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Introduction
In the RAN1 NR Ad Hoc [1], a wake-up signal for active mode UEs was discussed. It was proposed by some companies to study the wake-up signal and its potential benefits. In this contribution, we discuss some factors that must be taken into consideration when studying the wake-up signal and the circumstances where such a signal may or may not provide meaningful gains.
Discussion
Since the proposed wake-up signal is for active mode UEs, this signal is used for saving power by not waking up the UE when there is no PDCCH expected for the UE during the next DRX on duration. Therefore, the power savings depends on many factors including 
· Time spent on reception of the wake-up signal
· Power expended in receiving and decoding the wake-up signal
· Time spent on reception of PDCCH during the DRX on duration
· Power expended in receiving the PDCCH during the DRX on duration
· Traffic load which determines the fraction of wake-up instances for which the UE has data
·  Power consumption during sleep
· Typical DRX configurations including on duration and inactivity timer settings
· Percentage of time UE spends in DRX and in idle mode

The most important factor to consider is the last factor listed above. When the UE doesn’t have much data being transmitted or received, once the UE does not have any data for many DRX cycles, the UE is expected to transition into idle mode. Thus, the DRX cycles are a transitory state at these loads and it can be quite likely that UEs spend a lot of time in idle mode. In this situation, the wake-up signal would not be very useful in reducing power consumption.
If the UE remains in connected mode for significant periods of time, another aspect to consider is the typical DRX configuration that is used. If the inactivity timer, which goes into effect when the UE has received a PDCCH, is set to a higher value, e.g., 200 ms, this reduces latency but increases the fraction of power consumed by the UE monitoring PDCCHs when the timer is active. The wake-up signal does not help reduce this power consumption and therefore the potential power savings will be limited. The power that can be saved is the power spent during the on duration for DRX cycles where no PDCCH is to be received by the UE. This on duration is typically longer for longer DRX cycles. For shorter DRX cycles, the DRX on duration is shorter and the potential for power savings also could be smaller. Also for shorter DRX cycles, the potential for the UE to be able to enter deep sleep modes is lower which can also limit the potential for power savings.
Other aspects related to the actual design of the signal also need to be considered carefully. The signal needs to be designed to have a high level of robustness since the penalty for a missed detection of the wake-up signal is significantly increased latency in delivering the data. Hence, the signal needs to be designed to have a very low missed detection rate. At the same time, having a false alarm rate that is too high is not desirable as well since it limits the potential for power saving. If the signal design is unable to meet these dual constraints, it would be better for the UE to go back into DRX only if it receives this signal although the false alarm rate needs to be quite low in this case.
The signal also may need to be configurable so that the design can be optimized in its robustness for different scenarios. Otherwise, it would need to be designed for the worst case, i.e., to be operable even in the most extreme environments, e.g., at a speed of 500 km/hr. This might impose unnecessary overhead in the signal for the typical use case which can also limit power savings.
In order to keep the reception of the signal simple, it is likely that a single signal would need to serve a group of UEs. That is, when the wake-up signal is transmitted it wakes up multiple UEs that are part of the group that monitors the wake-up signal. This is similar to the concept of a paging group. The number of UEs per group will determine the power saving benefits as well. If there are too many UEs in a group, then the probability of a UE waking up is higher which limits power savings. 
Considering all of the above aspects, it is important to understand the power savings potential in typical NR scenarios with devices such as smart phones where there are many different applications that require data transmission very often. One possibility that could be considered is the use of wake-up signal only for specific types of devices e.g., IoT devices, where a wake-up signal may have more clear benefits.
Conclusion
This contribution discussed various aspects related to a potential wake-up signal for NR including, system performance, power saving potential and signal design aspects. A wake-up signal can be considered for introduction in NR if the power saving potential of such a signal is clearly identified in typical scenarios of interest.
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