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Introduction
In RAN4#92 and RAN4#92-Bis meetings, the following agreements were captured for SCell activation/de-activation in NR-U [1][2]:
SCell Activation Delay:
· Check whether this is aligned with the RAN1 procedure: 
THARQ is extended with HARQ to account for UL LBT failures, where HARQ≤HARQ,max is the delay in HARQ feedback due to UL LBT failure and UE reattempt to transmit HARQ feedback provided the resources are configured for the UE (HARQ =0 for channel access category 1)
· TCSI_reporting = TCSI_reporting,ref +CSI, where 
TCSI_reporting,ref is the delay (in ms) as defined in Rel-15
CSI≤CSI,max is the additional delay due to UL LBT failure and UE reattempt to transmit CSI report provided the resources are configured for the UE (CSI =0 for channel access category 1)
CSI,max=TBD
UE behaviour: upon exceeding, upon exceeding CSI,max=TBD the UE can stop attempting to transmit CSI report and can abandon the SCell activation procedure
Check whether this is aligned with RAN1 conclusion on CSI reporting on unlicensed carrier
· How to extend Tactivation_time needs further discussion
SCell Activation: Known/Unknown SCell Definition
· SSB remains detectable according to the cell identification conditions in clause 9.2 and 9.3 (their corresponding NR-U sections) in the occasions where the SSB is available at the UE.
· Investigate further: 
The time period between the receptions of the SCell activation commands and last measurement or report is extended to account for DL and UL LBT failures.
FFS how to extend
SCell interruption window:
· 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
· Check with RAN1: 
· For the time of the SCell activation/deactivation interruption window, THARQ is extended with HARQ to account for UL LBT failures, and HARQ≤HARQ,max is the delay in HARQ feedback due to UL LBT failure and UE reattempt to transmit HARQ feedback provided the resources are configured for the UE (HARQ =0 for channel access category 1)


In this paper, we address the remaining open issues related to this topic. A CR accompanies this discussion paper for introduction of SCell activation/deactivation requirements in NR-U [3].
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). As 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, For instance, clause 7.7.10 of TS 36.133:
7.7.10	SCell Activation Delay Requirement for Deactivated SCell under Frame Structure 3
The requirements in this section shall apply for E-UTRA carrier aggregation of one FDD PCell or one TDD PCell and one SCell following the frame structure type 3 [16].
The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.
Upon receiving SCell activation command in subframe n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command as specified in [17] for the SCell being activated no later than in subframe n+Tactivate_basic_FS3, provided the following conditions are met for the SCell:
-	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 SCell being activated remains detectable according to the cell identification conditions specified in section 8.3.3.2,
-	SCell being activated also remains detectable during the SCell activation delay according to the cell identification conditions specified in section 8.3.3.2.



The term “SSB remains detectable” is defined as side conditions for RSRP/RSRQ/SCH_RP being satisfied for the duration under consideration and the corresponding band. In the RAN4#92-Bis meeting, it was captured:
· SSB remains detectable according to the cell identification conditions in clause 9.2 and 9.3 (their corresponding NR-U sections) in the occasions where the SSB is available at the UE.


In our view, this term may need to be further modified in NR-U to account for the DL LBT failure at the cell level. RAN4 should discuss how “SSB remains detectable” can be modified in NR-U. Possible modifications can include the percentage of time within [5] seconds that SSB index identified by UE is available and additionally the number of successive occasions where that SSB index is missed due to DL LBT failure. 
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 9.2A and 9.3A. 
- 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 9.2A and 9.3A. 
Otherwise NR-U SCell is unknown.
Proposal 2. RAN4 to further discuss the modification of the term “SSB remains detectable” for NR-U. 
SCell Activation/deactivation delay
 THARQ in NR-U
Enhancements to HARQ transmission to provide more UL transmission opportunities is being discussed in RAN1.  Two methods to enhance HARQ-ACK feedback are adopted:
· Group-based dynamic HARQ-ACK where in gNB triggers UE to send HARQ-ACK feedback for one or two groups of HARQ processes
· One-shot group HARQ-ACK wherein gNB triggers UE to send all HARQ-ACK feedback for all HARQ processes in one shot

