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1. Introduction

In RAN1#112, PRACH coverage enhancements in Rel-18 was discussed, and the following agreements were made [1].
Agreement

Study the parallel receiver architectures (as examples that can be captured in the TR) for FSK based on the following diagrams:

· Parallel homodyne architecture receiver
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· The observations made for homodyne/zero-IF architecture with baseband envelope detection in RAN1#110b/111 are also applicable here.

· Parallel heterodyne architecture receiver
[image: image2.png]IF BPF fo BB LPF

IF envelopg_, |B
RF BPF [ detector AMP

e
2

v

Digital
BB

IFBPF £, BB LPF decision

IF envelopq_ [BB
Al

detector p

©
R
2





· The observations made for heterodyne architecture with IF envelope detection in RAN1#110b/111 are also applicable here.

· Note: Other architectures are not precluded.
· The OOK receiver architectures agreed for study in RAN1#110bis-e are also examples that can be captured in the TR

Agreement

Study the receiver architectures (as examples that can be captured in the TR) for FSK with frequency to amplitude conversion based on the following diagrams:

· Homodyne architecture receiver with frequency to amplitude conversion

· I/Q branches are required for frequency to amplitude conversion in digital BB.
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· Heterodyne architecture receiver with frequency to amplitude conversion
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· Companies provide the exact type FFS what type(s) of frequency to amplitude conversion being is studied.

· Note: Other architectures are not precluded.
Agreement

For OFDMA-based signals/channels, study the receiver architectures based on the following diagrams:

· I/Q branches are required for digital BB processing.

· Digital BB processing may or may not include FFT (companies to provide details on how).

· For sequence-based OFDM signals/channels, digital BB processing includes sequence correlation in either time domain (without FFT) or frequency domain (after FFT).

· Proponent companies should at least provide details on power consumption reduction compared to the MR regarding the RF and digital BB processing.

· Companies are encouraged to provide the break-down for the components.

· The potential power reduction compared to the main radio may come from e.g.:

· Lower performance LNA/amplifier

· Oscillator/PLL with relaxed performance requirements

· ADC with lower sampling rate and smaller bit-width

· Reduced BB processing complexity compared to the MR

· Companies are encouraged to provide the performance analysis corresponding to the considered power consumption considering the impact of e.g. phase noise, I/Q mismatch.

· Companies to report whether the LP WUR is assumed to share components with MR. In case of component sharing, the potential impact on the MR ultra-deep sleep state should be considered.

· Companies to report the possible number of information bits

· In addition, companies should consider the power consumption in the OFF state and the transition energy.
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Agreement

For the study on LP WUR architecture, power consumption relative to the deep sleep state of the MR is provided.

· Deep sleep state of non-RedCap UE should be assumed

This contribution further discusses the LP WUR architecture, our observation and proposals are provided.
2. Discussion
In RAN1#111, observations on the three types of receiver architectures for LP-WUR were agreed. The observations clarify and compare the advantages and drawbacks of different receiver architectures. LS was sent to RAN4 for feedback on some potential considering aspects [2]. In the reply LS [3], RAN4 make some initial assumption and agreements, e.g., 

· RAN4 assume 1RX architecture for LP-WUR as starting point

· ACS values from current UE specifications are used as a starting point for discussion to evaluate LP-WUR performance

· Consider 1.4MHz and 5MHz WUS bandwidth for FR1 evaluation as the starting point

· Guard band if needed, can be located within 1.4MHz and 5MHz RF bandwidth

· No impact of LP-WUS on the existing gNB emissions and compliance requirements is baseline

· RF envelop detection architecture is more appropriate for single-band operation 

· IF/BB envelop detection is more appropriate for multi-bands operation. Multi-band here still means that only one band at a time is being received.

