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1 Introduction
On the last RAN2 meeting, both explicit and implicit CC deactivation were introduced for more efficient power saving. Explicit CC deactivation using MAC CE has been agreed but there is no conclusion on how to implement the implicit deactivation. In this contribution, we will discuss the details about the implicit CC deactivation.

2 Discussion
Compared with explicit deactivation, implicit deactivation can reduce the signaling overhead. In addition, it can ensure the CC can be deactivated especially when the explicit deactivation signaling is not reliable for bad channel condition.

It is obvious that the most important factors for CC deactivation are the data amount and the CC radio link quality. In Rel-8/9, if there is no data transmission for a long time, UE will lost uplink synchronization. In CA, the activated CC number is also decided by the data amount. The similar rule can be used for implicit deactivation. Since the PCC can never be deactivated, if TA timer expires, UE is only necessary to work on PCC. This can be seen as an implicit deactivation way.

Proposal 1: UE should only work on PCC if the TA timer expires.
From the above analysis, TA timer can be considered as a way to deactivate CC implicitly. But it is not enough for it can not deactivate CC individually. Thus in order to achieve more efficient power saving, other implicit CC deactivation methods should be considered. Like using DRX inactivity timer to control the UE’s Active Time in Rel-8/9, introducing a new timer used for CC deactivation seems reasonable.

Proposal 2: It is proposed to introduce a new timer for implicit CC deactivation.
In order to simplify the description, we named the new timer as deactivation timer. In the following section, we will discuss how to configure and maintain the deactivation timer. 
The aim of the CC deactivation is to deactivate the CC timely when there is no data transmission on that CC for a certain time. The length of the deactivation timer only represents the time of the CC activation state transition. Therefore there is no need to distinguish different CCs. It will increase complexity but seems no gains.
Proposal 3: The deactivation timer length is configured per UE.

For the DL CCs are activated/deactivated per CC individually, the deactivation timer should be maintained per CC. 

Proposal 4: The deactivation timer is maintained per CC.

The basic principle for CC specific deactivation timer maintenance is that the DL SCC can not be deactivated when there is still DL transmission (including both DL data and control information) on that CC. 
Figure1 gives the state transition of a DL SCC from activated to deactivated state:
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                                                         Figure1.  The state transition on one DL SCC
The procedure includes 3 phases: 

· Phase 1: 

The deactivation timer is started when UE receives the CC activation signaling, e.g. at T1, UE receives the activation signaling.

· Phase 2:

The deactivation timer is restarted when there is PDCCH or PDSCH transmission on that CC.

· Phase 3:

When the deactivation timer expires, the CC is deactivated, e.g. T3 is the time of the last data transmission, in phase 3 the timer is not restarted and expires at T4.

The deactivation timer is only restarted according to the new data transmission. The deactivation timer should be long enough to ensure that there is no possible data retransmission when the timer expires.
In phase 2, there are some different cases to be considered:
Case 1:  There is DL data transmission on one DL SCC and the PDSCH and the related PDCCH are on the same DL SCC.

In this case, the deactivation timer should be restarted if there is DL data transmission on this DL SCC.

Case 2:  There is UL data transmission, and the related PDCCH is on the DL SCC.


In this case, if there is data transmission on the UL CC，the deactivation timer on the DL SCC who schedules the UL CC should be restarted.


For example as figure 2, the uplink data transmission on UL CC1 is scheduled by the DL CC1. When there is uplink data transmission on UL CC1, the deactivation timer on the DL CC1 should be restarted.
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Figure2.   Scheduling relation of UL/DL CC
Case 3:  There is DL data transmission on one DL SCC but PDSCH and the related PDCCH are on the different CCs.


In this case, if there is data transmission on the DL SCC and the DL CC which schedules it is also DL SCC, the deactivation timer of both the PDCCH CC and the PDSCH CC should be restarted.

              For example as figure 3, the DL SCC1 are scheduled by DL SCC2, if there is data transmission on DL SCC1, the deactivation timer of both DL SCC1 and DL SCC2 should be restarted.
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Figure3.   Scheduling relation of two DL SCCs
Hence, the baseline of the deactivation timer maintenance is summarized as below.
Proposal 5: The baseline of deactivation timer maintenance is that the DL SCC should not be deactivated if there is still possible downlink transmission (i.e. PDCCH and PDSCH) on that CC.
· Deactivation timer is started when DL SCC is activated.

· DL SCC is deactivated when deactivation timer expires.
· During data transmission, the CC specific deactivation timer should be restarted based on the following events:

     -  The PDSCH transmission on the CC.

-  The PDCCH for downlink scheduling transmission on the CC.

     -  The PDCCH for uplink scheduling transmission on the CC.
3 Conclusion
According to the presentation in section two, it is proposed:

Proposal 1: UE should only work on PCC if the TA timer expires.

Proposal 2: It is proposed to introduce a new timer for implicit CC deactivation.

Proposal 3: The deactivation timer length is configured per UE.

Proposal 4: The deactivation timer is maintained per CC.

Proposal 5: The baseline of deactivation timer maintenance is that the DL SCC should not be deactivated if there is still possible downlink transmission (i.e. PDCCH and PDSCH) on that CC.
· Deactivation timer is started when DL SCC is activated.

· DL SCC is deactivated when deactivation timer expires.
· During data transmission, the CC specific deactivation timer should be restarted based on the following events:

     -  The PDSCH transmission on the CC.

-  The PDCCH for downlink scheduling transmission on the CC.

     -  The PDCCH for uplink scheduling transmission on the CC.
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