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Introduction
In RAN4#94-e-Bis meeting, SCell activation/deactivation requirements in NR-U were further discussed with the following captured in WF [1]:
SCell Activation / Deactivation 
· 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


In addition, in RAN4#94-e-Bis meeting, extensive discussions on R15 SCell activation delay and interruption requirements occurred which resulted in WF [2] and a draftCR that captured the agreed corrections [3]. The discussions herein consider the agreements from [2][3]. A CR for SCell activation delay and interruption requirements are presented in [4].
SCell activation/deactivation delay
Tactivation_time in NR-U
The issue that Option 1 is attempting to address is provisioning for extra periods of reference signal in case HARQ transmission is elongated for a long time. The argument presented by the proponent of Option 1 is UE’s need to retune AGC. We disagree with option 1 for the following reasons:
· Tracking loops can still continue to update even if UL LBT prevents HARQ transmission. LBT failure in DL and its impact to tracking loop does not have any correlation with LBT failure in UL and inability of UE to send HARQ. How often UE runs its tracking loop is a UE implementation choice.
· HARQ retransmission due to UL LBT failure is significantly smaller than 160ms. Even assuming 16 HARQ processes with  retransmission attempts per process (i.e., the first 3 transmissions fail) and without any the enhancements in NR-U, HARQ retransmission takes   = 52 slots which at most is equal to 52ms. The additional 4 slots in this equation accounts for HARQ delay of one HARQ process.  

Observation 1. HARQ retransmission delay has no bearing on UE tracking loops and is significantly smaller than 160ms. 
Proposal 1. Do not specify HARQ for Scell activation delay.
In the email discussion # 104, it was brought up that operation in unlicensed spectrum has only been defined for one band in R16 and hence, the notions of intra-band and inter-band in the definition of the parameters listed in Section 1 is not relevant. While we agree that NR-U operation has only been defined for one band in R16 so far, we disagree that that scenarios of intra-band and inter-band SCell activation can be discarded.
In our understanding, there are two possibilities for SCell activation in unlicensed spectrum:
· The SCell being activated is the first CC in the unlicensed spectrum. Any existing CC at the time of SCell being activated is on licensed spectrum. This scenario corresponds to inter-band SCell activation.
· The SCell being activated is not the first CC in the unlicensed spectrum and there are already active SCells in NR-U band. This scenario corresponds to intra-band SCell activation.


From slide 2 of [2], background information on SCell activation requirements can be found:
· In current SCell activation requirements, TFirstSSB, Trs, TFirstSSB_MAX and TSMTC_MAX are used to account for delays in acquiring different SSB bursts
· Assumption in SCell activation requirements 
· TFirstSSB is the time to first SSB burst that is used for T/F tracking or cell search (w/o AGC)
· Trs is the periodicity of SSB burst that is used for T/F tracking and cell search (w/o AGC)
· TFirstSSB_MAX is the time to first SSB burst that is used for AGC
· TSMTC_MAX is the periodicity of SSB burst that is used for AGC
When SCell is known, there is no need to settle AGC. Hence, only one SSB occasion is needed for time/frequency tracking with TFirstSSB denoting the time to first SSB occasion in R15. In NR-U, TFirstSSB should denote the time to first SSB occasion (which may or may not be transmitted) and extension of activation time is based on L1 parameter.
Proposal 2. For known Scell activation and if the SCell measurement cycle is equal to or smaller than 160ms, Tactivation_time  = TFirstSSB  + (L1)* Trs + 5ms where L1 (L1  L1,max.) refers to the number of SSB occasions not available.
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 3. 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 4. 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 . 
· L2,2   (L2,2  L2,2,max) refers to the number of unavailable SSB occasions in the SCell being activated
· In inter-band scenarios, 
· L2,1 (L2,1  L2,1,max) refers to the number of unavailable SSB occasions in the SCell being activated
· In intra-band scenarios, 
· L2,1 (L2,1  L2,1,max) refers to the number of occasions that at least one SSB from SCells already activated or SCell being activated is not available 

Proposal 5. 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 
where
· L3,2  (L3,2  L3,2,max) refers to the number of unavailable SSB occasions in the SCell being activated
· In inter-band scenarios, 
· L3,1 (L3,1  L3,1,max) refers to the number of unavailable SSB occasions in the SCell being activated
· In intra-band scenarios, 
· L3,1 (L3,1  L3,1,max) refers to the number of occasions that at least one SSB from SCells already activated or SCell being activated is not available 

For remaining 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 6. RAN4 to adopt the following max values:
· 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

A concern that was raised in the last meeting was the UE behavior and SCell activation delay when SCellDeactivationTimer is not configured. In our view, this can also happen in R15 NR SCell activation and is neither specific to NR-U nor it requires defining new UE behavior or requirements in RAN4. From TS 38.331:
sCellDeactivationTimer 
SCell deactivation timer in TS 38.321 [3]. If the field is absent, the UE applies the value infinity. 

