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1. Introduction
At the RAN1 #111, the following was agreed [1].

	[bookmark: _Hlk83990316]Agreement
Include the following in the LS to RAN4:
RAN1 kindly asks RAN4 to take RAN1 agreements into account, study at least the LP WUR architectures that RAN1 identifies and provide feedback, potentially considering the aspects including but not limited to:
· The reasonable assumption on adjacent channel selectivity (ACS) assumption for the study and the impact on the LP WUR architectures and signal design
· The impact of adjacent subcarrier interference suppression/rejection on the LP WUR architectures if LP WUS is multiplexed with other signals/channels in frequency, including e.g. 
· The necessity of guard band (if needed, the minimum guard band) between LP WUS subcarriers and adjacent subcarriers
· Whether it is feasible to have LP WUS location flexible within the carrier
· The feasible noise figure(s) for each type of LP WUR architectures
· Impact, if any, LP-WUS transmission on existing gNB emissions/compliance requirements
· The potential RF impairments to be considered include e.g. timing error, frequency error, image impact, LO leakage (DC offset) and flicker (1/f) noise
· Whether certain LP WUR architectures can support multi-band capability
· Note: RAN1 may or may not identify further architecture(s) for the study.
Include all agreements on 9.13.2. Mention that other agreements have been made in other AIs. Final LS is in R1-2212999.

Agreement
The following observation to be captured in TR38.869:
For the architecture with RF envelope detection,
· It can achieve relatively low power consumption due to the removal of LO/PLL.
· Interference suppression for adjacent channel interference requires very high-Q matching network and/or RF BPF, which is challenging due to the high Q values and may require off-chip components.
· Interference suppression for interference from legacy NR signals and/or other LP WUS on adjacent subcarriers, if performed in RF, requires very high-Q matching network and/or RF BPF, which is challenging due to the high Q values and may require off-chip components.
· The support of multiple bands and/or carriers may require multiple high-Q matching networks and/or RF BPFs or multiple off-chip components.
· RF LNA can be applied to improve sensitivity, with the cost of additional power consumption.
· The noise figure can be relatively high.

Agreement
The following observation to be captured in TR38.869:
For homodyne/zero-IF architecture with baseband envelope detection,
· For the support of band and/or carrier tuning, the band and/or carrier tuning can be achieved via tuning the LO frequency.
· The matching network and RF BPF for LP WUR may or may not reuse those of the main radio.
· It is more effective and less complex to use BB BPF/LPF instead of high-Q matching network and/or RF BPF to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
· Using FLL instead of PLL consumes less power, but it may result in larger frequency error.
· It can suffer from LO leakage (DC offset) and flicker (1/f) noise. The impact may be alleviated by using BB BPF in some cases.
· RF LNA can be applied to improve sensitivity, with the cost of additional power consumption.
· The baseband envelope detection can be done in either analog domain (before ADC) or digital domain (after ADC).

Agreement
The following observation to be captured in TR38.869:
For heterodyne architecture with IF envelope detection,
· For the support of band and/or carrier tuning, the band and/or carrier tuning can be achieved via tuning the LO frequency.
· The matching network and RF BPF for LP WUR may or may not reuse those of the main radio.
· It is more effective and less complex to use IF BPF instead of high-Q matching network and/or RF BPF to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
· Using FLL instead of PLL consumes less power, but it may result in larger frequency error. 
· The IF frequency can be properly selected to avoid LO leakage (DC offset) and flicker (1/f) noise.
· Image rejection can be done via either image rejection filter or image rejection mixer.
· Image rejection filter can be done in either RF or IF, which may require high-Q filter.
· Image rejection mixer requires two-branch (I/Q) mixing with good matching in gain and phase, which consumes additional power.
· RF LNA and/or IF AMP can be applied to improve sensitivity, with the cost of additional power consumption.




In this contribution, we provide our views on low power WUS receiver architectures.

