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1 Introduction
The interruption requirements in 3 DL CA while activating or deactivating any of the two SCells have not yet been settled. At RAN4#74bis there were again extensive discussions and at the end a high level WF paper outlining the main principle for evaluating the requirements was approved [1]. In this paper we analyse these requirements in the light of the agreements captured in this approved WF paper.
2 Summary of agreements to derive requirements
The list of high level agreements, which are considered to be the basis for deriving interruption requirements in 3 DL CA due to SCell activation/deactivation, as reproduced from [1] are as follows:

1. The UE feedback on PCell for SCell activation/deactivation command shall not be interrupted.

2. 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.

3. 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.

4. 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

5. 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).

6. Simplicity and generic approach are to be considered for defining requirements.
It is in particular important to note the agreed principles 2 and 4 in deriving the requirements because they may lead to additional interruption delay (i.e. beyond 5 ms) for some UL/DL configurations. We therefore consider both cases separately for assessment the overall interruption delay.

3   Analysis of interruption requirements

3.1 Occurrence of interruption due to lack of UL resources in TDD PCell
Different UL/DL TDD configurations are shown in table 1, which is reproduced from TS 36.211. It can be observed from the table that for certain UL/DL TDD configurations and depending upon in which DL subframe the MAC-CE command is received by the UE, the UE may not be able to send UL HARQ feedback on the PCell within the minimum duration of 4 subframes; UL HARQ feedback carries the ACK/NACK. In other words in some cases the ACK corresponding to the MAC-CE command containing activation or deactivation command may not be possible to send on the PCell in subframe n+4 assuming the MAC-CE command was received by the UE in subframe n. 
Table 1: Uplink-downlink configurations
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Consider examples of UL/DL TDD configurations # 1, 2, 4 and 5 used in all three cells for simplicity. In all these configurations assume the MAC-CE command is received by the UE in subframe # 0. This results in that the UE cannot send the ACK at n+4 because it is a DL subframe. That means the ACK will be sent in the earliest UL subframe. 
· In case of UL/DL TDD configurations # 1 and 2 the ACK will be sent earliest in subframe # 6 i.e. delayed by 2 subframes. However since ACK should not be interrupted therefore for UL/DL TDD configurations # 1 and 2 the activation/deactivation procedure (starting with RF tuning) will also start at n+7 i.e. not from n+5.  Therefore the worst case interruption, which is 5 ms for intra-band CA, due to lack of UL resources in the PCell will fall between n+5 and n+11.   
· However in case of the UL/DL TDD configurations # 4 and 5 the recurrence of special subframe or UL subframe will be in the subsequent frame (i.e. in subframe # 1 and 2 respectively) therefore the UE can start the activation/deactivation procedure immediately after processing the received MAC-CE command i.e. in subframe n+5. In this case the worst case interruption of 5 ms due to lack of UL resources in the PCell will not be outside n+5 and n+9. 
However consider the generic approach in defining the requirements as outlined in the WF, the interruption on PCell and activated SCell assuming all are TDD due to lack of UL resources in the TDD PCell will fall between n+5 and n+11.   
· Observation # 1: In the worst case due to lack of UL resources in the TDD PCell for sending the HARQ feedback, the interruption due to SCell activation shall not occur before subframe n+5 and not occur after subframe n+11.
3.2 Occurrence of interruption due to lack of DL resources in SCell being activated/deactivated 
According to our conclusion in [1] and as was also widely accepted in RAN4 that for the case of TDD-TDD intra-band CA case the maximum interruption of 5 ms is sufficient for all UL/DL TDD configurations. The problem may however arise in 3DL TDD-FDD when PCell is FDD and say both configured TDD SCells; the SCell are also assumed to be in the same TDD band where interruption on the activated SCell due to the activation of the other TDD SCell can be up to 5 ms. In this case the UE can receive the MAC-CE command in any subframe because PCell is FDD. In some cases and depending upon UL/DL TDD configuration in the SCell being activated (after sending the ACK in response to the received MAC-CE command) the UE may not be able to immediately perform the AGC i.e. due to due to the lack of DL subframe immediately. This is explained with an example below. 
Consider an example of UL/DL TDD configuration # 0 being used in the TDD SCell to be activated. Also assume that the MAC-CE command is received by the UE in subframe # 1 on FDD PCell. As a consequence the UE will send the ACK earliest at n+4 i.e. in subframe 6 in FDD. However in the TDD SCell earliest the UE can use subframe # 0 in the subsequent frame for AGC. In this case the UE can cause interruption anywhere but not outside subframes n+ 5 and n+10. The UL/DL TDD configuration # 0 contains least number of DL subframes, which are also most sparsely distributed. Therefore also in the worst case, the interruption on activated TDD SCell when the other TDD SCell is activated and the PCell is FDD, will not be outside subframes n+ 5 and n+10. 
· Observation # 2: Due to lack of DL resources in the TDD SCell when PCell is FDD, the worst case interruption on activated TDD SCell shall not occur before subframe n+5 and not occur after subframe n+10.
3.3 Overall occurrence of interruption due to SCell activation/deactivation 
In order to derive generic requirements we also need to consider all possible combinations of CCs operating on FDD and TDD duplex mode and the corresponding occurrence of interruption on PCell and activated SCell. This is shown in table 1. In most cases the occurrence of interruption is self-explanatory. However certain cases deserve argumentation. For instance in case # 8 the occurrence of interruption on the activated SCell1 between can be caused due to combination of delayed ACK on PCell TDD and due to insufficient CRS in the FDD SCell being activated. The latter may stem from the fact that the FDD SCell can be configured with maximum possible MBSFN subframes, where each contains only one CRS symbol.      
Table 1: Occurrence of PCell and activated SCell interruption due to SCell activation/deactivation for different combination of duplex mode
	Scenario
	PCell
	Activated SCell (SCell1)
	SCell (SCell2) being activated/deactivated
	PCell Interruption: subframes range
	Interruption on SCell1: subframes range
	Comments

