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[bookmark: _Toc116995841]Introduction
Regarding the fundamental receiver requirements of LP-WUR, following agreements were made in RAN4#110bis [1].
	[bookmark: _Hlk165380052]Issue 2-2-1: Performance metric for REFSENS
Agreement: 
· Use X% missed detection rate as the starting point for performance metric for LP-WUS RF requirements
· FFS on X values
· FFS on whether to have false alarm rate

Issue 2-2-2: How to specify REFSENS requirements
Agreement: 
· Reuse legacy approach to derive REFSENS, further discuss SNR, NF, IM
· FFS whether to design REFSENS requirements or other requirements to ensure LP-WUR meet the coverage target
· Side condition for REFSENS test: DL test signal will only have LP-WUS signal. 

Issue 2-2-3: How to decide SNR value (not requirement) for REFSENS
Way forward: 
· After concluding WUS design in RAN1, the SNR to specify REFSENS requirements should be decided in RAN4

Issue 2-2-4: How to decide NF value (not requirement) for REFSENS
Way forward: 
· Encourage companies input on NF analysis for different LP-WUR types

Issue 2-2-5: RF/Antenna Architecture considerations for LP-WUS receiver
Way forward: 
· Detailed antenna/RF architecture can be considered in issue 2-2-4 analysis
· FFS other RAN4 impacts than REFSENS

Sub-topic 2-3 ASCS requirements
Issue 2-3-1: Simulation work for ASCS 
Agreement: 
· LLS simulation for ASCS is sufficient
· The same level PSD for LP-WUS and NR signals is assumed

Issue 2-3-2: Detailed Methodology for simulation to evaluate ASCS value and guard RB
Way forward: 
· Use SI assumption as a starting point, further confirm and align the simulation parameters in the group next meeting
· Metric for link-level simulation should be aligned
· Alignment required on RF impairments before starting the work.

Issue 2-3-3: ASCS requirements value 
Way forward: 
· FFS ASCS requirements value 

Issue 2-3-4: Required number of guard RB  
Way forward: 
· FFS required number of guard RB for ASCS

Issue 2-3-5: RF impairment considerations for ASCS 
Way forward: 
· RF impairments can be considered and aligned for ASCS simulation

Issue 2-3-6: Side conditions for ASCS test
Way forward: 
· LP-WUS along with required guard RBs is packed with NR legacy DL signal on both sides. 

Sub-topic 2-4 ACS requirements
Issue 2-4-1: coexistence System-level simulation to evaluate ACS 
Agreement: 
· The same interference level as for main radio is assumed for LP-WUR
· Guard RB number needs be evaluated by link level simulation for ACS requirements

Issue 2-4-2: Link-level simulation to evaluate ACS 
Way forward: 
· Use SI assumption as a starting point, further confirm and align the simulation parameters next meeting
· Necessary update and alignment on parameters, e.g., number of WUS RB, RF impairment, ADC bit, and performance metric is required before starting the work.  

Issue 2-4-3: ACS requirements value
Way forward: 
· FFS ACS requirements value 

Issue 2-4-4: How to evaluate required guard RB for ACS case
Way forward: 
· FFS required number of guard RB for ACS

Issue 2-4-5: Detailed coexistence System-level simulation assumptions 
Way forward: 
· System-level simulation is not needed for ACS evaluation 



In this document, we present our views on the REFSENS, ASCS, and ACS requirements for LP-WUR.
[bookmark: _Toc116995842]Discussion
REFSENS
	It has been agreed to use the legacy approach of deriving the REFSENS for the LP_WUR i.e., 
	For below 6GHz, the REFSENS level can be calculated by the equation below:
	Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain



