[bookmark: _Hlk110460279]3GPP TSG-RAN WG4 Meeting #111		R4-2408109
Fukuoka City, Fukuoka, Japan, 20th – 24th May, 2024

[bookmark: _Ref118560578]Agenda item:	 10.14.2.2 
Source:	 vivo
Title:	Discussions on LP-WUS REFSENS, ASCS and ACS
Document for:	 Approval
1. Introduction
This contribution shares further views on LP-WUS REFSENS, ASCS and ACS requirements. 
2. LP-WUS UE RF 
2.1. Link-level simulation assumption for ACS and ASCS
It was agreed that link-level simulation is sufficient to evaluate and specify ACS and ASCS requirements [1], detailed simulation assumptions should be aligned first in RAN4 to ensure the outcomes from companies could be comparable.
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 2-3-5: 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.

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



[bookmark: _Hlk166419066]Considering the MR ACS is divided into two frequency ranges, i.e., <2700 MHz and ≥3300 MHz, following a similar approach, the selected example bands/frequency for simulation evaluation should cover above two ranges. Based on the input from companies in RAN4#110bis meeting and previous assumptions in SI phase, selecting 900MHz, 2.6GHz and 3.5GHz would be a reasonable way to go.
Proposal 1: For ACS and ASCS simulation, selecting 900MHz, 2.6GHz and 3.5GHz as example frequencies. 
Furthermore, it is important to align the detailed simulation parameters among companies. Using the simulation parameters in SI phase as starting point, we should also consider some update on simulation assumptions. For example, the ACS requirements for MR is defined under high SNR condition, i.e., REFSENS+ 14dB as wanted signal for case 1, following similar approach the simulation condition for LP-WUS ACS should also consider a high LP-WUS SNR case.
Besides, for simplification of simulation work in SI phase, the number of RB of LP-WUS was assumed as fixed number, i.e., 12RB with 30kHz SCS, this is reasonable for 20MHz and 100MHz assumptions, but is incorrect for 5MHz NR CBW given the required guard RBs.
Therefore, to derive requirements for narrow bandwidth case and confirm the feasibility of operation bandwidth, the simulation parameters should consider a smaller/dynamic LP-WUS RB for 5MHz CBW. For 5MHz case, total RB number in channel is 11, then less WUS RBs with more guard RBs, e.g., 9 RBs+2 guard RBs, 7 RBs+4 guard RBs.   
In the following table, we propose a detailed simulation assumption.
Proposal 2: RAN4 adopt the following detailed simulation parameters to evaluate ACS and ASCS guard RBs.
Table 1: Simulation parameters for LP-WUS ACS and ASCS
	Attributes
	Assumptions

	Carrier Frequency
	900MHz, 2.6GHz, 3.5GHz

	Case name
	OOK-1 waveform
	OOK-4 waveform

	Channel structure [TBD impacts]
	data: 8/16 bits CRC: 8 bits
	data: 20bits CRC: 8 bits

	Chip rate
	M=1
	M=2

	WUS duration
	28 symbols

	Waveform
	OOK-1/OOK-4

	Coding
	1/2 rate Manchester coding

	Time error
	0

	Residual Frequency error
	0/10/20 ppm

	SCS
	30kHz

	UE Channel BW 
	20MHz (51 RB)-case 1
10MHz (24 RB)-case 2
5MHz (11 RB)-case 3

	WUS RB
	· Fixed 12RB ~ 4.32MHz for 10MHz and 20MHz cases
· Dynamic WUS RBs for 5MHz case, less WUS RB with more ACS guard RBs, e.g., [9 RB+2 guard RB, 7 RB+4 guard RB, or other cases]

	Position within channel
	· For 10/20MHz CBW, Center for ASCS, edge for ACS [assume ASCS no impact]
· For 5MHz CBW, fixed center of channel


	Guardband of NR channel, both wanted cell and interfer cell (ACS)
	· For wanted signal: 505kHz for 5MHz, 665kHz for 10MH, 805kHz for 20Mhz 
· For interference cell2 5MHz: fixed 505kHz

	Guard RB
	· For ASCS: 0 or 1RB on each side of LP-WUS bandwidth 
· For ASCS: 1/2/3/4 RB


	Filter 
	· 3th/5th Order lowpass Butterworth with fixed 4.32MHz bandwidth for 10MHz/20MHz case
· The filter bandwidth is adapted with actual WUS RBs, for 5MHz case


	ASCS
	PDSCH mapped on RBs not used for LP-WUS and Guard RB;
EPRE of PDSCH /EPRE of LP-WUS = 0 dB
Same PSD with WUS signal

	ACS
	PDSCH mapped on interference RBs(11RB for 5MHz CBW), one side;
EPRE of PDSCH /EPRE of in-band LP-WUS = 31.5 dB, and other value?


