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1   Introduction
In last meeting, a LS sent to RAN2 on Glitch for SCell activation/ deactivation and configuration/ deconfiguration was approved [1], informing RAN2 the following agreements. 
· 
PCell interruption may occur at SCell configuration/de-configuration which is only expected for intra-band contiguous CA. 

· 
The minimum requirement for glitch duration is 5 ms.

· 
It is proposed RAN2 to extend RRC procedure delay on SCell configuration/deconfiguration by 5ms
It is also minuted that the following issues will be discussed in this meeting [2]：

WF: Inputs expected in upcoming RAN4 performance ad hoc.
Scenarios to consider:

1. Acitvation after SCell measurement configuration (long, short)

2. Activation immediately after SCell configuration

· Scenarios 1 to 5 in 36.300

General methodology:

1. One requirement

2. Multiple requirements for difference cases

Aspects to consider:

· Received timing difference

· Cell validation (search, timing, etc.)

· Network performance impact and UE complexity power consumption impact

· TDD configuration
This document will further discuss on the interruption for SCell state transition and give our proposals.

2   Discussion
From previous discussions, we know the interruption for SCell state transition is related to the following factors: intra band or inter band, SCell configuration/de-configuration signal, SCell activation/de-activation signal, the de-activation SCell measurement parameter measCycleSCell.
When UE received the SCell configuration signal, it will retune its receiver bandwidth for SCell measurement. The initial receiver bandwidth retuning will implement adjustment of frequency, bandwidth, timing, and AGC, and may cause interruptions to a PCell which belongs to the same frequency band with the SCell. From the LS sent to RAN2 [1], up to 5ms interruption is allowed. After the initial receiver bandwidth retuning, the interruption of bandwidth retuning for de-activation SCell measurement is allowed only up to 1.6ms  from the requirements of “up to 0.5% probability of missed ACK/NACK when the measCycleSCell is larger than or equal to 640 ms” in the specification [3], i.e. 640 * 0.5% / 2 = 1.6ms.
We think the interruptions for SCell state transition does not include SCell search time. According to the LS sent to RAN2 [4], the power imbalance between carriers should not stronger than 6dB. The network configures a SCell generally based on UE measurement report, or can assure the configured SCell power is similar as PCell power, e.g. scenario 1 as defined in TS36.300. In these cases, the SCell is either identified or synchronised, i.e. the SCell does not need to be searched. In the extreme case of network configuring a not identified SCell, the UE should firstly search the SCell according to the requirements for SCell identification which is specified in current specification, i.e. the UE will identify the detectable cell on this SCC within 20 * measCycleSCell.

The following analysis will be based on intra band CA and inter band CA. It is assumed that UE has single receiver for intra band CA, and multi-receiver for inter band CA. For multi receiver for intra band CA, the impact on PCell is similar with inter band CA, UE may not causing PCell interruption when SCell status transition. Considering implementation agnostic character of specification, it is proposed that requirements for intra band CA are based on single receiver.
2.1
Intra band CA
For intra band CA, the receiver is constantly working and does not need warming up time when UE received SCell configuration signal. The maximum glitch duration is 5ms.
In the current specification [3], for the case of measCycleSCell ≥ 640ms, the requirement after UE receiving SCell activation/de-activation signal is FFS. The SCell activation/de-activation signal is always received after SCell configuration. The 5ms initial bandwidth retuning is already done when UE receiving SCell configuration signal. In our understanding, it is reasonable assuming the UE is always measuring the configured SCell. When receiving SCell activation/de-activation signal , the UE will not need 5ms to adjust receiver bandwidth and AGC etc. As de-activation SCell measurement requirements, 1.6ms interruption is sufficient for UE reconfigure its receiver bandwidth. Considering 1ms subframe length. The receiver bandwidth re-configuration should be completed before n+8 when UE received SCell activation/de-activation signal in subframe n. It is proposed following requirements:
· Proposal 1: when the measCycleSCell ≥ 640 ms, [2]ms interruption is allowed after UE received SCell activation/de-activation signal.
2.2
Inter band CA
For inter band CA, it is assumed that UE has multi receiver, and warm up time is needed for turning on SCC receiver when SCell configuration signal is received. However, PCell interruption should not be allowed when SCell status transition or de-activation SCell measurement. 
1、SCell Configuration
A UE will turn on its SCell receiver and warm up the RF chain when received a SCell configuration signal in PCell. As illustrated in figure 1, all communications are on Pcell before the Scell receiver should be ready for scheduled. It takes at least 36ms from received SCell configuration signal to start scheduled receiving data on SCell, which is enough for UE to finish RF bring up (about 20ms) on Scell.
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Figure 1.  SCell configuration process for separate SCell tranceiver

So, no additional extension of RRC procedure delay is need. The requirement of subframe n+8 activation command applied need not changed.
2、SCell Activation
The activation time for inter band CA SCell depends on whether the SCell receiver could be turn off or not:
· Option 1: Assuming deactivated SCell receiver can be turned off, then the warm up time is need when the UE receive a SCell activation command. The activation actions shall be applied about in subframe n+25 considering 3ms needed to process command and 20ms SCell receiver warm up time.  If this option is chosen, then a LS to RAN1 to modify specification 36.213 is needed.
· Option 2: Assuming deactivated SCell receiver could not be turned off and is always stay in standby state, then the SCell receiver will be ready at subframe n+8 when the UE received a SCell activation command in subframe n, since the RF chain warm up is not need.
Currently Option 2 is prefered, and the requirement of activation actions shall be applied in subframe n+8 is not changed. 
To Sum up, our proposals for inter band CA are:

· Proposal 2: 20ms extended SCell configuration RRC signal processing delay and the SCell receiver activation complete requirements of subframe n+8 should not be changed.
· Proposal 3: Any action on SCell on other band shall not cause PCell interruption for inter-band CA.

