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Introduction
In RAN4#92 meeting, the following agreements were captured for SCell activation/de-activation in NR-U [1]:
SCell Activation Delay:
· 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 interruptions:
· The interruption due to Scell addition or release applies in all scenarios A-C
· The interruption due to Scell addition or release for an NR-U aggressor cell can reuse the requirements for release 15 NR Scell addition or release
· The interruption due to Scell addition or release for an NR-U victim cell can reuse the requirements for release 15 NR Scell addition or release
· The interruption due to SCell activation or deactivation applies in all scenarios A-C
· The interruption due to SCell activation or deactivation for an NR-U aggressor cell can reuse the requirements for release 15 NR SCell addition or release
· The interruption due to Scell activation or deactivation for an NR-U victim cell can reuse the requirements for release 15 NR SCell addition or release
· The deactivation interruption on PCell or PSCell or any activated SCell shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms]
· The definition of T_HARQ needs be clarified


In this paper, we address some of the open issues related to this topic.
Definition of known NR-U SCell
In clause 8.3.2 of TS 38.133, the known cell definition is captured as:
SCell in FR1 is known if it has been meeting the following conditions: 

- During the period equal to max([5] measCycleSCell, [5] DRX cycles) 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] measCycleSCell, [5] DRX cycles) 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.

In our view, the period of max([5] measCycleSCell, [5] DRX cycles) seconds are still suitable for NR-U known SCell definition as it reflects the time scale where a measurement report can remain valid. However, transmission of measurement report can be subject to LBT failure in UL (e.g., Scenario C – standalone NR-U). In our view, since it is not known when UE performs a measurement on the target frequency and attempts to transmit it, it cannot be specified how to extend the opportunities for transmission of measurement report in the UL due to LBT failure. Hence, the LBT failure in UL should not result in extension of the period max([5] measCycleSCell, [5] DRX cycles).  
In TS 36.133, similar definitions of known cell for FS3 (LTE LAA) can be found (e.g., clause 7.7.10). Also, the term “cell remains detectable” is defined as side conditions for RSRP/RSRQ/SCH_RP being satisfied for the duration under consideration and the corresponding band (e.g., clause 8.11.2). Hence, it is sufficient to modify the reference to section 9.3 in the existing definition of known Scell to the ones that will be defined for accuracy requirements of NR-U and maintain the remaining portions. 
Proposal 1. NR-U SCell is known if it has been meeting the following conditions: 

- During the period equal to max([5] measCycleSCell, [5] DRX cycles) 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 X and Y (intra-frequency and inter-frequency measurements in NR-U). 
- the SSB measured during the period equal to max([5] measCycleSCell, [5] DRX cycles) also remains detectable during the SCell activation delay according to the cell identification conditions specified in X and Y (intra-frequency and inter-frequency measurements in NR-U). 
Otherwise NR-U SCell is unknown.
Activation/deactivation delay
As discussed in [2], NR requirements for Scell activation and delay in clause 8.3 of TS 38.133 can be similarly modified as in LTE LAA. The rationale behind adding the term TDMTC_duration in the activation formula is that in unlicensed operation, the time location of the desired SSB index is not deterministic and can float depending on the LBT outcome. Following the same methodology, it is proposed to extend the processing delay of 5ms in NR Scell activation delay (3 ms MAC processing + 2ms UE processing of SSB) to 5 + TDMTC_duration as in the worst case, it is possible to receive the SSB in the last position (Y-1) of the DMTC window. 
Proposal 2. Processing delay in NR-U Scell activation to be extended to 5  + TDMTC_duration as in the worst case, it is possible to receive the SSB in the last position (Y-1) of the DMTC window.
It has already been agreed to extend the NR-U SCell activation delay by accounting for the number of missed SSBs due to DL LBT failure. This can be reflected in Tactivation_time_NR-U as:
If the NR-U SCell is known, Tactivation_time_NR-U is:
-	[TDMTC_SCell + 5ms + TDMTC_duration  + L], if the SCell measurement cycle is equal to or smaller than [160ms].
-	[TDMTC_MAX + TDMTC_SCell + 5ms + TDMTC_duration + L], if the SCell measurement cycle is larger than [160ms].
If the SCell is unknown, Tactivation_time_NR-U is:
-	[2*TDMTC_MAX + 2*TDMTC_SCell + 5ms + TDMTC_duration + L] provided the SCell can be successfully detected on the first attempt.
Where 
L : number of SSBs not available in DL
TDMTC_MAX:
-	In case of intra-band NR-U SCell activation, TDMTC_MAX is the longer DMTC periodicity between active serving cells and NR-U 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 NR-U SCell being activated.
TDMTC_SCell: DMTC periodicity of NR-U SCell being activated.
The next open issue is how THARQ should be modified for NR-U in the presence of LBT failure in UL. In RAN1, there are ongoing discussions in enhancing the HARQ timing design to make it more robust in NR-U specifically through multiple time domain opportunities. Among alternatives identified in the SI phase, the two main enhancement opportunities for HARQ-ACK feedback are:
· Group-based dynamic HARQ-ACK: applicable to Type-2 codebook
· One-shot group HARQ-ACK: applicable to both Type-1 and Type-2 codebooks

