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Introduction
[bookmark: _GoBack]In RAN#97e, a revised version of study item on low-power wake-up signal and receiver for NR was approved [1]. The objectives of this study item include:
As opposed to the work on UE power savings in previous releases, this study will not require existing signals to be used as WUS. All WUS solutions identified shall be able to operate in a cell supporting legacy UEs. Solutions should target substantial gains compared to the existing Rel-15/16/17 UE power saving mechanisms. Other aspects such as detection performance, coverage, UE complexity, should be covered by the evaluation.
The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 

In this Tdoc, we provide our views on the L1 signal design and the procedure for low power wake up signal.
Discussion
1.1 L1 signal design
In order to achieve the extremely low power consumption (e.g., several µW) of the Low Power Wake-Up Receiver (LP-WUR), power hungry components (e.g., high-frequency and high-precision oscillator, ADC with high sampling rate and high resolution, complicated baseband processor, etc.) should be avoided. On-off Keying (OOK) is a very promising candidate technique for LP-WUS design due to its very simple receiver (e.g., RF envelop detector) and the very low power consumption, which is already used in some systems for very low power consumption scenarios, e.g., the RFID and IEEE 802.11ba. 
Proposal 1: study OOK based low power wake up signal.

In current NR, OFDM and DFT-s-OFDM based waveform are used for DL and UL transmissions. As indicated in the SID, this study will not require existing signals to be used as LP-WUS. However, it is beneficial to generate the OOK symbols based on the legacy OFDM or DFT-s-OFDM framework. For example, if the LP-WUS and normal DL channels (e.g., PDCCH, PDSCH) can be generated based on a same OFDM waveform framework, they will be orthogonal in frequency domain and guard band between LP-WUS and other channels may be avoided or reduced. In addition, in time domain, the boundaries of LP-WUS and other DL symbols can also be well aligned if OFDM based OOK generation is used, it is beneficial for resource utilization. 
In IEEE 802.11ba, a multi-carrier OOK (MC-OOK) is used. In general, a MC-OOK on-symbol (i.e., the logical “1”) is a CP-OFDM symbol with non-zero power, and a MC-OOK off-symbol (i.e., the logical “0”) is a CP-OFDM symbol with zero power. However, the following issues should be considered if similar method is used in NR:
· The CP-OFDM symbol of NR is much longer than WiFi for some SCSs (e.g., ~71us for NR 15KHz SCS), using such a long OOK symbol will lead to low spectrum efficiency.
· Multiple SCSs are supported in NR, however, in order to avoid increasing the complexity of OOK receiver, the OOK symbol length is better to be independent to OFDM SCSs, or can be scaled easily for different SCSs.
· CP lengths of OFDM symbols in a slot may be different, e.g., the 0th and 7th symbols have longer CP (i.e., 160*T) than other symbols (i.e., 144*T ) for 15KHz SCS, therefore the length of OOK symbols may be different if 802.11ba based method is used.
Proposal 2: study OFDM or DFT-s-OFDM based OOK symbol generation, and consider techniques to enable orthogonal design of the OFDM symbol and OOK symbol in order to achieve better resource utilization. 
1.2 Procedures related to LP-WUS
For a UE in low power mode, the main radio may be switched-off and UE only needs to monitor the LP-WUS signal by a LP-WUR. Synchronization and mobility should be maintained for better receiver performance and connectivity robustness. There may be two options for UE to maintain its synchronization and mobility:
· Option 1: UE maintains synchronization and mobility based on SSB: In this case, UE may have to wake up and switch on main radio frequently to refine its time/frequency synchronization and perform RRM measurement. However, the power saving effect of the LP-WUS mechanism may be reduced, therefore measurement relaxation should be considered.
· Option 2: UE maintains synchronization and mobility based on a low power synchronization signal (LP-SS): in this case, a new synchronization signal based on the OOK modulation (i.e., LP-SS) should be introduced. However, the requirement and design principle may be different from the synchronization signal for main radio (i.e., PSS or SSS):
· UE may not need to achieve very precise time synchronization like the SSB/TRS provides, since the OOK detection is more robust to time error and frequency offset than OFDM detection
· UE may not need to acquire at least the slot index and OFDM symbol index (or even subframe index or SFN) through the LP-SS detection, since they may be useless for OOK detection.
· Since the very simple modulation and receiver, the coverage of LP-SS may be not as good as other signals/channels associated with main radio, e.g., SSB or paging channel. Therefore, in order to avoid missing the wake-up indication, UE needs to be aware of whether it is still in coverage of LP-SS and LP-WUS signals.
Proposal 3: study synchronization design for UE in low power mode, consider SSB based synchronization and low power synchronization signal (LP-SS) based synchronization.
Proposal 4: study RRM measurement for UE in low power mode, consider LP-SS based RRM and RRM relaxation for SSB based measurement.