Hence, in the absence of configuration of this timer, UE applies the value of infinity, similar to R15, and follows the procedure outlined in TS 38.321. No new specification is needed in RAN4.
In terms of options listed in the WF, we can agree to option 1 or option 3 (because option 3 is equivalent to not having a timer defined in R15 which also has a defined UE behavior). Option 2 seems a bit confusing since the largest timer value defined in TS 38.331 is “infinity”.
Proposal 7. The SCell activation requirements do not apply when the sCellDeactivationTimer is not configured.
Interruption window
In [3], the interruption requirements for SCell activation is corrected as follows:
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, specified in clause 8.2 shall not occur before slot n+1+  and not occur after slot n+1+ ., 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+ + Ninterruption, where Ninterruption is the interruption window length as defined in section 8.2, where further the applicable interruption window length depends on whether the interrupted serving cell is in the same band (intra-band) as, or in a different band (inter-band) to, the SCell being activated. 


Based on these recent agreements, it is evident that the start of the interruption window is when the first SSB is received. Based on this, in NR-U and in the presence of DL LBT failure, the start of the interruption window shifts if DL LBT failure wipes out the SSB occasions after the reception of the SCell activation command.
Figure 1 illustrates our point. Assume UE can transmit HARQ after SCell activation based on R15 timeline (no LBT failure in the between interval) and then DL CCA fails (highlighted by red) for the first two SMTC periods. It is available to UE in the third period. UE cannot initiate SCell activation procedure until the first received SMTC. If the current R15 specification is copied without consideration for LBT failure, the interruption window will be incorrectly specified.



Figure 1 SCell activation interruption window and LBT failure
Observation 2. UE can take interruption during Scell activation procedure only after it receives SSB to initiate SCell activation. Interruption window shifts if SSB is not available due to DL LBT failure. 
The proposal is based on [3]. We follow the same methodology and propose the interruption window to be defined as:
Proposal 8. 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 n+1+  and not occur after slot n+1+ , where TX is:
-	TFirstSSB  + (L1)* Trs, for known SCell activation when SCell measurement cycle is equal to, or smaller than, 160ms;
-	TFirstSSB_MAX + L2,1* TSMTC_MAX for known SCell activation when SCell measurement cycle is greater than 160ms;
-	TFirstSSB_MAX + L3,1* TSMTC_MAX for unknown SCell activation 
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 9. 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.
Conclusions
Observation 1. HARQ retransmission delay has no bearing on UE tracking loops and is significantly smaller than 160ms. 
Proposal 1. Do not specify HARQ for Scell activation delay.
Proposal 2. For known Scell activation and if the SCell measurement cycle is equal to or smaller than 160ms, Tactivation_time  = TFirstSSB  + (L1)* Trs + 5ms where L1 (L1  L1,max.) refers to the number of SSB occasions not available.
Proposal 3. 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 4. 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 . 
· L2,2   (L2,2  L2,2,max) refers to the number of unavailable SSB occasions in the SCell being activated
· In inter-band scenarios, 
· L2,1 (L2,1  L2,1,max) refers to the number of unavailable SSB occasions in the SCell being activated
· In intra-band scenarios, 
· L2,1 (L2,1  L2,1,max) refers to the number of occasions that at least one SSB from SCells already activated or SCell being activated is not available 

Proposal 5. 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 
Proposal 6. RAN4 to adopt the following max values:
· 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 7. The SCell activation requirements do not apply when the sCellDeactivationTimer is not configured.
Observation 2. UE can take interruption during Scell activation procedure only after it receives SSB to initiate SCell activation. Interruption window shifts if SSB is not available due to DL LBT failure. 
Proposal 8. 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 n+1+  and not occur after slot n+1+ , where TX is:
-	TFirstSSB  + (L1)* Trs, for known SCell activation when SCell measurement cycle is equal to, or smaller than, 160ms;
-	TFirstSSB_MAX + L2,1* TSMTC_MAX for known SCell activation when SCell measurement cycle is greater than 160ms;
-	TFirstSSB_MAX + L3,1* TSMTC_MAX for unknown SCell activation 
Proposal 9. 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.
References
[1] R4-2005366
[2] R4-2005269
[3] R4-2005426
[4] R4-2006175


8

4

image1.emf
Scell Activation 

Command

HARQ

SSB

T_SMTC,MAX + SMTC 

Duration

SSB SSB

First available SSB since HARQ

UE begins Scell activation procedure

UE interruption window starts


oleObject1.bin
�

Scell Activation 
Command


HARQ


T_SMTC,MAX + SMTC Duration


SSB


SSB


SSB


First available SSB since HARQ
UE begins Scell activation procedure
UE interruption window starts