To further evaluate the RF aspects of LP-WUR architecture, RAN4 would like to know the following clarifications from RAN1: 

· Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design

· Power consumption, coverage and SNR targets 

· Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case

· Possible supported SCS for LP-WUS, if applicable

· Whether WUS can be located in a band separate from the UE’s NR band

· Whether FR1 is considered as first priority frequency range 
· Whether in-band power boosting of LP-WUS is considered from RAN1 perspective

LP-WUR has ultra-low complexity, power, cost and small factor.  For IoT/wearables/smartphone UE types, they all have power saving requirements. It is not difficult to introduce LP-WUR module for these UE types. In the SID of LP-WUS [4], the primary target use cases are IoT and wearables. Other use cases are not precluded. To further evaluate the RF aspects of LP-WUR architecture, IoT/wearables/smartphone UE types are all considered for LP-WUR design. 
Observation 1: SID of LP-WUS includes the target use cases of IoT and wearables. Other use cases are not precluded.
Proposal 1: To further evaluate the RF aspects of LP-WUR architecture, IoT/wearables/smartphone UE types are all considered for LP-WUR design.
For the Power consumption, coverage and SNR targets, they are under discussion in AI 9.11.1 [5]. RAN1 can provide the related clarification if some outcomes have been stable. 

Observation 2: Power consumption, coverage and SNR targets are under discussion in LP-WUS evaluation agenda item. 
Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case, depend on the size of required guard band for LP-WUS. The required size of guard band should be evaluated for coexistence with legacy channels and signals. 
Observation 3: The evaluation of required guard band size is needed for the coexistence with legacy channels and signals.
For the possible supported SCS for LP-WUS, it was agreed in RAN1#112 [1] that for MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different.
Observation 4: Same SCS used of LP-WUS as SCS used for other NR transmissions is assumed. Different SCS for LP-WUS is FFS. 
From LP-WUR perspective, it is independent of the main radio of UE. The operation band of LP-WUR can be also independent of that if main radio. LP-WUS can be located in a band separate from the UE’s NR band. From network perspective, the operation band of LP-WUS may consider the availability of spectrum, coverage target, and so on. For the evaluation of RF aspects of LP-WUR architecture, common or separate band can be considered. 
Proposal 2: Both common and separate band for LP-WUS are considered for the evaluation of RF aspects of LP-WUR architecture.
For the evaluation of RF aspects of LP-WUR architecture, FR1 can be considered as first priority frequency range. 
Proposal 3: For the evaluation of RF aspects of LP-WUR architecture, FR1 is considered as first priority frequency range.

In our view, from RAN1 perspective, to satisfy LP-WUS coverage target, in-band power boosting of LP-WUS is a candidate solution to be used. The evaluation of RF aspects of LP-WUR architecture should include the in-band power boosting of LP-WUS. 
Proposal 4: In-band power boosting of LP-WUS should be evaluated for the evaluation of RF aspects of LP-WUR architecture.
3. Conclusions
In this contribution, the clarification for the evaluation of RF aspects of LP-WUR architecture are discussed. Our observations and proposals are provided.

Observation 1: SID of LP-WUS includes the target use cases of IoT and wearables. Other use cases are not precluded.
Observation 2: Power consumption, coverage and SNR targets are under discussion in LP-WUS evaluation agenda item. 
Observation 3: The evaluation of required guard band size is needed for the coexistence with legacy channels and signals.
Observation 4: Same SCS used of LP-WUS as SCS used for other NR transmissions is assumed. Different SCS for LP-WUS is FFS. 
Proposal 1: To further evaluate the RF aspects of LP-WUR architecture, IoT/wearables/smartphone UE types are all considered for LP-WUR design.
Proposal 2: Both common and separate band for LP-WUS are considered for the evaluation of RF aspects of LP-WUR architecture.
Proposal 3: For the evaluation of RF aspects of LP-WUR architecture, FR1 is considered as first priority frequency range.

Proposal 4: In-band power boosting of LP-WUS should be evaluated for the evaluation of RF aspects of LP-WUR architecture.
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