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Introduction
In RAN#97, study item in RP-222644 has been approved. 
	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. 
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



Discussion
Waveform generation
Non-coherent modulations, such as MC-OOK or MC-FSK, can be easily created within NR OFDMA signal. From waveform generation point of view, there is not much difference. Except, if rate-matching of LP-WUS would be supported, MC-OOK could consume less RateMatchPatterns than MC-FSK, making it slightly better choice from coexistence point of view.
When it comes to modulation of sub-carriers, it is unclear to us whether low PAPR signal in time-domain would be of any benefit for a envelop detector receiver, this because receiver would anyway over-sample the OOK symbol apply averaging on top. 
Observation-1: Both MC-FSK, MC-OOK can be easily created within NR OFDMA signal. 
Observation-2: LP-WUS pattern using MC-OOK could be easier to cover by RateMatchPattern(s) compared to MC-FSK.
Observation-3: It is not clear whether there is any benefit from low PAPR waveforms at the MC-OOK detector.
Manchester code may improve synchronization in time, this because provides an edge at every bit of sequence. On the other hand, it consumes 2 OFDM symbols per bit. Therefore, if supported, it should be limited to preamble part of LP-WUS. 
Proposal-1: If LP-WUS will support preamble part, consider using Manchester coding for LP-WUS time synch.
LP-WUS signal bandwidth
For 15kHz SCS OFDM symbol, the chip-rate is 14kbits, for 30kHz SCS 28kbits and for 60kHz it would be 56kbits. In principle OOK could be carried by a single sub-carrier of OFDMA. 
In practice, however, signals are designed wider than that. For example, in Wifi 802.11ba, design has been 4MHz for 312.5 kHz subcarrier spacing using contiguous 13 out of 64 subcarriers. In Wifi, larger BW can be also motivated by transmitting more power, as PSD is limited to 23dBm/MHz. In 3GPP MIL methodology, PSD limit is assumed as well, and is for example 36dBm/MHz in FDD low band. With a PSD per MHz transmitter could in principle allocate all energy to single sub-carrier and mute the other ones in the MHz, but this would create large imbalance between sub-carriers. And finally, signal BW impacts sensitivity given fixed Required SNR. 
When it comes to zero-IF architectures using ring-oscillator, its precision could be somewhere at 200ppm. This creates uncertainty of LP-WUS location in baseband. At 4GHz this uncertainty already translates to 0.8MHz, while at 1GHz this is 0.2MHz. This being one another factor determining the LP-WUS BW. 
Observation-4: LP-WUS BW requirement will depend at least on 
· frequency error of the receiver
· receiver sensitivity 

Mobility and co-channel interference 
From our point view, feature should be supported only with connection to relaxed RRM measurements in IDLE. This, because if UE must measure neighbor cells every DRX, it synchronizes anyway to a level which would allow for paging monitoring. Relaxed RRM measurements go hand-in-hand with low mobility, limiting the feature to stationary deployments.
Proposal-2: Target stationary use-cases, assuming relaxed RRM measurements is applied.
On the other hand, signal design should consider co-channel interference. This being different to Wifi, where LBT may ensure (unless hidden node) that interference is muted in the area. In real networks, the re-selections criteria remain often badly configured, and signal to interference ratios are negative.
Proposal-3: Signal design should consider scenarios where signal-to-interference ratio is negative.
Further aspects to study
The other aspects of study should include 
· periodicity/duty-cycle of a LP-WUS where there are clear trade-offs between overhead and latency 
· need for repetitions to relax required SNR 
· data part design, to deliver UE or UE-group ID(s) to wake up. Here having clear trade-offs between power saving achievable and additional overhead induced by LP-WUS. 

Proposal-4: Study the following aspects for LP-WUS
· periodicity
· need for repetitions
· data delivery requirements in terms of bitrates
 



Conclusions 
In this contribution we discussed issues related to LP-WUS signal design and had observations and proposals:
Observation-1: Both MC-FSK, MC-OOK can be easily created within NR OFDMA signal. 
Observation-2: LP-WUS pattern using MC-OOK could be easier to cover by RateMatchPattern(s) compared to MC-FSK..
Observation-3: It is not clear whether there is any benefit from low PAPR waveforms at the MC-OOK detector.
Proposal-1: If LP-WUS will support preamble part, consider using Manchester coding for LP-WUS time synch.
Observation-4: LP-WUS BW requirement will depend at least on 
· frequency error of the receiver
· receiver sensitivity 

Proposal-2: Target stationary use-cases, assuming relaxed RRM measurements is applied.
Proposal-3: Signal design should consider scenarios where signal-to-interference ratio is negative.
Proposal-4: Study the following aspects for LP-WUS
· periodicity
· need for repetitions
· data delivery requirements in terms of bitrates
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