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1 	Introduction
In recent meetings, we had made much progress on the discussion on SCell activation and deactivation delay and interruption separately. The current specification is listed as follow. 
For Interruption requirement,
	When one SCell is activated or deactivated:
-	an interruption on PSCell:
-	of up to X2 slot, if the PSCell is not in the same band as any of the SCells being activated or deactivated, or 
-	of up to Y2 slot + SMTC duration if the PSCell is in the same band as any of the SCells being activated or deactivated, provided the cell specific reference signals from the PSCell and the SCells being activated or deactivated are available in the same slot;
-	an interruption on any activated SCell in SCG:  
-	of up to X2 slot, if the activated SCell is not in the same band as any of the SCells being activated or deactivated, or 
-	of up to Y2 slot + SMTC duration if the activated SCell is in the same band as any of the SCells being activated or deactivated, provided the cell specific reference signals from the deactivated SCell and the SCells being activated or deactivated are available in the same slot.


For Scell activation and deactivation delay requirement,
	Tactivation_time is the SCell activation delay. If the SCell is known and belongs to FR1, Tactivation_time is:
-	[3ms+ 1*SMTC periodicity+2ms], if the SCell measurement cycle is equal to or smaller than [160ms].
-	[3ms+2*SMTC periodicity+2ms], if the SCell measurement cycle is larger than [160ms].
If the SCell is unknown and belongs to FR1, Tactivation_time is:
-	[3ms+ 4*SMTC periodicity+2ms] provided the SCell can be successfully detected on the first attempt. 
<Text omitted>
The PSCell interruption specified in section 8.2 shall not occur before slot n+[THARQ] and not occur after slot n+[ THARQ +3ms].


In this paper, we will discuss the misalignment agreements between the SCell activation delay and Interruption in intra-band scenario. 
2 SCell Activation Delay and Interruption Discussion
For SCell activation, the UE has at least one active NR serving cell (e.g., the PSCell in EN-DC, the PCell in SA or any other SCell) and at least one deactivated SCell. Both have their own SMTCs. In the following sections, we assume one PSCell(Cell #1) and one SCell being activated(Cell #2) under intra-band EN-DC. It’s easy to replace the PSCell to other serving cells such as PCell in SA or other SCell in EN-DC or SA. 
Colliding SMTC occasion
Based on the agreements in Interruption (highlighted in yellow above), when an intra-band SCell is being activated(Cell #2), the SMTC occasions of PSCell(Cell #1) should collide in time with the SMTC occasions of Cell #2. Then, UE could use the colliding SMTC occasions to re-tune AGC for both Cell #1 and Cell #2. The AGC re-tuning will result in both interruption in Cell #1 and activation delay extension for Cell #2. In other words, if the Cell #1’s SMTC occasion is never in the same slot with the SMTC occasion of Cell #2 (an example is shown in the Figure 1), then UE can never find a suitable AGC level for Cell #1 and Cell #2 in a single slot. In this case, the UE behaviour is undefined in spec.


Figure 1. The example for non-colliding of PSCell and SCell SMTC occasions
[bookmark: _Ref521145593]Observation 1: Based on the agreement in Interruption, it implies that at least one of PSCell SMTC occasions should be restricted in the same slot with the SMTC occasion of the intra-band SCell being activated.
In our understanding, this kind of restriction should be added in SCell activation delay requirement as well (highlighted in green above).
[bookmark: _Ref521145612]Proposal 1: The cell specific reference signals from PSCell should be within the same slot as those of the SCell being activated in intra-band. Otherwise, there is no requirement for SCell activation delay.

SMTC periodicity
In current SCell activation delay requirement, it defines the activation delay only based on the SMTC periodicity of SCell being activated. But based on the explanation above, the AGC retuning for intra-band SCell activation should be restricted in the same slot with PSCell’s SSB occasion as well. For example, if the SMTC periodicity of PSCell(Cell #1) is larger than the SMTC periodicity of SCell (Cell#2) being activated(shown in Figure 2), the AGC re-tuning time should be in the Green circle based on PSCell’s SMTC periodicity. In other words, the requirement should allow delay for AGC tuning based on the max value of PSCell and SCell SMTC periodicity.


Figure 2. The interruption of AGC retuning when different PSCell and SCell SMTC periodicity 
[bookmark: _Ref521145597]Observation 2: The intra-band SCell’s activation delay should not only based on the SMTC periodicity of SCell being activated but also based on the SMTC periodicity of the PSCell. 
[bookmark: _Ref521145616]Proposal 2: The SCell activation delay requirement should differ intra-band and inter-band cases.
[bookmark: _Ref521145621][bookmark: _Ref521674359]Proposal 3: The intra-band SCell activation delay for AGC re-tuning should be based on the max value of PSCell and SCell SMTC periodicity. 

SMTC duration
Now we look at the same issue even closer. Let’s consider the scenario with different SMTC durations between PSCell (Cell #1) and the SCell(Cell #2) being activated. 
It was agreed in MRTD requirement that intra-band EN-DC is for co-located scenario only. If network allows Cell #1 and Cell #2 to transmit different Tx beams at a given slot, the UE’s AGC re-tuning will still face big challenge even when the SSB of Cell #1 and Cell #2 are well collided in time. Considering one scenario below, Cell #1 has 4 Tx beams. UE detects Tx beam #2 as the best Tx beam, and detect nothing on Tx beam #1, i.e., the worst beam (NULL beam). And Cell#2 has 2 Tx beams. The best Tx beam coincidently is beam #1. The receiving power of Cell#1’s best beam is a little bit higher than the best from Cell#2. This is shown in Figure 3 below.


