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The activation time for SCell has been discussed over the last few RAN4 meetings. 
At RAN4#63AH meeting a way forward was agreed [1], where it was stated for the SCell activation time requirements that they shall be:
· Identical for TDD and FDD cases
· Identical for intra-band and inter-band cases
It was decided that the requirements are to be defined separately based on SCell states
· “Cold start 1”
· RF chain is not activated for reception of Secondary Component Carrier
· Timing information of SCell is unknown (not valid for intra-band contiguous CA)
· “Cold start 2”
· RF chain is not activated for reception of Secondary Component Carrier
· Timing information of SCell is known
· “Warm-start”
· RF chain is already activated for reception of Secondary Component Carrier
· Timing information of SCell is known
Moreover it was decided that SCell deactivation time of 8 ms is enough. 
At the RAN4#64 several contributions were submitted; [6]-[11]. Consensus was reached regarding the “cold start 2” scenario, where [24] ms activation time was agreed. Moreover it was agreed that the “cold start 1” scenario should allow time for acquisition of synchronization signals to allow synchronization to the cell which has not been measured before in near time. 
For warm start scenario proposed activation times ranged from 9 to 24 ms. For cold start 1, from 17 to 99 ms. Most notably 80 ms margin for “blind handover” was added in two contributions [10][11].
In this paper we provide our analysis on needed deactivation time for each of the scenarios above. 
Analysis of Deactivation Time
Cold-start Scenarios
Cold start scenarios refer to cases where the receiver has not been configured to receive the Secondary Component Carrier (SCC). In intra-band contiguous carrier aggregation the UE has a single receiver this means that the receiver bandwidth is centered around the Primary Component Carrier (PCC) and might not be wider than necessary for receiving DL system bandwidth for the PCell. In inter-band carrier aggregation the UE has multiple receivers this means that the receiver for the SCC has not been activated. It shall be noticed that it is common to many designs to have the different receivers to share the same crystal oscillator hence the assumption here is that one does not have to include time for starting up a crystal oscillator. Thus it is enough to consider stabilization of phase-locked loops (PLLs) and warm-up of analog components. Estimating this time to 1 ms should leave considerable implementation margin. Corresponding time for change of centre frequency and bandwidth to receive contiguous PCC and SCC for the single-receiver intra-band carrier aggregation case has previously been estimated to 300 µs (see [2]).To cater for both cases we assume that activating the RF chain for SCC requires 1 ms.
The two cold-start cases differ by that in the first case the timing of the SCell is considered unknown, whereas in the second case it is considered to be known. The first case is valid for inter-band carrier aggregation where transmit timings for PCell and SCell may differ up to 1.3 µs [3]. Depending on inter-band carrier aggregation deployment scenario the propagation time difference between signals from PCell and SCell received at the UE may be up to 31.3 µs [5]  (including BS time alignment of up to 1.3 µs) – about half an OFDM symbol. Here the timing information for SCell needs to be refined before reception. In blind handover the UE does not know the target cell timing. Moreover it cannot make any assumption regarding the target cell timing since UE is not aware of the network synchronization level. It is our assumption that it is possible to do timing refinement at the same time as validating the existence of the cell, which we previously have estimated to require up to 2 unicast subframes (see [2]). This assumption however very much depends on architecture – in our analysis it is assumed that a single radio is used, and that there only is one time domain. In other implementations which perhaps use several time domains one might have to actively synchronize to the SCell by detecting synchronization signals. In order to avoid that the standard dictates a particular architecture, we propose that e.g. 10 ms additional time is allowed for synchronization, provided that the UE is allowed to send the CSI as soon as it has activated the SCell. However we cannot see that it would be justified adding full margin corresponding to blind handover since for that case less is known about the timing relation between source and target cell than in this case for primary and secondary cell.
In the second case timing of the SCell is known, e.g. be from previously conducted inter-frequency measurements using measurement gaps in PCell or without measurement gaps if UE supports this capability. However since the cell has not recently been used for reception (hence cold start), it is our opinion that it shall be subjected to validation. We have previously estimated the time to validate a cell to up to 2 ms provided that unicast subframes are available (see [2]).
For both cases it can be assumed that the timing information is good enough for deciding where in time to conduct measurements for AGC. AGC is needed regardless of whether a new RF chain is started or an existing one is reconfigured to cover wider bandwidth, and before refining SCell timing and/or validating the SCell (if needed). We have estimated that the AGC needs measurements on three OFDM symbols with common reference signals, meaning either one unicast subframe or three MBSFN subframes (which carry common reference signals in their first OFDM symbol). Provided that time shall reflect the worst case regardless of duplex mode, one has to account for TDD UL/DL subframe allocation (which, together with MBSFN configuration, is assumed to be known beforehand). In TDD UL/DL configuration 0 there is only one full DL subframe per 5 ms. After validating the SCell some extra time is also needed for post processing, which will be done during the subsequent UL subframes in case of TDD UL/DL configuration 0. Hence to accommodate processing of activation command, RF switching/activation, AGC, validation of cell and post processing, 20 ms latency is reasonable to assume.
Proposal 1: The switching time for cold start scenarios 1 and 2 shall be less than or equal to 20 ms counted from beginning of the subframe in which the configuration and activation command is received.
Proposal 2: Additional margin of 10 ms shall be allowed for cold start scenario 1 to make the requirement somewhat neutral with respect to implied implementation.
Proposal 3: The UE shall be allowed to transmit CSI as soon as it has activated the SCell. 
To cater for decoding of the received configuration and activation command as well as encoding and transmission of CSI upon activation of the SCell, we propose that four additional subframes (4 ms) are allowed, similar to how ACK/NACK is handled. Thus upon receving the configuration and activation command in subframe n, CSI shall be transmitted at latest in subframe n+34 for Cold start 1 scenario and n+24 for the Cold start 2 scenario.
Proposal 4: For the Cold start 1 scenario, CSI in response to configuration and activation of SCell shall be sent at latest in subframe n+34, where n is the subframe in which the configuration and activation command is received. This figure includes 10 ms margin for acquisition of synchronization via synchronization signals.
Proposal 5: For the Cold start 2 scenario, CSI in response to configuration and activation of SCell shall be sent at latest in subframe n+24, where n is the subframe in which the configuration and activation command is received.

