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Introduction
In RAN4#93 meeting, the following agreements were captured for SCell activation/de-activation in NR-U [1]:
SCell Activation: Known SCell Definition:
· Extend the time before the reception of the SCell activation command from Rel-15 time TNR to time TNR-U
· Option 1: TNR-U = max([5+k] measCycleSCell,  [5+k] DRX cycles), k=TBD>0 and k is a fixed number
· Option 2: do not extend
SCell Activation Delay:
· THARQ: Confirm RAN4#92-bis agreement on extending THARQ compared to Rel-15
· The exact wording is TBD
· FFS whether the extension depends on UE capability
· TCSI_reporting: Confirm RAN4#92-bis agreement on extending TCSI_reporting compared to Rel-15 (TCSI_reporting,ref) and also add the DL impact:
· TCSI_reporting = TCSI_reporting,ref +L4*TCSI-RS +CSI
· UE behavior upon exceeding L4,max (L4,max=TBD) is to abandon the SCell activation procedure
· CSI ≤ CSI,max 
· FFS CSI,max
· Option 1: CSI,max is determined by RAN1/RAN2 specifications
· Option 2: CSI,max is a pre-defined value
· Tactivation_time : is extended to compensate for signal occasions not available at the UE
· Known cell
· TFirstSSB+ Trs *L1+ X ms, if the SCell measurement cycle is ≤160ms 
· FFS: “and HARQ≤TBD”
· TSMTC_MAX*(1+L2,1) + Trs*(1+L2,2)+ Y ms, if the SCell measurement cycle is >160ms
· FFS: “or HARQ>TBD”



· Unknown cell
· TSMTC_MAX*(2+L3,1) + Trs*(2+L3,2)+ Z ms, provided the SCell can be successfully detected in one attempt
· UE behavior upon exceeding L1,max, L2,1,max, L2,2,max, L3,1,max, and L3,2,max: abandon SCell activation procedure
· L1≤L1,max, L2,1≤L2,1,max, L2,2≤ L2,2,max, L3,1≤ L3,1,max, and L3,2≤ L3,2,max
· The exact definition of L1, L2,1, L2,2, L3,1, L3,2 is FFS
SCell Deactivation:
· Confirm RAN4#92-bis agreement on extending THARQ compared to Rel-15
· The exact wording is TBD
· FFS whether the extension depends on UE capability


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 [2].
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).  
It is noted that the agreement in RAN4#93 to extend the duration of the condition of the cell to remain known in RRC_CONNECTED state from 5 seconds to 8 seconds does not automatically imply that the duration for SCell to remain known should also be extended. During the measurements in RRC_CONNECTED, UE can be configured with very long DRX cycles and to ensure that, in longer DRX cycles, at least one LBT failure is tolerated, the definition of known cell is extended to 8 seconds. While longer DRX cycles are not prohibited in the specification from being configured immediately preceding the SCell activation command, it is not a reasonable operational scenario and such case should not be driving the RRM requirements.

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. 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. 

SCell Activation/deactivation delay
 THARQ in NR-U
In R16, at least three enhancements to HARQ feedback is designed for NR-U which are briefly described here:
Non-numerical K1: To address the issue that the HARQ feedback time can potentially be outside of COT and the uncertainty on whether it can be transmitted, non-numerical K1 is introduced in a DL grant for PUCCH reporting time. If included, UE will save HARQ feedback report until gNB provides a normal numerical K1 in a later DL grant which can be in the next gNB-initiated COT for instance. Figure 1 illustrates this case where the middle DL grant is tied to a non-numerical K1 and then next DL grant is tied with a numerical K1. 
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Figure 1 Non-numerical K1 for HARQ enhancement

