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Introduction
As opposed to the work on UE power savings in previous releases, this study will not require existing signals to be used as WUS. Certain level of new signal should be mainly targeted.
In the same time, other considerations is also important. All candiates shall be able to operate in a normal NR cell with legacy UEs. Substantial power saving gains on top of Rel-16/17 power saving enhancement of UE are pursued. To assess it, evaluation methodologies should be established. Other aspects such as detection performance, coverage, UE complexity, should be covered by evaluation.
In this contribution, we discuss the design considerations of the lower power wake-up signal.
Lower power receiver impact on WUS design
The lower power WUS would be different to the existing signals of NR.  The extend of difference of the signal design will results in corresponding performances, power savings and requirements. There are several candidates. One is the compatible receiver of NR signal. Another is the totally new signal with can be detected by receiver with simple circuits. 
The compatible receiver 
For the compatible receiver (embedded receiver) of NR signal, the wave form of NR is kept. Same resource allocation is applied for that signal. Then, simpler receiver can be embedded in the main receiver. Power consumption could be low as 10 mW, which is much lower than conventional transceiver and would have possibility to save the overall power. For this type of receiver, the coexistence with NR can be maintained. However, the power saving gain would be close to the RS options of Rel-17/16 power saving features. 
Totally new signal and receiver
For totally new signal, it will achieve very low power consumption, which can be well below 1 mW. The low power is due to the simple detection in receiver circuits. The exact performance will impact by the signal details. As example, receiver can detect OOK modulation of the RF signal by envelope detection. Impedance matching would be normal detection methodologies in the receiver side. As alternative, the FSK can also be considered. Some simplification in the receiver would be introduced, e.g., without oscillator, filter, or simplified filter etc.
The new signal can be generated by gNB with low complexity. It can be also generated by the existing baseband and RF in gNB. As OOK for example, different amplitude and symbol duration can be generated with the gNB OFDM base band. 


Figure1.Very low power WUS signal generation
Since the totally new signal will introduce more changes and standard impact, this option will be focused in the contribution. The study phase should evaluate and analyze more with that option into the report. Several aspects are listed in following sections.
Signal design consideration
The signal design should take into account several factors. The signal should meet the required detection signal strength to allow power saving of most of devices in the cell. The signal should be able to multiplexed with the NR signal. Coexistence must be ensured between WUS and other UL/DL channels/signals.
Waveform and parameter
The waveform should allow very low power detection. The OOK can be one of the potential solutions, as it can achieve the lowest power consumption in receiver side. For the frequency band of wake-up signal, it is natural to assume NR DL frequency band to be the transmission frequency. Wake-up signal don’t have to occupy the whole system DL frequency.
[image: ]
Figure2. Illustration of OOK
For gNB, the signal generation should be based on the existing NR OFDM signal. A OOK signal can be formed by pre-determined sequences. Several different ways of generating the signal are possible. For perspective of the envelop detection, time and frequency parameters should be given.
[bookmark: _Hlk115257301]For time domain, symbol duration is to be the 2^n times of NR OFDM duration without CP. The n can be 0~4. CP can be inserted same as NR, to help multiplexing with other NR signals. In frequency, we can consider 6~24 PRB @ 15kHz for wake-up signal.
In supporting other waveforms, some additional parameter may be included. In the case of FSK, frequency shifting should be considered, one possibility is the number of transmission bandwidth. 
When wake-up signal transmitted in part of NR DL band, the NR OFDM signal can occupy the frequency other than reserved for wake-up signal. This will ensure the radio resource utilization, at cost of some RF, e.g., filter, and will depend on the receiver design. Further depending on the requirement of supporting number of UE, it can be discussed if the wake-up signals for different UE can be multiplexed in frequency. However, the multiplexing of wake-up signals would increase UE RF complexity and power consumption.
Proposal 1: For the frequency band, RAN1 study the case that NR DL frequency band is used to transmit very low power wake-up signal.
Proposal 2: Wake-up signal consider OOK or FSK as basic detection wave form with symbol duration of 2^n times of NR OFDM duration without CP. The n can be 0~4. Transmission bandwidth can be 6~24 PRB @ 15kHz.
Compatible NR CP is also inserted.
In the case of FSK, frequency shifting should be in number of transmission bandwidth.
Very low power WUS signal coverage
As the cost of very low power consumption, we expect the coverage would be highly reduced. In the current implementation, lower as around -82 dBm very low power wake-up signal can be detected. In the NR networks, the normal signal can easily reach lower than -110 dBm. That coverage mismatch between cell signal and WUS have to be addressed. And this related to several aspects.
In case the cell cannot fully reached by WUS, it should be possible to allow all the UE enabled with WUS. Otherwise, many of UEs cannot detect WUS and then wake up. Thus, the wake-up signal should be generally assumed to be configurable for a cell.
[bookmark: _Hlk115268061]Wake-up signal should also associate with cell. The wake-up ID should be carried by the signal and mapped to cell ID. It can be used to distinguishing cell. Even in low mobility scenarios, UE from different cells should be triggered individually.  Without changing the network topology, one to one mapping would be the natural selection. However, the UE cannot save power in cell edge and would introduce a mechanism to change UE WUS detection state. It can also consider many to one mapping to mitigate the blank coverage. But the option will change the network topology. One to many mappings may not be feasible for very low power WUS.


Figure3. Coverage mismatching of normal cell signal and very low power WUS
Very low power WUS should focus on much both macro and indoor scenarios. Thus, the coverages differences must be fully addressed. We can consider one to one mapping between very low power WUS ID and cell ID as the baseline of the study.
Proposal3: Study the scenarios with very low power wake-up signal carrying a WUS ID and mapped to a cell ID.
Very low power WUS signal measurement
In the targeting use case, UE can go to sleep for long time. In the sleeping time, the only functional part of the UE would be the low power WUS receiver. For a UE recalled by WUS, the NR radio block need to recover from sleeping state. The UE may measure low power WUS to facility synchronization and acquire channel state information. Due to the new waveform of the signal, very low power WUS measurement would be much different to normal measurement. Still that measurement would be needed.
For the mobility, the WUS signal should also support or facility the function. Even the use case is in low mobility, it cannot be avoided for handing over between cells. UE in low power sleeping state should also aware the camping cell, at least in less frequent way.
The transition time for the above issues should also be included into the evaluation methodology. The radio block ramp up time may take much longer time, depending on sleeping stat assumption and ramp up procedure.
Proposal4: Study whether the very low power WUS signal measurement can facilitate the main radio wake-up and supporting the mobility of UE.

Conclusion
In this contribution, we have discussed and analyzed lower power WUS design enhancement for NR. We can focus on the totally new WUS design and consider the wider impact bring by that signal. 
Regarding the signal design, we have following proposals:
Proposal 1: For the frequency band, RAN1 study the case that NR DL frequency band is used to transmit very low power wake-up signal.
Proposal 2: Wake-up signal consider OOK or FSK as basic detection wave form with symbol duration of 2^n times of NR OFDM duration without CP. The n can be 0~4. Transmission bandwidth can be 6~24 PRB @ 15kHz.
Compatible NR CP is also inserted.
In the case of FSK, frequency shifting should be in number of transmission bandwidth.
Proposal3: Study the scenarios with very low power wake-up signal carrying a WUS ID and mapped to a cell ID.
Proposal4: Study whether the very low power WUS signal measurement can facilitate the main radio wake-up and supporting the mobility of UE.
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