In both of these methods, UE does not autonomously attempt to retransmit HARQ. It is gNB that triggers the request for retrieving the HARQ-ACK feedbacks that it did not receive. Timeline for HARQ feedback is determined by gNB and the method (groupd-based or one-shot) is signaled to UE via RRC signaling. Moreover, these methods may turn out to be optional UE capabilities in Release 16. In such case, UE’s HARQ feedback will follow Release 15 which is again not autonomous and completely controlled by gNB.
Observation 1. In group-based or one-shot HARQ-ACK, UE does not autonomously attempt to retransmit HARQ. It is gNB that triggers the request for retrieving the HARQ-ACK feedbacks that it did not receive. Timeline for HARQ feedback is determined by gNB and the method (groupd-based or one-shot) is signaled to UE via RRC signaling.
Observation 2. HARQ enhancement methods may turn out to be optional UE capabilities in Release 16. In such case, UE’s HARQ feedback will follow Release 15 which is again not autonomous and completely controlled by gNB.
Figure 1 shows an example of HARQ-ACK wherein the last PDSCH also includes UE trigger to send HARQ-ACK feedback for the previous unsuccessful attempt(s). From gNB perspective, the timeline for HARQ-ACK is completely known.


Figure 1 HARQ-ACK timeline
Several RRM requirements are dependent on THARQ which is captured in [2] as:
· Check whether this is aligned with the RAN1 procedure: HARQ≤HARQ,max is the delay in HARQ feedback due to UL LBT failure and UE reattempt to transmit HARQ feedback provided the resources are configured for the UE (HARQ =0 for channel access category 1)
HARQ,max=TBD
UE behavior upon exceeding HARQ,max: FFS

In our view, RAN4 shall only modify the definition of THARQ to account for retransmission attempts as triggered by gNB and no further specification is required. 
Proposal 3. THARQ is the timing between DL data transmission and acknowledgement including gNB-triggered reattempts to transmit HARQ feedback due to CCA failure in UL. 
· Proposal 3 applies to all RRM requirements dependent on THARQ

Furthermore, as the HARQ timeline is completely controlled by gNB, UE should start the SCell activation/deactivation procedure only start after successful transmission of HARQ ACK related to activation/deactivation command. 
Proposal 4. UE shall start the SCell activation/deactivation procedure only start after successful transmission of HARQ ACK related to activation/deactivation command. 
 Tactivation_time in NR-U
The activation time for shorter SCell measurement cycles is a function of TFirstSSB which is the time to first SSB indicated by the SMTC after n + THARQ +3ms. In NR-U, the SSB index identified by UE may not be available due to CCA failure in the DL. Also, the SSB burst within an SMTC window can have SSB indices that are QCL’ed to each other and this can provide further opportunities for UE to receive the SSB index of the SCell. Hence, the definition of the TFirstSSB should be modified as:
Proposal 5. TFirstSSB is the time from n + THARQ+3ms to the end of the first SSB burst indicated by the SMTC where at least one SSB index, as identified by UE for the SCell being activated, is present.
· Proposal 5 applies to all RRM requirements that are dependent on TFirstSSB

Proposal 6. For known Scell activation and if the SCell measurement cycle is equal to or smaller than 160ms, Tactivation_time  = TFirstSSB  + (L0)* Trs + 5ms where L0 refers to the number of occasions the reference signal in the SCell being activated is not available due to CCA failure and L0  L0,max
The activation time for longer SCell measurement cycles is a function of TSMTC_MAX and Trs. Extension of Trs due to DL CCA failure by a factor (e.g., L2  L2,max ) is straightforward. However, TSMTC_MAX requires more attention in intra-band and inter-band scenarios:
· Inter-band: the same extension factor used for Trs (i.e., L2) applies to TSMTC_MAX
· Intra-band: in this scenario, UE needs on one sample of SSB in which already active SCells and the SCell being activated are present to settle the AGC. Hence, the extension factor in this case depends not only on the CCA failure of SCell being activated but also on the CCA failure of already active SCells. 

