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1 Introduction
One of the objectives of the UE power saving study [1] is:

1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
In this paper, we discuss UE power saving in CA scenario.
2 Discussion
Carrier Aggregation (CA) is a technique used to increase bandwidth for higher bit rate which puts high demand on UE’s power consumption. The UE can be configured by the network with a Primary Cell (PCell) and one or more Secondary Cells (SCell) when CA is applied. According to the LTE deployment, the UE power consumption rises dramatically with the increase of activated Scells. Regarding power saving issues, there are exist some problems in the current CA implementation. The traffic of SCell is typically sparser than that of PCell, since SCell is mainly used for large data reception. However, the network generally does not deactivate SCells by MAC CE even when the SCells are not in use, but instead relies on the SCell deactivation timer (which is typically long) to deactivate these unused SCells. For one thing, this is because the latency of using MAC CE is not suitable for burst traffic. Besides, the transition time for SCells from the deactivated state to active state could be considerably large in NR which affects the scheduling flexibility. As a result, even when DRX is applied for saving power, there may exist a large amount of unnecessary power consumption caused by additional SCells. 

Observation 1: In CA scenario, the power waste may still be high due to unused activated SCells even under C-DRX functionality.
According to the above analysis, it is beneficial for UE power reduction to reduce PDCCH-only monitoring on activated SCells. It is known that UE should monitor the PDCCH simultaneously in PCell and activated SCells when it is in active time (e.g. drx-onDurationTimer is running or drx-InactivityTimer is running). A possible way is to adjust the UE behaviour of PDCCH monitoring for activated SCells implicitly. For example (as showed in Figure 1), the UE can monitor PDCCH only for PCell from the beginning of each C-DRX cycle even if there are activated SCells. In this way, the UE can keep a low power consumption level by only detecting PDCCH for PCell at the beginning of each C-DRX cycle. When a DCI is detected to schedule data and the drx-InactivityTimer starts, the traffic may arrive continuously in the corresponding C-DRX cycle. In this case, the UE can monitor PDCCH for PCell and activated SCells for higher throughput. As another example, when both long DRX cycle and short DRX cycle are configured and long DRX cycle is used, if a DCI is detected in PCell, the UE only needs to change to short DRX cycle in PCell and still use long DRX cycle in SCells to avoid frequent PDCCH monitoring. The UE starts to use short DRX cycle for SCell when a DCI is received in SCells.
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Figure 1 Example of PDCCH monitoring behaviour for PCell and SCell
Power saving signals can also play a role in reducing power consumption in the CA scenario. If it is agreed to introduce the power saving signals, another way to reduce PDCCH-only monitoring on activated SCells can be adapting/adjusting PDCCH monitoring behaviours per cell by power saving signals. The following aspects can be examples for investigating power consumption reduction mechanisms with power saving signals. 
· When the traffic is small, the UE can be indicated to monitor PDCCH only on some specified activated cell(s) by the power saving signal, e.g. only on PCell (as showed in Figure 2),
· To match the traffic pattern, the C-DRX parameters can be modified by the power saving signal, e.g. the length of drx-onDurationTimer, drx-InactivityTimer, etc…
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Figure 2 Example of PDCCH monitoring reduction with power saving signals

Proposal 1: It is suggested to study methods to reduce PDCCH monitoring for activated SCells.
3 Conclusion

In this paper we discuss UE power saving in CA scenario and propose:
Observation 1: In CA scenario, the power waste may still be high due to unused activated SCells even under C-DRX functionality.
Proposal 1: It is suggested to study methods to reduce PDCCH monitoring for activated SCells.
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