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1. Introduction
RAN4 had sent an LS in R1-2302287(R4-2303712) on reply to RAN1 LS on LP-WUR architecture [1] regarding RAN1 questions of low-power wakeup receiver architecture. RAN4 approved the workplan in R4-2301565 and feedback to RAN1 on RAN4’s evaluation assumptions and agreements. RAN4 also asked RAN1 several questions for clarification on the assumptions of low-power wakeup receiver architecture.   In this paper, we discuss RAN1’s assumptions on the low-power wakeup receiver and the proposed answers to RAN4’s questions.  

2. Discussion of RAN1 Assumptions on LP-WUR and the proposed replies to RAN4’s questions
RAN4 had reach agreements on the initial assumptions on the study of low-power wakeup receiver in the reply LS to RAN1 on the study of low-power wakeup receiver architecture in [1] as follows, 
· RAN4 assume 1RX architecture for LP-WUR as starting point
· ACS values from current UE specifications are used as a starting point for discussion to evaluate LP-WUR performance
· Consider 1.4MHz and 5MHz WUS bandwidth for FR1 evaluation as the starting point
· Guard band if needed, can be located within 1.4MHz and 5MHz RF bandwidth
· No impact of LP-WUS on the existing gNB emissions and compliance requirements is baseline
· RF envelop detection architecture is more appropriate for single-band operation 
· IF/BB envelop detection is more appropriate for multi-bands operation. Multi-band here still means that only one band at a time is being received.
The RAN4 initial assumptions and agreements from RAN4 agreements showed that the LP-WUR design with 1 Rx receiver architecture and existing ACS.  The assumption of WUS BW at 1.4 MHz and 5 MHz is aligned with RAN1 assumption of 1 MHz with potential guard band when multiplexed with NR signals.  RAN4 also provided their assessment of the three low-power wakeup receiver architectures, RF envelop, IF envelop and BB detectors, for the appropriate operation in single or multi-band network configuration.  


 RAN4 has a few questions for clarifications from RAN1 in order for further evaluation of LP-WUR in the following, 
1) Q-1:  Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design
RAN1 had discussed the type of devices and their characteristic to be paired with the LP-WUR for further UE power saving in both CONNECTED and IDLE/Inactive states.  In RAN1#112, the devices and characteristic used LP-WUR were agreed as follows,

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.

The types of IoT devices, wearable devices and smartphones had been considered in RAN1 with the device characteristics had been addressed. 

 
Proposal 1:  Answer to Q-1: All IoT devices, wearable devices, and smartphones are considered in the LP-WUR design to achieve the UE power saving.

2) [bookmark: _Hlk131331313]Q-2: Power consumption, coverage and SNR targets 
The power consumptions of the LP-WUR are defined as the relative power defined as the relative power to the deep sleep mode of non-RedCap UE value “1) for Low power wakeup receiver as follows,

Agreement
For the study on LP WUR architecture, power consumption relative to the deep sleep state of the MR is provided.
Deep sleep state of non-RedCap UE should be assumed.

[bookmark: _Hlk131347913]The LP-WUR power consumptions in the evaluation assumptions were agreed in RAN1#111 to have the set of values {0.05, 0.1, 0.5, 1, 2, 4} for the state of LP-WUR ON and value {0.001} for the state of the LP-WUR OFF.  The coverage of the low-power wakeup receiver would depend on the maximum coupling loss of the LP-WUR, which depends on the receiver sensitivity of a given architecture of LP-WUR and the minimum data rate supported.  The target SINR would be determined by the minimum data rate supported by the LP-WUR.  RAN1 has not yet agreed on the data rate supported by LP-WUR and the receiver sensitivity of any given LP-WUR architecture.   Thus, RAN1 does not have any agreements on the coverage and SNR targets of the LP-WUR

Proposal 2: Answers to Q-2: The LP-WUR power consumptions in the evaluation assumptions were agreed to have the set of values {0.05, 0.1, 0.5, 1, 2, 4} for the state of LP-WUR ON and value {0.001} for the state of the LP-WUR OFF.  RAN1 does not have any agreements on the coverage and SNR targets of the LP-WUR.   

