be completed before CSI reporting on PCell as SCell should be ready to transmit on PUCCH SCell by end of PUCCH SCell activation. Based on this analysis we make following proposal.
Proposal 1: RAN4 to agree that CSI reporting can be transmitted on PCell for PUCCH SCell activation and TA acquisition should be performed before CSI reporting.   
For unknown SCell from FR1, gNB (PCell/SCell) cannot trigger PDCCH order for TA acquisition as best beam index is unknown at gNB. There could be two ways to solve this problem. 
1. Including L1-RSRP reporting as part of the SCell activation procedure.
2. Allowing UE to perform CBRA (it is CFRA for SCell as gNB indicates preamble in PDCCH order).
  Second method may have RAN1/RAN2 impact. Hence it may be easier if 1st method is adopted.
Proposal 2: For an unknown FR1 SCell activation where CSI reporting is transmitted on PCell, RAN4 to consider including L1-RSRP reporting as part of the SCell activation procedure. 
	CSI reporting of SCell sent on SCell
Known SCell from FR1: Since gNB knows the SCell, gNB (PCell/SCell) knows the beam information of the SCell. Hence, in this case gNB shall be able to initiate PDCCH order. However, in this case since the CSI reporting is to be transmitted on the SCell, UE shall obtain and apply the TA for the SCell before CSI report transmission. Further to transmit the CSI reporting, UE shall know the uplink spatial relation info. In this case, to complete PUCCH SCell activation, compared to legacy SCell activation, two more process are needed. 
· PDCCH order from the gNB 
· Followed by TA acquisition and application
· Uplink spatial relation info for PUCCH

Unknown SCell from FR1: Since gNB do know the SCell, gNB (PCell/SCell) do not knows the beam information of the SCell. Hence, in this case gNB may not be able to initiate the PDCCH order. Moreover, in this case since the CSI reporting is to be transmitted on the SCell, UE shall know the uplink spatial information and TA of the SCell. In this case, to complete PUCCH SCell activation, compared to legacy SCell activation, three more process are needed. 
· Beam (L1-RSRP) reporting to PCell
· PDCCH order from the gNB 
· Followed by TA acquisition and application
· Uplink spatial relation info for PUCCH

Known SCell from FR2: Since gNB knows the SCell, gNB (PCell/SCell) knows the beam information of the SCell. Hence, in this case gNB shall be able to initiate PDCCH order. Since the CSI reporting is to be transmitted on the SCell, UE shall obtain and apply the TA for the SCell before CSI report transmission. Further to transmit the CSI reporting, UE shall know the uplink spatial relation info. In this case, to complete PUCCH SCell activation, compared to legacy SCell activation, two more process are needed. 
· PDCCH order from the gNB 
· Followed by TA acquisition and application
· Uplink spatial relation info for PUCCH 

Unknown SCell from FR2: Since gNB do not knows the SCell, gNB (PCell/SCell) do not know the beam information of the SCell. However in this L1-RSRP procedure is included in the SCell activation timeline/procedure. Hence, in this case gNB shall be able to initiate PDCCH order after the L1-RSRP report is received from the UE. Since the CSI reporting is to be transmitted on the SCell, UE shall obtain and apply the TA for the SCell before CSI report transmission. Further to transmit the CSI reporting, UE shall know the uplink spatial relation info. In this case, to complete PUCCH SCell activation, compared to legacy SCell activation, two more process are needed. 
· PDCCH order from the gNB 
· Followed by TA acquisition and application
· Uplink spatial relation info for PUCCH 

