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[bookmark: _Ref510442278]Introduction
In RAN2 #105bis meeting, the following agreement was made:
=>	RAN2 sees some power consumption benefits if SCells monitoring is reduced.  

Since RAN2 has agreed to support wakeup signaling, in this paper we propose a method to use WUS to indicate on which set of SCells UE should monitor PDCCH after DRX active time starts. 
Discussion
Motivations
NR is expected to support more applications designed to take advantage of its higher link throughputs. Since SCells typically are used to offload large data bursts, we can expect traffic in SCells (especially FR2 cells) will become more bursty, i.e. shorter in duration but longer gaps in between. 
Bursty traffic is more challenging for managing power in SCells. One of the challenges is that it may not be desirable to deactivate SCells too early when traffic slows down but is still expected in the near future, because the exact start time of next data burst is random and reactivation of SCells takes long time (~40ms or more). That would make UE consume unnecessary power on an unused SCell. Another challenge is that even within the same application, different bursts (e.g. different types of web objects) may have different sizes. Given the dynamic and random nature of bursty traffic, it can be very power inefficient if network always use the same number of SCells to serve each burst, whose size can vary considerably between DRX cycles.
Observation 1. It is not power efficient if UE always uses the same number of SCells in different DRX cycles.
In most situations, right before the start of a DRX on duration, network can have an initial estimate on how large the data burst is or is going to be. Network hence may determine how much bandwidth it needs to serve the burst without causing long delay for user. 
Observation 2. Network can estimate at start of DRX on duration on how much bandwidth it needs to serve UE.
Currently, if network wants to change the number of SCells to use, it has to activate or deactivate SCells, which can take long time. A close equivalent from UE power consumption point of view is that network may first configure enough number of SCells and then suspend PDCCH monitoring on some SCells if not all of them are needed. This is because when a SCell is not used to serve data, the bulk of UE power spent on that SCell is for monitoring PDCCH (if configured) on that SCell. 
Observation 3. For a SCell configured with PDCCH but not used to serve data, UE can save most of its power spent on that cell by not monitoring its PDCCH. 
Solution
There may be different ways to accomplish that. For example, network can use RRC signaling to de-configure PDCCH on that SCell. However, this method would haves the typical long delay associated with RRC reconfiguration. Or network can switch UE’s DL BWP on that SCell to a BWP without PDCCH configured. But this switching has to be performed for each SCell whose PDCCH is to be suspended.    
On the other hand, we think wakeup signal can be a convenient and low-latency way to solve the problem. Since a wakeup signal is sent before the start of a DRX on duration, network can indicate in its payload which set of SCells UE should monitor PDCCH after DRX active time starts. This approach allows UE to start a DRX cycle with the right set of SCells to use, without any additional signaling and delay. In a subsequent DRX cycle, if UE needs to wake up but burst size changes, network can easily adjust the number of SCells to use by sending a different indication in the wakeup signal before that DRX on duration.   
[bookmark: _Hlk4361911]Proposal 1. Network can indicate in the payload of PDCCH-based WUS which set of activated SCells UE should monitor PDCCH after DRX on duration starts.
In case of CA configuration, there is a natural question to ask – on which serving cell PDCCH-based WUS should be sent. We think it should be sent on SpCell only, for the following reasons.
First, since the DRX configuration is per MAC entity, all carriers wake up for on duration at the same time. Therefore, only one WUS per MAC entity is sufficient. It is also more power efficient for UE to monitor WUS on only one serving cell. Second, if WUS is sent on only one carrier, this carrier has to be SpCell, because in general SpCell is more reliable than SCells, as UE persistently monitors SpCell for RLM/RLF. 
Proposal 2. 	In CA configuration, WUS should be configured on only one cell and this cell should be SpCell.
Traffic load can also vary after UE enters DRX active time (e.g. depend on what user choose to do). Therefore, there is still a need for network to dynamically adjust the set of SCells UE should monitor PDCCH during DRX active time. Given the dynamic nature of traffic, this adjustment has to be done with low latency. However, Rel-15 does not provide any direct and efficient way to do that. We hence recommend RAN2 to study potential enhancements for that purpose.
Proposal 3. Dynamically adjusting the set of activated SCells that UE monitors PDCCH during DRX active time is supported.  
Summary
Based on the above discussions, we recommend RAN2 to adopt the following proposals:
Observation 1. It is not power efficient if UE always uses the same number of SCells in different DRX cycles.
Observation 2. Network can estimate at start of DRX on duration on how much bandwidth it needs to serve UE.
Observation 3. For a SCell configured with PDCCH but not used to serve data, UE can save most of its power spent on that cell by not monitoring its PDCCH. 
Proposal 1. 	Network can indicate in the payload of PDCCH-based WUS which set of SCells UE should monitor PDCCH after DRX on duration starts.
Proposal 2. 	In CA configuration, WUS should be configured on only one cell and this cell should be SpCell.
Proposal 3. 	RAN2 study further how to enable network to Ddynamically adjusting the set of activated SCells that UE monitors PDCCH during DRX active time is supported.   
Appendix: draft TP
The following draft TP is based on the latest draft TR:
--------------------------------------------------------------- Start of TP -----------------------------------------------------------------
6.3 Higher layer procedures for the UE power saving schemes in RRC_CONNECTED
The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   
The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX and is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design. In CA configuration, PDCCH-based power saving signa/channel scheme for wake-up purpose is transmitted in SpCell only.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.
Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells. One of such enhancements is to have network indicate in the payload of PDCCH-based WUS which set of activated SCells UE should monitor PDCCH after DRX on duration starts. Dynamically adjusting the set of activated SCells that UE monitors PDCCH during DRX active time is also supported.
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