[bookmark: _Ref521573800]Figure 3. The relationship between total received power and different Tx beam directions in intra-band PSCell and SCell 
At first, in AGC re-tuning stage, UE will have no idea about the best beam of Cell #2. If UE re-tunes the AGC based on the power of SSB#2 in the figure, UE will face problem in data receiving stage when both cells transmit the data through their best beams to UE at the same time. Furthermore, in FR2, if the best Rx beam toward Cell #1 and the best Rx beam toward Cell #2 are different, UE may make a wrong decision for Rx beam to be used for Cell #2. This may further degrade UE’s decoding performance on Cell #2.
[bookmark: _Ref521145602]Observation 3: If network cannot guarantee the Tx beam sweeping should follow the same direction at the same time for different PSCell and SCell(s) being activated, the UE’s AGC re-tuning will still face big problem in intra-band even when the SSB occasions of PSCell is well collided with the SSB occasions of SCell. 
[bookmark: _Ref513881503]Proposal 4: The network should guarantee the Tx beam sweeping follows the same direction for PSCell and SCell(s) being activated for intra-band at a time.
On the other hand, if the Tx beams from Cell#1 and Cell#2 always align in the same direction, the UE could use either Cell #1 or Cell #2’s SSB to re-tune AGC. Thus, the AGC interruption time for SMTC duration is enough based on the SCell being activated in current requirement.

Time location allowed for interruption in PSCell
The following factors should be considered when discussing time location allowed for causing interruption in PSCell during the SCell activation procedure.
· Intra-band or Inter-band
· AGC retuning time based on SMTC uncertainty
· Interruption length
[bookmark: _GoBack]For inter-band SCell activation, the PSCell interruption will happen after PSCell HARQ transmitting (n+[THARQ]). Based on the interruption requirement, the interruption duration is X2 slot, so that the allowed interruption will occurs until n+[THARQ]+ X2 slot which is shown in Figure 4. 


[bookmark: _Ref521576543]Figure 4. The allowed time location for interruption when inter-band SCell activation
[bookmark: _Ref521145628]Proposal 5: For inter-band SCell activation, the allowed interruption duration is X2 slot. The time location of PSCell interruption should not occur before slot n+[THARQ] and not occur after slot n+[THARQ +X2 slot].
For intra-band SCell activation, owing to the uncertainty of SSB’s occasion, the interruption start point should not only consider the HARQ time but the SMTC periodicity. At the same time, the SMTC periodicity should also consider the maximum SMTC periodicity in PSCell and the SCell being activated based on our discussion above. Thus, the possible time location for PSCell interruption will start from PSCell HARQ transmitting (n+[THARQ]) to (n+[THARQ+ TSMTC periodicity + Y2 slot + TSMTC duration]). 


Figure 4. The allowed time location for interruption when intra-band SCell activation
[bookmark: _Ref521145632]Proposal 6: For intra-band SCell activation, the time location of PSCell interruption should also consider the uncertainty of SMTC periodicity except the interruption time. The time location of PSCell interruption should not occur before slot n+[THARQ] and not occur after slot n+[THARQ+ TSMTC periodicity + Y2 slot + TSMTC duration]. 
3 Summary
In this paper, we propose the SCell activation delay and interruption requirement for EN-DC. The following conclusions for PSCell and SCell being activated could extend to the other scenarios, such as
· PSCell and multiple activated SCells in EN-DC; 
· PCell and multiple activated SCells in SA NR Carrier Aggregation.
Observation 1: Based on the agreement in Interruption, it implies that at least one of PSCell SMTC occasions should be restricted in the same slot with the SMTC occasion of the intra-band SCell being activated.
Observation 2: The intra-band SCell’s activation delay should not only based on the SMTC periodicity of SCell being activated but also based on the SMTC periodicity of the PSCell.
Observation 3: If network cannot guarantee the Tx beam sweeping should follow the same direction at the same time for different PSCell and SCell(s) being activated, the UE’s AGC re-tuning will still face big problem in intra-band even when the SSB occasions of PSCell is well collided with the SSB occasions of SCell.
Proposal 1: The cell specific reference signals from PSCell should be within the same slot as those of the SCell being activated in intra-band. Otherwise, there is no requirement for SCell activation delay.
Proposal 2: The SCell activation delay requirement should differ intra-band and inter-band cases.
Proposal 3: The intra-band SCell activation delay for AGC re-tuning should be based on the max value of PSCell and SCell SMTC periodicity.
Proposal 4: The network should guarantee the Tx beam sweeping follows the same direction for PSCell and SCell(s) being activated for intra-band at a time.
Proposal 5: For inter-band SCell activation, the allowed interruption duration is X2 slot. The time location of PSCell interruption should not occur before slot n+[THARQ] and not occur after slot n+[THARQ +X2 slot].
Proposal 6: For intra-band SCell activation, the time location of PSCell interruption should also consider the uncertainty of SMTC periodicity except the interruption time. The time location of PSCell interruption should not occur before slot n+[THARQ] and not occur after slot n+[THARQ+ TSMTC periodicity + Y2 slot + TSMTC duration].
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