	Wanted signal SNR level
	For ACS, High SNR of LP-WUS

	Sampling rate
	7.68MHz

	ADC bit width
	8 bits ADC for ASCS/ACS

	Phase noise
	none

	Non-linearities
	Not modelled

	Power boosting
	0dB/3dB for OOK-1/OOK-4

	Channel Model
	TDL-C 300

	Performance metric
	MDR x%; BLER x%



2.2. ASCS requirements
In SI phase, the ASCS was roughly defined for evaluation purpose, in TR 38.869. 
To evaluate the in-channel interference, RAN4 has defined a new metric as Adjacent Subcarrier Selectivity (ASCS) for evaluation purpose, which is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent sub-carrier(s).  
The ACSC BWinterference is set as 5MHz, for both ~5MHz and ~1.4MHz LP-WUS cases, as a starting point for ASCS evaluation. The same PSD of LP-WUS and NR signal is assumed within the channel.
As shown in Figure 7.1.2.3-1, WUS at the center of NR channel would be the worst case of ASCS. For ASCS, the required guard RBs belongs to LP-WUR bandwidth.



However, the above definition is not clear enough and the bandwidth of interference may not be reasonable for all CBW cases. Before go into details on specifying this new requirements for receiver, the definition of ASCS should be defined first. 
Proposal 3: RAN4 should specify the definition of ASCS, the following definition can be considered:
· Adjacent SubCarrier Selectivity (ASCS) is a measure of a receiver's ability to receive an LP-WUS signal at its assigned channel frequency in the presence of an adjacent subcarrier NR signal at a given frequency offset (guard RB) between LP-WUS and NR. ASCS is the ratio of the receive filter attenuation on the assigned LP-WUR channel frequency to the receive filter attenuation on the adjacent NR subcarrier.
Different from ACS which has either fixed 5MHz interference or BWwangted signal = BWinterferer, the BWinterferer for LP-WUS ASCS may need to consider the following two cases: 
Proposal 4: RAN4 should discuss and decide a proper BWinterferer for ASCS evaluation, e.g., 
· 5MHz for CBW>20MHz case
· All RBs between WUS edge to channel edge, for 5MHz/10MHz CBW case
In addition, similar to ACS, ASCS value can not be verified directly, so how to define the test case should be discussed together with ASCS requirements. 
Proposal 5: The ASCS requirements can not be verified directly, the test case should be designed at a fixed DL power of NR and LP-WUS (same PSD, X dB higher than REFSENS) to check whether the MDR is within X%.
With above assumption, then there is no need to specify the ASCS requirement value, RAN4 should just define the test condition and required minimum number of guard RB.
Proposal 6: For ASCS, RAN4 do not need to specify the requirement value but just need to specify the test case condition (e.g., bandwidth, power level, MDR) and required guard RB.

2.3. ACS requirements
For ACS, the definition can be reused with a minor update as following.
Proposal 7: the ACS requirement definition for LP-WUR should be:
· Adjacent channel selectivity (ACS) is a measure of a receiver's ability to receive an NR LP-WUS signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the center frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).

2.4. REFSENS requirements
The following agreements for REFSENS have been agreed:
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



For MR, REFSENS is defined with the assumption that the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels, 95% throughput loss can be mapped to 5% BLER of AWGN-based SNR evaluation. If we consider similar approach, the LR may also need to consider 5% MDR. 
Proposal 8: Consider performance metric X as [1~5] % for MDR. 
As agreed, REFSENS is defined based on LP-WUS signal only without in-band NR interference and AWGN noise, the miss detection rate (MDR) should be the probability of not detecting a wake-up when a wake-up signal is sent. 
Proposal 9: For REFSENS requirement, the performance metric should be MDR only.  
False alarm rate (FAR) verification should be wake-up is detected when nothing/noise is sent, the DL should be configured as noise without wake up signal, then it would be good to define it as a baseband demodulation requirements of specific AWGN level at X% FAR. 
Proposal 10: False alarm rate can be considered as a dedicated performance requirements for baseband demodulation, e.g., X% FAR at -Y dBm AWGN level.
Regarding noise figure of LP-WUS receiver, it was agreed the group can consider two different sets of parameters for OOK-based receivers and OFDM-based receivers. For each of them, there would no need to further evaluate specific values for each architecture or variants, considering there would be large amount of architecture variants even for OOK-based receivers (e.g., shared RF path, shared antenna, additional RF elements considered…). Therefore, specify a NF range for OOK and further narrow down to specific value could be a way to go in RAN4.
Based on SI phase study in TR 38.869, the following gap between LR and MR can be considered.
Proposal 11: The following delta NF (gap between LR and MR) can be discussed in RAN4 for RESENS: 
For OOK based WUR
·  [3~7] dB 
For OFDMA based WUR
·  [0~7] dB

