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Introduction
In RAN4#91 meeting, a Way Forward on RRM requirements for NR-U was approved which summarized the impact of NR-U carriers in PCell, PSCell, and Scell on existing core requirements [1]. In this paper, we present our preliminary assessment of operation in unlicensed band on SCell activation and de-activation (delay and interruption) requirements.  
Discussion
Our general observation and discussion paper on NR-U requirements can be found in [2]. Based on [2], the SCell activation/de-activation requirements in NR-U are discussed in more detail in the following. 
Activation and deactivation delay:
Scell activation and deactivation delay requirements in LTE LAA can be found in clause 7.7.10 of [3]. 
For known Scell, the activation delay is 
Tactivate_basic_FS3 = 16 ms + TDMTC_duration + (L+2)*TDMTC_periodicity
where TDMTC_duration , TDMTC_periodicity  , and L are length of DMTC window equal to 6ms, periodicity of DMTC, and the number of times the DRS occasion is not available at the UE during Scell activation time. 
For an unknown Scell, this time is increased to 
Tactivate_basic_FS3 = 16 ms + TDMTC_duration + (L+3)*TDMTC_periodicity .

[bookmark: _GoBack]The NR requirements for Scell activation and delay in clause 8.3 of [4] can be similarly modified to NR-U Scells. 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 1. 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.
In addition, the activation delay is proposed to be extended by L DMTC occasion where L represents the number of times the DRS occasion is not available at the UE during Scell activation time.
Proposal 2. Activation delay to be extended by L DMTC occasion where L represents the number of times the DRS occasion is not available at the UE during Scell activation time.
With the above assumptions, the 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 as specified in TS 38.321 which includes the delay in UL transmission due to channel access failure.
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 
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 3. 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 as specified in TS 38.321 which includes the delay in UL transmission due to channel access failure.
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 
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.
Proposal 4. Deactivation requirements do not depend on signal availability and the existing R15 requirements apply to NR-U Scell deactivation as well.

Activation and deactivation 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 5. 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 ].
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 6. 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].
Interruptions on serving cells due to release/deactivation of NR-U Scells:
The interruption length does not depend on the signal availability and current R15 requirements apply.
Interruptions on serving cells due measurements on SCC with deactivated NR-U cells:
For existing NR measurements, requirements in clause 8.2.2.2.3 can be applied except that the interruption shall occur immediately before or immediately after DMTC occasion. 
For new NR-U measurements, requirements can be defined after more discussions in RAN1/2 groups on RSSI and Channel Occupancy measurement procedure. The interruptions will likely occur immediately before/after RSSI Measurement Time Configuration (RMTC) window. 
Proposal 7. For existing NR measurements, interruption requirements in clause 8.2.2.2.3 can be applied except that the interruption shall occur immediately before/after DMTC occasion. For new NR-U measurements, RAN4 to wait for more progress in RAN1/2 groups on RSSI and Channel Occupancy measurement procedure. The interruptions will likely occur immediately before/after RSSI Measurement Time Configuration (RMTC) window. 
Interruptions on serving cells due add/activation of NR-U Scells:
We believe the existing NR requirements can be used as guidelines.
For scenario A, the requirements in Table 8.2.2.2.1-1 of [4] applies for the first NR-U Scell addition and the requirements in Table 8.2.2.2.2-1 of [4] applies for the first NR-U Scell activation. For next NR-U Scell addition, the requirements in Table 8.2.2.2.1-2 of [4] applies. For the next NR-U Scell activation, the requirements in Table 8.2.2.2.2-2 of [4] applies.
For scenario B, the requirements in Table 8.2.1.2.3-2 of [4] applies for Scell addition and the requirements in Table 8.2.1.2.4-2 of [4] applies to Scell activation. 
For scenario C, the requirements in Table 8.2.2.2.1-1 of [4] applies for any of the NR-U Scell addition and the requirements in Table 8.2.2.2.2-1 of [4] applies for any of the NR-U Scell activation.
Proposal 8. For interruptions on serving cells due to add/activation of NR-U Scells:
· For scenario A, the requirements in Table 8.2.2.2.1-1 of [4] applies for the first NR-U Scell addition and the requirements in Table 8.2.2.2.2-1 of [4] applies for the first NR-U Scell activation. For next NR-U Scell addition, the requirements in Table 8.2.2.2.1-2 of [4] applies. For the next NR-U Scell activation, the requirements in Table 8.2.2.2.2-2 of [4] applies.
· For scenario B, the requirements in Table 8.2.1.2.3-2 of [4] applies for Scell addition and the requirements in Table 8.2.1.2.4-2 of [4] applies to Scell activation. 
· For scenario C, the requirements in Table 8.2.2.2.1-1 of [4] applies for any of the NR-U Scell addition and the requirements in Table 8.2.2.2.2-1 of [4] applies for any of the NR-U Scell activation.

Conclusions
Proposal 1. 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 either due to LBT.
Proposal 2. Activation delay to be extended by L DMTC occasion where L represents the number of times the DRS occasion is not available at the UE during Scell activation time.
Proposal 3. 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 as specified in TS 38.321 which includes the delay in UL transmission due to channel access failure.
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 
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 4. Deactivation requirements do not depend on signal availability and the existing R15 requirements apply to NR-U Scell deactivation as well.
Proposal 5. 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. 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].
Proposal 7. For existing NR measurements, interruption requirements in clause 8.2.2.2.3 can be applied except that the interruption shall occur immediately before/after DMTC occasion. For new NR-U measurements, RAN4 to wait for more progress in RAN1/2 groups on RSSI and Channel Occupancy measurement procedure. The interruptions will likely occur immediately before/after RSSI Measurement Time Configuration (RMTC) window. 
Proposal 8. For interruptions on serving cells due to add/activation of NR-U Scells:
· For scenario A, the requirements in Table 8.2.2.2.1-1 of [4] applies for the first NR-U Scell addition and the requirements in Table 8.2.2.2.2-1 of [4] applies for the first NR-U Scell activation. For next NR-U Scell addition, the requirements in Table 8.2.2.2.1-2 of [4] applies. For the next NR-U Scell activation, the requirements in Table 8.2.2.2.2-2 of [4] applies.
· For scenario B, the requirements in Table 8.2.1.2.3-2 of [4] applies for Scell addition and the requirements in Table 8.2.1.2.4-2 of [4] applies to Scell activation. 
· For scenario C, the requirements in Table 8.2.2.2.1-1 of [4] applies for any of the NR-U Scell addition and the requirements in Table 8.2.2.2.2-1 of [4] applies for any of the NR-U Scell activation.
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