Proposal 7. For NR-U known SCell activation, if the SCell measurement cycle is larger than 160ms, Tactivation_time  = (1+L1)* TSMTC_MAX + (1 + L2)* Trs . For NR-U unknown SCell activation, Tactivation_time  = (2+L1)* TSMTC_MAX + (2 + L2)* Trs 
where
· L2 refers to the number of occasions the reference signal in the SCell being activated is not available due to CCA failure and L2  L2,max 
· In inter-band scenarios, L1 refers to the number of occasions the reference signal in the SCell being activated is not available due to CCA failure (L1 = L2) and L1  L1,max
· In intra-band scenarios, L1 refers to the number of occasions that at least one SMTC from SCells already activated or SCell being activated is not available due to CCA failure

For max values L0,max , L1,max, L2,max , similar methodology is used to allow more CCA failure in smaller Trs cycles. UE shall abandon SCell activation process if the max values indicated in the table below are exceeded. 
Proposal 8. RAN4 to adopt L0,max , L1,max , L2,max as in the Table below. UE shall abandon SCell activation process if the max values indicated in the table below are exceeded. 
	Procedure
	Rel-15 Samples
	Parameter Name
	Parameter Value
	Condition

	Known SCell with measurement cycle less than or equal to 160ms
	0
	L0,max
	3
	Trs  20ms

	
	
	
	2
	20ms< Trs  80ms

	
	
	
	1
	80ms< Trs

	Known SCell with measurement cycle is greater than 160ms
	1
	L1,max
	3
	Trs  20ms

	
	
	
	2
	20ms< Trs  80ms

	
	
	
	1
	80ms< Trs

	
	1
	L2,max
	3
	Trs  20ms

	
	
	
	2
	20ms< Trs  80ms

	
	
	
	1
	80ms< Trs

	Unknown Scell
	2
	L1,max
	6
	Trs  20ms

	
	
	
	4
	20ms< Trs  80ms

	
	
	
	2
	80ms< Trs

	
	2
	L2,max
	6
	Trs  20ms

	
	
	
	4
	20ms< Trs  80ms

	
	
	
	2
	80ms< Trs



 TCSI_repoting in NR-U
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, in addition to delay in reception of DL CSI-RS due to CCA failure in DL and delay in UL transmission of CSI report due to UL CCA failure and can be expressed as: 
TCSI_reporting, = TCSI_reporting,ref + L4*TCSI-RS + L5*TCSI-Reporting
Where TCSI_reporting,ref  corresponds to existing R15 requirements, TCSI-RS is the periodicity of CSI-RS, and TCSI-Reporting is the periodicity of CSI reporting and L4 is the number of occasions CSI-RS is not available and L5 is the number of CSI reporting occasions that are not available due to CCA failure in UL with L4  L4,max  and L5  L5,max. UE shall abandon SCell activation upon exceeding max values. 
Proposal 9. 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, in addition to delay in reception of DL CSI-RS due to CCA failure in DL and delay in UL transmission of CSI report due to UL CCA failure and can be expressed as: 
TCSI_reporting, = TCSI_reporting,ref + L4*TCSI-RS + L5*TCSI-Reporting
Where TCSI_reporting,ref  corresponds to existing R15 requirements, TCSI-RS is the periodicity of CSI-RS, and TCSI-Reporting is the periodicity of CSI reporting and L4 is the number of occasions CSI-RS is not available and L5 is the number of CSI reporting occasions that are not available due to CCA failure in UL with L4  L4,max  and L5  L5,max. UE shall abandon SCell activation upon exceeding max values. 
Deactivation delay
With the clarification to the definition of THARQ as in proposal 2, the SCell deactivation delay requirement for activated SCell is the same as in Release 15 requirements. 
Proposal 10. With the clarification to the definition of THARQ as in proposal 2, the SCell deactivation delay requirement for activated SCell is the same as in Release 15 requirements. 
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 + TSMTC_MAX + TSMTC_duration ].
Proposal 11. 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 + TSMTC_MAX + TSMTC_duration ] where THARQ is defined in Proposal 2. 
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 12. 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] where THARQ is defined in Proposal 2. 
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 9.2A and 9.3A. 
- 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 9.2A and 9.3A. 
Otherwise NR-U SCell is unknown.
Proposal 2. RAN4 to further discuss the modification of the term “SSB remains detectable” for NR-U. 
Observation 1. In group-based or one-shot HARQ-ACK, UE does not autonomously attempt to retransmit HARQ. It is gNB that triggers the request for retrieving the HARQ-ACK feedbacks that it did not receive. Timeline for HARQ feedback is determined by gNB and the method (groupd-based or one-shot) is signaled to UE via RRC signaling.
Observation 2. HARQ enhancement methods may turn out to be optional UE capabilities in Release 16. In such case, UE’s HARQ feedback will follow Release 15 which is again not autonomous and completely controlled by gNB.
Proposal 3. THARQ is the timing between DL data transmission and acknowledgement including gNB-triggered reattempts to transmit HARQ feedback due to CCA failure in UL. 
· Proposal 3 applies to all RRM requirements dependent on THARQ

