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Introduction
During RAN4#92 meeting, a Way Forward on RRM requirements for NR-U was approved which captured the impact of NR-U carriers in PCell, PSCell, and Scell on existing core requirements [1]. Regarding to SCell activation delay, the following has been agreed. In this paper, we are discussing the SCell Activation and Deactivation delay requirements.  
           · The SCell activation delay in NR-U needs to be extended by accounting for the number of missed SSBs at the UE due to DL LBT failures during Tactivation_time and TCSI_reporting
· The maximum acceptable number of missed SSBs due to LBT is TBD
· The known SCell definition needs to be updated for NR-U
· The SCell activation delay needs to be further extended, by the time reflecting the number of UL LBT failures, if the UE needs to perform UL LBT prior to sending ACK 
 

SCell Activation Delay requirement for NR-U
In NR Rel-15, the SCell activation command delay is calculated from the slot n in which the UE receives the command until the UE shall be capable of transmitting a valid CSI report and apply actions related to the activation command. This delay should be no later than: n+ [THARQ + Tactivation_time + TCSI_Reporting], In NR-U, as agreed in last RAN 4 meeting, it needs to be modified to account for the number of missing SSBs at the UE due to the DL LBT failure. Below, we discuss the THARQ ,Tactivation_time and TCSI_Reporting.
As agreed in the Way Forward, the SCell activation delay shall account for the number of missed SSBs at the UE due to DL LBT failures. In [2] it was proposed that the processing time in NR-U is also extended to allow for an uncertainty of the DRS occasion in which the DRS is received within the DMTC, as in LAA. Following this approach, it is proposed that:
To define the Tactivation_time in NR-U as:
Tactivation_time is the SCell activation delay in carrier frequencies with CCA 
If the SCell is known and belongs to FR1, Tactivation_time is:
-	[5ms + TDMTC_duration_SCell + (1+L)*TDMTC_SCell, if the SCell measurement cycle is equal to or smaller than [160ms].
-	[TDMTC_MAX + (1+L)*TDMTC_SCell + 5ms + TDMTC_duration_SCell], if the SCell measurement cycle is larger than [160s].
If the SCell is unknown and belongs to FR1, Tactivation_time_NR-U is:
-	[TDMTC_MAX+ 5ms + TDMTC_duration_SCell + (1+L)*TDMTC_SCell] provided the SCell can be successfully detected on the first attempt 

If the SCell is unknown and belongs to FR1, Tactivation_time is:
-	[2*TDMTC_MAX + (2+L)*TDMTC_SCell + 5ms + TDMTC_duration_SCell] provided the SCell can be successfully detected on the first attempt.

where
TDMTC_MAX_:
-	In FR1, in case of intra-band SCell activation, TDMTC_MAX is the longer DMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signals from the active serving cells and the SCells being activated or released are available in the same slot; in case of inter-band SCell activation, TDMTC_MAX is the DMTC periodicity of SCell being activated.
TDMTC_SCell: DMTC periodicity of NR-U SCell being activated.
TDMTC_duration_SCell:  DMTC duration of NR-U SCell being activated
L: the number of CCA failures before the SCell can be detected on the first attempt
TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, including the uncertainty due to DL LBT failure, the UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources as specified in TS 38.331.

In LAA, the known cell requirements were modified to 8 s, to support LBT failures in the longest DRX cycle. The way forward in the last RAN4 meeting also specified that the known cell conditions need to be changed in NR-U. 
In our paper [3], the maximum extension of the intra-frequency measurements to account for DL LBT failures was proposed. In the paper we discussed the relaxation for the requirements to be stricter in long measurement cycles or DRX cycles to avoid too long measurement or cell identification periods. 

Therefore, it is proposed to update the known cell requirements in NR-U in the same manner:
To define the known cell requirements as:
SCell in FR1 is known if it has been meeting the following conditions:
-	During the period equal to max([5+5] measCycleSCell,  [5+5] DRX cycles), for no DRX, or DRX cycle≤ 320ms, or equal to   max([5+2] measCycleSCell,  [5+2] DRX cycles), otherwise, for FR1 before the reception of the SCell activation command:
-		the UE has sent a valid measurement report for the SCell being activated and
-		the SSB measured remains detectable according to the cell identification conditions specified in clause 9.2 and 9.3.
-		the SSB measured during the period equal to max([5+5] measCycleSCell,  [5+5] DRX cycles), for no DRX, or DRX cycle≤ 320ms, or equal to   max([5+2] measCycleSCell,  [5+2] DRX cycles), otherwise, also remains detectable during the SCell activation delay according to the cell identification conditions specified in clause 9.2 and 9.3.
Otherwise SCell in FR1 is unknown.

