[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #111	R4-2408049
Fukuoka, Japan, May 20 – May 24, 2024

Source:	Nokia
Title:	System parameters for LP-WUR
Agenda item:	10.14.2.1
Document for:	Discussion

[bookmark: _Toc116995841][bookmark: _Ref166186761]Introduction
In this paper, we present our views on RF architecture, RF impairments and common simulation parameters.
Following agreements were made in RAN4#110bis [1].
	Issue 2-1-1: Operation bands for LP-WUR 
Agreement:
· Focus on FR1 licensed bands
· FR2 is not precluded
· FFS on which licensed bands will be chosen as example bands for band specific requirements

Issue 2-1-3: one or multi-Sets of requirements 
Way forward: 
· Discussions could be separated for OOK-based receiver and OFDM-based receiver. And latter stage to discuss whether a generic requirement could be defined, or not.
· Further discuss the possibility of a dedicated set of requirements for OOK LP-WUR 
· FFS whether there is any other factors should be considered for LP-WUR requirements discussion
· SNR and NF may be different for these two types.

Issue 2-1-4: Performance metric for Rx requirements 
Way forward: 
· Agreements have been reached in issue 2-2-1.

Issue 2-1-5: Rx antenna assumption for LP-WUR 
Way forward: 
· 1Rx is supported in FR1. FFS RX diversity

Issue 2-1-6: CBW and RB number for LP-WUR 
Way forward: 
· This can be discussed in simulation assumption for ACS/ASCS. 

Issue 2-1-7: SCS for LP-WUR 
Way forward: 
· The SCS of LP-WUS is considered same as in-band NR signals 

Issue 2-1-8: sync raster for LP-WUR 
Way forward: 
· No sync raster is needed for LP-WUR based on RAN1 design

Sub-topic 2-2 REFSENS requirements
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 

Sub-topic 2-5 other UE RF requirements
Issue 2-5-1: Any other Rx requirements should be specified
Agreement: 
· Apart from REFSENS, ACS, Rx requirements of IBB, OBB, intermodulation as well as spurious emissions should be specified for LP-WUR. 
· Other legacy receiver requirements are not precluded

Sub-topic 2-6 Testabilty for UE RF requirements
Issue 2-6-1: Test metric for LP-WUR receiver
Way forward: 
· Test metric should be aligned with performance metric for Rx requirements 



[bookmark: _Toc116995842]Discussion
Receiver assumptions
Zero-IF Receiver architecture
The Zero-IF receiver architecture is aimed for multi band usage. This architecture can have a high degree re-use of the NR radio like frontend, antennas, LNA, mixer, ADC (if it is configurable in frequency and sample depth) can be reused.

[image: ]
[bookmark: _Ref127281932]Figure 1 Basic UE LP-WUR architecture for utilizing a Zero-IF receiver.
As with any direct conversion receiver, DC offset, and self-image are problems here. For the LP-WUS signal, since there can be data at the DC, so any potential DC offset cancellation loop can cause information loss. LO is used for tuning the receiver to different frequencies. Assumed values of the performance parameters of different components used in this architecture are shown in Table 1. These values are taken from published literature ([2]--[8]). As the direct conversion receiver folds the image spectrum, an image reject mixer is used. However, based on the frequency domain content of the signal, an acceptable solution can be designed without an image reject mixer. This however will work only for an envelope detector based receiver. A sequence based detector will need an image reject mixer.
[bookmark: _Ref127395283]

Table 1 Gain, and NF values for a reference Zero-IF based receiver for a sequence detector LP_WUR.
	Component
	Gain (dB)
	NF (dB)
	Remarks

	RF BPF/Duplex filter
	0
	1.5
	

	LNA
	15
	7
	Low power LNA with large NF.

	Mixer
	3
	10
	

	BB amplifier
	40
	25
	BB amplifier providing the majority of required gain.