Proposal 4. UE shall start the SCell activation/deactivation procedure only start after successful transmission of HARQ ACK related to activation/deactivation command. 
Proposal 5. TFirstSSB is the time from n + THARQ+3ms to the end of the first SSB burst indicated by the SMTC where at least one SSB index, as identified by UE for the SCell being activated, is present.
· Proposal 5 applies to all RRM requirements that are dependent on TFirstSSB
[bookmark: _GoBack]
Proposal 6. For known Scell activation and if the SCell measurement cycle is equal to or smaller than 160ms, Tactivation_time  = TFirstSSB  + (L0)* Trs + 5ms where L0 refers to the number of occasions the reference signal in the SCell being activated is not available due to CCA failure and L0  L0,max
Proposal 7. For NR-U known SCell activation, if the SCell measurement cycle is larger than 160ms, Tactivation_time  = (1+L1)* TSMTC_MAX + (1 + L2)* Trs . For NR-U unknown SCell activation, Tactivation_time  = (2+L1)* TSMTC_MAX + (2 + L2)* Trs 
where
· L2 refers to the number of occasions the reference signal in the SCell being activated is not available due to CCA failure and L2  L2,max 
· In inter-band scenarios, L1 refers to the number of occasions the reference signal in the SCell being activated is not available due to CCA failure (L1 = L2) and L1  L1,max
· In intra-band scenarios, L1 refers to the number of occasions that at least one SMTC from SCells already activated or SCell being activated is not available due to CCA failure

Proposal 8. RAN4 to adopt L0,max , L1,max , L2,max as in the Table below. UE shall abandon SCell activation process if the max values indicated in the table below are exceeded. 
	Procedure
	Rel-15 Samples
	Parameter Name
	Parameter Value
	Condition

	Known SCell with measurement cycle less than or equal to 160ms
	0
	L0,max
	3
	Trs  20ms

	
	
	
	2
	20ms< Trs  80ms

	
	
	
	1
	80ms< Trs

	Known SCell with measurement cycle is greater than 160ms
	1
	L1,max
	3
	Trs  20ms

	
	
	
	2
	20ms< Trs  80ms

	
	
	
	1
	80ms< Trs

	
	1
	L2,max
	3
	Trs  20ms

	
	
	
	2
	20ms< Trs  80ms

	
	
	
	1
	80ms< Trs

	Unknown Scell
	2
	L1,max
	6
	Trs  20ms

	
	
	
	4
	20ms< Trs  80ms

	
	
	
	2
	80ms< Trs

	
	2
	L2,max
	6
	Trs  20ms

	
	
	
	4
	20ms< Trs  80ms

	
	
	
	2
	80ms< Trs



Proposal 9. 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, in addition to delay in UL transmission of CSI report due to CCA failure and can be expressed as: 
TCSI_reporting, = TCSI_reporting,ref + L4*TCSI
Where TCSI_reporting,ref  corresponds to existing R15 requirements and TCSI is the periodicity of CSI reporting and L4 is the number of CSI reporting occasions that are not available due to CCA failure in UL with L4  L4,max . UE shall abandon SCell activation upon exceeding L4,max.
Proposal 10. With the clarification to the definition of THARQ as in proposal 2, the SCell deactivation delay requirement for activated SCell is the same as in Release 15 requirements. 
Proposal 11. 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 + TSMTC_MAX + TSMTC_duration ] where THARQ is defined in Proposal 2. 
Proposal 12. 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] where THARQ is defined in Proposal 2. 
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