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1. Introduction
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In RAN #102 meeting, the Rel-19 work item on low-power wake-up signal and receiver for NR (LP-WUS/WUR) has been approved in [1], and has been revised in [2], which includes the following RAN4 objectives:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.

· Y will be decided within WI. 320ms is the start point.

· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· 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 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements
This contribution mainly discuss on the RF requirements for LP-WUR.
2.  Discussion
2.1 system parameters
In the study item phase, RAN4 has discussed the band operation for LP-WUS according to the scenarios listed below with the understanding that the associated RF aspects could be analysed in the work item phase, depending on the scope of the related normative work.
· The band for the low-power radio (LR) and main radio (MR) can be the same, e.g., WUS is located within the NR band used for LP-WUR.  In this scenario the WUS and NR DL could be multiplexed according to TDM/FDM modes.
· The band for LR and MR can be different, e.g., WUS is located within an NR band for LP-WUR, and another NR band is used for the MR. 
In RAN1 #116 meeting, the following agreements about LP-WUS and LP-SS have been approved:
Agreement
Support both OOK-1 and OOK-4 for LP-WUS. 

· FFS how OOK-1 and OOK-4 are specified 

· For OOK-4, M<=4, FFS supported values

· The SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol

· FFS different SCS.

Further study the following options for LP-SS:

· Option 1: OOK-1 

· Option 2: OOK-4 with M=1,2,4,[8]

· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation

· FFS: different SCS
Based on RAN1’s agreements, it seems the low-power radio (LR) and main radio (MR) work on the same band has been considered in RAN1. 

Proposal 1: RAN4 should define the RF requirements based on both scenarios of the low-power radio (LR) and main radio (MR) working on the same band and on different bands, and further discuss which bands can support LP-WUS.

To keep aligning with RAN1, RAN4 can agree

Proposal 2: The SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol, and the SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation.
But the Bandwidth for LP-WUS signal has not yet reached any conclusion, RAN4 can first discuss how to further evaluate and define the guard RB for ACS and ASCS cases based on the assumption of SID.
Proposal 3: RAN4 can first use 1.4MHz and 5MHz WUS bandwidth for FR1 as the starting point to evaluate the guard RB number for ACS and ASCS.
In the WID, the objective is to specify LP-SS with periodicity with Yms for LP-WUR. From RAN1’s discussion, the LP-SS will be introduced for low-power radio at least with the SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation, but whether need define the synchronization raster for LP-SS can be discussed until RAN1 has explicit conclusion.
Proposal 4: RAN4 can discuss whether define the synchronization raster for LP-SS until RAN1 has explicit conclusion.

2.2 Rx requirements
In the WID, it limits that LP-WUS can be OOK (OOK1 or OOK4) or OOK with overlaid OFDM sequence(s) over OOK symbol, and LP-SS is also based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. That is, LP-WUR can have two types of receiver using envelope detection or coherent detection or including both. In RAN4, the RF requirements are defined generally based on the worst case. Therefore RAN4 will focus on sensitivity evaluation instead of specific NF value in the normative work for LP-WUR.
Proposal 5: RAN4 should define one set of REFSENs for different LP-WUR receivers, and focus on REFSENs evaluation instead of specific NF value.
In the study item phase, RAN4 adopted two approaches for guard RB evaluation, i.e., filter suppression level analysis and link level simulation and got the conclusion that:
· ASCS
· 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
· ACS
· For ideal 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
To further evaluate the guard RB number and ASCS requirements when NR downlink signaling interferes in LP-WUS as in-channel interference and LP WUS interferes in NR downlink signaling as in-channel interference. RAN4 should do the link level simulation for below cases as shown in Table 2.2-1.

Table 2.2-1 Link level simulation cases for in-channel scenario

	Cases
	Interference
	Aggressor
	Victim
	Direction
	Parameters

	1
	In-channel
	NR downlink signaling
	LP-WUS
	Downlink
	ASCS

	2
	In-channel
	LP-WUS
	NR downlink signaling
	Downlink
	ASCS


And the related link level simulation assumption can use the follow parameters in Table 2.2-2:
Table 2.2-2 link level simulation assumptions

	Parameter
	Value 

	Carrier frequency
	700MHz/2.6GHz/4GHz

	gNB CBW
	20/100MHz

	SCS of OFDM generator for NR signal
	15 kHz, 30kHz

	Channel Model
	TDL-C 300 NLOS

	LP-WUR Waveform
	OOK(OOK1 or OOK4) with or without overlaid OFDM sequence(s)

	LP-WUR Channel bandwidth
	1.4MHz, 5MHz(24 RB (15kHz SCS) or 12 RB (30kHz SCS))

