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1. Introduction
RAN plenary approved the Rel-19 LP-WUS WID with the following RAN4 RF scope [1]:· 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 


This contribution shares initial views on LP-WUS UE RF requirements. 
2. LP-WUS UE RF 
2.1. New methodology/framework to specify LP-WUS receiver requirements
As discussed in the SI phase, given LR has no DL throughput, a new methodology to quantify receiver requirements is needed, and initial agreements have been reached in RAN4#108bis meeting [2]:Issue 1-6-1: Performance metric for LP-WUR RF requirements 
Agreements:
RAN4 should discuss a new the methodology for WUR requirements in WI phase. Following can be considered:
· BLER
· Misdetection ratio, including paging failure
· others
Issue 1-6-2: LP-WUR Sensitivity 
Agreements:
· FFS, sensitivity requirement depends on RAN-P decision on LP-WUS coverage, which can be discussed in WI phase. 
Issue 1-6-3: LP-WUR test cases 
Agreements:
· The testability issue of LP-WUR RF requirements should be discussed in WI phase.






Based on large amount of link-level simulation in SI phase (also captured in TR 38.869), seems 1% BLER as new metric can be a good starting point for further discussions. 
Proposal 1: Use [1%] BLER as metric to specify LP-WUS receiver requirements.
As also discussed in SI, the testability issue of LP-WUS BLER should also be resolved, according to the LP-WUR mode, there could be two general directions to go as starting point, e.g., MR idle mode and MR connection mode. 
Proposal 2: For LP-WUR testability issue, RAN4 can consider the following two options, e.g., 
· MR idle mode, LP-WUS no feedback. New UE test mode for LP-WUS testing
· MR connection mode, LP-WUS testing by MR close-loop feedback
2.2. ASCS requirements
SI phase reach conclusions on quite converged number of guard RBs for ASCS requirements, in TR38.869:Conclusion for RAN4 ASCS guard RB analysis:
Based on the following analysis, RAN4 observed that for 5th order filter, the guard RB number for LP-WUS ASCS is in the range of 0RB ~ 1RBs for 30KHz SCS, or 0RBs ~2RBs for 15KHz SCS. Similar number of guard RBs could be applied also with lower filter orders as performance was observed to remain similar with 3rd order filter.





The number of guard RB has been limited to 0~ 2RBs for 15kHz SCS case with 5th order filter assumption, which will be further converged to single value. 
However, another issue is that SI phase does not discuss the specific ASCS value, which is a key task in WI phase. Based on SI outcome, the ASCS value (filter suppression level) with guard RB as 0RB~2RB could be: 18dB ~23dB, under the assumption of max 50ppm CFO.
Proposal 3: RAN4 should specify the ASCS requirements, the value between [18~23]dB from SI phase can be a starting point. The corresponding required min number of guard RB should also be specified.  
ASCS mainly impacts on the in-channel performance, so traditional ACLR/ACS based co-existence simulation is not feasible. To further specify a dedicated value for ASCS and guard RB, ASCS related link-level simulations should be re-evaluated with more aligned parameters and RF impairments.
Proposal 4: To specify the ASCS value and number of guard RB, RAN4 should perform new link-level simulation with the aligned single-set of parameters (including RF impairments), e.g., channel structure, waveform, sampling rate, ADC bit, channel model, performance metric.
2.3. ACS requirements
For ACS, the SI phase study outcome presents the required large number of guard RBs, in TR38.869:[bookmark: _Hlk149643611]Conclusions for RAN4 ACS guard RB analysis:
Based on the analysis above, RAN4 observed that for 5th order filter, the guard RB number for LP-WUS ACS is in the range of 1RB ~ 6RBs for 30kHz SCS, or 2RBs ~12RBs for 15kHz SCS. For lower power, i.e., lower order filters, the required guard RBs may increase. There is no recommendation on which filter order should be considered to the baseline in SI phase.
-	As the analysis from companies did not comprehensively consider all impairments, and individual results are missing the impact of one or many of the following: phase noise, non-linearity, frequency error, implementation margin. For the evaluation, companies have used OOK waveform and FSK waveform, other type of WUS signals are not used. Final conclusion on the number of guard RB is left to WI discussion.



Some the of reason is the unaligned assumption and methodology among companies, the study is just initial estimation from interested companies. The evaluated number of guard RB is quite diverged and different RF impairments have been considered by companies. 
Besides, in SI phase the ACS value of MR is reused for evaluation purpose, but for LR, given different architecture (RF elements), waveform and receiver type, the required actual ACS value would be different.
Proposal 5: RAN4 should specify ACS requirement for LP-WUS, FFS same as MR or not. The corresponding required min number of guard RB should also be specified.  
Then RAN4 need to discuss how to specify the ACS requirement for LR, given MR ACS is traditionally specified based on system-level coexistence simulation under 5% TP loss, RAN4 needs to discuss and decide whether co-existence simulation is needed (with the new methodology of BLER if agreed) to specify required LR ACS value. Or a link-level simulation approach similar to ASCS evaluation is sufficient.  
· Approach 1: Co-existence evaluation based on system-level simulation 
This approach is the traditional way used in RAN4, but since WUS cannot use throughput as performance metric, a new metric needs to be defined to determine whether performance degradation due to interference is acceptable, e.g., mapping between SINR and BLER, SINR loss, etc. The following assumption can be the starting point if this approach will be performed.
Table 1 simulation assumption for system level coexistence evaluation
	Parameters
	Indoor
	Urban macro

	Network layout
	50m x 120m, 12BSs
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around