Enhanced dynamic codebook: R15 dynamic codebook is enhanced in R16 to support retransmission of HARQ feedback previously transmitted or failed to be transmitted due to LBT failure. PDSCH group concept is introduced where HARQ feedback retransmission triggering is in the unit of PDSCH groups with at most two groups configured. An explicit group index is included in DCI scheduling of the PDSCH. The group size can increase when more PDSCH of the same group are granted until the New ACK-feedback Group Indicator (NFI) of the group is toggled. Figure 2 shows an example where Group 0 initially consists of 3 HARQ processes with failed HARQ feedback transmission. In the next instance, 4 more grants are added to the group and the HARQ feedback for all 7 grants are transmitted Consequently, the Group 0 NFI is toggled in the next DL grant.
[image: ]
Figure 2 Enhanced dynamic codebook for HARQ
One-shot HARQ feedback: In this alternative way for retransmission of HARQ, gNB can request feedback of a HARQ-ACK codebook containing all DL HARQ processes for all CCs configured for a UE in a PUCCH group. One-shot feedback can be configurable with semi-static codebook, non-enhanced dynamic HARQ codebook, and enhanced dynamic codebook. Figure 3 illustrates an example where a DL grant with one-shot HARQ feedback triggers a full HARQ report. 
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Figure 3 One-shot HARQ feedback enhancement
Each of the above methods is an optional UE capability and can result in different timeline for HARQ feedback transmission. Moreover, a UE that does not support any of these enhancements can still be triggered by gNB to retransmit HARQ feedback in the next scheduled HARQ timeline in case of UL LBT failure per R15 procedure. This is similar to NACK feedback. 
In our view, it is overly and unnecessarily complicated for RAN4 to define extension of THARQ for all of the above scenarios. The procedures are already clearly defined in TS 38.213 specification to which RAN4 requirements can simply refer. 
Observation 1. R16 HARQ enhancements – non-numerical K1, enhanced dynamic codebook, and one-shot feedback – provide opportunities for HARQ retransmission resulting in potentially different timelines/delays. Moreover, per R15 HARQ procedure, a failed HARQ transmission is treated as NACK and can be scheduled for retransmission by gNB. It is overly and unnecessarily complicated for RAN4 to define extension of THARQ for all of these scenarios. The procedures are already clearly defined in TS 38.213 specification to which RAN4 requirements can simply refer. 
Another open issue is whether RAN4 should define a time limit, even a fixed one, on THARQ. In our view, this is also unnecessary. RAN2 has already defined a procedure with corresponding counters for persistent UL LBT failure that imposes a limit on how many UL LBT failure, regardless of the type of UL channel, UE can tolerate and the UE behavior is also defined in such case. This is sufficient and no further specification in RAN4 is necessary.
Proposal 3. RAN4 to not define a time limit, even a fixed one, on THARQ and rely on RAN2 procedure for persistent UL LBT failure.
Finally, in modifying the description of THARQ for NR-U in TS 38.133:
Proposal 4. RAN4 to define THARQ as:
“THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]. In the event of UL CCA failure, THARQ extends to the next HARQ feedback retransmission opportunities as specified in TS 38.213 [3].”
 Tactivation_time in NR-U
Based on the agreements in RAN4#93 meeting, for know Scell activation with measurement cycles 160ms or less, the activation time is extended to account for unavailability of reference signal in the SCell being activated. 
Proposal 5. For known Scell activation and if the SCell measurement cycle is equal to or smaller than 160ms, Tactivation_time  = TFirstSSB  + (L1)* Trs + 5ms (X=5ms) where L1 refers to the number of occasions the reference signal in the SCell being activated is not available and L1  L1,max
The activation time for longer SCell measurement cycles is a function of TFirstSSB_MAX , TSMTC_MAX and Trs. Extension of Trs due to DL CCA failure by a factor (e.g., L2,2  L2,2,max ) is straightforward. However, TFirstSSB_MAX and TSMTC_MAX  require more attention in intra-band and inter-band scenarios:
· Inter-band: the same extension factor used for Trs (i.e., L2,2) 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. 

For known SCell activation with longer than 160ms measurement cycle, existing R15 requirements include one period of TSMTC_MAX for AGC tuning and one period of SMTC for other loops. For unknown SCell activation with longer measurement cycles, existing R15 requirements include 2 periods of TSMTC_MAX for AGC tuning and 2 periods of SMTC for other loops.
Hence, the requirements in NR-U are extended accordingly. 
However, the definition of TFirstSSB_MAX requires some modifications first. The time to first SSB that satisfies the intra-band or inter-band cases above should be with respect to the time when SMTC’s are scheduled to transmit rather than actually transmitted. The extension factors L2,1 and L3,1 defined below will account for missing occasions due to CCA failure.
Proposal 6. TFirstSSB_MAX: is the time to first SSB indicated by the SMTC after n + THARQ+3ms. In case of intra-band SCell activation, the occasion when all active serving cells and SCells being activated or released are scheduled to transmit SSB bursts in the same slot. In case of inter-band SCell activation, the first occasion when the SCell being activated is scheduled to transmit SSB burst. 