2. Discussion
In RAN1#110bis-e, performance metrics were summarized and agreed for further analysis as follows, and the several points are remained as FFS such as cost/complexity, interference rejection capability, and inter-cell interference handling [2].
	Agreement
For the analysis of a receiver architecture, companies are encouraged to provide at least the following (when applicable):
· Details of the receiver 
· Receiver architecture type
· Assumed modulation/waveform/coding
· Presence of a RF LNA / IF AMP / BB AMP, and the corresponding gain, if any
· Local oscillator
· Type of oscillator and the corresponding frequency accuracy/drifting
· Handling of time/frequency impairments
· Presence of PLL or FLL
· ADC: sampling rate, bit-width
· Assumed signal bandwidth and guard band, and frequency location within a carrier (including whether it is fixed or can be flexible)
· RF/IF/BB filter characteristics (e.g. type of filter, order, cut-off frequency/frequencies), if any
· Baseband processing (e.g., sequence correlation detection / decoding, other signal processing, if any)
· Assumed frequency band(s) and the support of band and/or carrier tuning
· Duty cycle handling of WUS and other signals (if any)
· Interference rejection capability (including both adjacent-channel interference and interference from adjacent subcarriers occupied by legacy NR signals or other LP WUS)
· Handling of inter-cell interference
· Whether there is any mobility support function, e.g. measurement capability
· Performance metrics
· Power consumption during active monitoring/reception and during off state (and breakdown if possible)
· Noise figure
· Sensitivity/coverage
· Data rate
· FFS: other performance metrics for, e.g., cost/complexity, interference rejection capability and inter-cell interference handling
Note: The performance and design of receiver architecture is expected to be dependent on WUS design. This list can be updated later when the discussion on WUS signal/procedure design (AI 9.13.3) starts.



Due to the lower power consumption and receiver architecture, which may lead to higher noise figure and narrower LP-WUS bandwidth, LP-WUS sensitivity/coverage may be quite limited. In the sense, LP-WUS coverage performance should be carefully studied. In terms of coverage, interference rejection capability would have impact to LP-WUS coverage performance. Interference rejection is categorized into two types, which are adjacent subcarrier interference and inter-cell interference. Both types of interference are still FFS to be captured as the performance metric. To avoid the interference from existing NR signals/channels from adjacent subcarrier and/or neighbouring cells, RAN1 should study how to model the interference for different types. Based on the discussion, we made the following proposal.

Proposal 1: Further study LP-WUS coverage performance taking into account the capability of interference rejection and how to suppress the adjacent subcarrier interference and inter-cell interference
· The modelling of interference in LLS should be further studied.

Another important aspect is the flexibility of LP-WUS resource allocation. The target use cases for LP-WUS/WUR are likely to be focused on low-complexity devices, however no any devices was precluded even for eMBB use cases. In the sense, in this SI stage, it is natural to assume the support of multiple-band operation, and an observation about the support of multiple bands was agreed to be captured in TR38.869 at least for RF envelope detection. However, it is still unclear t support more flexible operation, e.g., whether/how to support in-band and/or out-of-band deployments (e.g., guard-band and/or standalone). Although the bandwidth of one LP-WUS sequence (e.g., 5 or 20MHz at maximum) is still under discussion, it may be very challenging to support out-of-band deployments. However, at least in-band operation of LP-WUS and its flexibility should be further studied. 
In addition, such flexibility would increase the cost and complexity of the LP-WUR. Since LP-WUS/WUR may provide higher UE power saving gain, it may be very attractive for many of IoT applications, and the cost/complexity is one of important aspects to study further. Thus, how to estimate cost/complexity and define reasonable performance KPIs needs to be further studied for LP-WUR. 

Proposal 2: Study the flexibility of multiple-band operation for LP-WUS while keeping the reasonable cost/complexity of LP WUR.

3. Conclusion
In this contribution, the low power WUS receiver was discussed. Based on the discussion, the following observations and proposals were made.

Proposal 1: Further study LP-WUS coverage performance taking into account the capability of interference rejection and how to suppress the adjacent subcarrier interference and inter-cell interference
· The modelling of interference in LLS should be further studied.
Proposal 2: Study the flexibility of multiple-band operation for LP-WUS while keeping the reasonable cost/complexity of LP WUR.
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