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1. Introduction
In the last RAN4 meeting, a CR was presented for adding the requirements of interruption period for SCell activation/deactivation with 3DL [1]. It was not agreed considering the analyses are need for multiple scenarios for CA. This document will study the interruptions in 3DL CA scenarios including TDD-FDD CA, TDD CA with different UL/DL configuration etc.
2. Discussion
2.1.
Interruption

In the current specification, the SCell activation/deactivation delay requirement for deactivated/activation SCell with multiple downlink SCells are specified in section 7.7.4 and 7.7.5 in 36.133 [3]. The delay requirements are referenced to section 7.7.2 and 7.7.3. However, the requirements for the period of no interruption occurring are still not specified for multiple downlink SCells.
When activating a deactivated SCell, the interruption may occur on PCell and another activated SCell.  Rel-12 CA scenarios include TDD-FDD CA and TDD CA carriers with different UL/DL configuration. Each scenario should be studied carefully .

Firstly, for TDD-FDD CA, it is reasonable to assume that UE has independent receiver for FDD carrier and TDD carrier, and may has common receiver for FDD CA carriers or TDD CA carriers. In addition, these receivers may be integrated in single chip to study these requirements. So when activating a FDD deactivated SCell, it may occur up to 2ms interruption on other activated Cells for RF retuning including TDD and FDD. However, up to 3ms interruption for AGC tuning occurs only on other FDD activated cell, not occurs on other TDD activated cell. Similarly, when activating a TDD deactivated SCell, AGC tuning occurs only on other TDD cell, no impact on FDD cell.
Secondly, the case of TDD CA with different UL/DL configuration should also be analysed. In document [2], the location for commend, ACK responding, RF and AGC retuning for a SCell activation in every TDD UL/DL configuration have been analyzed and also listed in annex. From the analysis, we can see that UE always get a DL no-MBSFN subframe (i.e subframe 0, subframe 5, or subframe 6) for completing AGC retuning before n+11 subframes for every TDD UL/DL configuration. In addition, TDD cells can be assumed radio frame synchronized. So current interruption requirement, i.e. “No interruption period occur before subframe n+5 and after subframe n+11”, could be applied for TDD CA with any different UL/DL configuration combination.
Based on previous analysis, 3DL CA may have following scenarios:
	Case No.
	Mode of PCell and Activated SCell
	Mode of being activated SCell
	Period of interruption may be occurred

	1
	FDD, FDD
	FDD
	PCell and Activated SCell: subframe n+5 ~ n+9

	2
	FDD, TDD
	FDD
	PCell:                  subframe n+5 ~ n+9

Activated SCell:  subframe n+5 ~ n+6

	3
	FDD, FDD
	TDD
	PCell and Activated SCell: subframe n+5 ~ n+6

	4
	FDD, TDD
	TDD
	PCell:                  subframe n+5 ~ n+6

Activated SCell:  subframe n+5 ~ n+11

	5
	TDD, TDD
	TDD
	PCell and Activated SCell: subframe n+5 ~ n+11

	6
	TDD, TDD
	FDD
	PCell and Activated SCell: subframe n+5 ~ n+6

	7
	TDD, FDD
	TDD
	PCell:                  subframe n+5 ~ n+11

Activated SCell:  subframe n+5 ~ n+6

	8
	TDD, FDD
	FDD
	PCell:                  subframe n+5 ~ n+6

Activated SCell:  subframe n+5 ~ n+9


Based on on above analysis on TDD-FDD CA, TDD CA with different UL/DL configuration and 3DL CA, the following observation could be obtained:
Observation 1: For different mode (TDD or FDD) PCell and/or activated SCell with one mode of being activated SCell, no interruption occur before subframe n+5 and after subframe n+6 for activating a SCell in any mode.
Observation 2: For activating a FDD SCell, no interruption occur before subframe n+5 and after subframe n+9 on the same mode PCell and/or activated SCell.
Observation 3: For activating a TDD SCell, no interruption occur before subframe n+5 and after subframe n+11 on same mode PCell and/or activated SCell.
2.2.
Modification for Specification
Based on these observations, the specification may be modified as:

Option 1: Simple soulution:
For 2DL CA, current requirement are not modified.

