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1 Introduction

The following has been agreed [1] on SCell activation delay for NR-U in RAN4#92:
· 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 
The related agreements [2] from RAN4#91 for NR-U SCells:
· Activation period: may depend on SSB availability, a new requirement may be needed

· Deactivation period: does not depend on SSB availability, Rel-15 NR requirement can be a baseline.
In this contribution, we further discuss SCell activation delay for NR-U.
2 SCell activation delay in NR

In 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 

[image: image2.png]n + [HARQ* activation*Tcs1 Reporting
‘NRslot length



 , 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, Tactivation_time is:

-
2*TSMTC_MAX + 2*Trs + 5ms provided the SCell can be successfully detected on the first attempt.

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; in case of 

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.

3 SCell activation in NR-U
3.1 Known SCell definition
In Rel-15, an NR 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 the SCell in FR1 is unknown.

To adapt the known SCell definition to NR-U, a few aspects need to be updated, including the measurement period before the reception of the SCell activation command and detectability which cannot be always guaranteed due to missing signal, sending a valid measurement report in presence of UL LBT failures.
· Proposal 1: The period before the reception of the SCell activation command is extended, e.g., to 

 (5+LDL) measCycleSCell + (UL 

when DRX is not configured, and

max((5+LDL) measCycleSCell, (5+ LDL) DRX cycles) + (UL

when DRX is configured, 

where LDL≤ LDL,max is the number of measurement occasions with SSBs not available at the UE due to CCA, 
(UL≤(UL,max is the additional delay due to UE inability to send a valid measurement report on a carrier frequency with CCA ((UL=0 for UL channel access category 1).

· Proposal 2: LDL,max=TBD and (UL,max=TBD, upon exceeding any of which the SCell can be considered unknown.
· Proposal 3: SSB remains detectable according to the cell identification conditions in clause 9.2 and 9.3 in the occasions where the SSB is available at the UE.
3.2 Extended SCell activation delay in NR-U
Next, we discuss the impact of LBT on the SCell activation delay.
Starting from THARQ, for channel access category 2 and 4, the UL LBT failure may occur and the HARQ feedback transmission may be additionally delayed.
· Proposal 4: THARQ = THARQ,ref+(HARQ , where THARQ,ref is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3], 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).

· Proposal 5: (HARQ,max=TBD, upon exceeding which the UE can stop attempting to transmit HARQ feedback and can abandon the SCell activation procedure.

Furthermore, also the SCell activation time Tactivation_time is also impacted by DL LBT failures and is therefore extended as follows.
· Proposal 6: Tactivation_time is defined as follows (where L1≤L1max, L2≤L2max, and L3≤L3max are the corresponding numbers of SSB occasions not available at the UE due to CCA failure):
For a known SCell:
-
TFirstSSB+ Trs *L1+ 5ms, if the SCell measurement cycle is equal to or smaller than 160ms.

-
(TSMTC_MAX + Trs )*(1+L2)+ 5ms, if the SCell measurement cycle is larger than 160ms.

For an unknown SCell:

-
(TSMTC_MAX + Trs )*(2+L3)+ 5ms, provided the SCell can be successfully detected in one attempt.
· Proposal 7: L1max, L2max, and L3max are TBD, upon exceeding which the UE can stop activating the SCell and can abandon the SCell activation procedure.
Next the UE is expected to report a valid CSI report during TCSI_reporting which may also be impacted by UL LBT failure.

· Proposal 8: TCSI_reporting = TCSI_reporting,ref +(CSI, where TCSI_reporting,ref 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], and (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).
· Proposal 9: (CSI,max=TBD, upon exceeding which the UE can stop attempting to transmit CSI report and can abandon the SCell activation procedure.

3.3 Interruption window

After sending the HARQ feedback to the serving cell (after receiving the SCell activation command) the UE may cause interruption over a certain time period, some interruption window which is not allowed to start earlier than a specific time and finish later than another specific time. In Rel-15, this is controlled by the following requirements:

The interruption on PSCell or any activated SCell in SCG for EN-DC mode specified in clause 8.2 shall not occur before slot n+1+[THARQ]/slot_length and not occur after slot n+1+[THARQ +3ms + TSMTC_MAX + TSMTC_duration ] /slot_length.

