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1. [bookmark: _Ref118560578]Introduction
In the reply LS to RAN1 on LP-WUR architectures, RAN 4 has asked several questions to RAN 1 for facilitating  further evaluation on the RF aspects of LP-WUR architecture. In this contribution, we discuss the issues related to the questions in the LS, especially on power consumption of LP-WUR, bandwidth and guard gap for LP-WUS.
2. Power consumption of LP-WUR
The power consumption models of NR non-RedCap UE and NR RedCap UE have been capatured in TR 38.840 and TR38.875 in Rel-16 and Rel-17, respectively. Relative power consumption level, i.e., unit is used to describe different power states, and the absoluted power consumption level is up to companies’ implementation. The UE power consumption model of NR non-RedCap UE and NR RedCap UE for different power states for FR1 are summarized in Table 1 [1]and Table 2[2], respectively. It is observed that deep sleep has the lowest power consumption with 1 unit for non-RedCap 4Rx UE and 0.8 for RedCap 2Rx UE, and much larger number of units is needed when the UE is active for DL reception, i.e., 50 units for PDCCH-only monitoring (same-slot scheduling) or SSB/CSI-RS processing, and 120 units for PDCCH+PDSCH for RedCap 2Rx UE as given in Table 2. For 1Rx RedCap UEs, the power consumption for each state is to be scaled by “0.7” compared that of 2Rx RedCap UEs. 
Compared with NR non-RedCap UE and NR RedCap UE, it is expected that LP-WUR consumes much less power consumption for LP-WUS monitoring. In RAN1 #111 meeting, it has been agreed that the relative power consumption of 0.01/0.05/0.1/1/2/4 and 0.001 unit are used for evaluation for FR1 for the power state ‘On’ and ‘Off’ of LP-WUR, respectively, and other values are FFS. Therefore, tens to thousands of times power reduction are expected  by LP-WUR for LP-WUS monitoring. This mainly attributes to simplified hardware design and BB processing, e.g., high accuracy LO and PLL is not needed when non-cohenrent detection is applied for OOK and FSK detection and also FFT in BB is not required.
Observation 1  RAN1 has agreed that the relative power consumption of 0.01/0.05/0.1/1/2/4 are used for evaluation for FR1 for the power state ‘On’ of LP-WUR, which provides tens to thousands times of power reduction compared to the relative power consumption for active DL reception state of NR non-RedCap or NR RedCap UEs.
[bookmark: _Hlk131414900]Table 1: NR UE power consumption model for FR1 (4Rx)
	Power State
	Relative Power 

	Deep Sleep
	1 
(Optional: 0.5)

	Light Sleep
	20

	Micro sleep
	45

	PDCCH-only
	100

	SSB or CSI-RS proc.
	100

	PDCCH + PDSCH
	300 

	UL
	250 (0 dBm)
700 (23 dBm)






Table 2: NR REDCP UE power consumption model for FR1 (2Rx)
	Power State
	Relative power

	Deep Sleep (PDS)
	0.8

	Light Sleep (PLS)
	18

	Micro sleep (PMS)
	31

	PDCCH-only (PPDCCH)
	50 for same-slot scheduling,
40 for cross-slot scheduling

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	PDSCH-only (PPDSCH)
	112

	SSB/CSI-RS proc. (PSSB)
	50

	Intra-frequency RRM measurement (Pintra)
	[60] (synchronous case, N=8, measurement only)
[80] (combined measurement and search)

	Inter-frequency RRM measurement (Pinter)
	[60] (neighbor cell search power per freq. layer)
[80] (measurement only per freq. layer)
Micro sleep power assumed for switch in/out a freq. layer

	Note: 2 Rx is assumed


3. [bookmark: OLE_LINK7]Bandwidth for LP-WUS
	RAN1 #111 Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI




RAN 1 has agreed an upper bound for the bandwidth (BW) of LP-WUS, i.e., 5 or 20MHz for FR1, and whether FR2 is included in the scope of LP-WUS SI is FFS[3]. Also, it is for further study the size of guard gap for LP-WUS and whether it is included within the BW of LP-WUS. 
When LP-WUS is deployed in a band same as the UE’s NR band, it may suffer from three types of interferences, interference from adjacent channels, interference from adjacent subcarriers occupied by legacy NR signals or other LP-WUS, as well as inter-cell interference. For interference from adjacent subcarriers, it comes out as the orthogonality among subcarriers may not be guaraneteed due to non-coherent detection of LP-WUR, i.e., for OOK and FSK detection.  For the interference from adjacent channel or adjacent subcarriers, filters as well as a guard gap between LP-WUS signal and adjacent subcarriers/channels can be applied for interference rejection. Considering the guard gap is mainly adopted for LP-WUS for interference rejection, it is better to include the guard gap within the BW of LP-WUS. When the size of guard gap is determined, the max occupied RB number LP-WUS can be calculated by excluding the guard gap from the BW of LP-WUS.
Furthermore, depending on the receiver requirements under discussion in RAN 4 for LP-WUR in terms of interference rejection from adjacent channels and adjacent subcarriers, proper filter designs and the guard gap can be determined by taking into account of both the implementation complexity and the resource efficiency. Therefore,  it is better not to determine the size of guard gap in RAN1 and leave it to RAN 4 as it highly depends on receiver requirements on interference rejection and filter characteristics.


Figure 1 Bandwidth for LP-WUS with guard gap included
Observation 2  The size of guard gap between WUS signal and adjacent subcarriers/channels depends on the receiver requirements on adjacent channel and adjacent subcarrier interference rejection as well as filter characteristics.
Proposal 1:  Guard gap is included within LP-WUS bandwidth.
Proposal 2:  The size of guard gap is not determined in RAN1.
1. 
4. Conclusion
In this contribution, we provide our views on the issues related to the questions in the LS sent from RAN 4 on low-power wake-up receiver architectures, especially on power consumption of LP-WUR, bandwidth and guard gap for LP-WUS. The observations and  proposals are listed as below:
 Observation 1  RAN1 has agreed that the relative power consumption of 0.01/0.05/0.1/1/2/4 are used for evaluation for FR1 for the power state ‘On’ of LP-WUR, which provides tens to thousands times of power reduction compared to the relative power consumption for active DL reception state of NR non-RedCap or NR RedCap UEs.
Observation 2  The size of guard gap between WUS signal and adjacent subcarriers/channels depends on the receiver requirements on adjacent channel and adjacent subcarrier interference rejection as well as filter characteristics.
Proposal 1:  Guard gap is included within LP-WUS bandwidth.
Proposal 2:  The size of guard gap is not determined in RAN1.
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