3. Conclusion
In this contribution, we share our views on LP-WUR REFSENS, ASCS and ACS:
Proposal 1: For ACS and ASCS simulation, selecting 900MHz, 2.6GHz and 3.5GHz as example frequencies. 
Proposal 2: RAN4 adopt the following detailed simulation parameters to evaluate ACS and ASCS guard RBs.
Table 1: Simulation parameters for LP-WUS ACS and ASCS
	Attributes
	Assumptions

	Carrier Frequency
	900MHz, 2.6GHz, 3.5GHz

	Case name
	OOK-1 waveform
	OOK-4 waveform

	Channel structure [TBD impacts]
	data: 8/16 bits CRC: 8 bits
	data: 20bits CRC: 8 bits

	Chip rate
	M=1
	M=2

	WUS duration
	28 symbols

	Waveform
	OOK-1/OOK-4

	Coding
	1/2 rate Manchester coding

	Time error
	0

	Residual Frequency error
	0/10/20 ppm

	SCS
	30kHz

	UE Channel BW 
	20MHz (51 RB)-case 1
10MHz (24 RB)-case 2
5MHz (11 RB)-case 3

	WUS RB
	· Fixed 12RB ~ 4.32MHz for 10MHz and 20MHz cases
· Dynamic WUS RBs for 5MHz case, less WUS RB with more ACS guard RBs, e.g., [9 RB+2 guard RB, 7 RB+4 guard RB, or other cases]

	Position within channel
	· For 10/20MHz CBW, Center for ASCS, edge for ACS [assume ASCS no impact]
· For 5MHz CBW, fixed center of channel


	Guardband of NR channel, both wanted cell and interfer cell (ACS)
	· For wanted signal: 505kHz for 5MHz, 665kHz for 10MH, 805kHz for 20Mhz 
· For interference cell2 5MHz: fixed 505kHz

	Guard RB
	· For ASCS: 0 or 1RB on each side of LP-WUS bandwidth 
· For ASCS: 1/2/3/4 RB


	Filter 
	· 3th/5th Order lowpass Butterworth with fixed 4.32MHz bandwidth for 10MHz/20MHz case
· The filter bandwidth is adapted with actual WUS RBs, for 5MHz case


	ASCS
	PDSCH mapped on RBs not used for LP-WUS and Guard RB;
EPRE of PDSCH /EPRE of LP-WUS = 0 dB
Same PSD with WUS signal

	ACS
	PDSCH mapped on interference RBs(11RB for 5MHz CBW), one side;
EPRE of PDSCH /EPRE of in-band LP-WUS = 31.5 dB, and other value?


	Wanted signal SNR level
	For ACS, High SNR of LP-WUS

	Sampling rate
	7.68MHz

	ADC bit width
	8 bits ADC for ASCS/ACS

	Phase noise
	none

	Non-linearities
	Not modelled

	Power boosting
	0dB/3dB for OOK-1/OOK-4

	Channel Model
	TDL-C 300

	Performance metric
	MDR x%; BLER x%



Proposal 3: RAN4 should specify the definition of ASCS, the following definition can be considered:
· Adjacent SubCarrier Selectivity (ASCS) is a measure of a receiver's ability to receive an LP-WUS signal at its assigned channel frequency in the presence of an adjacent subcarrier NR signal at a given frequency offset (guard RB) between LP-WUS and NR. ASCS is the ratio of the receive filter attenuation on the assigned LP-WUR channel frequency to the receive filter attenuation on the adjacent NR subcarrier.
Proposal 4: RAN4 should discuss and decide a proper BWinterferer for ASCS evaluation, e.g., 
· 5MHz for CBW>20MHz case
· All RBs between WUS edge to channel edge, for 5MHz/10MHz CBW case
Proposal 5: The ASCS requirements can not be verified directly, the test case should be designed at a fixed DL power of NR and LP-WUS (same PSD, X dB higher than REFSENS) to check whether the MDR is within X%.
Proposal 6: For ASCS, RAN4 do not need to specify the requirement value but just need to specify the test case condition (e.g., bandwidth, power level, MDR) and required guard RB.
Proposal 7: the ACS requirement definition for LP-WUR should be:
· Adjacent channel selectivity (ACS) is a measure of a receiver's ability to receive an NR LP-WUS signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the center frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).
Proposal 8: Consider performance metric X as [1~5] % for MDR. 
Proposal 9: For REFSENS requirement, the performance metric should be MDR only.  
Proposal 10: False alarm rate can be considered as a dedicated performance requirements for baseband demodulation, e.g., X% FAR at -Y dBm AWGN level.
Proposal 11: The following delta NF (gap between LR and MR) can be discussed in RAN4 for RESENS: 
For OOK based WUR
·  [3~7] dB 
For OFDMA based WUR
·  [0~7] dB  
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