In our view, RAN4 should wait for further progress in RAN1 before capturing the modifications needed to the term THARQ. 
Observation 1. There are ongoing discussions in RAN1 enhancing the HARQ timing design to make it more robust in NR-U specifically through multiple time domain opportunities.
Proposal 3. RAN4 should wait for further progress in RAN1 before capturing the modifications needed to the term THARQ. 
Given the above discussion:
Proposal 4. NR-U Scell activation delay can be specified as:
Upon receiving NR-U 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 NR-U SCell being activated no later than in slot n+ [THARQ + Tactivation_time_NR-U + TCSI_Reporting], where:
THARQ is the timing between DL data transmission and acknowledgement which includes the delay in UL transmission due to channel access failure. Detailed formulation is FFS. 
Tactivation_time_NR-U is the NR-U SCell activation delay. 
If the NR-U SCell is known, Tactivation_time_NR-U is:
-	[TDMTC_SCell + 5ms + TDMTC_duration  + L], if the SCell measurement cycle is equal to or smaller than [160ms].
-	[TDMTC_MAX + TDMTC_SCell + 5ms + TDMTC_duration + L], if the SCell measurement cycle is larger than [160ms].
If the SCell is unknown, Tactivation_time_NR-U is:
-	[2*TDMTC_MAX + 2*TDMTC_SCell + 5ms + TDMTC_duration + L] provided the SCell can be successfully detected on the first attempt.
Where 
L : number of SSBs not available in DL
TDMTC_MAX:
-	In case of intra-band NR-U SCell activation, TDMTC_MAX is the longer DMTC periodicity between active serving cells and NR-U 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 NR-U SCell being activated.
TDMTC_SCell: DMTC periodicity of NR-U SCell being activated.
TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource including the delay due to LBT, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources as specified in TS 38.331.
For deactivation, the requirements do not depend on signal availability and the existing R15 requirements apply to NR-U Scell deactivation as well except the modification to THARQ as discussed in the activation delay.
Proposal 5. 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 ]. Details of THARQ are FFS. 
Interruption window
[bookmark: OLE_LINK43]Similar to NR R15 requirements, the activation interruption on PSCell (Scenario B) or PCell (Scenario A or C) or any activated Scell shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms + TDMTC_MAX + TDMTC_duration ].
Proposal 6. Similar to NR R15 requirements, the activation interruption on PSCell (Scenario B) or PCell (Scenario A or C) or any activated Scell shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms + TDMTC_MAX + TDMTC_duration ]. Details of THARQ are FFS. 
The deactivation interruption on PCell or any activated SCell shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms].
Proposal 7. The deactivation interruption on PCell or PSCell or any activated SCell shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms]. Details of THARQ are FFS. 
Conclusions
Proposal 1. NR-U SCell is known if it has been meeting the following conditions: 

- During the period equal to max([5] measCycleSCell, [5] DRX cycles) 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 X and Y (intra-frequency and inter-frequency measurements in NR-U). 
- the SSB measured during the period equal to max([5] measCycleSCell, [5] DRX cycles) also remains detectable during the SCell activation delay according to the cell identification conditions specified in X and Y (intra-frequency and inter-frequency measurements in NR-U). 
Otherwise NR-U SCell is unknown.
Proposal 2. Processing delay in NR-U Scell activation to be extended to 5  + TDMTC_duration as in the worst case, it is possible to receive the SSB in the last position (Y-1) of the DMTC window.
Observation 1. There are ongoing discussions in RAN1 enhancing the HARQ timing design to make it more robust in NR-U specifically through multiple time domain opportunities.
Proposal 3. RAN4 should wait for further progress in RAN1 before capturing the modifications needed to the term THARQ. 
Proposal 4. NR-U Scell activation delay can be specified as:
Upon receiving NR-U 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 NR-U SCell being activated no later than in slot n+ [THARQ + Tactivation_time_NR-U + TCSI_Reporting], where:
THARQ is the timing between DL data transmission and acknowledgement which includes the delay in UL transmission due to channel access failure. Detailed formulation is FFS. 
Tactivation_time_NR-U is the NR-U SCell activation delay. 
If the NR-U SCell is known, Tactivation_time_NR-U is:
-	[TDMTC_SCell + 5ms + TDMTC_duration  + L], if the SCell measurement cycle is equal to or smaller than [160ms].
-	[TDMTC_MAX + TDMTC_SCell + 5ms + TDMTC_duration + L], if the SCell measurement cycle is larger than [160ms].
If the SCell is unknown, Tactivation_time_NR-U is:
-	[2*TDMTC_MAX + 2*TDMTC_SCell + 5ms + TDMTC_duration + L] provided the SCell can be successfully detected on the first attempt.
Where 
L : number of SSBs not available in DL
TDMTC_MAX:
-	In case of intra-band NR-U SCell activation, TDMTC_MAX is the longer DMTC periodicity between active serving cells and NR-U 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 NR-U SCell being activated.
TDMTC_SCell: DMTC periodicity of NR-U SCell being activated.
TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource including the delay due to LBT, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources as specified in TS 38.331.
Proposal 5. 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 ]. Details of THARQ are FFS. 
Proposal 6. Similar to NR R15 requirements, the activation interruption on PSCell (Scenario B) or PCell (Scenario A or C) or any activated Scell shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms + TDMTC_MAX + TDMTC_duration ]. Details of THARQ are FFS. 
Proposal 7. The deactivation interruption on PCell or PSCell or any activated SCell shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms]. Details of THARQ are FFS. 
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