For 3DL CA, adding following requirements:

The PCell and activated SCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+9 when activating a deactivated SCell belongs to E-UTRA FDD.

The PCell and activated SCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+11 when activating a deactivated SCell belongs to E-UTRA TDD.

Option 2: Aligning requirements for 2DL and 3DL
For 2DL CA, current requirement are modified as:

The PCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+9 when activating a deactivated SCell belongs to E-UTRA FDD.

The PCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+11 when activating a deactivated SCell belongs to E-UTRA TDD.

For 3DL CA, adding following requirements:

The PCell and activated SCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+9 when activating a deactivated SCell belongs to E-UTRA FDD.

The PCell and activated SCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+11 when activating a deactivated SCell belongs to E-UTRA TDD.

Option 3: Adding new requirement for different mode CA carriers
For 2DL CA, adding new requirement and current requirement are modified as:

If PCell and SCell belongs to different mode E-UTRA (TDD or FDD):

the PCell interruption specified in section 7.8.2.4 shall not occur before subframe n+5 and not occur after subframe n+6.
Otherwise:
The PCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+9 when PCell belongs to E-UTRA FDD.

The PCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+11 when PCell belongs to E-UTRA TDD.

For 3DL CA, adding following requirements:

For the PCell or activated PCell belongs to different mode (TDD or FDD) with the mode of being activated SCell:

the PCell or activated SCell interruption specified in section 7.8.2.4 shall not occur before subframe n+5 and not occur after subframe n+6.

For the PCell or activated PCell belongs to same mode (TDD or FDD) with the mode of being activated SCell:

The PCell or activated SCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+9 when the SCell being activated belongs to E-UTRA FDD.

The PCell or activated SCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+11 when the SCell being activated belongs to E-UTRA TDD.

We prefer using option 1 for specifying no interruption period for activating a deactivated SCell, and give following proposal:
Proposal 1: Adding following no interruption requirements for 3DL CA SCell (de-)activation.
The PCell and activated SCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+9 when activating a deactivated SCell belongs to E-UTRA FDD.

The PCell and activated SCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+11 when activating a deactivated SCell belongs to E-UTRA TDD.

The current requirement for UE start to send CSI with CQI index =0 can be reused for 3DL CA due to interruption will not occur on PCell from subframe n+9 for FDD PCell or from subframe n+11 for TDD PCell.
Proposal 2: Adding following requirements for 3DL CA SCell activation.

Starting from subframe n+9 when PCell belongs to E-UTRA FDD or subframe n+11 when PCell belongs to E-UTRA TDD and until the UE has completed the SCell activation, the UE shall send CSI with CQI index = 0 (out of range) if the UE is configured to report the CQI in SCell.

3. Conclusion
This document discussed interruption when SCell (de-)activation for 3DL CA with TDD-FDD CA, and TDD CA with different UL/DL configuration. The following proposals are presented:
Proposal 1: Adding following no interruption requirements for 3DL CA SCell (de-)activation.

The PCell and activated SCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+9 when activating a deactivated SCell belongs to E-UTRA FDD.

The PCell and activated SCell interruption specified in section 7.8.2 shall not occur before subframe n+5 and not occur after subframe n+11 when activating a deactivated SCell belongs to E-UTRA TDD.

Proposal 2: Adding following requirements for 3DL CA SCell activation.

Starting from subframe n+9 when PCell belongs to E-UTRA FDD or subframe n+11 when PCell belongs to E-UTRA TDD and until the UE has completed the SCell activation, the UE shall send CSI with CQI index = 0 (out of range) if the UE is configured to report the CQI in SCell.

4. Reference
[1]
R4-146896, Adding interruption period for SCell (de-)activation with 3DL, CATT

[2]
R4-133752, Discussion on PCell interruption for E-UTRA TDD SCell activation, CATT
[3]
3GPP TS 36.104: “Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management”.
5. Annex
The process for UE adjusting its receiver after received SCell activation signal can be divided to the following stages: actions. They are indicated by different colors and symbols as: S, R, F, and A as following:

S: Receiving signal containing Scell activation/deactivation and other following preparation

R: ACK feedback

F: RF retuning;

A: AGC tuning;

Note 1: The first column of table 3 indicates UL-DL Configuration #. The last column of table 3 indicates x, after subframe n+x UE will not allowed to have PCell interruption. UE receives SCell activation command at subframe n. 

