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1 Introduction
In previous RAN4 meetings, the issue of interruption period for SCell activation/deactivation with multiple SCells was discussed. Specifically, in case of single SCell the interruption period for SCell activation/deactivation is specified in section 7.7.2 and 7.7.3 of 36.133, depending on the PCell duplex mode (FDD or TDD); however, the requirement is missing in current specification when multiple SCells are configured, and there were different views in particular for the case of mixed duplex modes among aggregated cells (TDD-FDD CA).

In RAN4#74bis meeting, a WF [1] on the principles to develop the requirements was agreed, and the points are copied below.
	· The UE feedback on PCell for SCell activation/deactivation command shall not be interrupted.

· For some UL/DL TDD configurations the UE may not be able to send A/N on TDD PCell immediately after subframe, n+4, due to the unavailability of UL subframe in the TDD PCell: 
· where MAC-CE activation/deactivation command is received by the UE in subframe n.
· The interruption length is up to 1 ms for any pair of CCs when one CC belongs to FDD and other CC belongs to TDD.
· The interruption length for any pair of CCs when both CCs belong to same duplex mode (i.e. FDD or TDD) is up to 5ms.
· For some UL/DL TDD configurations sufficient DL subframes for AGC may not be available at the UE immediately after decoding the received MAC-CE activation/deactivation command (i.e. immediately after subframe, n+4).

· Simplicity and generic approach are to be considered for defining requirements. 


In this paper, we will provide our analysis on the allowed interruption period for SCell activation/deactivation with multiple SCells, taking into account the principles identified in [1].  
2 Discussion
In this section, we will discuss the possible time domain location of the UE actions during SCell activation/deactivation procedure, which may cause interruption to PCell and already activated SCell(s). Based on the discussion we will also provide our preference for the requirement specification. 

Analysis of interruption period 
2.1.1 FDD-FDD or TDD-TDD CA 
In case of multiple SCells, and when all the aggregated cells are using the same duplex mode (FDD-FDD or TDD-TDD CA), we think the time domain location of the UE actions can be same as in case of single SCell, so the requirement on interruption period for single SCell case can be reused.  
Observation 1: In case of FDD-FDD CA the interruption period is n+5 ~ n+9. In case of TDD-TDD CA the interruption period is n+5 ~ n+11. 

2.1.2 TDD-FDD CA with FDD PCell
In this case, there are 3 possibilities for the duplex mode of SCells. The interruption length and period are summarized in the table below. 
Table 1: Interruption length and period for TDD-FDD CA with FDD PCell

	Duplex mode of SCell 1 (already activated SCell)
	Duplex mode SCell 2 (SCell being (de)activated)
	Interruption on PCell
	Interruption on SCell 1

	FDD
	TDD
	1 subframe within n+5 ~ n+9
	1 subframe within n+5 ~ n+9

	TDD
	FDD
	Up to 5 subframes within n+5 ~ n+9
	1 subframe within n+5 ~ n+9

	TDD
	TDD
	1 subframe within n+5 ~ n+9
	Up to 5 subframes within n+5 ~ n+10


Figure 1 shows an example of the interruption period on already activated SCell, which is new case and has not been covered by the single SCell requirement.
S: Receiving signal containing SCell activation/deactivation and other following preparation

R: ACK feedback

F: RF retuning;

A: AGC tuning.
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Figure 1: SCell activation procedure with FDD PCell and TDD configuration 0 SCells

In Figure 1, the interruption on PCell happens only at subframe n+5, while the last interruption on the already activated SCell happens at subframe n+10. In this case, the limiting factor for interruption is to find the AGC opportunity on the SCell being activated. After analysis we found for all possible cases of FDD PCell and TDD SCells, the latest interruption can happen at n+10.
Observation 2: In case of TDD-FDD CA with FDD PCell, the interruption period can be n+5 ~ n+10 with TDD SCell. 

2.1.3 TDD-FDD CA with TDD PCell
In this case, there are 3 possibilities for the duplex mode of SCells. The interruption length and period are summarized in the table below. 

Table 2: Interruption length and period for TDD-FDD CA with TDD PCell

	Duplex mode of SCell 1 (already activated SCell)
	Duplex mode SCell 2 (SCell being (de)activated)
	Interruption on PCell
	Interruption on SCell 1

	TDD
	FDD
	1 subframe within n+5 ~ n+9
	1 subframe within n+5 ~ n+9

	FDD
	TDD
	Up to 5 subframes within n+5 ~ n+11
	1 subframe within n+5 ~ n+9

	FDD
	FDD
	1 subframe within n+5 ~ n+9
	Up to 5 subframes within n+5 ~ n+10


Figure 2 shows an example of the interruption period on already activated SCell, which is new case and has not been covered by the single SCell requirement.
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Figure 2: SCell activation procedure with TDD configuration 6 PCell and FDD SCells
In Figure 2, the interruption on PCell happens only at subframe n+6, while the last interruption on the already activated SCell happens at subframe n+10. In this case, the Ack/Nack feedback in subframe n+5 is causing 1 subframe delay to the RF retuning.

Observation 3: In case of TDD-FDD CA with TDD PCell, the interruption period can be n+5 ~ n+10 with FDD SCell. 

Requirements 
Based on above analysis, it can be seen that with TDD-FDD CA and multiple SCells, the interruption period can be n+5 ~ n+10, with both FDD PCell+TDD SCells or TDD PCell+FDD SCells. 
Regarding the change to the specification, a simple and generic approach should be used according to [1], and we think the current requirement for TDD PCell can be reused for the case of multiple SCells when either PCell or SCell being activated is TDD.  
Proposal: Specify the interruption period for TDD-FDD CA as n+5 ~ n+11. 
3 Conclusions 
In this paper we analyzed the possible time domain location of UE actions during SCell activation/deactivation procedure, which may cause interruption to PCell and already activated SCell(s). In particular, detailed examples are given for the new case of interruption on already activated SCell.  
We have the following observations and proposal from the analysis,

Observation 1: In case of FDD-FDD CA the interruption period is n+5 ~ n+9. In case of TDD-TDD CA the interruption period is n+5 ~ n+11. 

Observation 2: In case of TDD-FDD CA with FDD PCell, the interruption period can be n+5 ~ n+10 with TDD SCell. 

Observation 3: In case of TDD-FDD CA with TDD PCell, the interruption period can be n+5 ~ n+10 with FDD SCell. 

Proposal: Specify the interruption period for TDD-FDD CA as n+5 ~ n+11. 
A companion CR can be found in [2] according to the proposal. 
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