	Inter-site distance
	20m
	500m

	BS antenna height
	3 m (ceiling)
	25 m

	UE location
	Outdoor/indoor
	Indoor
	20% Outdoor

	
	LOS/NLOS
	LOS and NLOS
	LOS and NLOS

	
	Low/high Penetration loss ratio
	
	50% low loss, 50% high loss

	
	UE antenna height
	1 m
	Same as 3D-UMa in TR 36.873

	UE distribution (horizontal)
	Uniform

	Minimum BS - UE distance (2D)
	0 m
	35 m

	BS antenna configurations
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1)
(dH, dV) = (0.5, 0.5) λ
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
(dH, dV) = (0.5, 0.8) λ

	UE antenna configurations
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)
(dH, dV) = (0.5, 0.5) λ
Omnidirectional pattern

	Channel model
	Same as TR 38.901

	Channel bandwidth
	20 MHz

	Scheduled channel bandwidth per UE (DL)
	20 MHz

	The number of active UE (DL)
	Same as the number of BS beam

	Traffic model
	Full buffer

	DL power control
	NO

	BS max TX power in dBm
	24dBm
	49dBm

	WUR Noise figure in dB
	[9 dB/15 dB]

	Handover margin
	3dB



· Approach 2: Co-existence evaluation based on link-level simulation (using system-level simulation just to get interference distribution)
Considering the performance metric may hard to be aligned across companies, an alternative is to use link-level simulation which is similar to the ASCS evaluation. In the SI stage, the link-level simulation was also performed by some companies and the 31.5 dB higher is used as interference which comes from NR ACS test case, but it cannot represent the real interference condition in the different scenarios for LP-WUS receiver.
For this approach, a CDF of SIR (signal-interference ratio) should be derived from system-level simulation to represent the interference distribution for a dedicated scenario, then RAN4 should discuss one reasonable interference power level and put it into the link level simulation with different ACIR, to observe the performance degradation. In this approach, BLER can be the metric and most simulation assumption should be same as ASCS evaluation.
Proposal 6: RAN4 should decide whether coexistence system-level simulation (Approach 1) is needed to specify ACS requirements for LP-WUR. If needed, the simulation parameters should be aligned first, and system-level performance metric should be decided.  
2.4. REFSENS requirements
For REFSENS, the traditional approach for MR is using the following equation with consideration of different implementations: 
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
Where, 
· NF: 9~10.5dB (MR different band) 
· SNR= -1dB (at baseband, assume cell edge for QPSK 1/3 coding rate) 
· IM (Implementation Margin) = ~2.5 dB 
· diversity gain = 3dB for 2Rx 
However, for LP-WUS receiver, before going into details, RAN4 should confirm first whether the above equation approach can be reused. If this can be confirmed then the group could focus on next-step SNR, NF and potential IM value discussions. 
Proposal 7: RAN4 should discuss and decide whether reusing the same approach of MR to derive REFSENS value for LP-WUS receiver.   
Proposal 8: RAN4 should discuss and decide how to specify the SNR value.   
2.5. Other UE RF requirements
The above ACS, ASCS, REFSENS are key requirements to be defined for LR with the assuming that most of other receiver requirements can be reused from MR, however RAN4 also need to check all the receiver requirements for LP-WUS to see whether there is any impact. 
Proposal 9: RAN4 further check whether other receiver requirements should be re-evaluated and specified for LR.   
3. Conclusion
In this contribution, we share our views on LP-WUR RF and have the following proposals:
Proposal 1: Use [1%] BLER as metric to specify LP-WUS receiver requirements.
Proposal 2: For LP-WUR testability issue, RAN4 can consider the following two options, e.g., 
· MR idle mode, LP-WUS no feedback. New UE test mode for LP-WUS testing
· MR connection mode, LP-WUS testing by MR close-loop feedback
Proposal 3: RAN4 should specify the ASCS requirements, the value between [18~23]dB from SI phase can be a starting point. The corresponding required min number of guard RB should also be specified.  
Proposal 4: To specify the ASCS value and number of guard RB, RAN4 should perform new link-level simulation with the aligned single-set of parameters (including RF impairments), e.g., channel structure, waveform, sampling rate, ADC bit, channel model, performance metric.
Proposal 5: RAN4 should specify ACS requirement for LP-WUS, FFS same as MR or not. The corresponding required min number of guard RB should also be specified.  
Proposal 6: RAN4 should decide whether coexistence system-level simulation (Approach 1) is needed to specify ACS requirements for LP-WUR. If needed, the simulation parameters should be aligned first, and system-level performance metric should be decided.  
Proposal 7: RAN4 should discuss and decide whether reusing the same approach of MR to derive REFSENS value for LP-WUS receiver.   
Proposal 8: RAN4 should discuss and decide how to specify the SNR value.   
Proposal 9: RAN4 further check whether other receiver requirements should be re-evaluated and specified for LR.   
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Annex 
Simulation parameters (including RF impairments value) should be well-aligned
Table 1: Link-level Simulation parameters template
	NR system BW
	

	Subcarrier spacing 
	

	Guardband of NR channel
	

	LP-WUR Rx antenna
	

	WUS waveform
	

	WUS BW within NR channel
	

	WUS signal 
	

	Guard RB size of LP-WUS
	

	WUS placement within NR channel
	

	Channel structure
	

	Coding
	

	ACS interferer signal
	

	ACS interferer signal level
	

	Adjacent subcarrier interference
	

	Filter characteristic
	

	Filter passband BW (-3 dB)
	

	LO frequency
	

	Center Frequency error
	

	Phase noise
	

	Non-linearities
	

	Channel model
	

	Sampling rate
	

	ADC bit
	

	BS Power boosting
	

	Performance metric
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