Note 2: During RF retuning and AGC tuning (F and A), UE will neither receiving data in DL subframe nor sending ACK in UL subframe in Pcell.

Note 3: For UL-DL Configuration 0/1/2, only the first half radio frame is considered for receiving command since 5ms period is applied for these configurations.

Note 4: Based on UE implementation, some other schemes may also valid.
Table 3: A scheme for TDD UE performs RF retuning and AGC tuning
	
	No.
	Frame m
	Frame m+1
	m+2
	

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	

	0
	A
	S
	↓↑
	↑
	↑
	R
	F
	A
	↑
	↑
	↑
	A
	↓↑
	↑
	↑
	↑
	↓
	↓↑
	↑
	↑
	↑
	↓
	↓↑
	10

	
	B
	↓
	S
	↑
	↑
	↑
	↓
	F
	R
	↑
	↑
	A
	↓↑
	↑
	↑
	↑
	↓
	↓↑
	↑
	↑
	↑
	↓
	↓↑
	9

	1
	A
	S
	↓↑
	↑
	↑
	↓
	F
	A
	R
	↑
	A
	A
	↓↑
	↑
	↑
	↓
	↓
	↓↑
	↑
	↑
	↓
	↓
	↓↑
	10

	
	B
	↓
	S
	↑
	↑
	↓
	↓
	F
	R
	↑
	A
	A
	↓↑
	↑
	↑
	↓
	↓
	↓↑
	↑
	↑
	↓
	↓
	↓↑
	9

	
	C
	↓
	↓↑
	↑
	↑
	S
	↓
	↓↑
	↑
	R
	F
	A
	↓↑
	↑
	↑
	↓
	↓
	↓↑
	↑
	↑
	↓
	↓
	↓↑
	6

	2
	A
	S
	↓↑
	↑
	↓
	↓
	F
	A
	R
	A
	A
	↓
	↓↑
	↑
	↓
	↓
	↓
	↓↑
	↑
	↓
	↓
	↓
	↓↑
	9

	
	B
	↓
	S
	↑
	↓
	↓
	↓
	F
	R
	A
	A
	A
	↓↑
	↑
	↓
	↓
	↓
	↓↑
	↑
	↓
	↓
	↓
	↓↑
	9

	
	C
	↓
	↓↑
	↑
	S
	↓
	↓
	↓↑
	R
	F
	A
	A
	↓↑
	↑
	↓
	↓
	↓
	↓↑
	↑
	↓
	↓
	↓
	↓↑
	7

	
	D
	↓
	↓↑
	↑
	↓
	S
	↓
	↓↑
	↑
	↓
	F
	A
	↓↑
	R
	↓
	↓
	↓
	↓↑
	↑
	↓
	↓
	↓
	↓↑
	6

	3
	A
	S
	↓↑
	↑
	↑
	R
	F
	A
	↓
	↓
	↓
	↓
	↓↑
	↑
	↑
	↑
	↓
	↓
	↓
	↓
	↓
	↓
	↓↑
	6

	
	B
	↓
	S
	↑
	↑
	↑
	↓
	F
	A
	A
	A
	↓
	↓↑
	R
	↑
	↑
	↓
	↓
	↓
	↓
	↓
	↓
	↓↑
	8

	
	C
	↓
	↓↑
	↑
	↑
	↑
	S
	↓
	↓
	↓
	↓
	F
	A
	R
	↑
	↑
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	10

	
	D
	↓
	↓↑
	↑
	↑
	↑
	↓
	S
	↓
	↓
	↓
	↓
	F
	R
	↑
	↑
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	9

	
	E
	↓
	↓↑
	↑
	↑
	↑
	↓
	↓
	S
	↓
	↓
	↓
	↓↑
	↑
	R
	F
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	8

	
	F
	↓
	↓↑
	↑
	↑
	↑
	↓
	↓
	↓
	S
	↓
	↓
	↓↑
	↑
	R
	F
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	7

