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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN1 has received an LS from RAN4 on the LP-WUR architecture raising the following questions [1]:
 
	…
To further evaluate the RF aspects of LP-WUR architecture, RAN4 would like to know the following clarifications from RAN1: 
· Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design
· Power consumption, coverage and SNR targets 
· Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case
· Possible supported SCS for LP-WUS, if applicable
· Whether WUS can be located in a band separate from the UE’s NR band
· Whether FR1 is considered as first priority frequency range 
Whether in-band power boosting of LP-WUS is considered from RAN1 perspective
…



[bookmark: _Ref129681832]Discussion
In this section, we discuss RAN4’s questions and propose a proper reply for them.

Question #1: Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design
In RAN1 #112, the following agreement was made [2]:
	Agreement
The following characteristics for target use cases are considered in the study item:
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· FFS: latency
· primary for small form devices
· power-sensitive
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency
· primary for small form devices,
· power-sensitive
· low/medium speed, FFS: high speed
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency
· devices form is various and not restricted
· power-sensitive
· low/medium speed, FFS: high speed
Note: other use cases/characteristics are not precluded if any.



Hence,  IoT/wearables/smartphone UE types, with their different use cases, are all considered for LP-WUR design.
Proposal 1: Reply to RAN4 that IoT/wearables/smartphone UE types are all considered in RAN1 for LP-WUR design.

Question #2: Power consumption, coverage and SNR targets
The following power model for LP-WUR for evaluation for FR1 was agreed in RAN1#110.
	Agreement
The following power model for LP-WUR is used for evaluation for FR1,
 
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	
	


FFS: whether further categorization/sub-categorization is needed and how.



According to the simulation results in our companion paper [3], when the power consumption of LP-WUR is lower than 1 unit then both continuous monitoring and duty-cycle based monitoring can achieve significant power saving gain, while if the power consumption of LP-WUR is higher than 1 unit then only duty-cycle based monitoring can provide good power saving gain. However, when duty-cycle based monitoring is used, the latency will increase. Therefore, to get both power saving benefit and latency benefit, the relative power of LP-WUR should be lower than 1 unit.
Proposal 2: Reply to RAN4 that the relative power consumption is targeted to be lower than 1 unit.


According to our understanding, the coverage target and SNR target are correlated targets, where the coverage is agreed to be evaluated using the metric of MIL which can be calculated using the required SNR. Based on [4] it was observed that the bottleneck channel is the PUSCH, which has a MIL value ~139 dB and ~136 dB for non-RedCap UE and RedCap UE, respectively. In our view, the bottleneck of legacy NR signal/channel(s) should be taken as the design target. To achieve this design target, we can take PUSCH as the reference for coverage target of LP-WUS.  As another option Msg3 PUSCH (which has a MIL value ~149 dB and ~146 dB for non-RedCap UE and RedCap UE, respectively) can be considered, since LP-WUS is typically used for IDLE/INACTIVE mode and Msg3 is the PUSCH in IDLE/INACTIVE mode.
Proposal 3: Reply to RAN4 that the coverage target can be PUSCH or Msg3.

Question #3: Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case
The maximum RB number depends on the SCS and the size of guard band. We think it would be helpful to first clarify the meaning of ‘guard band’ since by legacy definition the ‘guard band’ is usually the BW at a carrier edge. In our understanding, the guard band here for LP-WUS means the BW between different signal within the same carrier. One case is the BW between LP-WUS and legacy NR signal, another case is the BW between different frequency segments of LP-WUS. The size of guard band may be configured/selected to ensure good link performance. For example, it may be impacted by the maximum allowed frequency error. Additionally, the size of the guard band could be impacted by the required rejection capability of the interference rejection filters needed to fulfill the requirement, which was discussed in RAN4 with name of Adjacent Sub-Carrier Selectivity (ASCS) [2]. Hence, RAN1 should first discuss the frequency error requirements and interference filters rejection capabilities, then determine the max occupied RB number.
Proposal 4: RAN1 to first clarify the definition and requirement of guard band, then discuss the max occupied RB number.

It is also noted that based on current agreement, the BW of LP-WUS can be up to 20 MHz, which should also be informed to RAN4.
Proposal 5: Reply to RAN4 that in addition to 1.4 MHz and 5 MHz, RAN1 also considers BW up to 20 MHz.

