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[bookmark: _Toc116995841][bookmark: _Ref162967085][bookmark: _Ref162967089][bookmark: _Ref162967096]Introduction
In RAN#103, a revised WID for the LP-WUS was agreed [1]. The objectives mentioned in the WID are copied below for ease of reading.
Objectives:
	· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements



In this document, we present our view on RAN4 specific objectives on UE RF requirements.
[bookmark: _Toc116995842]Discussion
Testability
Currently, all receiver requirements are based on throughput i.e., a requirement with given side conditions is tested via measuring the throughput on a given reference channel. The requirement is met if the throughput is  of the maximum throughput. However, throughput is not a valid metric for LP-WUR. Thus, a new metric is required for testing the LP-WUR RF requirements. Further, the metric should be common for all LP-WUR requirements.
[bookmark: _Toc163478820]Throughput is not a valid metric for testing requirements in case of LP-WUR.
[bookmark: _Toc163478821]Agree to derive a new common metric for LP-WUR RF requirements.
Methodology
During the study phase, two approaches were used for evaluating the amount of guard RBs for ACS and ASCS cases
· filter suppression, 
· link level simulations.
This resulted in fragmented results along with range of guard RBs as listed in the TR [2]. Further, there was no agreement on the impairments to be used and which all impairments should be considered together. Going forward, we should agree on one methodology and set of parameters which should be used for deriving the requirements. Further, it would be beneficial if the same methodology can be used for deriving various RF requirements for LP-WUR.
[bookmark: _Toc163478822]Use only one methodology to determine RF requirements for LP-WUR.
LP-WUR bandwidth
The LP-WUR bandwidth is not decided yet but the majority of contributions in RAN1 have showed interest for a bandwidth of 5 MHz and a WUS modulation bandwidth of 4.32MHz. This is illustrated in Figure 1. 
[image: ]
[bookmark: _Ref163140635]Figure 1 Illustration of the WUS location within the NR frequency band.
On top of this it is also still discussed the accuracy of the reference oscillator. The idea is to have a cheap and very low power consuming device.  The discussed accuracies for the reference frequency are listed in Table 1.

[bookmark: _Ref163140908]Table 1 List of the discussed XO accuracies and the resulting frequency offset at 2.6 GHz
	XO accuracy ( ppm)
	F0 (GHz)
	Frequency offset (KHz)

	10
	2,6
	26

	20
	2,6
	52

	50
	2,6
	130

	100
	2,6
	260

	200
	2,6
	520



Based on the XO accuracies a large part of the LP-WUS frequency band will be unused if the XO accuracy is within 100 – 200ppm. To avoid ASCS the baseband filter should handle the expected accuracy of the XO.
[bookmark: _Toc163478823]The poor accuracy of the XO gives a large “unused” bandwidth due to more narrow baseband filter settings are needed to avoid ASCS.
[bookmark: _Toc163478824]Consider better XO accuracy requirements for the runtime XO behaviour. This can be done with either frequency adjustment or better spec. for the XO.

LP-WUR requirements
RF requirements are generally defined to be architecture independent. However, the wake-up signal consists of an OOK signal with an overlaid sequence containing the same information. This means there are two categories of receivers for the LP-WUS, envelope detector based, and sequence detector based. Different NF assumptions had been considered during the study item phase for the receivers based on different detector types. Further, they do have different minimum SINR requirements, along with different dominant RF impairments. Given the difference in RF performance between these two receivers, it may be difficult to define only one set of requirements which are reasonable for both type of receivers. However, it is more work to define two sets of requirements and makes the specification implementation dependent. Further, according to WID we should set requirements that cover all implementations [1].
[bookmark: _Toc163478825]There are still two possible receiver types for the LP-WUS, envelope detector based, and sequence detector based with different RF performance assumptions. 
[bookmark: _Toc163478826]A UE might contain both type of detectors and can use any one of them. 
[bookmark: _Toc163478827]It requires more effort to define two sets of requirements and will make the specification implementation dependent.
[bookmark: _Toc163478828]Discuss if a single set of architecture agnostic requirements can be defined. 
It is a common understanding that we should define at least REFSENS, ACS and ASCS requirements. However, we believe that for LP-WUR to reliably operate and co-exist with legacy NR signals, other RF requirements such as diversity characteristics, maximum input level, blocking characteristics, and intermodulation characteristics should be defined too.
[bookmark: _Toc163478829]Define diversity characteristics for both types of LP-WUR.
[bookmark: _Toc163478830]Define REFSENS values and side conditions for the REFSENS requirements.
[bookmark: _Toc163478831]Specify ACS requirements and side conditions.
[bookmark: _Toc163478832]Specify what ASCS is and define requirements and side conditions.
[bookmark: _Toc163478833]Define blocking characteristics and side conditions.
[bookmark: _Toc163478834]Define intermodulation characteristics and side conditions.
[bookmark: _Toc116995848]Conclusion
In this paper, the following Observations and Proposals were made:
Observation 1: Throughput is not a valid metric for testing requirements in case of LP-WUR.
Proposal 1: Agree to derive a new common metric for LP-WUR RF requirements.
Proposal 2: Use only one methodology to determine RF requirements for LP-WUR.
Observation 2: The poor accuracy of the XO gives a large “unused” bandwidth due to more narrow baseband filter settings are needed to avoid ASCS.
Proposal 3: Consider better XO accuracy requirements for the runtime XO behaviour. This can be done with either frequency adjustment or better spec. for the XO.
Observation 3: There are still two possible receiver types for the LP-WUS, envelope detector based, and sequence detector based with different RF performance assumptions.
Observation 4: A UE might contain both type of detectors and can use any one of them.
Observation 5: It requires more effort to define two sets of requirements and will make the specification implementation dependent.
Proposal 4: Discuss if a single set of architecture agnostic requirements can be defined.
Proposal 5: Define diversity characteristics for both types of LP-WUR.
Proposal 6: Define REFSENS values and side conditions for the REFSENS requirements.
Proposal 7: Specify ACS requirements and side conditions.
Proposal 8: Specify what ASCS is and define requirements and side conditions.
Proposal 9: Define blocking characteristics and side conditions.
Proposal 10: Define intermodulation characteristics and side conditions.
[bookmark: _Toc116995849]
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