	
	G
	↓
	↓↑
	↑
	↑
	↑
	↓
	↓
	↓
	↓
	S
	↓
	↓↑
	↑
	↑
	R
	F
	A
	↓
	↓
	↓
	↓
	↓↑
	7

	4
	A
	S
	↓↑
	↑
	↑
	↓
	F
	A
	↓
	↓
	↓
	↓
	↓↑
	R
	↑
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓↑
	6

	
	B
	↓
	S
	↑
	↑
	↓
	↓
	F
	A
	A
	A
	↓
	↓↑
	R
	↑
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓↑
	8

	
	C
	↓
	↓↑
	↑
	↑
	S
	↓
	↓
	↓
	↓
	F
	A
	↓↑
	R
	↑
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓↑
	6

	
	D
	↓
	↓↑
	↑
	↑
	↓
	S
	↓
	↓
	↓
	↓
	F
	A
	R
	↑
	A
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	10

	
	E
	↓
	↓↑
	↑
	↑
	↓
	↓
	S
	↓
	↓
	↓
	↓
	F
	↑
	R
	A
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	9

	
	F
	↓
	↓↑
	↑
	↑
	↓
	↓
	↓
	S
	↓
	↓
	↓
	↓↑
	↑
	R
	F
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	8

	
	G
	↓
	↓↑
	↑
	↑
	↓
	↓
	↓
	↓
	S
	↓
	↓
	↓↑
	↑
	R
	F
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	7

	
	H
	↓
	↓↑
	↑
	↑
	↓
	↓
	↓
	↓
	↓
	S
	↓
	↓↑
	↑
	R
	F
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	6

	5
	A
	S
	↓↑
	↑
	↓
	↓
	F
	A
	↓
	↓
	↓
	↓
	↓↑
	R
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓↑
	6

	
	B
	↓
	S
	↑
	↓
	↓
	↓
	F
	A
	A
	A
	↓
	↓↑
	R
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓↑
	8

	
	C
	↓
	↓↑
	↑
	S
	↓
	↓
	↓
	↓
	F
	A
	A
	↓↑
	R
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓↑
	7

	
	D
	↓
	↓↑
	↑
	↓
	S
	↓
	↓
	↓
	↓
	F
	A
	↓↑
	R
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓
	↓↑
	6

	
	E
	↓
	↓↑
	↑
	↓
	↓
	S
	↓
	↓
	↓
	↓
	F
	A
	R
	A
	A
	↓
	↓
	↓
	↓
	↓
	↓
	↓↑
	9

	
	F
	↓
	↓↑
	↑
	↓
	↓
	↓
	S
	↓
	↓
	↓
	↓
	F
	R
	A
	A
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	9

	
	G
	↓
	↓↑
	↑
	↓
	↓
	↓
	↓
	S
	↓
	↓
	↓
	↓↑
	R
	F
	A
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	8

	
	H
	↓
	↓↑
	↑
	↓
	↓
	↓
	↓
	↓
	S
	↓
	↓
	↓↑
	R
	F
	A
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	7

	
	I
	↓
	↓↑
	↑
	↓
	↓
	↓
	↓
	↓
	↓
	S
	↓
	↓↑
	↑
	↓
	F
	A
	↓
	↓
	↓
	↓
	↓
	↓↑
	6

	6
	A
	S
	↓↑
	↑
	↑
	↑
	F
	A
	R
	↑
	A
	A
	↓↑
	↑
	↑
	↑
	↓
	↓↑
	↑
	↑
	↓
	↓
	↓↑
	10

	
	B
	↓
	S
	↑
	↑
	↑
	↓
	F
	↑
	R
	A
	A
	↓↑
	↑
	↑
	↑
	↓
	↓↑
	↑
	↑
	↓
	↓
	↓↑
	9

	
	C
	↓
	↓↑
	↑
	↑
	↑
	S
	↓↑
	↑
	↑
	↓
	F
	A
	R
	↑
	↑
	A
	↓↑
	↑
	↑
	↓
	↓
	↓↑
	10

	
	D
	↓
	↓↑
	↑
	↑
	↑
	↓
	S
	↑
	↑
	↓
	↓
	F
	↑
	R
	↑
	A
	↓↑
	↑
	↑
	↓
	↓
	↓↑
	9

	
	E
	↓
	↓↑
	↑
	↑
	↑
	↓
	↓↑
	↑
	↑
	S
	↓
	↓↑
	↑
	↑
	R
	F
	A
	↑
	↑
	A
	A
	↓↑
	11
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