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1. Introduction
In RAN4#63AH, the following way forward for further discussion on SCell activation time has been agreed [1]:
· Requirements of SCell activation time
· Identical requirement for TDD and FDD cases
· Identical requirement for Intra-band and inter-band cases
· Requirements are defined separately based on SCell states
· “Cold-Start 1”
· SCell RF is not activated 
· Timing information is unknown
· Not possible for intraband contiguous CA
· The allowed maximum activation time is [α] ms, α is FFS.
· “Cold-Start 2”
· SCell RF is not activated
· Timing information is known
· The allowed maximum activation time is [β] ms, β is FFS
· “Warm-Start”
· RF is already activated.
· Timing information is known
· The allowed maximum activation time is [λ] ms, λ is FFS
We believe that a short SCell activation time is beneficial for network scheduling perspective and for UE energy efficiency. In this contribution we present our view on how to define the requirements and propose some numbers.
2. Discussion
2.1 FDD Scenarios
2.1.1 Cold-Start
To bring up a cold RF chain, tracking loop warm-up time needs to be considered. Under the current definition of an activated SCell specified in [2], no involvement of PDSCH is mentioned. Thus, one can avoid over-estimating the required tracking loop warm-up time. Further, we believe that, for network to configure UE with a SCell, certain confidence on UE to successfully search/identify the SCell should be assumed. The long search time as required in blind handover case (80ms) is not necessarily applied here. Since RRC connection is maintained on PCell, a failed UE activation due to failed SCell searching is not catastrophic.

Cold-Start 1:
Blind SCell activation scenario is one case for cold-start 1, and is currently deemed to lead to longest activation time. The analysis in [2] reveals that 28 ms SCell activation time is needed in such case. On the other hand, the analysis in [3] shows that network can start scheduling SCell transmission earliest at subframe n+36 after SCell configuration at subframe n. If UE assumes the possibility of blind SCell activation whenever receiving SCell configuration, there is inherently 21ms for SCell activation. With extra time dedicatedly designed for SCell activation (i.e., 8+x), there are 25+x ms for blind SCell activation. 
Observation 1: Blind SCell activation is not the worst scenario for SCell activation if UE always assumed blind activation upon SCell configuration to utilize the extra time budget.
Currently, the default state of a configured SCell is deactivated. Following SCell configuration, SCell is also configured with deactivated SCell measurement, with measurement interval related to the parameter measCycleSCell. Thus, there is no concern on energy consumption for assuming blind SCell activation.
Proposal 1: UE is assumed to perform deactivated SCell measurement with priority (e.g., immediately) after blind SCell configuration to enable fast SCell activation.
Another scenario for cold-start 1 could be that the SCell measurement interval is so long that UE cannot maintain timing/frequency synchronization between measurement intervals (e.g., high UE mobility). It is possible then that, upon reception of SCell activation MAC CE, additional time is required for tracking timing/frequency. If MBSFN subframes are assumed, timing tracking using CRS could be more time consuming than using PSS/SSS. Totally, around 17 ms are needed.
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Fig. 1 Activation timeline for one exemplary cold-start 1.
Observation 2: The maximum allowed activation time for cold-start 1 is α = 17ms
Cold-Start 2:
In this case, the required time for tracking loop is limited but one still need time for AGC and possibly frequency locking. The current consensus is that 3 ms in case of MBSFN subframes is needed for AGC. Thus, around 12 ms is required, including SCell MAC.
Observation 3: The maximum allowed activation time for cold-start 2 is β = 12 ms
2.1.2 Warm-Start
With warmed-up RF, only AGC is required.
Observation 4: The maximum allowed activation time for warm-start is λ = 9 ms
In summary, for FDD, one can see that by taking care of blind activation case with Proposal 1, activation time required for other cases are more convergent. It is then beneficial to have one generic number for all cases.
Proposal 2: One generic number of activation time for all FDD scenarios. The generic number can be 17 ms.
2.2 TDD Scenarios
TDD mode brings forward complexity from another dimension compared to FDD mode operation, that is, different TDD configurations. For time and frequency tracking loop operation, CRS symbols are required which are only present in DL subframes. In addition, it is sensible for network to start scheduling on activated SCell after SCell activation command has been acknowledged by UE. Different TDD configuration and different DL subframes show different UL opportunities for HARQ-ACK, as given by the following table [5]:
	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
	-