	LP-WUR Rx number
	1 Rx

	WUS placement within NR channel
	case 1: Center; 

	LP-WUR ASCS interferer
	5MHz

	WUS duration
	28 symbols

	NR power level
	Same PSD with WUS signal 

	Filter characteristic
	5th order Butterworth

	Filter passband BW
	Same as WUS bandwidth (number of RBs)


To further evaluate the guard RB number and ACS requirements when NR downlink signaling interferes in LP-WUS as adjacent channel interference and LP WUS interferes in NR downlink signaling as adjacent channel interference. RAN4 should do the co-existence study for below cases as shown in Table 2.2-3:
Table 2.2-3 Co-existence simulation cases for adjacent channel scenario
	Cases
	Interference
	Aggressor
	Victim
	Direction
	Parameters

	3
	Adjacent channel
	NR downlink signaling
	LP-WUS
	Downlink
	LR ACS

	4
	Adjacent channel
	LP-WUS
	NR downlink signaling
	Downlink
	NR ACS


And the co-existence study assumption can use the follow parameters in Table 2.2-4:

Table 2.2-4 Downlink simulation assumption for co-existence study
	 
	Base Station

	Carrier frequency
	700MHz/2.6GHz/4GHz

	gNB Channel bandwidth
	20/100MHz

	Inter-site distance
	500m/200m/25m

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas), 80 dB (rural area)

	BS antenna gain and horizontal antenna pattern
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	BS noise figure
	5 dB

	BS transmit power
	46 dBm/33dBm/23dBm

	BS antenna height
	45 m

	BS ACLR
	45 dB

	LP-WUR Channel bandwidth
	1.4MHz, 5MHz

	LP-WUR antenna
	Omnidirectional antenna with gain of 0 dBi

	LP-WUR noise figure
	10, 12, 15dB

	LP-WUR antenna height
	1.5 m

	LP-WUR ACS interferer
	5MHz with guardband


It can use the 5% throughput loss criteria when victim is NR downlink signaling as case 2 in Table2.2-1 and case 4 in Table 2.2-3. But for LP-WUR, the throughput is not a pursued KPI, instead, BLER can be considered to reflect the co-existence performance for LP-WUS. But RAN1 didn’t decide what type of encoding scheme will be introduced, the mapping SINR to BLER need further discuss. Before this, RAN4 could first research the SINR degradation with different guard RB number and target ASCS and ACS. 
Proposal 6: To define the guard RB number and required ACS and ASCS, RAN4 should research the scenarios in Table 2.2-1 and Table 2.2-3.
Proposal 7: RAN4 can first research the SINR degradation with different guard RB number and target ASCS and ACS for LP-WUR before deciding the mapping between SINR and BLER.
Proposal 8: RAN4 can use the link level simulation assumptions in Table 2.2-2 and co-existence simulation assumptions in Table 2.2-4 as the starting point to evaluate the guard RB number and required ACS and ASCS for LP-WUR.
Proposal 9: Other Rx requirements for LP-WUR can reuse legacy NR requirements, i.e., blocking, spurious response, intermodulation characteristics, and spurious emission and so on.
3. Conclusion

In this contribution, we discussed the RF impact of LP-WUS and proposed:

Proposal 1: RAN4 should define the RF requirements based on both scenarios of the low-power radio (LR) and main radio (MR) working on the same band and on different band2, and further discuss which bands can support LP-WUS.

Proposal 2: The SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol, and the SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation.
Proposal 3: RAN4 can first use 1.4MHz and 5MHz WUS bandwidth for FR1 as the starting point to evaluate the guard RB number for ACS and ASCS.

Proposal 4: RAN4 can discuss whether define the synchronization raster for LP-SS until RAN1 has explicit conclusion.
Proposal 5: RAN4 should define one set of REFSENs for different LP-WUR receivers, and focus on REFSENs evaluation instead of specific NF value.
Proposal 6: To define the guard RB number and required ACS and ASCS, RAN4 should research the scenarios in Table 2.2-1 and Table 2.2-3.
Proposal 7: RAN4 can first research the SINR degradation with different guard RB number and target ASCS and ACS for LP-WUR before deciding the mapping between SINR and BLER.
Proposal 8: RAN4 can use the link level simulation assumptions in Table 2.2-2 and co-existence simulation assumptions in Table 2.2-4 as the starting point to evaluate the guard RB number and required ACS and ASCS for LP-WUR.

Proposal 9: Other Rx requirements for LP-WUR can reuse legacy NR requirements, i.e., blocking, spurious response, intermodulation characteristics, and spurious emission and so on.
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