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In this paper, we discuss the need for better management of power state of SCells. We propose two enhancements. The first enhancement is based on DRX, which allows different groups of serving cells to have different DRX parameters. The second enhancement for PDCCH monitoring on SCell, which enables dynamical control of PDCCH monitoring based on UE’s traffic load.
Discussion
Motivations
In carrier aggregation, SCells typically are used to offload large data bursts. They can help increase UE’s link throughput, but at the same time increase UE’s power consumption. Therefore, they should be deactivated when they are not needed (e.g. after traffic load drops) to avoid unnecessary power consumption.
However, as more applications are designed to take advantage of higher link throughputs, traffic on SCells (especially FR2 cells) is expected to become more bursty, i.e. shorter in duration but longer gaps in between. Bursty traffic is more challenging for managing power on SCells. On one hand, it may not be desirable to deactivate SCells too early when traffic is still expected in the near future, because the exact start time of next data burst is random and reactivation of SCells may take long time (~40ms or more). On the other hand, if SCells are kept active between bursts, they are not fully utilized but still consume full power. That is not efficient from power saving point of view. 
In addition to idle periods between data bursts, another challenge is that even within the same application, different bursts (e.g. different types of web objects) may have different sizes. Network hence may not always need the same number of SCells to serve them. Given the dynamic nature and randomness in bursty data traffic, it can be very power inefficient if all serving cells always have the same power state.
Observation 1. Keeping the same power state for all serving cells can be very power inefficient when traffic is bursty or has dynamic rate.
In this paper, we discuss two enhancements to address this inefficiency. One enhancement is based on DRX, which allows different groups of cells to have different DRX configurations, so that some SCells (e.g. FR2 cells) can have longer DRX cycle than others. Anther enhancement enables dynamic PDCCH monitoring on SCells, so that a SCell does not need to waste power monitoring PDCCH when it is not needed to serve traffic.  
DRX group
In Rel-15 NR, DRX configuration is per MAC entity. This means that all serving cells work together as a single “bit pipe” and are locked in their DRX adaptation. When traffic rate is low between bursts and only one or small number of cells are needed, transmission of new data on any serving cell will keep all cells in DRX active time, even though some of them are not scheduled with any data. This clearly is very power inefficient.
Observation 2. DRX configuration per MAC entity keeps all serving cells in the same power state.

In addition, network may choose to support different services on cells operating in different frequency bands. For example, network may use FR1 cells for scheduling and support basic applications, because of FR1’s wide coverage. When UE starts an application which requires high throughput, network may activate FR2 SCells to meet the extra traffic demand. These two types of applications typically have very different traffic characteristics. For example, high-throughput applications often have long period of inactivity between data bursts and can benefit from a long DRX cycle. Therefore, in such scenarios, it is very power inefficient if UE is forced to use a single DRX configuration which is based on the “worst” application, because FR2 cells have to be turned on more frequently than necessary.
In some UE implementations, FR1 and FR2 serving cells may be supported by different transceivers whose power is managed independently. In that case, it is also desirable for cells supported by different transceivers to have different DRX configurations. 
Observation 3. Cells may be used to support different types of applications and hence can benefit from different DRX configurations.
Based on the observations, we therefore conclude that allowing different groups of cells to be configured with different DRX parameters can help achieve more power savings. We hence make the following proposal:
Proposal 1.  Network can configure different groups of serving cells with different DRX parameters.
Dynamic PDCCH monitoring on SCells 
It is well known that when UE is not scheduled with data on a SCell, a large percentage of power it spends on that cell is for monitoring PDCCH on that cell. Based on this observation, we think anther approach to handle the inefficiency described in the Motivations section is to enable UE to dynamically adapt its PDCCH monitoring on SCells based on its traffic load. In other words, when a SCell temporarily is not needed for scheduling data, its monitoring on PDCCH can be suspended. When new traffic burst arrives and that SCell is needed again, UE resumes monitoring PDCCH on that SCell.   
Observation 4. Dynamic suspension and resume of PDCCH monitoring on SCells can help save power.
In Rel-15, dynamically adapting PDCCH monitoring on SCells may not be straightforward. The only viable method is through RRC reconfiguration of PDCCH-Config, which could take a non-negligible amount of time compared to typical duration of a burst on a high-speed link. And it is an established fact that the sooner a SCell becomes available to schedule data, the sooner bursts can finish to give end users a better experience. 
We think several options can be considered to enable dynamic PDCCH monitoring:
· Explicit signalling based on DCI. For example, RAN1 has discussed introducing a new DCI for this purpose. One of such designs leverages the existing BWP framework, i.e. a SCell can be configured with a special BWP with no PDCCH configured. When network wants to suspend PDCCH monitoring on that SCell, it switches its current active BWP to this special BWP. When network wants to resume scheduling on that SCell, it sends a DCI on a serving cell where UE still monitors. 
· Explicit signaling based on MAC CE. This MAC CE can work in a manner similar to activation/deactivation MAC CEs for a number of MAC procedures. It may contain a bit map of configured SCells for network to tell UE which set of SCells it should suspend or resume PDCCH monitoring. It is slightly slower than BWP based approach but offers better reliability, which may be necessary for dynamically adapting PDCCH monitoring.
· Search space linkage. If introducing a new DCI or MAC CE is not desired, then we think approaches based on implicit signaling can be considered. For example, a SCell with PDCCH can be configured with an inactivity timer. When this timer expires after a period of inactivity, UE autonomously stops monitoring PDCCH on that SCell. Monitoring resumes if UE receives a scheduling DCI in an associated search space on SpCell. More specifically, for each SCell on which UE may dynamically monitor PDCCH, network associates it with a search space on the SpCell. This association or linkage means that any scheduling DCI for new transmission that is sent over this linked search space will trigger UE to resume monitoring PDCCH on the associated SCell. This approach is as fast as DCI and requires the least amount of work. 
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Summary
Based on the above discussions, we recommend RAN2 to adopt the following proposals:
Observation 1. Keeping the same power state for all serving cells can be very power inefficient when traffic is bursty or has dynamic rate.
Observation 2. DRX configuration per MAC entity keeps all serving cells in the same power state.
[bookmark: _GoBack]Observation 3. Cells may be used to support different types of applications and hence can benefit from different DRX configurations.
Observation 4. Dynamic suspension and resume of PDCCH monitoring on SCells can help save power.
Proposal 1.  Network can configure different groups of serving cells with different DRX parameters.
Proposal 2.  RAN2 study methods to enable dynamic suspension and resume of PDCCH monitoring on a SCell. Potential methods can include explicit L1 or L2 signaling or search space linkage.
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