	Total
	54.5
	11.6
	



[bookmark: _Toc166509888]Zero-IF architecture supports a high degree of reuse of the NR main radio components.
[bookmark: _Toc166509889]To support more than one band, the receiver could use a wideband LNA or multiple LNAs supporting smaller frequency area. 
[bookmark: _Toc166509890]As the bandwidth of the WUS signal is expected to be scaled according to the sub carrier spacing the LP filter will most likely be required to have different cut off frequencies, e.g., one configuration for each sub-band spacing configuration. 
[bookmark: _Toc166509891]DC offset cancellation loop to attenuate the DC signal though could cause information loss.
[bookmark: _Toc166509892]Agree to use zero-IF receiver as a baseline architecture for LP_WUR.
[bookmark: _Toc166509893]Agree to use the estimated NF of 12dB as a baseline for LP_WUR.
RF impairments
During the SI phase, companies proposed to use different RF impairments such as frequency offset, timing offset, phase noise, limited ADC bits etc. However, there was no common understanding on which impairments to consider and what models to use for the same. This led to inconsistency in the results shared by different companies. In the normative phase, we should agree first on all the impairments necessary before we conclude the values of guard RBs required.
[bookmark: _Toc166509894]Inconsistent assumptions regarding impairments will lead to results which cannot be merged.
[bookmark: _Toc166509895]Agree to impairments and used models before collating the simulation results.
Simulation parameters
We need to agree to a set of common parameters for doing the simulation to have results which can be collated together easily. Here, we are proposing initial values for the parameter which do align with RAN1 assumptions.
[bookmark: _Ref166064106][bookmark: _Ref166064067]Table 4 Common simulation parameter to be used for LLS.
	Simulation Parameter
	Design Value

	LP-WUS BW
	11 PRBs irrespective of SCS

	UE channel BW
	20MHz (2048 tones, 106 PRBs)

	SCS
	15KHz, 30KHz

	Modulation
	OOK1 and OOK4, M=1, 2, 4

	Sequence used in ON duration
	 Any CAZAC sequence.

	Number of TX and RX antennas
	1x1

	Manchester encoding format
	Always present,  and 

	NR transmission in the same carriers
	Active with QPSK modulation. 

	LPF filter used
	5th order Butterworth filter with downsampling

	LP-WUS information bits 
	Based on RAN1 agreement, 8 bits (16 with Manchester coding) can be starting point.

	CRC bits
	No CRC bits used

	Preamble symbols
	No preamble used for evaluation. LP-WUS location is assumed to be known.

	LP_WUS location in the channel
	In centre.

	Data symbols per slot
	Symbols are scaled accordingly to fit the payload

	CP handling (DFT-s-OFDM, i.e., OOK-4)
	No special handling.

	Carrier frequency and doppler frequency (TDL cases)
	2.6GHz, 30Hz (8Kmph)

	Power boosting
	No power pooling considered for evaluation. / Flat PSD

	RF impairments
	To be agreed

	Time synchronization
	Both ideal and time jitter of 200 ppm are evaluated.

	Frequency offset and ADC bit width
	ppm, ppm,  with Ideal ADC bit width considered. 



[bookmark: _Toc166509896]Agree to use common simulation parameters defined above in Table 2 for the LLS to determine the guard RBs for ACS and ASCS test cases.
[bookmark: _Toc116995848]Conclusion
In this paper, we presented our views on RF architecture, RF impairments and common simulation parameters. The following Observations and Proposals were made:
Observation 1: Zero-IF architecture supports a high degree of reuse of the NR main radio components.
Observation 2: To support more than one band, the receiver could use a wideband LNA or multiple LNAs supporting smaller frequency area.
Observation 3: As the bandwidth of the WUS signal is expected to be scaled according to the sub carrier spacing the LP filter will most likely be required to have different cut off frequencies, e.g., one configuration for each sub-band spacing configuration.
Observation 4: DC offset cancellation loop to attenuate the DC signal though could cause information loss.
Proposal 1: Agree to use zero-IF receiver as a baseline architecture for LP_WUR.
Proposal 2: Agree to use the estimated NF of 12dB as a baseline for LP_WUR.
Observation 5: Inconsistent assumptions regarding impairments will lead to results which cannot be merged.
Proposal 3: Agree to impairments and used models before collating the simulation results.
Proposal 4: Agree to use common simulation parameters defined above in Table 2 for the LLS to determine the guard RBs for ACS and ASCS test cases.
[bookmark: _Toc116995849]
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