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Introduction
In RAN4#98 meeting, the Rel17 work item of Further RRM enhancement for NR and MR-DC was discussed where some general principles were agreed on the PUCCH SCell activation and deactivation requirements. The way forward has been captured in [1]. In this paper, we are discussing the potential UE behavior options during PUCCH SCell activation and how to define the activation delay requirements accordingly.           
[bookmark: _Hlk66785421]UE behaviour during PUCCH SCell activation
In order to identify the components of activation delay, the UE behavior during PUCCH SCell activation was discussed when the beam information is concerned in NR. It was agreed to consider both scenarios where the CSI report of PUCCH SCell may be transmitted on either PCell or on PUCCH SCell to be activated. 
Issue 1-1-0: Whether CSI report of PUCCH SCell is transmitted on PCell or PUCCH SCell to be activated
· Further study the procedures for the following 2 scenarios
· CSI report of PUCCH SCell is transmitted on PUCCH PCell (first scenario)
· CSI report of PUCCH SCell is transmitted on PUCCH SCell to be activated (second scenario)
· FFS whether to define requirements for both cases.
Issue 1-1-4: Whether the beam information is needed for NW to initiate the RA for TA updating by a PDCCH order
· The beam information (SSB index) is needed for NW to initiate the PDCCH order to trigger RA
Issue 1-1-5: Whether the beam information of the PUCCH SCell being activated is needed to be indicated to NW
Issue 1-1-6: Whether the UL spatial relation should be considered for PUCCH SCell activation


We first check how the CSI report is transmitted at LTE PUCCH SCell activation. According to 3GPP TS 36.133 section 7.7.6 as below, the UE is required to be able to transmit valid CSI report on the PUCCH SCell within the activation delay requirement. As it is to be transmitted on the PUCCH SCell, it can happen only after completion of the random access procedure which would indicate the end of the PUCCH SCell activation. This corresponds to the second scenario above and the first scenario is not mentioned in LTE. 
Observation #1: In LTE PUCCH SCell activation, the UE is required to be able to transmit valid CSI report on the PUCCH SCell within the activation delay requirement. Only the second scenario is considered in LTE. 
If the UE has a valid TA for transmitting on an SCell then the UE shall be able to transmit valid CSI report and apply actions related to the SCell activation command as specified in [17] for the SCell being activated on the PUCCH SCell no later than in subframe n+Tactivate_basic
If the UE does not have a valid TA for transmitting on an SCell then the UE shall be capable to perform downlink actions related to the SCell activation command as specified in [17] for the SCell being activated on the PUCCH SCell no later than in subframe n+Tactivate_basic and shall be capable to perform uplink actions related to the SCell activation command as specified in [17] for the SCell being activated on the PUCCH SCell no later than in subframe n+Tdelay_PUCCH SCell and shall transmit valid CSI report for the SCell being activated on the PUCCH SCell no later than in subframe n+Tdelay_PUCCH SCell,

In NR, it is considered also possible to transmit the CSI report of PUCCH SCell on PCell i.e. the first scenario above. One reason is to indicate the beam information i.e. the SSB index for the network to initiate PDCCH order. As the beam information can be reported via L3 measurements or L1-RSRP for FR2 unknown SCell, the UE behavior may be different considering if the SCell is known or unknown, in FR1 or FR2. 
Case1: if the PUCCH SCell is in FR1
The UE in FR1 is assumed to receive in omni-directional manner in the similar way as in LTE and is able to receive the PDCCH order in any case. According to 3GPP TS 38.133, the requirements for unknown non-PUCCH SCell apply assuming TCI indication is provided in same MAC PDU with SCell activation, where how to determine the TCI indication is up to network implementation. In our views, the same assumption can be applied to PUCCH SCell activation. The UE is not required to indicate the beam information if the PUCCH SCell is in FR1, and hence can follow LTE PUCCH SCell activation procedure. Therefore, we propose following LTE PUCCH SCell activation if the PUCCH SCell is in FR1, hence the UE transmits CSI report of PUCCH SCell on the PUCCH SCell at the end of the activation.
The requirements for FR1 unknown SCell activation specified in this clause apply when one of the following conditions is met
-	 ‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or
-	 ‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation.