For a LP-WUR, diversity gain is zero as there is only one receiver. 
[bookmark: _Toc166509644]Agree to have diversity gain as zero for LP_WUR REFSENS calculation.
For E-UTRA and NR in FR1, 2.5 dB of IM had been used for the main receiver in case of 5 MHz channel bandwidth. However, for a LP-WUR there is no interference from its own transmitter as the transmitter should not working because UE is in deep or ultra-deep sleep. Further, there is only single receiver. Thus, IM can be significantly tightened to a value less than 2.5 dB. 
[bookmark: _Toc166509645]Agree to have implementation margin to be significantly less than .
NF value depends on the receiver architecture assumptions. Further, this has consequences for the coverage and power consumption of the LR. In our companion document under agenda 10.14.2.1 we have provided reference receiver architecture and NF values for sequence based and envelope detector based LP_WUR [2]. The proposed value is 12dB for both sequence based and envelope detector based LP_WUR. 
[bookmark: _Toc166509646]NF has an impact on the coverage and power consumption of the LR.
[bookmark: _Toc166509647]Agree to use the estimated NF of 12 dB as a baseline for LP_WUR.
SNR value depends on the bandwidth of the LP_WUS signal along with value of M, payload length, sequence type, etc., parameters which are still being discussed in RAN1. SNR value can be deduced by evaluating the link level simulations for a give miss detection ratio at a fixed false alarm rate. For deducing the requirements, 1% miss detection rate at 1% false alarm rate can be used.
[bookmark: _Toc166509648]Parameters required for SNR evaluation are still being discussed in RAN1.
[bookmark: _Toc166509649]SNR has impact on the coverage and power consumption of the LR.
[bookmark: _Toc166509650]Use 1% miss detection rate at 1% false alarm rate in link level simulation for deriving the SNR. 
[bookmark: _Toc166509651]Wait for RAN1 design before agreeing to a SNR value.
In the past, some relaxation had been considered for SNR due to practical impairments related to channel estimation etc. Here too, a similar procedure can be considered i.e., once an agreeable value for SNR based on simulations is available, a margin can be added on top of it.
[bookmark: _Toc166509652]Additional relaxation on SNR value is to be agreed once SNR values based on simulations are available.

ASCS 
We have some preliminary results regarding ASCS from link level simulations. These simulated results are with no RF impairments so can only be used as a rough guide for further simulations. Envelope detector architecture is assumed. Simulations are performed for OO1 M=1, OOK4 M=2, and OOK4 M=4 modulation types. Further filter order of three and five were used for the simulations. Detailed list of simulation parameters used can be found from our companion document under agenda 10.14.2.1 [2].
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Description automatically generated] Figure 1 LP_WUS performance with zero guard RBs in ASCS scenario.
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Description automatically generated]Figure 2 LP_WUS performance with one guard RB in ASCS scenario.



[bookmark: _Toc166503680][bookmark: _Toc166509653][image: A graph of a performance

Description automatically generated with medium confidence]Filter order has no impact on the performance with two guard RBs. Figure 3 LP_WUS performance with two guard RB in ASCS scenario.

[bookmark: _Toc166509654]There is a minor performance improvement going beyond one guard RB.

ACS
As the LP_WUR is going to face the similar interferer as the main receiver, the side conditions for the ACS test case can be the same as the side conditions used for ACS tests for the normal UE. Further, as Pinterferer depends on the REFSENS, for LP_WUR it should depend on the REFSENS of the main receiver.
[bookmark: _Toc166509655]Test parameters defined in Table 7.5-3, 7.5-4, 7.5-5, and 7.5-6 of TS 38.101-1 apply for LP_WUR ACS test case. 
[bookmark: _Toc166509656]In test case where Pinterferer depends on REFSENS, main receiver REFSENS should be used.

[bookmark: _Toc116995848]Conclusion
In this paper, we have presented our views on REFSENS, ASCS, and ACS requirements for the LP_WUR. Further, some initial simulated results for ASCS were presented. The following Observations and Proposals were made:
Proposal 1: Agree to have diversity gain as zero for LP_WUR REFSENS calculation.
Proposal 2: Agree to have implementation margin to be significantly less than .
Observation 1: NF has an impact on the coverage and power consumption of the LR.
Proposal 3: Agree to use the estimated NF of 12 dB as a baseline for LP_WUR.
Observation 2: Parameters required for SNR evaluation are still being discussed in RAN1.
Observation 3: SNR has impact on the coverage and power consumption of the LR.
Proposal 4: Use 1% miss detection rate at 1% false alarm rate in link level simulation for deriving the SNR.
Proposal 5: Wait for RAN1 design before agreeing to a SNR value.
Proposal 6: Additional relaxation on SNR value is to be agreed once SNR values based on simulations are available.
Observation 4: Filter order has no impact on the performance with two guard RBs.
Observation 5: There is a minor performance improvement going beyond one guard RB.
Proposal 7: Test parameters defined in Table 7.5-3, 7.5-4, 7.5-5, and 7.5-6 of TS 38.101-1 apply for LP_WUR ACS test case.
Proposal 8: In test case where Pinterferer depends on REFSENS, main receiver REFSENS should be used.
[bookmark: _Toc116995849]
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