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[bookmark: _Toc116995841]Introduction
During the last RAN4 WG meeting[1], discussion on the following issues were not concluded:
1. WUS location within the carrier,
2. Guard band for WUS,
3. LP-WUS power boosting,
4. Simulation assumption for SNR evaluation.
In this paper, we present our thoughts on above.
[bookmark: _Toc116995842]Discussion
WUS location within the carrier
As per RAN1 discussion, the expected allocated bandwidth is 5MHz. The signal bandwidth within the allocated bandwidth under evaluation can be 4.32MHz or 1.44MHz. As the NR bands can be divided among more operators the location of the WUS needs to be flexible to accommodate the support for WUS on all gNB’s.
As the NR bands can be divided among more operators the location of the WUS needs to be flexible to accommodate the support for WUS on all gNB’s
Design the WUR to support flexible location of the WUS within a NR band.

Guard band for WUS
As per RAN1 discussions, LP-WUS maybe OOK, FSK or OFDM based. Both OOK and FSK modulated WUS signal could be designed as OFDM-based waveforms and are compatible with the existing NR signals. Therefore, coexistence of LP-WUS with NR signals is governed by whether both have the same numerology. In case of different numerologies, the NR signal and LP-WUS signal will interfere and a guard band between NR carriers and LP-WUS carriers becomes a necessity. Further, for an envelope-detector based receivers, there is a need of guard band between the LP-WUS carriers and rest of the spectrum. It further will help to alleviate the problems caused by poor frequency synchronization. Based on this discussion, following observations can be noted.

In case of mixed numerology of LP-WUS and NR signals, a guard band between LP-WUS and NR carriers is a must. 
The inter-carrier interference arising due to carrier frequency offset can be mitigated to a certain extent through guard band selection. 
A guard band between LP-WUS and NR carriers ensures that envelope-detector based receiver architecture can perform.
There is a trade-off between filter-order and guard-band. A larger order filter might have sharper roll-off, therefore might require a smaller guard-band; but this comes at the cost of higher filter complexity and power consumption. While a smaller filter order would reduce the power consumption but may need a larger guard band resulting in lower spectrum/resource efficiency.
Guard band should be determined considering the ACS values, filter order, LP-WUS bandwidth, and CFO and can be synced to a value used in the simulation assumptions.

LP-WUS power boosting
As per RAN1 discussion, the expected allocated bandwidth is 5MHz. The signal bandwidth within the allocated bandwidth under evaluation can be 4.32MHz or 1.44MHz. As the WUS and NR is co-existing in the same band with very small channel spacing power boosting should be avoided and NR and WUS should remain same signal level.
As the WUS and NR is co-existing in the same band with very small channel spacing power boosting should be avoided and NR and WUS should remain same signal level.
Do not apply any power boosting.
Simulation assumptions
To perform the SNR evaluations, common set of simulation parameters should be used and can be synced up with what is being used in RAN1 simulations. The parameters are repeated below for ease of reading.

[bookmark: _Ref131520605]Table 1 Simulation parameters
	Simulation Parameter
	Design Value

	LP-WUS BW
	4.32MHz (24 in 15KHz, 12 in 30KHz, 6 in 60KHz, 3 in 120KHz) PRBs 

	CP-OFDM BW
	20MHz (2048 tones, 106 PRBs) 

	LP-WUS Guard BW
	340KHz on either side  

	SCS
	15KHz, 30KHz 

	Sequence used in ON duration
	All-ones, ZC seq (without pulse shaping for evaluation) 

	Number of TX and RX antennas
	1x1 

	Detectors used for all-ones as sequence
	non-coherent sampled at 4.32MHz, max detector sampled at data rate. 

	Detectors used for ZC sequence
	{1,2,4} 

	NR transmission in the adjacent carriers
	Active with QAM256 modulation.  

	LPF filter used
	5th order Butterworth filter with downsampling 

	LP-WUS duration (in terms of CP-OFDM symbols)
	12 symbols or 1 slot is used for transmission 

	Time synchronization
	Assumed perfect synchronization in time 

	Frequency offset and number of ADC bits and impairments
	±200 ppm, no-ADC bit width or impairments are considered. 

	Preamble symbols
	No preamble considered for evaluation. We assume the LP-WUS location is known. 

	Data symbols
	Symbols 0-11 of slot are used for data transmission with Manchester encoding 

	CP handling
	In order to avoid interference to adjacent NR transmissions, the samples corresponding to CP duration are zeroed out to avoid CP discontinuities (DFT-s-OFDM) 



Agree to use the simulation parameters as repeated above in Table 1.
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In this paper we have presented our views on various RF aspects of low-power wake up receiver. The following observations and proposals were made:
1. As the NR bands can be divided among more operators the location of the WUS needs to be flexible to accommodate the support for WUS on all gNB’s.
1. In case of mixed numerology of LP-WUS and NR signals, a guard band between LP-WUS and NR carriers is a must.
1. The inter-carrier interference arising due to carrier frequency offset can be mitigated to a certain extent through guard band selection.
1. A guard band between LP-WUS and NR carriers ensures that envelope-detector based receiver architecture can perform.
1. There is a trade-off between filter-order and guard-band. A larger order filter might have sharper roll-off, therefore might require a smaller guard-band; but this comes at the cost of higher filter complexity and power consumption. While a smaller filter order would reduce the power consumption but may need a larger guard band resulting in lower spectrum/resource efficiency. 
1. As the WUS and NR is co-existing in the same band with very small channel spacing power boosting should be avoided and NR and WUS should remain same signal level.

1. Design the WUR to support flexible location of the WUS within a NR band.
Guard band should be determined considering the ACS values, filter order, LP-WUS bandwidth, and CFO and can be synced to a value used in the simulation assumptions.
As the WUS and NR is co-existing in the same band with very small channel spacing power boosting should be avoided and NR and WUS should remain same signal level.
Do not apply any power boosting.
Agree to use the simulation parameters as repeated above in Table 1.
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