	1
	FDD
	FDD
	FDD
	[n+5, n+9]
	[n+5, n+9]
	

	2
	FDD
	FDD
	TDD
	[n+5, n+9]
	[n+5, n+9]
	

	3
	FDD
	TDD
	FDD
	[n+5, n+9]
	[n+5, n+9]
	

	4
	FDD
	TDD
	TDD
	[n+5, n+9]
	[n+5, n+11]
	Lack of available DL subframe in TDD

	5
	TDD
	TDD
	TDD
	[n+5, n+11]
	[n+5, n+11]
	

	6
	TDD
	TDD
	FDD
	[n+5, n+9]
	[n+5, n+9]
	

	7
	TDD
	FDD
	TDD
	[n+5, n+11]
	[n+5, n+9]
	Delayed ACK on TDD PCell

	8
	TDD
	FDD
	FDD
	[n+5, n+9]
	[n+5, n+11]
	Delayed ACK on TDD PCell and possible MBSFN in FDD delay AGC in FDD. 


Based on the analysis and observations expressed in section 3.1 and while also considering a generic approach in defining overall requirements for the case of SCell activation the following overall conclusion can be drawn:

When PCell is TDD or SCell being activated is TDD then the interruption on PCell and the activated SCell shall not occur before subframe n+5 and not occur after subframe n+11. Otherwise the interruption shall not occur before subframe n+5 and not occur after subframe n+9.
These requirements are generic enough and are therefore applicable for any combination of inter-band or intra-band TDD-FDD, FDD-FDD and TDD-TDD 3DL CA.

· Proposal # 1: 
· When PCell is TDD or SCell being activated is TDD then the interruption on PCell and the activated SCell due to the SCell activation/deactivation shall not occur before subframe n+5 and not occur after subframe n+11. 
· Otherwise the interruption on PCell and the activated SCell shall not occur before subframe n+5 and not occur after subframe n+9.
Based on the above proposal the exact changes in section 7.7.4 for SCell activation can be specified as follows:

While activating an SCell:

· if PCell belongs to E-UTRA TDD or SCell being activated belongs to E-UTRA TDD then the interruption on PCell and on the activated SCell due to the SCell activation shall not occur before subframe n+5 and not occur after subframe n+11; 
· Otherwise the interruption on PCell and the activated SCell due to the SCell activation shall not occur before subframe n+5 and not occur after subframe n+9.
When PCell belongs to E-UTRA FDD or SCell being activated belongs to E-UTRA TDD then starting from subframe n+9 or otherwise starting from subframe n+11 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 for the SCell being activated.

Based on the above proposal the exact changes in section 7.7.5 for SCell dectivation can be specified as follows:

While dectivating an SCell:

· if PCell belongs to E-UTRA TDD or SCell being activated belongs to E-UTRA TDD then the interruption on PCell and on the activated SCell due to the SCell dectivation shall not occur before subframe n+5 and not occur after subframe n+11; 
Otherwise the interruption on PCell and the activated SCell due to the SCell deactivation shall not occur before subframe n+5 and not occur after subframe n+9.
4 Conclusions
We have analysed the occurrence of the interruption on PCell or on an activated SCell due to SCell activation/deactivation in 3 DL CA. Following a generic approach the following requirement can be defined for both SCell activation and deactivation in 3 DL CA for any combination of duplex modes.
· Proposal # 1: When PCell is TDD or SCell being activated is TDD then the interruption due to the SCell activation/deactivation shall not occur before subframe n+5 and not occur after subframe n+11. Otherwise the interruption shall not occur before subframe n+5 and not occur after subframe n+9.
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