Proposal1: If the PUCCH SCell is in FR1, the UE is not required to indicate the beam information. The UE shall transmit CSI report of PUCCH SCell on the PUCCH SCell at the end of the activation.
Case2: if the PUCCH SCell is known in FR2
In general, an SCell is considered as known if the UE has sent a valid measurement report for the SCell being activated during a certain time period before reception of the activation command and the SSB measured remains detectable during the SCell activation delay. This condition applies to both FR1 and FR2 except for some details regarding to TCI indication. If the PUCCH SCell is known in FR2, the network is able to identify the beam to initiate the PDCCH order based on the received L3 measurement reports, hence the UE does not need to indicate the beam information during the activation period. Accordingly, the UE shall transmit CSI report of PUCCH SCell on the PUCCH SCell at the end of the activation. 
Proposal2: If the PUCCH SCell is known in FR2, the UE does not need to indicate the beam information during the activation period. The UE shall transmit CSI report on the PUCCH SCell at the end of the activation.  
Case3: if the PUCCH SCell is the first unknown SCell in one FR2 band
[bookmark: _GoBack]For the first unknown SCell in one FR2 band, beam sweeping has been assumed for cell detection which is required to activate the non-PUCCH SCell. As the UE assumes no valid L3 measurements results at the network,  it shall perform L1-RSRP measurement and send the explicit beam-specific measurement results via CSI reporting, with which the network is able to initiate the activation commands for PDCCH/PDSCH TCI, and semi-persistent/period CSI-RS for CQI reporting. 
Otherwise, the first SCell in FR2 band is unknown. The requirement for unknown SCell applies provided that the activation commands for PDCCH TCI, PDSCH TCI (when applicable), semi-persistent CSI-RS for CQI reporting (when applicable), and configuration message for TCI of periodic CSI-RS for CQI reporting (when applicable) are based on the latest valid L1-RSRP reporting.


Such explicit indication of beam information is also expected for PUCCH SCell activation. However, the uplink resources for CSI reporting in PUCCH SCell would not be available until the uplink timing is acquired via RACH procedure. The UE has to rely on PCell to indicate the beam information which helps network decide the beam for initiating the PDCCH order. Therefore, the UE needs to transmit a valid CSI report of PUCCH SCell on the PCell before network initiating the PDCCH order.    
Proposal3: If the PUCCH SCell is unknown in FR2, the UE may need to indicate the beam information before network can initiate the PDCCH order. The UE may need to transmit a valid CSI report of PUCCH SCell on the PCell before network initiating the PDCCH order.
If the proposals are agreeable, the question comes if it is feasible to transmit the CSI report of PUCCH SCell on the “PUCCH PCell” as indicated in the WF. It is understood PUCCH for one SCell can be configured on either PCell or PUCCH SCell. When the SCell is configured with PUCCH by RRC, we wonder if the UE can also use the PUCCH in PCell. In any case, the feasibility and solutions of transmitting CSI report of PUCCH SCell on the PCell needs to be discussed. As this seems fitting more in RAN2 scope, it is proposed to send LS to RAN1/RAN2 asking for the answers. 
Proposal4: If RAN4 agrees to send beam information on PCell, we propose sending LS to RAN1/2 asking for the feasibility and potential solutions of transmitting CSI report of PUCCH SCell on the PCell. 
SCell activation delay for deactivated PUCCH SCell
In RAN4#98e meeting, the SCell activation delay was initially discussed. It was agreed to differentiate the valid TA case from invalid TA case, but how to define the activation delay requirements for each case were not concluded. With the discussion on the necessity of beam information indication, the activation delay needs to be revisited.      
Issue 1-2-1: The condition that TA of target PUCCH SCell is valid
· A TA is considered to be valid provided that the TimeAlignmentTimer associated with the TAG containing the PUCCH SCell is running. 
Issue 1-2-3: Compared to valid case, whether the NR PUCCH SCell activation delay requirements should be relaxed for invalid TA case
· Compared to valid TA case, additional delay is needed for the NR PUCCH SCell activation delay requirements with invalid TA.  