Question #4: Possible supported SCS for LP-WUS, if applicable
	Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 


In RAN1#112, it is agreed that the same SCS as the one used for other NR transmissions in CP-OFDM symbol overlapping in time is feasible [2]. And the feasibility of different SCS is for further study. However, per our understating, the subcarriers with different SCS cannot be orthogonal to the subcarriers of legacy NR signal/channel, which results in interference. When higher SCS is used for LP-WUS to support higher date rate, LP-WUS introduces interference to legacy NR signal/channel. Higher SCS also results in shorter symbol duration, which makes LP-WUS more sensitive to time error. Therefore, we think the discussion should be focused on same SCS case.
Proposal 6: Reply to RAN4 that only the same SCS as the one used for other NR transmissions in CP-OFDM symbol overlapping in time is supported.

Question #5: Whether WUS can be located in a band separate from the UE’s NR band

RAN1 discussions have not made any assumption that LP-WUS can be only in the same band as UE’s NR band, and the designs for LP-WUS and architectures for LP-WUR that have been proposed in RAN1 have not relied on such an assumption. From a feasibility point of view, it does not seem necessary for RAN1 to impose such an assumption from the physical layer. In our understanding, it is not excluded to deploy LP-WUS in a separate band if the solutions to support this deployment respect the SID statement that “All WUS solutions identified shall be able to operate in a cell supporting legacy UEs”.
Proposal 7: Reply to RAN4 that, based on RAN1’s discussions, LP-WUS is not restricted to be only in the same band as UE’s NR.

Question #6: Whether FR1 is considered as first priority frequency range
RAN1’s main focus is FR1 and almost all the evaluation agreements and scenarios are considered for FR1. For example: 
· The agreed power model for LP-WUR for evaluation is for FR1
· urban (2.6 GHz/4 GHz), rural(700 MHz) scenario for FR1 are considered to be evaluated
· etc…

 On the other hand, the agreed receiver architectures are also based on the assumption of FR1. Therefore, we propose to answer that FR1 is considered as a first priority frequency range in RAN1.
Proposal 8: Reply to RAN4 that FR1 is considered as first priority frequency range in RAN1.

Question #7: Whether in-band power boosting of LP-WUS is considered from RAN1 perspective
[bookmark: _Hlk131601574]In our view, power boosting should be considered. In-band power boosting is beneficial for improving the coverage performance of LP-WUS. Power is boosted for some time/frequency resources while the total energy across all the time/frequency resources are not changed. For example, for OOK-4 there can be multiple OOK symbols within a single OFDM symbol. Since there can be both ON symbols and OFF symbols, the ON symbols are power boosted naturally when the waveform is generated, while keeping the total energy across overall resources unchanged. Similarly, for FSK, where only part of the frequency segments carries energy, the frequency segments with energy can also be power boosted while keeps the total energy across overall resources unchanged. The allowed power boosting values needs further study depending on e.g. the bandwidth. 
Proposal 9: Reply to RAN4 that in-band power boosting of LP-WUS is considered from RAN1 perspective.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the paging procedure enhancement. Based on the analysis, we have the following observations and proposals:
Proposal 1: Reply to RAN4 that IoT/wearables/smartphone UE types are all considered in RAN1 for LP-WUR design.
Proposal 2: Reply to RAN4 that the relative power consumption is targeted to be lower than 1 unit.
Proposal 3: Reply to RAN4 that the coverage target can be PUSCH or Msg3.
Proposal 4: RAN1 to first clarify the definition and requirement of guard band, then discuss the max occupied RB number.
Proposal 5: Reply to RAN4 that in addition to 1.4 MHz and 5 MHz, RAN1 also considers BW up to 20 MHz.
Proposal 6: Reply to RAN4 that only the same SCS as the one used for other NR transmissions in CP-OFDM symbol overlapping in time is supported.
Proposal 7: Reply to RAN4 that, based on RAN1’s discussions, LP-WUS is not restricted to be only in the same band as UE’s NR.
Proposal 8: Reply to RAN4 that FR1 is considered as first priority frequency range in RAN1.
Proposal 9: Reply to RAN4 that in-band power boosting of LP-WUS is considered from RAN1 perspective.
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