Proposal 7. For NR-U known SCell activation, if the SCell measurement cycle is larger than 160ms, Tactivation_time  = TFirstSSB_MAX + L2,1* TSMTC_MAX + (1 + L2,2)* Trs + 5ms (Y=5ms) . 
· L2,2   refers to the number of occasions the reference signal, as indicated by SMTC of the SCell being activated, is not available and L2,2  L2,2,max 
· In inter-band scenarios, 
· L2,1 refers to the number of occasions the reference signal, as indicated by SMTC of the SCell being activated, is not available in known cell conditions and L2,1  L2,1,max
· In intra-band scenarios, 
· L2,1 refers to the number of occasions that at least one SMTC from SCells already activated or SCell being activated is not available in known cell conditions and L2,1  L2,1,max

Proposal 8. For NR-U unknown SCell activation, if the SCell measurement cycle is larger than 160ms, Tactivation_time  = TFirstSSB_MAX  + (1+L3,1)* TSMTC_MAX + (2 + L3,2)* Trs + 5ms (Z=5ms)
where
· L3,2  refer to the number of occasions the reference signal, as indicated by SMTC of the SCell being activated, is not available L3,2  L3,2,max
· In inter-band scenarios, 
· L3,1 refers to the number of occasions the reference signal, as indicated by SMTC of the SCell being activated, is not available in unknown cell conditions and L3,1  L3,1,max
· In intra-band scenarios, 
· L3,1 refers to the number of occasions that at least one SMTC from SCells already activated or SCell being activated is not available in unknown cell conditions and L3,1  L3,1,max

For max values, 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 9. RAN4 to adopt the following max values:
· L1,max = 2 if Trs  40ms and  L1,max = 1 if Trs  40ms
· L2,1,max = 2 if TSMTC_max  40ms and  L2,1,max = 1 if TSMTC_max   40ms
· L2,2,max = 2 if Trs  40ms and  L2,2,max = 1 if Trs  40ms
· L3,1,max = 3 if TSMTC_max  40ms and  L2,1,max = 2 if TSMTC_max   40ms
· L3,2,max = 3 if Trs  40ms and  L3,2,max = 2 if Trs  40ms

 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 + TCSI-ReportingDelay

Where TCSI_reporting,ref  corresponds to existing R15 requirements, TCSI-RS is the periodicity of CSI-RS, and TCSI-ReportingDelay is the delay in CSI reporting due to UL LBT failure and L4 is the number of occasions CSI-RS is not available with L4 L4,max  . UE shall abandon SCell activation upon exceeding L4,max  . The CSI reporting delay is governed by HARQ feedback timeline, similar to the discussion in measurement reporting [3], and does not need to be specified any further by RAN4. 
Proposal 10. RAN4 does not need to define a maximum limit on TCSI-ReportingDelay. Existing specifications in RAN1 and RAN2 adequately describe the UE behaviour. 
Proposal 11. L4,max = 2 for TCSI-RS  40ms and L4,max = 1 for TCSI-RS  40ms
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 12. With the clarification to the definition of THARQ as in proposals 3-4, 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/NR_slot_length . In current R15 requirements, the end of the interruption window is slot n+1+(THARQ +3ms + TSMTC_MAX + TSMTC_duration)/NR_slot_length which seems to cover the worst-case scenario of intra-band SCell activation and the need to capture at least one SMTC. However, this formulation does not seem to be correct for two reasons:
· The time to first SSB is not captured in the formula
· TSMTC_MAX is not applicable in the known SCell activation with short measurement cycles

Nevertheless, we follow the same methodology as before and propose the interruption window to be defined as:
Proposal 13. 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 /NR_slot_length and not occur after slot n+1+(THARQ +3ms + L*TSMTC_MAX + TSMTC_duration)/NR_slot_length where THARQ is defined in Proposal 3-4 and L = L1 in known SCell case if the SCell measurement cycle is equal to or smaller than 160ms, L=L2,1 in known SCell case if the SCell measurement cycle is larger than 160ms, and L=L3,1 in unknown SCell case.
· RAN4 may need to revisit the interruption window length formulation in R15 specification. 

