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1 Introduction
The following agreements on SCell activation in NR-U were made in [5] during RAN4#94-e-Bis:

· Definition of channel access category 1
· Type 2C UL channel access [TS 37.213]
· Definition of TFirstSSB_MAX
· Further discuss in RAN4 #95, taking into account the received comments
· Definition of L1
· Further discuss in RAN4 #95, taking into account the received comments
· Definition of L2,1 and L2,2
· Further discuss in RAN4 #95, taking into account the received comments
· Definition of L3,1 and L3,2
· Further discuss in RAN4 #95, taking into account the received comments
· UE behavior and the SCell activation delay extension due to any LBT failures when sCellDeactivationTimer is not configured
· Option 1: the SCell activation requirements do not apply when the sCellDeactivationTimer is not configured
· Option 2: If the timer is not configured, the NR-U UE assumes the largest timer value and applies the corresponding behaviour, to avoid being locked down in SCell activation for too long
· Option 3: Do not specify UE behaviour if the timer is not configured, the requirements apply regardless whether sCellDeactivationTimer is configured or not
· SCell activation delay, condition on HARQ delay
· Option 1: For a known SCell:
· TFirstSSB+ Trs *L1+ 5ms, if the SCell measurement cycle is ≤160ms and (HARQ≤K ms.
· (TSMTC_MAX + Trs )*(1+L2)+ 5ms, if the SCell measurement cycle is >160ms or (HARQ>K ms, 
· where (HARQ is the total time by which THARQ was extended (with all its HARQ transmissions and retransmissions in the configured UL resources) due to UL LBT failures  according to the agreement in RAN4#94-e, K=TBD
· Option 2: Option 1 without the condition on (HARQ
· Lmax-values in SCell activation requirements

· 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 = TBD if TSMTC_max ≤ 40ms and  L2,1,max = TBD if TSMTC_max  > 40ms
· L3,2,max = TBD if Trs ≤ 40ms and  L3,2,max = TBD if Trs > 40ms
· L4,max = [2] for TCSI-RS ≤ 40ms and L4,max = [1] for TCSI-RS > 40ms
· Interruption window at SCell activation/deactivation

· Postpone to RAN4#95
· In RAN4#95:
· If a change agreed for the related Rel-15 requirements, it needs to be taken into account also in NR-U interruption requirements

· Otherwise, proceed based on the latest version of Rel-15 requirements

The following agreements related to SCell activation delay in NR-U were made [4] in RAN4#94-e:

· Time period in the known cell condition for SCell activation: 

· do not extend the time period in the known SCell condition

· Does the interruption window length at SCell activation depend on DL LBT failures?
· Conclusion: postpone discussion till R15 get agreed
· X=5 ms, Y=5 ms, Z=5 ms

· THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213. In the event of UE not being able to transmit the acknowledgment due to UL CCA failures: THARQ is extended to also include the time to all next HARQ feedback retransmission opportunities, until the time of its successful transmission, as specified in TS 38.213; no extension of THARQ due to UL LBT failures is allowed for channel access category 1

· The term “channel access category 1” needs to be aligned with RAN1 terminology (e.g., in TS 37.213)

· TCSI_reporting = TCSI_reporting,ref +L4*TCSI-RS +(CSI, where

· TCSI_reporting,ref is CSI reporting delay as specified in section 8.3.2,

· UE behavior upon exceeding L4,max (L4,max=TBD) is to abandon the SCell activation procedure,

· (CSI  is the total additional delay in CSI reporting due to UL LBT failures, according to TS 38.213

The following agreements related to SCell activation delay in NR-U were made [1] in RAN4#93:

Interruption window:

· 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
Known cell 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
· 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
The following agreements related to SCell activation delay in NR-U were made [2] in RAN4#92-bis:

Known/unknown cell 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
Interruption window:
· 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)

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 deactivation 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)
Some earlier agreements from RAN4#92 [2]:

· 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 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 

Remaining open issues:

· Interruption window at SCell activation/deactivation, aligned with Rel-15 updates
· FFS: UE behavior and the SCell activation delay extension due to any LBT failures when sCellDeactivationTimer is not configured

· SCell activation delay:
· Whether Tactivation_time for known cell depends on (HARQ
· The exact definition of TFirstSSB_MAX, L1, L2,1, L2,2, L3,1, L3,2 is FFS
· Values for L3,1.max, L3,2,max
In this contribution, we further discuss the open issues related to SCell activation for NR-U.
2 Interruption window at SCell activation/deactivation
The definition of the interruption window (more exactly the time point where it can occur) at SCell activation/deactivation is being updated for Rel-15 [6] to be aligned with the earlier agreed corrections for Rel-15 to the SCell activation timelines by introducing usage of TFirstSSB or TFirstSSB_MAX.
The following correction for the SCell activation interruption window starting point in Rel-15 is being proposed:

The starting point of an interruption window on PCell or any activated SCell in MCG for NR standalone mode, or on PSCell or any activated SCell in SCG for EN-DC mode, shall not occur before slot
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  and not occur after slot n+1+[image: image5.png]THARQ +3+Tx
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 , where TX is:

-
TFirstSSB, for any scenario where Tactivation_time  includes TFirstSSB;
-
TFirstSSB_MAX, for any scenario where Tactivation_time  includes TFirstSSB_MAX;
-
Tuncertainty_MAC +TFineTiming, for any other scenario where Tactivation_time  includes TFineTiming.