If the UE has a valid TA
In LTE, the SCell activation delay requirement for deactivated PUCCH SCell has been defined in 3GPP TS 36.133 section 7.7.6. According to it, if the UE has a valid TA for transmitting on the PUCCH SCell, random access procedure is not needed. The UE can transmit the CSI report on the PUCCH SCell after the downlink actions are activated. The activation delay for activating the PUCCH SCell remains the same as the single SCell activation delay Tactivate_basic. 
For PUCCH SCell activation in NR, the same principle can be applied. With the valid TA, the UE is able to transmit the CSI report on PUCCH SCell hence the activation delay requirement is the same as the activation delay for activating a non-PUCCH SCell.
Proposal5: If the UE has a valid TA for transmitting on the PUCCH SCell in NR, the activation delay requirement is the same as the activation delay for activating a non-PUCCH SCell i.e. Tactivation_time as defined in TS 38.133 section 8.3.2. 
If the UE does not have a valid TA
If the UE does not have a valid TA for transmitting on the PUCCH SCell in LTE, the activation delay is discussed for the downlink and uplink actions separately. The downlink actions related to the SCell activation command can be performed no later than the single activation delay Tactivate_basic as they are not impacted by the uplink timing. But the uplink actions are possible only after the UE has acquired the TA and is able to transmit a valid CSI reporting. Thus the activation delay for uplink actions in PUCCH SCell is further extended by taking into account the random access procedure to acquire the TA and the time to apply the TA for uplink transmission i.e. T1+T2+T3. It is reasonable to follow the same principles in NR to define the activation delay for downlink and uplink actions separately if the UE does not have a valid TA. 
Proposal6: If the UE does not have a valid TA for transmitting on the PUCCH SCell in NR, the activation delay shall be defined for downlink and uplink actions separately.  
If the UE does not have a valid TA for transmitting on an SCell then the UE shall be capable to perform downlink actions related to the SCell activation command as specified in [17] for the SCell being activated on the PUCCH SCell no later than in subframe n+Tactivate_basic and shall be capable to perform uplink actions related to the SCell activation command as specified in [17] for the SCell being activated on the PUCCH SCell no later than in subframe n+Tdelay_PUCCH SCell and shall transmit valid CSI report for the SCell being activated on the PUCCH SCell no later than in subframe n+Tdelay_PUCCH SCell, where:
Tdelay_PUCCH SCell = Tactivate_basic + T1 + T2 + T3
Where:
-	T1 is the delay uncertainty in acquiring the first available PRACH occasion in the PUCCH SCell. T1 is up to 25 subframes and the actual value of T1 shall depend upon the PRACH configuration used in the PUCCH SCell.
-	T2 is the delay for obtaining a valid TA command for the sTAG to which the SCell configured with PUCCH belongs. T2 is up to 13 subframes.
-	T3 is the delay for applying the received TA for uplink transmission. T3 is 6 subframes.


In NR, the SCell activation delay requirement is much more refined than in LTE. In particular, the time periods for HARQ (THARQ) and CSI reporting (TCSI_reporting) are separated from the time used for SCell activation (Tactivation_time). As the CSI reporting requires the valid UL TA, the downlink action should not be deferred by the CSI reporting and thus can be performed immediately after Tactivation_time. Therefore, if the UE does not have a valid TA for transmitting on an SCell, the UE shall be capable to perform downlink actions related to the SCell activation command for the SCell being activated on the PUCCH SCell no later than in slot . 
  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  , where:
	THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]
	Tactivation_time is the SCell activation delay in millisecond. 
TCSI_reporting is the delay (in ms) 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 [2].