For the design of wake up procedure, the wake-up mechanism for CDRX in NR and the WUS/GWUS design in NB-IoT/eMTC can be references.
In NR, CDRX is defined for UE power saving in the connected mode, and DCI format 2-6 is used as WUS signal which is also called DCP (DCI with CRC scrambled by PS-RNTI). There are three cases UE should wake-up and start the on-duration timer:
· If UE receives a DCP, and the DCP indicates to start the timer;
· If all the occasions for DCP are not available, or a specific type of PDCCH has already been monitored (e.g., PDCCH for link recovery, random access response)
· If no DCP is received and the network configured a true value for the parameter ps-Wakeup
On the other hand, there are two cases UE should not wake-up and start the on-duration timer:
· If UE receives a DCP, and the DCP indicates to NOT start the timer;
· If no DCP is received and the network did NOT configure a true value for the parameter ps-Wakeup
In LTE eMTC and NB-IoT, wake-up signal is introduced for UE power saving in idle mode. The WUS for NB-IoT and eMTC is a ZC sequence which is generated based on the position of the associated paging occasion. If group WUS is configured, the WUS signal is also based on the group ID. When DRX or eDRX is used and the UE detects WUS, the UE shall monitor the following one or more POs. If the UE does not detect WUS the UE is not required to monitor the following PO(s). If the UE missed a WUS occasion (e.g. due to cell reselection), it monitors every PO until the start of next WUS or until the PTW ends, whichever is earlier.
For the wake-up procedure of LP-WUS scenario, similar procedures as NB-IoT/eMTC and the CDRX in NR can be considered. There may be three options for the wake-up procedure design:
· Option 1: a single sequence is used for wake-up indication for a UE or a UE group, UE determines whether to wake-up based on whether the sequence is detected.
· Option 2: two sequences are used for wake-up indication for a UE or a UE group, i.e., a positive LP-WUS sequence and a negative LP-WUS sequence, UE determines whether to wake up based on which sequence it detected.
· Option 3: a LP-WUS with a modulated code block is used for wake-up indication for a UE or a UE group. UE determines whether to wake-up based on whether its UE identity or group identity is carried in the code block.
In general, sequence based method may have better coverage than the code block based method, however it only conveys limited information. The three options should be evaluated and compared with multiple KPIs, e.g., coverage, bit rate and power consumption. 
Furthermore, due to the OOK modulation and the very simple receiver, the miss-detection probability of LP-WUS signal may be higher than the ordinary transmissions by main radio. The impact of miss-detection should be considered into the wake-up procedure. In addition, a LP-WUS signal may occupy a considerable bandwidth and a relatively long time duration. Considering there may be multiple LP-WUS signals (e.g., group based LP-WUS) associated with a paging occasion, the overhead issue should also be considered.
Proposal 5: study wake-up procedure for UE in low power mode, consider sequence based LP-WUS (one or two sequences) and code block based LP-WUS for wake-up indication, and take the miss-detection and overhead issues into account.

Conclusion
In this contribution, we discussed the L1 signal design and procedure for LP-WUS, the following proposals are made:
Proposal 1: study OOK based low power wake up signal.
Proposal 2: study OFDM or DFT-s-OFDM based OOK symbol generation, and consider techniques to enable orthogonal design of the OFDM symbol and OOK symbol in order to achieve better resource utilization. 
Proposal 3: study synchronization design for UE in low power mode, consider SSB based synchronization and low power synchronization signal (LP-SS) based synchronization.
Proposal 4: study RRM measurement for UE in low power mode, consider LP-SS based RRM and RRM relaxation for SSB based measurement.
Proposal 5: study wake-up procedure for UE in low power mode, consider sequence based LP-WUS (one or two sequences) and code block based LP-WUS for wake-up indication, and take the miss-detection and overhead issues into account.
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