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1. Introduction 
An important aspect of UE implementation is UE power saving, in order to increase battery lifetime. An important tool to reduce UE power consumption is DRX, whereby a UE only receives for certain periods of time and otherwise enters a low power state. 

Although DRX provides power consumption gains, further gains could be provided if the UE did not have to wake up at all during DRX_on periods. Hence methods of wake-up signaling that cause a UE to wake up only when there is a possibility that data is scheduled for it during the DRX on period are of interest.
For eMBB services, which are one of the main focus areas of NR, it has been shown [1], [2] that, for applications that cause the UE to operate in CDRX mode for a significant proportion of their time, significant power consumption saving can be achieved through the use of CDRX-mode wake up signaling. For example, for a “Google Hangout” type of application, CDRX optimisations such as wake-up signaling have been shown to provide a power saving gain of up to 35% [2].
Some non-eMBB devices, such as wearables, may spend more of their time in IDLE mode than in CDRX mode. For these types of device and their associated usage models, wake up signaling for IDLE mode may provide significant gain (this is being studied in the efeMTC work item). In IDLE mode, the wake up signaling can effectively turn paging occasions on or off (for all UEs or a subset of UEs). Since the current focus of NR standardization is on eMBB services, we consider that CDRX mode power consumption reduction is more important in Release-15 than IDLE mode power consumption reduction. IDLE mode power consumption reduction can be considered in a future NR release. 
2. Discussion
Function of Wake-Up Signal

A DRX_on period can be turned on via a wake-up signal (WUS), or off via a go-to-sleep signal (GTS). These two functionalities have different system aspects:

· WUS is susceptible to missed detection. If the WUS is not detected, the subsequent CDRX_on period is ignored by the UE. WUS only needs to be transmitted when there is activity during the CDRX_on period.
· GTS is susceptible to false alarm. If the GTS is incorrectly detected, the subsequent CDRX_on period is ignored by the UE. Even when there is no activity in the CDRX_on period, the GTS needs to be transmitted.
In the following, we refer to a WUS, but much is also equally applicable to a GTS.

UE-specific vs group-specific WUS

A CDRX wake-up signal can either be UE-specific or group-specific. Whereas group-specific signalling reduces the amount of WUS signalling, it is harder to control which individual UEs wake up during the CDRX_on period. UE-specific WUS signalling on the other hand increases the signalling load. It should be considered further whether UE-specific or group-specific or both types of WUS signalling are supported. 

Physical channel to support WUS

In IDLE mode, the UE can be unsynchronised or poorly synchronised with the network. In such cases, there may be benefit in creating a new physical channel to support WUS functionality, where the new physical channel either provides synchronisation functionality inherently or allows the WUS to be decoded in a non-synchronised manner.

In CONNECTED mode, the UE is synchronised to the network. In such a case, there is less motivation to use a new physical channel: the WUS can be transmitted on an existing physical channel, where the PDCCH is an obvious candidate channel.

Carrying WUS on a physical channel

It has been proposed that an Advanced Grant Indication (AGI) be used to provide the WUS functionality [3]. The AGI can be transmitted as some form of compact DCI within either a UE-specific search space or a common search space on the PDCCH. An alternative is to transmit WUS using SFI-type bits on a group common PDCCH that either turn on / off slots within a CDRX_on period, or turn the whole CDRX_on period on / off. At this stage both AGI-based and SFI-based WUS signalling for CDRX can be considered.
3.   Conclusion

There is scope for power saving in CDRX mode through the use of some form of wake-up signalling. It should be possible to support this power saving CDRX-mode wake-up signalling through the use of existing physical channels, minimising specification impacts. Hence the following proposal is made:
Proposal: NR should consider wake-up signalling for CDRX using existing physical channels.
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