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1 Introduction
NR is characterised by its ability to deliver exceptionally high performance, both in the amount of data delivered across the NW as well as the speed with which it does so. This can come at the cost of power consumption, which can significantly affect the performance of battery operated devices. The study into reducing the power consumption of UEs seeks to address this aspect of NR systems [1]. In this submission, we discuss ways by which the UE can quickly switch from a power efficient state to a high capability state when configured with multiple carriers.
2 Discussion
2.1 Fast activation and deactivation of carriers
Carrier aggregation (CA) was introduced in LTE and has been carried over into NR. By allowing the aggregation of spectrum in different frequencies, the amount of data that can be exchanged between the UE and the NW can increase significantly. However, as can be seen with LTE, the time it takes to activate the aggregation of additional carriers can be quite significant ranging between 30ms and 1s [2]. These delays often result in slow initial data transfer on the primary carrier before additional carriers can be activated, leading to a poor end user experience. 
Observation 1: Activation of carrier aggregation takes a significant amount of time, and can lead to a poor user experience.
Deactivation of carriers are more often controlled by deactivation timers rather than MAC CEs as highlighted in [3]. These deactivation timers are typically quite long, as NWs tend to keep additional carriers activated for longer durations even during periods of data inactivity. While this may improve the latency and data rates that a user experiences, it comes at the cost of increased power consumption. 
Observation 2: Slow deactivation of carrier aggregation leads to an increase in UE power consumption.
To counter the issues described above, the work done in LTE euCA resulted in the definition of a dormant state. When an SCell is in dormant state, the UE is required to perform CSI measurements. However it is neither required to monitor the PDCCH and PDSCH for the SCell nor required to transmit on the corresponding uplink [4]. As link maintenance, i.e. CSI reporting, is done in the dormant state, activation time for a cell in dormant state reduces to between 8ms and 11ms [5].
Observation 3: Dormant state was introduced in LTE to enable the UE to quickly switch from an inactive to an active state.
As discussed in our earlier submission [6], the primary cause of increased power consumption is the unnecessary monitoring of PDCCH when no data activity is expected. The benefits with switching the UE to a dormant state is that it doesn’t have to continuously monitor PDCCH on the dormant cell. However, rather than defining a new state in NR, a means to configure the UE to stop monitoring PDCCH is all that is necessary to reduce power consumption. 
Observation 4: The benefits of dormant state can be realised by configuring the UE to stop monitoring PDCCH for control channel activity.
Regardless of how this behaviour is defined, it is important to have a coherent mechanism defined in NR to reduce the UE’s power consumption. The baseline for reducing power consumption is the DRX mechanism. It allows reduced monitoring of PDCCH that flexibly adapts to activity, and is synchronised between the NW and the UE. When in DRX, the inactivity timer is triggered on a cell when some activity is present as illustrated in Figure 1. As the timer is restarted every time activity is present, the duration for which the UE monitors the PDCCH expands or contracts according to the ongoing activity. 
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[bookmark: _Ref4074917][bookmark: _Ref4074906]Figure 1: A simple DRX configuration in Rel-15
The inactivity timer is an excellent indication of when activity is expected by the UE. This can be exploited to allow the UE to switch to a high performance state in which all carriers are woken up. An example of such a behaviour is shown in Figure 2. On the reception of a DCI on the PDCCH of the PCell, the inactivity timer is started as the UE expects further activity within the inactivity duration. This additionally acts as a trigger for the UE to start monitoring PDCCH on additional carriers. After a period of inactivity, during which no further DCIs are received, the UE goes to sleep on the PCell and only monitors the PDCCH at predefined intervals. Once the UE enters sleep on the PCell, it expects no further activity to take place, triggering the UE to switch to a low power state in which it stops monitoring PDCCH on additional carriers.
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[bookmark: _Ref4075120]Figure 2: Fast activation and deactivation of CA based on the DRX framework
Similar to DRX, the wakeup mechanism can be used to trigger carrier adaptation. If the wakeup indication is received by the UE, it expects activity to be present and starts monitoring PDCCH on the cell. Similar to DRX, this indication can be additionally used to switch the UE from a low power state to a high performance state as depicted in Figure 3. The reception of the wakeup signal can trigger the UE to start monitoring PDCCH on additional carriers, while the expiry of the inactivity timer stops the monitoring of PDCCH on SCells. 
The use of the wakeup mechanism to trigger the PDCCH monitoring on the SCell allows both the PCell and SCell to use a similar mechanism for wake-up preparation, which may include the RF interruption due to switching from 1 CC to 2 CC reception. In contrast, using the start of the inactivity timer to trigger the PDCCH monitoring on the SCell as in Figure 2, can cause an interruption to the reception on the PCell. Regardless of mechanism used for the adaptation of the number of active cells, it is important to take into consideration the activation time needed for SCell activation.
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[bookmark: _Ref4076302]Figure 3: Fast activation and deactivation of CA based on the wakeup mechanism
It is also important to note that while for some types of traffic such as video streaming or data downloads, it is beneficial to transfer the data as quickly as possible and therefore activate all available carriers; for other traffic types such as VoNR, activation of additional carriers provide little benefit and can lead to an increase in power consumption. Therefore a means to stage the activation of carriers based on the traffic type served needs to be considered. For example, the wake-up indication could carry additional information that informs the UE to activate (or not activate) additional carrier monitoring as shown in Figure 3.
Proposal 1: Data activity on the primary cell can trigger the UE to start monitoring PDCCH for additional carriers.
Proposal 2: The UE stops monitoring the PDCCH for additional carriers when it doesn’t expect data activity.
2.2 Autonomous monitoring of the SCG
Similar to carrier aggregation, dual connectivity allows for greater throughput between the UE and the NW. Dual connectivity is expected to be used for cross-RAT combinations such as EN-DC as well as operation in FR1 and FR2. Again, similar to carrier aggregation, dual connectivity comes with an increase in the UE’s power consumption. As discussed in [7], if the DRX configuration in one cell group manages the DRX configuration of the other cell group, significant gains in power consumption can be achieved. 
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[bookmark: _Ref4079637]Figure 4: Adaptation of PDCCH monitoring in DC based on activity on the MCG
A simple illustration of how this would work is depicted in Figure 4 above. The two cell groups are configured with independent DRX configurations as today. It is likely that when data arrives on the downlink, it arrives on both legs around the same time. This can be exploited to reduce the number of cell groups that a UE needs to monitor. For example, when no data activity is expected, the UE only monitors PDCCH on the MCG, and the DRX on-duration occasions on the SCG are ignored. The presence of activity on the MCG can act as a trigger for the UE to start monitoring PDCCH on the SCG during the next on-duration.
Proposal 3: Data activity on a cell group controls the monitoring of PDCCH on additional cell groups.
3 Conclusion
In this contribution we make the following observations:
Observation 1: Activation of carrier aggregation takes a significant amount of time, and can lead to a poor user experience.
Observation 2: Slow deactivation of carrier aggregation leads to an increase in UE power consumption.
Observation 3: Dormant state was introduced in LTE to enable the UE to quickly switch from an inactive to an active state.
Observation 4: The benefits of dormant state can be realised by configuring the UE to stop monitoring PDCCH for control channel activity.
Based on these observations, we propose:
Proposal 1: Data activity on the primary cell can trigger the UE to start monitoring PDCCH for additional carriers.
Proposal 2: The UE stops monitoring the PDCCH for additional carriers when it doesn’t expect data activity.
Proposal 3: Data activity on a cell group controls the monitoring of PDCCH on additional cell groups.
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