3) Q-3: Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case
4) Q-4: Possible supported SCS for LP-WUS, if applicable

RAN1 had agreed to assume the BW of the LP-WUS no greater than 5 or 20 MHz in RAN1#111 without any specific BW as follows,

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 
· 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

The number of PRBs within the LP-WUS BW would depend on the SCS used for the LP-WUS signals.   There is no agreements yet on the SCS and the number of PRBs used for LP-WUS.   Thus,  the number of PRBs and the SCS are not yet agreed to be evaluated.

Proposal 3:  Answers to Q-3 and Q-4:  The number of PRBs within the LP-WUS BW would depend on the SCS used for the LP-WUS signals.   There is no agreements yet on the SCS and the number of PRBs used for LP-WUS.   Thus,  the number of PRBs and the SCS are not yet agreed to be evaluated.

5) Q-5: Whether WUS can be located in a band separate from the UE’s NR band
RAN1 discuss the LP-WUS with the focus on the transmission of LP-WUS on the NR band and does not discuss any allocation of the LP-WUS band outside the NR band since the operational band of LP-WUS outside NR band would be the special case without multiplexing with other NR signals/channels and is the subset of the LP-WUS operation in the LP-WUS design.   However, RAN1 does not have any explicit agreement on excluding LP-WUS operation outside the NR band.  

Proposal 4:  Answers to Q-5: The LP-WUS operations outside NR band is the subset of the LP-WUS design without multiplexing with NR signals/channels and not excluded by RAN1.  


6) Q-6: Whether FR1 is considered as first priority frequency range.
The operation of LP-WUS on FR1 or FR2 had been briefly discussed in RAN1 without any agreements of prioritization.  However, it is common understanding that the LP-WUR would have better coverage performance for the operation of LP-WUS at the FR1.

Proposal 5:  Answers to Q-6:  There is no prioritization of LP-WUR operation in FR1 in RAN1 but with the understanding of better performance of LP-WUR coverage when LP-WUS is transmitted on FR1.

7) Q-7: Whether in-band power boosting of LP-WUS is considered from RAN1 perspective
The in-band power boosting is considered in the evaluation of LP-WUR but is an implementation issue with minimum specification impact.

Proposal 6:  Answers to Q-7:  The in-band power boosting is considered in the evaluation of LP-WUR but is an implementation issue with minimum specification impact.

3. Conclusion 
The RAN4 reply LS to RAN1 on the LP-WUR was discussed with the proposals of answers to RAN4 questions as follows,

· Proposal 1:  Answer to Q-1: All IoT devices, wearable devices, and smartphones are considered in the LP-WUR design to achieve the UE power saving.
· Proposal 2: Answers to Q-2: The LP-WUR power consumptions in the evaluation assumptions were agreed to have the set of values {0.05, 0.1, 0.5, 1, 2, 4} for the state of LP-WUR ON and value {0.001} for the state of the LP-WUR OFF.  RAN1 does not have any agreements on the coverage and SNR targets of the LP-WUR.
·  Proposal 3:  Answers to Q-3 and Q-4:  The number of PRBs within the LP-WUS BW would depend on the SCS used for the LP-WUS signals.   There is no agreements yet on the SCS and the number of PRBs used for LP-WUS.   Thus,  the number of PRBs and the SCS are not yet agreed to be evaluated.
· Proposal 4:  Answers to Q-5: The LP-WUS operations outside NR band is the subset of the LP-WUS design without multiplexing with NR signals/channels and not excluded by RAN1.  
· Proposal 5:  Answers to Q-6:  There is no prioritization of LP-WUR operation in FR1 in RAN1 but with the understanding of better performance of LP-WUR coverage when LP-WUS is transmitted on FR1.
· Proposal 6:  Answers to Q-7:  The in-band power boosting is considered in the evaluation of LP-WUR but is an implementation issue with minimum specification impact.
4. Reference 

[1]  [bookmark: _Ref117941229]R1-2302287, “Reply LS to RAN1 on LP-WUR architectures”, RAN4, vivo.