   
Warm-start Scenario
For the warm-start scenario there is one main difference to the cold-start scenarios above. The SCell can be considered known – existence and timing wise – hence cell validation is not needed. But change of bandwidth in case of single receiver used e.g. for intra-band contiguous carrier aggregation, or actually starting reception in case of separate RF chains for PCC and SCC at least call for PLL settling and AGC settling. For PLL settling about 300 µs can be assumed in either case. Just as before AGC need measurements over three OFDM symbols that carry common reference signals. Considering worst case TDD UL/DL configuration, 6 ms may be required for warm start. This is based on an assumption that PCell and SCell both have the same UL/DL configuration, and the activation command is received in one DL subframe and the AGC is carried out in the next DL subframe, 5 ms later.
[bookmark: OLE_LINK3]Proposal 6: The switching time for the Warm start scenario shall be less than or equal to 6 ms counted from beginning of the subframe in which the activation command is received. 
Similar to previous case we propose that 4 ms additional latency is allowed in order to cater for decoding of the activation command as well as encoding and transmission of the CSI upon activation of the SCell. Thus upon receving the activation command in subframe n, CSI shall be transmitted in subframe n+10.
Proposal 7: CSI in response to configuration and activation of SCell shall be sent in subframe n+10, where n is the subframe in which the configuration and activation command is received.   
Summary of Analysis
Based on the analysis above the summary of the proposal is as follows:
Proposal 1: The switching time for cold start scenarios 1 and 2 shall be less than or equal to 20 ms counted from beginning of the subframe in which the configuration and activation command is received.
Proposal 2: Additional margin of 10 ms shall be allowed for cold start scenario 1 to make the requirement somewhat neutral with respect to implied implementation.
Proposal 3: The UE shall be allowed to transmit CSI as soon as it has activated the SCell. 
Proposal 4: For the Cold start 1 scenario, CSI in response to configuration and activation of SCell shall be sent at latest in subframe n+34, where n is the subframe in which the configuration and activation command is received. This figure includes 10 ms margin for acquisition of synchronization via synchronization signals.
Proposal 5: For the Cold start 2 scenario, CSI in response to configuration and activation of SCell shall be sent at latest in subframe n+24, where n is the subframe in which the configuration and activation command is received.
Proposal 6: The switching time for the Warm start scenario shall be less than or equal to 6 ms counted from beginning of the subframe in which the activation command is received. 
Proposal 7: CSI in response to configuration and activation of SCell shall be sent in subframe n+10, where n is the subframe in which the configuration and activation command is received.   

Conclusions
We have presented an analysis of the outstanding issues in the way forward document on activation time in carrier aggregation [1]. 
References
[1] [bookmark: _Ref331747462]R4-63AH-0189 “Way forward on activation time in CA”, Huawei, HiSilicon, Ericsson, ST-Ericsson, Alcatel-Lucent, CATT, InterDigital, Renesas, Qualcomm, Nokia, Samsung
[2] [bookmark: _Ref331617731]R4-122647 “Interruption ay Activation/Deactivation and Configuration/Deconfiguration of SCell”, Ericsson, ST-Ericsson.
[3] [bookmark: _Ref331659726]3GPP TS 36.104
[4] [bookmark: _Ref331660465]3GPP TS 36.211
[5] [bookmark: _Ref331768963]3GPP TS 36.300
[6] [bookmark: _Ref336610127]R4-124281 ”Analysis of SCell Activation Time in CA”, Ericsson, ST-Ericsson
[7] R4-124103 “Discussion on core requirement of warm start and cold start mechanism in CA”, Huawei, HiSilicon
[8] R4-124160 “SCell Activation Time”, Qualcomm Inc
[9] R4-123825 “SCell activation time under various working assumptions R10”, MediaTek
[10] [bookmark: _Ref336612638]R4-124128 “Consideration on activation time for CA”, Samsung
[11] [bookmark: _Ref336611322]R4-124472 “Discussion on SCell activation time”, CATT





1