From the above analysis we can observe that UE need to acquire TA report to send CSI report. For known SCell activation from FR1/2 and unknown SCell activation from FR2, gNB (PCell) can send PDCCH order to UE (and there by UE acquiring TA). Further gNB needs to send UL spatial relation info for PUCCH for these SCells. However, for unknown SCell activation from FR2 require beam report before gNB can send a PDCCH order. 
From the above analysis, we can observe that there is no problem seen for CSI reporting on SCell in PUCCH SCell activation and hence make following proposals.
Proposal 3: RAN4 to agree that CSI reporting can be transmitted on SCell for PUCCH SCell activation and TA acquisition should be performed before CSI reporting.   
Proposal 4: For an unknown FR1 SCell activation where CSI reporting is transmitted on SCell, RAN4 to consider including L1-RSRP/beam reporting as part of the SCell activation procedure. 
Proposal 5: For known/unknown FR1/2 SCell activation where CSI reporting is transmitted on SCell, RAN4 to agree that SCell activation procedure includes UL spatial relation info for PUCCH.  
	PUCCH SCell activation Delay 
As discussed in the previous section, UE need to know TA of the SCell and UL spatial relation info before transmitting CSI report. Further in some scenarios UE need to send the L1-RSRP report to gNB. 
From the above discussion we represent PUCCH SCell activation delay (TDelay_PUCCH_SCell) as:
TDelay_PUCCH_SCell=TBasic_SCell_activation_delay + TL1-RSRP + TTA_delay + TUL_spatial_relationInfo;
Where,
TBasic_SCell_activation_delay: SCell activation delay as described in clause 8.3.2 of TS 38.133;
TL1-RSRP: L1-RSRP measuring and reporting delay. This is zero for FR1/2 known SCells and FR2 unknown SCells;
TTA_delay: Delay required for TA command acquisition and application. Exact delay is FFS.
TUL_spatial_relationInfo: Delay uncertainty for receiving UL spatial relation info MAC CE and UL spatial relation info application delay. Exact delay is FFS. This is applicable only when CSI report of to be activated SCell is transmitted on SCell. 
From the above analysis we make following proposal.
Proposal 6: PUCCH SCell activation delay (TDelay_PUCCH_SCell) is defined as: TDelay_PUCCH_SCell=TBasic_SCell_activation_delay + TL1-RSRP + TTA_delay + TUL_spatial_relationInfo; where:
· TBasic_SCell_activation_delay is SCell activation delay as described in clause 8.3.2 of TS 38.133; 
· TL1-RSRP: L1-RSRP measuring and reporting delay. This is zero for FR1/2 known SCells and FR2 unknown SCells; 
· TTA_delay: Delay required for TA command acquisition and application. Exact delay is FFS; and
· TUL_spatial_relationInfo: Delay uncertainty for receiving UL spatial relation info MAC CE and UL spatial relation info application delay. Exact delay is FFS. This is applicable only when CSI report of to be activated SCell is transmitted on SCell.


In last meeting it was agreed that If TimeAlignmentTimer is not running then TA should be considered invalid and UE should acquire the TA by performing RACH procedure to PUCCH SCell. If the TimeAlignmentTimer is running, the TA is considered to be valid.

When TA is valid, UE do not have to perform RACH procedure and acquire the TA. Hence TTA_delay is considered to be zero. When TA is invalid, UE need to perform RACH procedure and acquire TA. The TA acquisition delay when TA invalid is discussed below.

TTA_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 7: RAN4 to agree that timing command acquisition and application delay (TTA_delay) when the TA is invalid is defined as: TTA_delay = T1 + T2 + T3; where, 
· 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.
	SCell Deactivation for Activated PUCCH SCell with multiple SCells
In last meeting deactivation requirements for single activated PUCCH SCell is agreed. 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 8: 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: RAN4 to agree that CSI reporting can be transmitted on PCell for PUCCH SCell activation and TA acquisition should be performed before CSI reporting.   
Proposal 2: For an unknown FR1 SCell activation where CSI reporting is transmitted on PCell, RAN4 to consider including L1-RSRP/beam reporting as part of the SCell activation procedure. 
Proposal 3: RAN4 to agree that CSI reporting can be transmitted on SCell for PUCCH SCell activation and TA acquisition should be performed before CSI reporting.   
Proposal 4: For an unknown FR1 SCell activation where CSI reporting is transmitted on SCell, RAN4 to consider including L1-RSRP/beam reporting as part of the SCell activation procedure. 
Proposal 5: For known/unknown FR1/2 SCell activation where CSI reporting is transmitted on SCell, RAN4 to agree that SCell activation procedure includes UL spatial relation info for PUCCH.  
Proposal 6: PUCCH SCell activation delay (TDelay_PUCCH_SCell) is defined as: TDelay_PUCCH_SCell=TBasic_SCell_activation_delay + TL1-RSRP + TTA_delay + TUL_spatial_relationInfo; where:
· TBasic_SCell_activation_delay is SCell activation delay as described in clause 8.3.2 of TS 38.133; 
· TL1-RSRP: L1-RSRP measuring and reporting delay. This is zero for FR1/2 known SCells and FR2 unknown SCells; 
· TTA_delay: Delay required for TA command acquisition and application. Exact delay is FFS; and
· TUL_spatial_relationInfo: Delay uncertainty for receiving UL spatial relation info MAC CE and UL spatial relation info application delay. Exact delay is FFS. This is applicable only when CSI report of to be activated SCell is transmitted on SCell.

Proposal 7: RAN4 to agree that timing command acquisition and application delay (TTA_delay) when the TA is invalid is defined as: TTA_delay = T1 + T2 + T3; where, 
· 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 8: 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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