2.3
TDD Issues
Firsty, we discussed the whether the conclusion to RAN2 of 5 ms extenetion of RRC procedure delay on SCell configuration/deconfiguration is suitable or not for TDD.

For intra band CA, the 20ms extended SCell configuration RRC signal processing delay includes 15ms RRC signal processing delay and 5ms for the re-configure of receiver bandwidth. SCell configuration RRC signal can be received at any DL subframe for E-UTRA TDD. End subframes of 15ms SCell configuration RRC signal procedure delay are marked by yellow in table 1.
Table 1: End subframes of 15ms SCell configuration RRC signal processing delay
	Uplink-downlink 

Configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


After SCell configuration RRC signal, the UE will use 2 subrames to tune frequency and bandwidth and then to adjust AGC. From previous discussions, the UE needs at least 3 CRS symbols to complete AGC adjusting. In E-UTRA TDD, the subframe {0, 1, 5, 6} can not be used as MBSFN subframe, subframes {0, 5} have 4 CRS symbols, and subframes {1, 6} have at least 1 CRS symbol. If we assume the bandwidth retuning can be completed in 5ms, there should be at least 3 CRS symbols in the last 3ms of 5ms interruption time to assure UE retuning frequency, bandwidth, and AGC. It means that there must be a subframe 0 or a subframe 5, or 3 other DL subframes in this period. After checking, this assumption could not be satisified for some configurations, list in table 2.
Table 2: List for the bandwidth retuning can not be completed in 5ms interruption
	Uplink-downlink 

configuration
	End subframes of SCell configuration RRC signal deal delay
	Need subframe number

	2
	4, 9
	6

	4
	9
	6

	5
	8, 9
	6

	6
	4
	6


Based on these analysis, strictly speaking, 6ms requirements is needed for the extention of RRC procedure delay occur at SCell configuration/de-configuration for TDD. Based onthe SCell configuration RRC signal processing delay of 15ms, the bandwidth retuning time is 2ms and 3 CRS symbols for AGC adjusting, then the total delay should be extended to 21ms for E-UTRA TDD. 
However, considering the margin in each component, 20ms SCell configuration RRC signal processing delay can be kept and a separate requirement for TDD is not necessay.

· Proposal: For E-UTRA TDD, 20ms extended SCell configuration RRC signal procedure delay is acceptable.
The second issue for TDD is whether subfame n+8 requirment for the activation command taking effect could be applicable considering the interruption casused by activion/deactivation. 

An TDD specific factor is that the interruption of Pcell will cause the trasmition also stoped, thus ACK feedback might also be interrupted. In that case, the network will not know the activation is successful or not. Careful analysis is needed to see if UE have sufficient time to do BW and frequency modification other than  UL subframes for feedback.
For E-UTRA TDD, the ACK is configured as table 3 [5].  After UE receive a SCell activation command in subframe n, the UE may retune its bandwidth after subframe n+3. The bandwidth retuning can not impact UE senting ACK for the SCell activation command as disucssed.
Table 3: 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
	-


If the interruption duration is less than or equal to 2ms, the subfame n+8 requirment need not changed.  For example:

If the interruption duration is 2ms and ACK is send on subframe n+{4, 5, 8, 9, 11, 12, 13}, the bandwidth retuning can be done in subframe n+6 and subframe n+7. If ACK is send on subframe n+{6, 7}, the bandwidth retuning can be done in subframe n+4 and subframe n+5. 
If the interruption duration is equal to or longer than 3ms, the bandwidth retuning can not be completed before subframe n+8. This means a LS to RAN1 to modify specification 36.213 is needed.
If previous Proposal 1 is accepted, the interruption after receiving activation commend is allowed up to 2ms, the SCell receiver activation ready at subframe n+8 could be kept.
· Proposal: For E-UTRA TDD, the subfame n+8 requirment for the Scell activation command taking effect could be kept.
3   Summary
This document analysis the interruption for SCell state transition, and present following proposals:
· Proposal 1: when the measCycleSCell ≥ 640 ms, [2]ms interruption is allowed after UE received SCell activation/de-activation signal.

· Proposal 2: 20ms extended SCell configuration RRC signal processing delay and the SCell receiver activation complete requirements of subframe n+8 should not be changed.
· Proposal 3: Any action on SCell on other band shall not cause PCell interruption for inter-band CA.

· Proposal 4: For E-UTRA TDD, the interruption requirements is aligned for E-UTRA FDD. 
Based on above proposals, corresponding CRs are presented as [6][7].
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