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1 Introduction
At the last RAN2 meeting, it was agreed to introduce a separate carrier activation/deactivation mechanism for downlink carrier management. However, the specific details such as the downlink activation/deactivation signaling either by per CC or common are left to FFS. In this contribution, we propose a MAC signaling for carrier activation/deactivation, an implicit deactivation to support signaling optimization, and an individual carrier activation/deactivation beneficial to flexible carrier management.
2 Discussions
2.1 Downlink carrier activation/deactivation
For the downlink carrier activation/deactivation, it would be better to use a MAC control element for various reasons. We compare the MAC signaling with PDCCH signaling and the advantages of MAC signaling are summarized as follows:

1) Reliability: activation/deactivation requires higher reliability than normal PDCCH signaling to avoid error probability and a MAC CE can provide a sufficiently reliable signaling.

2) Latency: compared to the PDCCH signaling, the latency of MAC signaling is not so significant. In addition, when we assume any error detection mechanisms to compensate the PDCCH’s reliability problem, the actual latency would be the same because the mechanisms should have to reuse a HARQ procedure.

3) No new PDCCH format: besides the definition of the PDCCH format is a RAN1 issue, we believe that RAN2 should avoid introducing additional PDCCH format to minimize standardization effort and blind decoding.
4) Flexibility: the major benefit of MAC signaling is flexibility. When we employ a MAC CE, we could fully utilize the efficiency of MAC signaling. For example, various types of information can be multiplexed in one MAC PDU as shown in Figure 1.
A typical scenario for downlink carrier activation would be when bulky data are arrived in eNB buffer. In that situation, it would be better to transmit traffic data and CC activation signal at the same TTI. Using the MAC signaling, a CC Activation CE can be easily inserted into one transport block for traffic data transmission. 
On the contrary, PDCCH signaling may require multiple PDCCH resources to separately indicate carrier activation and PDSCH transmission even though the PDCCH resource is a seriously restricted space.
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Figure 1. Carrier activation by MAC CE

In conclusion, the MAC signaling for downlink carrier activation/deactivation provides sufficient reliability and comparable latency. In addition, it minimizes the complexity of RAN1 and enhances the flexibility of signaling. 

Proposal 1: Configured downlink component carriers are explicitly activated/deactivated by means of a MAC control element.
2.2 Granularity of carrier activation/deactivation

The granularity of carrier activation/deactivation is more or less related to the complexity of carrier management. However, if we allow per CC activation/deactivation mechanism, it could enhance the flexibility of carrier management. 
Hence, the individual CC management would be beneficial for UE power saving because eNB could control carriers by consider incoming traffic behavior. Moreover, we could make a room for extension carrier which is actively discussed in RAN1. For example, an extension carrier can be activated when bulky data transmission is needed.
In addition, when we go for MAC signaling, per CC activation would be easily implemented by MAC CE. Furthermore, one MAC CE could indicate the activation/deactivation of individual CC or whole CC.
Proposal 2: Configured component carriers are activated/deactivated per CC.
2.3 Implicit carrier deactivation

We support an explicit activation/deactivation and it should be a baseline for carrier activation/deactivation. In addition, we prefer an implicit deactivation is supported as a signaling optimization. 
The main purposes of introducing separate activation/deactivation would be dynamic carrier management and UE power saving. When we consider power saving feature and signaling optimization, implicit carrier deactivation would work as a DRX operation in RRC_CONNECTED state. Also, the LTE DRX procedure could be reused for carrier deactivation and the mechanism can be operated by means of a timer. 
To reduce configuration complexity, one restriction is needed for implicit deactivation compared to explicit deactivation. When we couples the implicit deactivation with per CC deactivation, additional operation may be required to implicitly designate a carrier for deactivation. Hence, we propose all activated carriers are deactivated when an implicit deactivation is triggered by a timer. 
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Figure 2. Implicit carrier deactivation

Proposal 3: activated carriers are implicitly deactivated by means of a timer.
Proposal 4: all activated carriers are deactivated when an implicit deactivation is triggered.

3 Conclusion

Based on the above descriptions, we summarized the following proposals.
Proposal 1: Configured downlink component carriers are explicitly activated/deactivated by means of a MAC control element.
Proposal 2: Configured component carriers are activated/deactivated per CC.
Proposal 3: activated carriers are implicitly deactivated by means of a timer.
Proposal 4: all activated carriers are deactivated when an implicit deactivation is triggered.
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