The end-point of the interruption window shall not occur after slot n+1+[image: image8.png]THARQ +3+Tx
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 + Ninterruption,
For NR-U, the interruption window length is not impacted by LBT failures, but there are impacts on the interruption window starting point. The UL LBT impact is taken into account in the extended THARQ the definition of which was agreed in [4] to be updated for NR-U. However, there is also DL LBT impact which may shift the interruption window starting point due to, e.g., the need for AGC resetting, etc.
· Proposal 1: Interruption window length at SCell activation does not depend on LBT failures.
· Proposal 2: FFS: the LBT failure impact on the interruption window starting point, considering e.g. the need for AGC resetting, etc.
3 UE behavior when the sCellDeactivationTimer timer is not configured

The following options were discussed during RAN4#94-e-Bis for the UE behavior and the SCell activation delay extension due to any LBT failures when sCellDeactivationTimer is not configured:
· Option 1: the SCell activation requirements do not apply when the sCellDeactivationTimer is not configured

· Option 2: If the timer is not configured, the NR-U UE assumes the largest timer value and applies the corresponding behaviour, to avoid being locked down in SCell activation for too long
· Option 3: Do not specify UE behaviour if the timer is not configured, the requirements apply regardless whether sCellDeactivationTimer is configured or not
When the sCellDeactivationTimer is configured and expired due to some delay because of LBT failures, the associated SCell is deactivated upon the timer expiry, which prevents lasting the SCell activation procedure for too long without completion. The situation becomes different when sCellDeactivationTimer is not configured and as a result the UE may get stuck with the sCell activation procedure until the network realizes this, which will waste the UE power and delay the SCell activation and the network performance in general.
· Observation 1: When sCellDeactivationTimer is not configured, the UE may get stuck with the sCell activation procedure until the network realizes this, wasting the UE power, delaying the SCell activation, and degrading the network performance in general.
· Observation 2: The UE may fail the SCell activation requirements, when sCellDeactivationTimer is not configured.

· Proposal 3: The SCell activation requirements for NR-U do not apply when the sCellDeactivationTimer is not configured.
4 SCell activation delay

4.1 Condition on HARQ delay

The issue occur particularly for the known cell requirement.

The UE cannot start the search procedure before it sends the HARQ response. So, if sending the HARQ response takes too long time, the UE may need more time for gain setting even if the cell was determined as known before. The issue is similar to the need for gain resetting at the UE after a long period of inactivity, including long DRX cycles or long SCell measurement cycles. Therefore, when the HARQ response is delayed and the SCell measurement cycles are short, the UE may need at least one additional cycle for the gain resetting and behave as if the SCell measurement cycle is long, otherwise it will not be able to meet the SCell activation delay requirement.

· Observation 3: The UE will not be able to complete the SCell activation in time for short SCell measurement cycles, if due to the delayed HARQ response the UE needs to readjust its gain setting.

The current SCell activation delay for the known cell is:
· TFirstSSB+ Trs *L1+ 5 ms, if the SCell measurement cycle is ≤160ms 
· TSMTC_MAX*(1+L2,1) + Trs*(1+L2,2)+5 ms, if the SCell measurement cycle is >160ms
· Proposal 4: To account for the additional gain setting issue due to HARQ delay, Tactivation_time for a known SCell is:

· TFirstSSB+ Trs *L1+ 5 ms, if the SCell measurement cycle is ≤160ms and (HARQ ≤K ms,
· TSMTC_MAX*(1+L2,1) + Trs*(1+L2,2)+5 ms, if the SCell measurement cycle >160ms or (HARQ>K ms,
where (HARQ is a part of THARQ, which was added to Rel-15 THARQ due to LBT failures.
· Proposal 5: K=[80] ms.

4.2 Definitions of L parameters

The SCell activation time Tactivation_time is impacted by DL LBT failures reflected in L-parameters.

