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Introduction
There is a constant need for improving the battery lifetime of mobile devices. Thus, reducing the time a device needs to monitor the DL will help the UE save energy and extending the battery lifetime.
Active UEs in connected mode must continuously monitor the downlink for Downlink Control Information, DCI, to see if there is a downlink assignment or uplink grant to which they should respond. The power saving feature connected mode DRX, C-DRX, allows the UE to enter a sleep mode after a time of inactivity in which the UE only wakes up to monitor PDCCH according to a configured onDuration time per C-DRX Cycle, see Figure 1.
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[bookmark: _Ref481656372]Figure 1: C-DRX cycles with onDuration periods
When transmitting a DCI to a UE, a CRC is attached to each DCI message payload. The identity of the device or devices, i.e. the Radio Network Temporary identifier, RNTI, is included in the CRC calculation and not explicitly transmitted. Depending on the purpose of the DCI, different RNTIs are used. When the UE monitors and tries to decode the PDCCH, the UE will check the CRC using a set of assigned RNTIs. If the CRC check passes, the message is declared to be correctly received and intended for the UE. Thus, the identity of the device that message is intended for is implicitly encoded in the CRC and not explicitly transmitted.
When the UE wakes up in each C-DRX cycle, it needs to monitor the PDCCH during the onDuration period. A typical setting for LTE C-DRX onDuration is observed to be in the order of tens of milliseconds and thus, the UE must stay awake for the entire onDuration even if there is no data scheduled for the UE. This could be viewed as a power waste for the UE. 
[bookmark: _Toc506235674][bookmark: _Toc506235728][bookmark: _Toc506469719]Reducing monitoring time in C-DRX will reduce energy consumption.
The power consumption is further increased by the fact that the UE is required to be prepared to both receive and transmit data during and immediately following reception of a valid DCI during the onDuration, i.e., the UE is expected to decode the data received and provide HARQ feedback shortly after reception of a valid DCI implying that the UE in order to perform the delay sensitive processing, (HARQ RTT etc.), in C-DRX need to have more processing hardware activated which consumes more power. In most cases, no DCI will be received, and energy used to prepare for transmitting will be of waste. 
[bookmark: _Toc506235675][bookmark: _Toc506235729][bookmark: _Toc506469720]The more processing hardware activated, the more power is consumed.
Wake-up signaling
The use of wake-up signaling for UEs in connected mode DRX has earlier been discussed in 3GPP. The wake-up signaling in this paper proposes an alternative solution that would avoid the use of a specific wake-up receiver and thereby potentially reducing both cost and complexity but at the same time give similar energy savings.
The length of the onDuration timer affects the reachability of the UE and the scheduling flexibility for the network but the longer onDuration time, the more energy is used in the UE. If the length of the onDuration is reduced without the wake-up signaling the reachability would be severely reduced with delay and energy penalties to follow. The introduction of the wake-up signal could allow for a reduced delay since the could be made shorter without a penalty in energy consumption compared to legacy C-DRX. 

[bookmark: _Toc506235676][bookmark: _Toc506235730][bookmark: _Toc506469721]Reducing the length of the onDuration without the wake-up signaling would decrease the reachability with a possible penalty of both increased delay and increased energy consumption
[bookmark: _Toc506235677][bookmark: _Toc506235731][bookmark: _Toc506469722]The introduction of a wake-up signal could result in a reduced delay without an increase in energy consumption.

Additionally, we want to allow the UE to not prepare its transmitting chain and thereby save additional power when configured with this very short wake-up signal, illustrated as "Wake up monitoring" in the figure below. In order to get the UE into continuously monitor PDCCH at its next onDuration, the gNB can send a DCI message during the wake-up monitoring. If this message is not scrambled with the C-RNTI of the UE but with a DRX-RNTI, possibly shared by several UEs, then several UEs can be woken up with a single message. Then, a very short wake-up duration could be allowed for each UE when monitoring the common search space or common CORESET for a valid PDCCH to see if any DCI has a CRC attached with the assigned DRX-RNTI included in the calculation. When the UE monitors and tries to decode the PDCCH, the UE will check the CRC using the assigned DRX-RNTI. If the CRC checks, the message is declared to be correctly received and intended for the UE and the UE would know that it e.g. should start monitoring the PDCCH according to the onDuration time, at the next C-DRX cycle, see Figure 2.
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[bookmark: _Ref480823458]Figure 2 Wake-up monitoring
If the CRC check fails, the message is not intended as a wake-up message for the UE and it would be able to go back to sleep until the next wake-up occasion according to the C-DRX cycle, see Figure 2. The time in advance to send the wake-up signal i.e. the time before the start of the onDuration, should match the UE requirement of preparing the necessary tasks to allow for monitoring and receiving on the DL. 
This wake-up scheme comes with a cost of an increased delay. However, design choices could be made to limit the delay by having the UEs waking up a predefined time after the wake-up signal has been received and there are also services where power saving is more important than short delay.
[bookmark: _Toc480898262][bookmark: _Toc481678907][bookmark: _Toc481742600][bookmark: _Toc481743917][bookmark: _Toc481745266][bookmark: _Toc481755332][bookmark: _Toc481866748][bookmark: _Toc485306565][bookmark: _Toc485306575][bookmark: _Toc485399357][bookmark: _Toc490140086][bookmark: _Toc498620929][bookmark: _Toc506233498][bookmark: _Toc506235374][bookmark: _Toc506236012][bookmark: _Toc506236074][bookmark: _Toc506469723]Add a new DCI message ("wake up message") on PDCCH using a DRX-RNTI upon reception of which the UE start to monitor the PDCCH at the next onDuration occasion.
This wake-up scheme should be regarded as an add-on to the existing C-DRX framework and used when energy savings are the highest concern. 
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[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
We have observed:
Observation 1	Reducing monitoring time in C-DRX will reduce energy consumption.
Observation 2	The more processing hardware activated, the more power is consumed.
Observation 3	Reducing the length of the onDuration without the wake-up signaling would decrease the reachability with a possible penalty of both increased delay and increased energy consumption
Observation 4	The introduction of a wake-up signal could result in a reduced delay without an increase in energy consumption.

We propose:
Proposal 1	Add a new DCI message ("wake up message") on PDCCH using a DRX-RNTI upon reception of which the UE start to monitor the PDCCH at the next onDuration occasion.
Proposal 2	UEs in C-DRX may be optionally configured to use wake-up signaling using the DRX-RNTI.