The interruption on PCell or any activated SCell in MCG for NR standalone mode specified in clause 8.2 shall not occur before slot n+1+[THARQ]/slot_length and not occur after slot n+1+[THARQ +3ms + TSMTC_MAX + TSMTC_duration]/slot_length.
(Note that the current version of specification does not scale with the slot length and therefore is incorrect with respect to the time units.)
In NR-U, the starting time of the interruption window needs to dynamically adapt to the UL LBT outcome. Namely, the corresponding interruptions shall not occur before slot n+1+(THARQ+(HARQ,L)/slot_length and shall not occur after slot n+1+((THARQ+(HARQ,L) +3ms + TSMTC_MAX + TSMTC_duration)/slot_length, (HARQ,L is the additional delay after the first HARQ feedback occasion due to L missed HARQ feedback occasions until the HARQ feedback is sent in the last occasion.
· Proposal 10: The timing of the interruption window for SCell activation in NR-U is defined so that the corresponding interruptions shall not occur before slot n+1+(THARQ+(HARQ,L)/slot_length and shall not occur after slot n+1+((THARQ+(HARQ,L) +3ms + TSMTC_MAX + TSMTC_duration)/slot_length, where L is the number of UE failures to access the channel to transmit HARQ feedback.
4 Summary

· Proposal 1: The period before the reception of the SCell activation command is extended, e.g., to 

 (5+LDL) measCycleSCell + (UL 

when DRX is not configured, and

max((5+LDL) measCycleSCell, (5+ LDL) DRX cycles) + (UL

when DRX is configured, 

where LDL≤ LDL,max is the number of measurement occasions with SSBs not available at the UE due to CCA, 

(UL≤(UL,max is the additional delay due to UE inability to send a valid measurement report on a carrier frequency with CCA ((UL=0 for UL channel access category 1).

· Proposal 2: LDL,max=TBD and (UL,max=TBD, upon exceeding any of which the SCell can be considered unknown.
· Proposal 3: SSB remains detectable according to the cell identification conditions in clause 9.2 and 9.3 in the occasions where the SSB is available at the UE.

· Proposal 4: THARQ = THARQ,ref+(HARQ , where THARQ,ref is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3], 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).

· Proposal 5: (HARQ,max=TBD, upon exceeding which the UE can stop attempting to transmit HARQ feedback and can abandon the SCell activation procedure.

· Proposal 6: Tactivation_time is defined as follows (where L1≤L1max, L2≤L2max, and L3≤L3max are the corresponding numbers of SSB occasions not available at the UE due to CCA failure):
For a known SCell:

-
TFirstSSB+ Trs *L1+ 5ms, if the SCell measurement cycle is equal to or smaller than 160ms.

-
(TSMTC_MAX + Trs )*(1+L2)+ 5ms, if the SCell measurement cycle is larger than 160ms.

For an unknown SCell:

-
(TSMTC_MAX + Trs )*(2+L3)+ 5ms, provided the SCell can be successfully detected in one attempt.

· Proposal 7: L1max, L2max, and L3max are TBD, upon exceeding which the UE can stop activating the SCell and can abandon the SCell activation procedure.

· Proposal 8: TCSI_reporting = TCSI_reporting,ref +(CSI, where TCSI_reporting,ref 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], and (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).

· Proposal 9: (CSI,max=TBD, upon exceeding which the UE can stop attempting to transmit CSI report and can abandon the SCell activation procedure.
· Proposal 10: The timing of the interruption window for SCell activation in NR-U is defined so that the corresponding interruptions shall not occur before slot n+1+(THARQ+(HARQ,L)/slot_length and shall not occur after slot n+1+((THARQ+(HARQ,L) +3ms + TSMTC_MAX + TSMTC_duration)/slot_length, where L is the number of UE failures to access the channel to transmit HARQ feedback.
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