· Proposal 6: L1, L2,1, L2,2, L3,1, L3,2 are the numbers of SSB transmission occasions not available at the UE due to DL CCA.
· Proposal 7: Values for L3,1,max and L3,2,max:
· L3,1,max = [2] if TSMTC_max ≤ 40ms and  L2,1,max = [1] if TSMTC_max  > 40ms
· L3,2,max = [2] if Trs ≤ 40ms and  L3,2,max = [1] if Trs > 40ms
4.3 Definition of TFirstSSB_MAX
The Rel-15 definition of is TFirstSSB_MAX:
TFirstSSB_MAX: Is the time to first SSB indicated by the SMTC after slot n + THARQ+3ms, further fulfilling:

-
In FR1, in case of intra-band SCell activation, the occasion when all active serving cells and SCells being activated or released are transmitting SSB bursts in the same slot; in case of inter-band SCell activation, the first occasion when the SCell being activated is transmitting SSB burst.

-
In FR2, the occasion when all active serving cells and SCells being activated or released are transmitting SSB bursts in the same slot. 
For NR-U, only intra-band FR1 requirement is relevant. Furthermore, the term “first SSB” needs to be aligned with the NR-U terminology.
· Proposal 8: TFirstSSB_MAX: Is the time to first SSB transmission occasion indicated by the SMTC after slot n + THARQ+3ms, further fulfilling:

in case of intra-band SCell activation, this is the occasion when all active serving cells and SCells being activated or released have configured SSB bursts in the same slot.
5 Summary
The following have been proposed in this contribution:

· Proposal 1: Interruption window length at SCell activation does not depend on LBT failures.
· Proposal 2: FFS: the LBT failure impact on the interruption window starting point, considering e.g. the need for AGC resetting, etc.
· Observation 1: When sCellDeactivationTimer is not configured, the UE may get stuck with the sCell activation procedure until the network realizes this, wasting the UE power, delaying the SCell activation, and degrading the network performance in general.

· Observation 2: The UE may fail the SCell activation requirements, when sCellDeactivationTimer is not configured.

· Proposal 3: The SCell activation requirements for NR-U do not apply when the sCellDeactivationTimer is not configured.
· Observation 3: The UE will not be able to complete the SCell activation in time for short SCell measurement cycles, if due to the delayed HARQ response the UE needs to readjust its gain setting.

· Proposal 4: To account for the additional gain setting issue due to HARQ delay, Tactivation_time for a known SCell is:

· TFirstSSB+ Trs *L1+ 5 ms, if the SCell measurement cycle is ≤160ms and (HARQ ≤K ms,
· TSMTC_MAX*(1+L2,1) + Trs*(1+L2,2)+5 ms, if the SCell measurement cycle >160ms or (HARQ>K ms,
where (HARQ is a part of THARQ, which was added to Rel-15 THARQ due to LBT failures.
· Proposal 5: K=[80] ms.

· Proposal 6: L1, L2,1, L2,2, L3,1, L3,2 are the numbers of SSB transmission occasions not available at the UE due to DL CCA.
· Proposal 7: Values for L3,1,max and L3,2,max:
· L3,1,max = [2] if TSMTC_max ≤ 40ms and  L2,1,max = [1] if TSMTC_max  > 40ms
· L3,2,max = [2] if Trs ≤ 40ms and  L3,2,max = [1] if Trs > 40ms
· Proposal 8: TFirstSSB_MAX: Is the time to first SSB transmission occasion indicated by the SMTC after slot n + THARQ+3ms, further fulfilling:

in case of intra-band SCell activation, this is the occasion when all active serving cells and SCells being activated or released have configured SSB bursts in the same slot.
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Annex A: SCell activation in Rel-15 NR

In Rel-15 NR FR1, upon receiving 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 SCell being activated no later than in slot 
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 , where:

THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]
Tactivation_time is the SCell activation delay in millisecond. 
If the SCell is known and belongs to FR1, Tactivation_time is:

-
TFirstSSB+ 5ms, if the SCell measurement cycle is equal to or smaller than 160ms.

-
TSMTC_MAX + Trs + 5ms, if the SCell measurement cycle is larger than 160ms.

If the SCell is unknown and belongs to FR1, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, Tactivation_time is:

-
TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms.
Where TSMTC_MAX:

For intra-band SCell activation, TSMTC_MAX is the longer SMTC 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; 

For inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated.
TSMTC_MAX is bounded to a minimum value of 10ms.
Trs is the SMTC periodicity of the SCell being activated if the UE has been provided with an SMTC configuration for the SCell in SCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement which involves Trs is applied with Trs = 5ms assuming the SSB transmission periodicity is 5ms. There is no requirements if the SSB transmission periodicity is not 5ms

TFirstSSB: Is the time to first SSB indicated by the SMTC after n + THARQ+3ms 

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 as specified in TS 38.331 [2].

In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command specified in TS 38.331 [2] for a SCell at the first opportunities for the corresponding actions once the SCell is activated.

Starting from the slot specified in clause 4.3 of TS 38.213 [3] (timing for secondary Cell activation/deactivation) and until the UE has completed the SCell activation, the UE shall report out of range if the UE has available uplink resources to report CQI for the SCell.
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