The deactivation interruption on PCell or any activated SCell shall not occur before slot n+1+(THARQ)/NR_slot_length and not occur after slot n+1+(THARQ +3ms) /NR_slot_length.
Proposal 14. The deactivation interruption on PCell or PSCell or any activated SCell shall not occur before slot n+1+THARQ/NR_slot_length and not occur after slot n+1+(THARQ +3ms)/ NR_slot_length where THARQ is defined in Proposal 3-4. 
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. 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. 
Observation 1. R16 HARQ enhancements – non-numerical K1, enhanced dynamic codebook, and one-shot feedback – provide opportunities for HARQ retransmission resulting in potentially different timelines/delays. Moreover, per R15 HARQ procedure, a failed HARQ transmission is treated as NACK and can be scheduled for retransmission by gNB. It is overly and unnecessarily complicated for RAN4 to define extension of THARQ for all of these scenarios. The procedures are already clearly defined in TS 38.213 specification to which RAN4 requirements can simply refer. 
Proposal 3. RAN4 to not define a time limit, even a fixed one, on THARQ and rely on RAN2 procedure for persistent UL LBT failure.
Proposal 4. RAN4 to define THARQ as:
“THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]. In the event of UL CCA failure, THARQ extends to the next HARQ feedback retransmission opportunities as specified in TS 38.213 [3].”
Proposal 5. For known Scell activation and if the SCell measurement cycle is equal to or smaller than 160ms, Tactivation_time  = TFirstSSB  + (L1)* Trs + 5ms (X=5ms) where L1 refers to the number of occasions the reference signal in the SCell being activated is not available and L1  L1,max
Proposal 6. TFirstSSB_MAX: is the time to first SSB indicated by the SMTC after n + THARQ+3ms. In case of intra-band SCell activation, the occasion when all active serving cells and SCells being activated or released are scheduled to transmit SSB bursts in the same slot. In case of inter-band SCell activation, the first occasion when the SCell being activated is scheduled to transmit SSB burst. 

Proposal 7. For NR-U known SCell activation, if the SCell measurement cycle is larger than 160ms, Tactivation_time  = TFirstSSB_MAX + L2,1* TSMTC_MAX + (1 + L2,2)* Trs + 5ms (Y=5ms) . 
· L2,2   refers to the number of occasions the reference signal, as indicated by SMTC of the SCell being activated, is not available and L2,2  L2,2,max 
· In inter-band scenarios, 
· L2,1 refers to the number of occasions the reference signal, as indicated by SMTC of the SCell being activated, is not available in known cell conditions and L2,1  L2,1,max
· In intra-band scenarios, 
· L2,1 refers to the number of occasions that at least one SMTC from SCells already activated or SCell being activated is not available in known cell conditions and L2,1  L2,1,max

Proposal 8. For NR-U unknown SCell activation, if the SCell measurement cycle is larger than 160ms, Tactivation_time  = TFirstSSB_MAX  + (1+L3,1)* TSMTC_MAX + (2 + L3,2)* Trs + 5ms (Z=5ms)
where
· L3,2  refer to the number of occasions the reference signal, as indicated by SMTC of the SCell being activated, is not available L3,2  L3,2,max
· In inter-band scenarios, 
· L3,1 refers to the number of occasions the reference signal, as indicated by SMTC of the SCell being activated, is not available in unknown cell conditions and L3,1  L3,1,max
· In intra-band scenarios, 
· L3,1 refers to the number of occasions that at least one SMTC from SCells already activated or SCell being activated is not available in unknown cell conditions and L3,1  L3,1,max

Proposal 9. RAN4 to adopt the following max values:
· L1,max = 2 if Trs  40ms and  L1,max = 1 if Trs  40ms
· L2,1,max = 2 if TSMTC_max  40ms and  L2,1,max = 1 if TSMTC_max   40ms
· L2,2,max = 2 if Trs  40ms and  L2,2,max = 1 if Trs  40ms
· L3,1,max = 3 if TSMTC_max  40ms and  L2,1,max = 2 if TSMTC_max   40ms
· L3,2,max = 3 if Trs  40ms and  L3,2,max = 2 if Trs  40ms

Proposal 10. RAN4 does not need to define a maximum limit on TCSI-ReportingDelay. Existing specifications in RAN1 and RAN2 adequately describe the UE behaviour. 
Proposal 11. L4,max = 2 for TCSI-RS  40ms and L4,max = 1 for TCSI-RS  40ms
Proposal 12. With the clarification to the definition of THARQ as in proposals 3-4, the SCell deactivation delay requirement for activated SCell is the same as in Release 15 requirements. 
Proposal 13. 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 /NR_slot_length and not occur after slot n+1+(THARQ +3ms + L*TSMTC_MAX + TSMTC_duration)/NR_slot_length where THARQ is defined in Proposal 3-4 and L = L1 in known SCell case if the SCell measurement cycle is equal to or smaller than 160ms, L=L2,1 in known SCell case if the SCell measurement cycle is larger than 160ms, and L=L3,1 in unknown SCell case.
· RAN4 may need to revisit the interruption window length formulation in R15 specification. 

The deactivation interruption on PCell or any activated SCell shall not occur before slot n+1+(THARQ)/NR_slot_length and not occur after slot n+1+(THARQ +3ms) /NR_slot_length.
Proposal 14. The deactivation interruption on PCell or PSCell or any activated SCell shall not occur before slot n+1+THARQ/NR_slot_length and not occur after slot n+1+(THARQ +3ms)/ NR_slot_length where THARQ is defined in Proposal 3-4. 
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