Proposal7: If the UE does not have a valid TA for transmitting on an SCell, the UE shall be capable to perform downlink actions related to the SCell activation command for the SCell being activated on the PUCCH SCell no later than in slot .
For the uplink actions, the activation delay requirement is further extended because of the random access procedure to acquire the valid TA. In LTE, the additional delay i.e. T1+T2+T3 is added on top of the basic activation delay requirement for the single downlink SCell. The assumption behind is that the CSI measurements and reporting is performed after completion of the RACH procedure and they are processed in sequence. However, the CSI report may be sent previously on PCell e.g in FR2 unknown case as discussed before. Thus the CSI report in the end of activation seems not necessary. Even if it needs to be sent again on PUCCH SCell, the CSI measurements are performed by monitoring the reference signals and can be done as long as the downlink synchronization is acquired. Hence the UE can already start the CSI measurements after activation of downlink actions and the CSI reporting can be processed in parallel with the RACH procedure. In some cases, the UE may have the CSI measurement results ready before RACH completion and be able to transmit the CSI reporting at the first available CSI reporting resources after RACH. In order to speed up the SCell activation, the activation delay requirement for PUCCH SCell shall be defined assuming no dedicated time period for CSI measurements and reporting. 
Proposal8: The activation delay requirement for PUCCH SCell shall be defined assuming no dedicated time period for CSI measurements and reporting.
If the UE can expect available downlink CSI reference resources within the time period for RACH and applying the TA, it will transmit valid CSI report immediately after the RACH completion thus the delay for CSI reporting can be saved in the SCell activation delay requirement. The activation delay considering the uplink actions can be defined as: the UE shall be capable to transmit valid CSI report and apply uplink actions related to the activation command for the SCell being activated on the PUCCH SCell no later than in slot  , where TRACH is the delay to perform RACH procedure and apply the TA. In case beam information needs to be transmitted, we shall discuss if the SCell activation delay shall be extended.  
Proposal9:  If the UE does not have a valid TA for transmitting on an SCell, the UE shall be capable to perform uplink actions related to the SCell activation command for the SCell being activated on the PUCCH SCell no later than in slot , where TRACH is the delay to perform RACH procedure and apply the TA.
Conclusion
This contribution discussed the SCell activation and deactivation delay requirement for PUCCH SCell based on the requirements defined in LTE. In our views, the same principles can be adopted in NR, and some adaptations are proposed to align with the SCell activation delay requirements in NR. The proposals are summarized as below:    
Observation #1: In LTE PUCCH SCell activation, the UE is required to be able to transmit valid CSI report on the PUCCH SCell within the activation delay requirement. Only the second scenario is considered in LTE. 
Proposal1: If the PUCCH SCell is in FR1, the UE is not required to indicate the beam information. The UE shall transmit CSI report of PUCCH SCell on the PUCCH SCell at the end of the activation.
Proposal2: If the PUCCH SCell is known in FR2, the UE does not need to indicate the beam information during the activation period. The UE shall transmit CSI report on the PUCCH SCell at the end of the activation.  
Proposal3: If the PUCCH SCell is unknown in FR2, the UE may need to indicate the beam information before network can initiate the PDCCH order. The UE may need to transmit a valid CSI report of PUCCH SCell on the PCell before network initiating the PDCCH order.
Proposal4: If RAN4 agrees to send beam information on PCell, we propose sending LS to RAN1/2 asking for the feasibility and potential solutions of transmitting CSI report of PUCCH SCell on the PCell. 
Proposal5: If the UE has a valid TA for transmitting on the PUCCH SCell in NR, the activation delay requirement is the same as the activation delay for activating a non-PUCCH SCell i.e. Tactivation_time as defined in TS 38.133 section 8.3.2. 
Proposal6: If the UE does not have a valid TA for transmitting on the PUCCH SCell in NR, the activation delay shall be defined for downlink and uplink actions separately.  
Proposal7: If the UE does not have a valid TA for transmitting on an SCell, the UE shall be capable to perform downlink actions related to the SCell activation command for the SCell being activated on the PUCCH SCell no later than in slot .
Proposal8: The activation delay requirement for PUCCH SCell shall be defined assuming no dedicated time period for CSI measurements and reporting.
Proposal9:  If the UE does not have a valid TA for transmitting on an SCell, the UE shall be capable to perform uplink actions related to the SCell activation command for the SCell being activated on the PUCCH SCell no later than in slot , where TRACH is the delay to perform RACH procedure and apply the TA.
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