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1 Introduction
At the RAN4#66 meeting, a way forward on Rel-10 minimum requirements of SCell activation/deactivation delay [1] was agreed as follows:
· Both typical case (cold-start 2) and worst case (cold-start 1) will be captured in 36.133

· Typical case requirement:

· SCell Activation time is 24ms (the UE shall be able to receive DL signals on the SCell and transmit valid UL signals for the SCell at N+24ms where N is the subframe when the SCell activation command is received)

· Side condition: 

· UE sent a valid report within max([5] measurement cycles, [5] DRX cycles) before the SCell activation is received by the UE

· SCell remains detectable according to the cell identification conditions in section 8.3.3.2 during this time

· Worst case  

· SCell Activation time is 24+X ms, X is the time required to acquire PSS/SSS with -3dB Es/Iot in ETU70, AWGN, EPA5 (known cell ID)

· Receive time difference at the UE between PCell and SCell is up to +-31.3us

· Companies to bring proposals for X at RAN4#66-Bis


· BS can assume PCell will not be impacted (no interruptions) after N+9 (N is the subframe when the SCell activation command is received by UE)

In this contribution, we investigate SCell activation delay in LTE carrier aggregation UE for typical network operation scenarios, and discuss the impact of SCell activation/deactivation delay on the current RAN1/2/4 specs.  

2 Discussion
The maximum allowed activation time for cold-start 2, where an SCell RF chain is not activated, but SCell timing information is known, was agreed to be 24ms [2].  The rationale behind the 24ms requirement for cold-start 2 is that 4ms is needed for UE to decode an activation command (MAC control element) and transmit ACK, and 20ms is needed for RF warm-up, AGC settling, and frequency and time tracking loops warm-up.  The value 20ms is referenced from the current RRM requirement for the handover interruption time (TS 36.133, Section 5.1.2), which is also related to RF warm-up, AGC settling, and time/frequency tracking loops warm-up [3].  RF warm-up and AGC settling can typically be achieved within a few milliseconds (< 4ms) or a even shorter time period by applying additional technique, for example as in [4].  Accordingly, the BS can assume that there is no interruption on PCell after 9ms delay due to retuning/reprogramming the RF front-end and AGC for SCell operation.  Thus, the rest of time in 24ms can be used for fine time/frequency tracking which may be needed for good demodulation performance.  Although the impact of timing error on PDSCH demodulation performance is expected to be more significant than the impact on 6 PRB based measurement performance, receiving DL signals such as PDCCH and PDSCH before fine time and frequency tracking loops are settled, is still possible with slightly degraded performance. Furthermore, if co-located cells are aggregated, fine timing information for the PCell can be exploited to reduce the settling time of fine time/frequency tracking loops for the SCell.
As for cold-start 1, where the SCell RF chain is not activated and Scell timing information is unknown, the applicable scenario is that the SCell is activated immediately after configured without measurements (a.k.a. blind activation).  This scenario seems to be a very rare corner case in practical network operation. If non-co-located cells are aggregated, it would be difficult for the network to predict the UE signal condition on the secondary component carrier without receiving a SCell measurement report from the UE.  Hence, the network is not likely to activate the SCell without measurement.  For the case of aggregating co-located cells, the UE can decide whether aggregated cells are co-located or not by comparing acquired coarse timing for the SCell with the PCell fine timing, and then accelerate settling of SCell fine timing and frequency tracking loops by using the PCell fine timing information.  In any case, when the network commands blind activation of the SCell to the UE, the network expects that the UE may need extra-time to be ready to receive the DL signal and transmit valid UL signal for the SCell, according to the information that measurement on the secondary component carrier has not been configured for this UE.
From the above analysis, the network can predict the UE status for SCell activation at least for cold-start 1 from the knowledge on UE measurement configuration and the CA deployment scenario.  For many cases such as intra-band contiguous CA and/or aggregation of co-located cells, activation can be completed within 8ms, which is aligned with the current RAN1 spec (TS36.213, Section 4.3). For a few corner cases (cold-start 1 or cold-start 2 with activating a non-co-located SCell), an activation delay is expected to be longer than 8ms. In cold-start 2, DL performance degradation caused by the network scheduling DL subframes from subframe n+8, where UE receives an activation command at subframe n, is likely to be limited, since at least coarse timing and frequency information is available at the UE.  For cold-start 1, good network implementation can either delay scheduling DL subframes taking into account the additional activation delay at the UE or avoid blind activation.
As for the spec impact of SCell activation delay, RAN4 can set values of maximum allowed activation delay (minimum requirements) for cold-start 1 and cold-start 2.  However, RAN1 and RAN2 spec may remain unchanged, as the UE is able to complete activation within 8ms for most of cases, and significant DL performance degradation due to longer activation time can be avoided by appropriate network operation.
3 Conclusions
In this contribution, we analyzed activation delays for different activation scenarios, and discuss how to capture different activation delays into the spec. In summary, we propose the following: 
Proposal: Minimum requirements for activation time in cold-start 1 (24+X ms) and cold-start 2 (24ms) scenarios are captured in RAN4 spec. However, RAN1 and RAN2 spec remain unchanged with a note that degraded performance is expected in corner cases such as blind activation.
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