THARQ for NR-U
In Rel-15. THARQ is defined as the timing between DL data transmission and acknowledgement as specified in TS 38.321. In NR-U, there is an uncertainty associated with transmissions due to CCA failure. In order to minimize the impact from HARQ feedback being blocked by UL LBT failure, HARQ enhancements have been in discussion in RAN1. One of the enhancements is that the network may indicate a non-numerical value of PDSCH-to-HARQ-timing-indicator to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB [3], within a shared channel opportunity time (COT). However, specific details are still under discussion. Other enhancements are also still under discussion, such as the HARQ feedback under wideband operation, and enhancements for semi-static HARQ codebook.
RAN 1 is still discussing HARQ enhancements to minimize the impact of HARQ feedback being blocked by UL LBT failure.
RAN4 to wait for the finalization of the discussions about HARQ enhancements in NR-U before changing the THARQ definition.
SCell Deactivation Delay requirement for NR-U
In LTE-LAA, the delay for SCell deactivation did not depend on the transmission of DRS. It was calculated from the time upon the SCell deactivation command was received at the UE, or the expiration of the sCellDeactivationTimer in subframe n. The UE should be able to deactivate the SCell no later than in subframe n+8. A similar approach is taken in NR Rel-15, and the deactivation actions for SCell being deactivated should be accomplished no later than slot n+[THARQ +3ms ]. Therefore, the value can be reused for Scell deactivation delay for NR-U.
The SCell deactivation delay requirements from Rel-15 NR are reused for NR-U Rel 16.

Conclusion
This contribution discussed the multiple SCell activation/deactivation delay requirements. The observations and proposals are summarized as below: 
1. To define the Tactivation_time in NR-U as:
Tactivation_time is the SCell activation delay in carrier frequencies with CCA 
If the SCell is known and belongs to FR1, Tactivation_time is:
-	[5ms + TDMTC_duration_SCell + (1+L)*TDMTC_SCell, if the SCell measurement cycle is equal to or smaller than [160ms].
-	[TDMTC_MAX + (1+L)*TDMTC_SCell + 5ms + TDMTC_duration_SCell], if the SCell measurement cycle is larger than [160s].
If the SCell is unknown and belongs to FR1, Tactivation_time_NR-U is:
-	[TDMTC_MAX+ 5ms + TDMTC_duration_SCell + (1+L)*TDMTC_SCell] provided the SCell can be successfully detected on the first attempt 

If the SCell is unknown and belongs to FR1, Tactivation_time is:
-	[2*TDMTC_MAX + (2+L)*TDMTC_SCell + 5ms + TDMTC_duration_SCell] provided the SCell can be successfully detected on the first attempt.

where
TDMTC_MAX_:
-	In FR1, in case of intra-band SCell activation, TDMTC_MAX is the longer DMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signals from the active serving cells and the SCells being activated or released are available in the same slot; in case of inter-band SCell activation, TDMTC_MAX is the DMTC periodicity of SCell being activated.
TDMTC_SCell: DMTC periodicity of NR-U SCell being activated.
TDMTC_duration_SCell:  DMTC duration of NR-U SCell being activated
L: the number of CCA failures before the SCell can be detected on the first attempt
TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, including the uncertainty due to DL LBT failure, the UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources as specified in TS 38.331.
To define the known cell requirements as:
SCell in FR1 is known if it has been meeting the following conditions:
-	During the period equal to max([5+5] measCycleSCell,  [5+5] DRX cycles), for no DRX, or DRX cycle≤ 320ms, or equal to   max([5+2] measCycleSCell,  [5+2] DRX cycles), otherwise, for FR1 before the reception of the SCell activation command:
-		the UE has sent a valid measurement report for the SCell being activated and
-		the SSB measured remains detectable according to the cell identification conditions specified in clause 9.2 and 9.3.
-		the SSB measured during the period equal to max([5+5] measCycleSCell,  [5+5] DRX cycles), for no DRX, or DRX cycle≤ 320ms, or equal to   max([5+2] measCycleSCell,  [5+2] DRX cycles), otherwise, also remains detectable during the SCell activation delay according to the cell identification conditions specified in clause 9.2 and 9.3.
Otherwise SCell in FR1 is unknown.

RAN 1 is still discussing HARQ enhancements to minimize the impact of HARQ feedback being blocked by UL LBT failure.
RAN4 to wait for the finalization of the discussions about HARQ enhancements in NR-U before changing the THARQ definition.
The SCell deactivation delay requirements from Rel-15 NR are reused for NR-U Rel 16.
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