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1. Introduction
In RAN4#66bis, RAN4 approved a LS sent to RAN2 [1] and CRs [2][3] modifying specification for Pcell interruption for E-UTRA. It is specified that “the PCell interruption specified in section 8.3.3 shall not occur after subframe n+9” in a new section 7.7 of TS36.133. However, after further study, this clarification may not be applied for some E-UTRA TDD configurations. This document discussed this issue and some proposals are provided.
2. Discussion
2.1
Current Requirements Background
In section 8.3.3.2.1 in 36.133, the Requirements for PCell interruption for SCell activation/de-activation is specified as “When measCycleSCell is larger than or equal to 640 ms, interruption duration due to the SCell activation/deactivation status change shall not exceed 5 ms within the activation/deactivation procedure.” Based on previous discussions, the allowed 5ms interruption include 2ms for RF retuning and 3ms for AGC, considering possible misalignment between UL and DL (for FDD) and only one CRS symbol exists for MBSFN subframe etc. 
For E-UTRA FDD, the typical UE behaviour are described as following: the UE receives the SCell activation/de-activation MAC-CE signal at subframe n, responds ACK/NACK at subframe n+4, and starts RF retuning and AGC from subframe n+5. Considering 5ms for activation/deactivation procedure, the UE can complete these tuning at subframe n+9. So, the requirements “the PCell interruption specified in section 8.3.3 shall not occur after subframe n+9” is set.
2.2
Analysis for TDD
For E-UTRA TDD, the delay of UE sending ACK/NACK is depended on the subframe receiving signal and on different UL-DL configuration. This actual time for number could be significantly later than n+4.

Table 1, extracted from TS36.213, indicates the subframe number before the ACK/NACK responding on the subframe the signal received.
Table 1: Downlink association set index
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:  for TDD

	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


As table 1 indicated, the TDD UE may send ACK/NACK at subframe n+4 to n+13 after receives the SCell activation/de-activation MAC-CE signal at subframe n (except n+10). It will remarkably delay SCell activation if the TDD UE starts RF retuning and AGC after ACK/NACK responding as FDD UE. So the TDD UE should start RF switch before ACK/NACK responding in some cases in order to shorten the whole process. 
Considering there is no misalignment problem between UL and DL for TDD, one subframe for RF retuning would be sufficient for TDD UE. AGC need 3 subframes considering MBSFN subframes. In addition, it should be considered that subframes 0, 5, and 6 for 10ms UL-DL switch period cannot be MBSFN subframes, and TDD UE will not receiving or transmitting when it does RF retuning.
A scheme is attached at the Annex for TDD UE performs RF retuning and AGC tuning after receiving SCell activation command at any downlink subframe under different UL-DL subframe configurations. The following factors were considered: 
1、The earliest time for UE starts RF retuning is at subframe n+5.
2、The impacted receiving subframe number by RF retuning and AGC cannot exceed 5.
3、Completing RF retuning and AGC as early as possible.
4、The subframe number impacted is controlled as small as possible.
From the scheme attached at the annex, there are 6 cases that the TDD UE cannot achieve the requirement of “the PCell interruption specified in section 8.3.3 shall not occur after subframe n+9” which are summarized in Table 2:
Table 2: Cases cannot satisfy n+9 for TDD
	UL-DL Configuration
	0
	1
	3
	4
	6
	6
	6

	Subframe #n in which signal was received
	0
	0
	5
	5
	0
	5
	9

	Complete subframe for RF/AGC retuning after #n
	10
	10
	10
	10
	10
	10
	11


It should be noted that one subframe is considered for RF retuning for TDD based on previous discussions and in many cases RF retuning was considered before the ACK feedback to shorten the whole process.
Three typical cases were further explained below, The explanations of the colors and symbols are listed as following (also explained in the Annex): S: Receiving signal containing Scell activation/deactivation and other following preparation; R:ACK feedback; F:RF switch; A: AGC tuning.
Example1. Receiving MAC-CE at subframe 9 under UL-DL Configuration 6
	
	Frame m
	Frame m+1
	

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

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


A UE receives MAC-CE at subframe 9 of radio frame m, sends ACK at subframe 4 of radio frame m+1. The UE will do RF retuning at subframe 5 of radio frame m+1, and then AGC tuning. The subframe 6 is a special subframe, and may have only one CRS symbol. The subframe 7 and 8 are uplink subframe, and cannot be used to do AGC. The subframe 9 may be a MBSFN subframe and have only one CRS symbol. The UE will complete AGC adjusting at subframe 0 of radio frame m+2, i.e. the PCell interruption specified in section 8.3.3 may be occur at subframe n+6 to n+11. 
Example2. Receiving MAC-CE at subframe 0 under UL-DL Configuration 0
	
	Frame m
	Frame m+1

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

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


A UE receives MAC-CE at subframe 0 of radio frame m, sends ACK at subframe 4 of radio frame m. The UE does RF retuning at subframe 5 of radio frame m, and then AGC tuning. The subframe 6 is a special subframe. The subframe 7, 8 and 9 are uplink subframe. The UE will complete AGC adjusting at subframe 0 of radio frame m+1, i.e. the PCell interruption specified in section 8.3.3 may occur at subframe n+5 to n+10.
Example3. Receiving MAC-CE at subframe 5 under UL-DL Configuration 4
	
	Frame m
	Frame m+1

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

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


A UE receives MAC-CE at subframe 5 of radio frame m, sends ACK at subframe 2 of radio frame m+1. The UE can do RF retuning at subframe 0 of radio frame m+1, and then AGC tuning. The subframe 1 is a special subframe. The subframe 3 is an uplink subframe and cannot be used to AGC. The subframe 4 may be a MBSFN subframe. The UE will complete AGC adjusting at subframe 5 of radio frame m+1, i.e. the PCell interruption specified in section 8.3.3 may be occur at subframe n+5 to n+10.

Based on above discussion, it is proposed that:
Proposal 1: Modifying current requirement (n+9) at least for TDD. A uniform requirement of n+11 could be considered for both FDD and TDD or separate FDD/TDD requirement is also valid.
Proposal 2: Sending a LS to inform RAN2 the RAN4 decision about this issue. 
3. Summary
This document discusses PCell interruption for E-UTRA TDD SCell activation, and gives following proposals: 
Proposal 1: Modifying current requirement (n+9) at least for TDD. A uniform requirement of n+11 could be considered for both FDD and TDD or separate FDD/TDD requirement is also valid.
Proposal 2: Sending a LS to inform RAN2 the RAN4 decision about this issue. 
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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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