Naturally, one need not hurrying its activation time before the earliest possible scheduling timing. At least for TDD configuration 5, this means that activation time can be as long as 13+4=17 ms (additional 4ms for eNB scheduling delay).
2.2.1 Cold-Start
With two RF chains, the HARQ-ACK timing does not affect SCell activation procedure and the discussion can mostly follow those for FDD scenarios. However, CRS symbols are still needed for time/frequency tracking loop. For MBMS purpose, it may happen that only subframe# {0,1,5,6} are left as uni-cast subframes. As special subframes, subframe # {1,6} contain at worst only 1 CRS symbol. Thus, for time tracking purpose, it could be more difficult to collect enough CRS for tracking loop convergence than utilizing PSS/SSS opportunities.

Cold-Start 1:
We can translate the FDD timeline in Fig. 1 into TDD cases with different DL/UL configurations. Specifically, we consider configuration # 0, 2 and 5. Among them, configuration #0 is the most UL-heavy configuration and configuration #5 is the most DL-heavy configuration. If CRS is used for time and frequency tracking, one needs 45/35/32 ms for configuration # 0/2/5. If PSS/SSS opportunity is used for timing acquisition, one needs 31/26/25 ms for configuration # 0/2/5. Apparently, the number is much bigger than FDD scenarios.
Cold-Start 2:
Following the time requirements of corresponding FDD case, the longest possible activation time for configuration # 0/2/5 is 25/20/19 ms. Again, the number if bigger than FDD scenarios.
Proposal 3: FDD and TDD modes should not share one generic number for activation time.
Proposal 4: The allowed maximum activation time for TDD cold-start 1is 32ms.
Proposal 5: The allowed maximum activation time for TDD cold-start 2 is 26ms.

2.2.2 Warm-Start
To collect 3 CRS symbols for AGC adjustment, it takes 4 subframe time at worst when MBSFN subframes are configured. Thus, 10ms for activation is required (1ms more than FDD case). Further, for TDD warm-start, the worst case happens when there is only one RF chain. Thus, HARQ-ACK timing should be considered. 
HARQ-ACK timing k ≥ 11: to shorten the activation time, one natural way is to perform SCell activation before HARQ-ACK. Considering the additional scheduling delay of the network side after receiving HARQ-ACK, SCell should be ready no later than n+13+4 (i.e., 18ms for activation).
HARQ-ACK timing k<11: in this case, HARQ-ACK should be done before SCell activation. SCell is activated at n+16 (i.e., 17ms for activation)
Proposal 6: The allowed maximum activation time for TDD warm-start is 18ms.
3. Conclusions

In this contribution we evaluate SCell activation time with different working assumptions. Based on the analysis, we conclude that FDD and TDD scenarios are very different, and are proposed to be considered differently. FDD activation time under different working assumptions is similar, and one generic number is proposed. For TDD mode, different working assumptions lead to very different activation time requirement. Specifically, we propose the following:
Proposal 1: UE is assumed to perform deactivated SCell measurement with priority after blind SCell configuration to enable fast SCell activation.

Proposal 2: One generic number of activation time for all FDD scenarios. The generic number can be 17 ms.
Proposal 3: FDD and TDD modes should not share one generic number for activation time.

Proposal 4: The allowed maximum activation time for TDD cold-start 1is α=32ms.

Proposal 5: The allowed maximum activation time for TDD cold-start 2 is β=26ms.

Proposal 6: The allowed maximum activation time for TDD warm-start is λ=18ms.
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