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[bookmark: _Hlk102058846]Introduction
In RAN#94-e [1], the study item for LP-WUS has been approved for NR. In this contribution, we discuss evaluation methodology, KPI and target scenarios for LP-WUS.      
Discussions
KPIs
For KPIs, the agreement was made in RAN#111 [4].
	Agreement
For system impact analysis, the following performance metrics are considered to be provided,
	Performance Metric
	Note

	System overhead
	expressed as percentage of used part of all REs for LP-WUS (including guard band or time or others resource used for LP-WUR if any) among all resources
Other assumptions related to the system overhead analysis can be reported, e.g., the LP-WUR raw data rate evaluated in the coverage evaluations.

	Capacity impact
	Evaluate the system capacity impact due to introducing of LP-WUS
Note: it is for UEs which are in connected mode. Definition is the same as in XR TR.

	FFS: NW power consumption / Energy Efficiency
	[Impact of LP-WUS/WUR operation on gNB energy consumption as performance metric in system impact analysis.]


For power and latency evaluation of the LP-WUS, the following performance metrics definitions provided for future study
	 Performance Metric
	Note

	Power consumption
	Relative power consumption in units. The power consumption includes main radio and LP-WUR. For comparison, the relative power consumption and evaluation period for baseline schemes should also be provided, as well as the power saving gain (i.e., percentage of power consumption reduction of the proposed power saving scheme from the baseline scheme).

	Latency
	For IDLE/INACTIVE state, 
· the latency is the time interval between the data arrival time at the gNB and the time of the first PO UE can monitor the paging message
· alternatively, if UE is not required to monitor a PO after wake-up, company to report detailed procedure and definition of the latency
. In RAN1#111, there are no definitions being precluded
· sync/re-sync for main radio is included


	UPT
	The definition is the same as in [TR38.840]
Note: it is for connected mode purpose.


Companies to report baseline scheme, e.g., PO monitoring with i-DRX, e-DRX, with or without PEI
Companies to report the power consumption / power saving gain considering the FAR impact, latency considering MDR impact
Other performance metrics (e.g., mobility) can be reported by companies (if any)



In RAN1#111 [4], Capacity impact and UPT were agreed as performance metrics while NW power consumption/energy efficiency was still remained as FFS. Although power consumption and energy efficiency are crucial factors, motivation to adopt NW power consumption and energy efficiency as a performance metric is not clear. For example, as deployment scenarios and implementations can be different for each NW vendor, it is difficult to have common understanding on the NW power consumption and energy efficiency. 

Proposal 1: NW power consumption/energy efficiency is not adopted as a performance metric.

Evaluation methodology
In this section, we provide our view on evaluation methodology for LP-WUS. 
Power model for main radio
In RAN1#110bis-e [3], the following agreement was made for power model of ultra-deep sleep state for main radio. 
	Agreement
· The following power models are used ‘Ultra-deep sleep’ power state for main radio for evaluation
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time
	Time for sync/re-sync

	Ultra-deep sleep
	[0.015]
	[2000 ~ 40000]
· Study to converge on candidate numbers to use for evaluation
· FFS: other values and reported by companies.
· FFS: down-selection of the values, 
· companies are encouraged to provide details for down-selection
	[400ms], FFS: 100ms
	X


 Note1: 
· Ramp-up time may consist of the procedure for [main radio hardware tune on e.g., boot, memory load and etc.], 
· Time for sync/re-sync consists of the procedure for [main radio to re-synchronization with the serving gNB etc.],
· FFS: X and whether/how to have different values depending on other factors, e.g., signal-to-noise ratio
· Companies can report the assumption of X in the initial evaluation.
· Ramp up and down energy includes power for ramp-up and ramp-down. Energy consumption for sync/re-sync is separately calculated.
· The total time for main radio transition from ultra-deep sleep to active/micro sleep state is the sum of ramp-up time and time for sync/re-sync. 
· FFS whether/how to define ramp-down time, whether to separately describe the ramp-down energy consumption
Note 2: the power state transitions in this table refer to transitions between ultra deep sleep state and active / micro sleep state.
Note 3: The values inside of ‘[ ]’ are to be used as starting point of future study on LP-WUS



In addition, the following agreement was made in RAN1#111:
	Agreement
For MR, at least for FR1 evaluation,
· Number of SSBs for sync/re-sync for MR is up to 10
· Companies to report timeline and energy consumption
Companies to provide feasibility analysis for transition time and transition energy with aim to converge to one or two set of values in RAN1#112



Based on the agreement, we provide the following discussions:
· Relative power
· The relative power value 0.015 is based on the agreed relative power unit of Low Power High Accuracy Positioning (LPHAP) evaluation. From the two options of LPHAP, the first option was used as the first option assumes a universal usage of normal UEs while the second option is assuming UEs with only positioning functionality. In RAN1#110bis-e [3], the following additional agreement was made for LPHAP:

	Agreement
For the LPHAP study only:
· For the power consumption model of the ultra-deep sleep type, adopt the following option (i.e. revision of option 1 from previous agreement):
· The relative power unit: 0.015
· Additional transition energy: 10000
· Note: Power consumption analysis from individual companies with additional transition energy of 5000 can be optionally evaluated and captured in the TR.
· Total transition time: 400ms
· Note: Power consumption analysis from individual companies with Option 2 (revised from previous agreement) can be optionally evaluated and captured in the TR.
· Option 2 additional transition energy is revised from 450 to 480.
· Note: No new device type is expected based on ultra-deep sleep power modeling.



As the relative power value for LPHAP is confirmed as shown in the above, the relative power value for ultra-deep sleep should be confirmed as well. 
· Ramp-up and down transition energy 
· The candidate values of ramp-up and down transition energy are also from the agreed candidate values from LPHAP. As the additional transition energy for LPHAP was agreed, the agreed values (10000 baseline and 5000 optional) can be reused for ultra-deep sleep state.
· Ramp-up time
· In the above agreement, total transition time was agreed as 400ms, however, it does not include time for sync/re-sync. In addition, the total transition time that was assumed for NB-IoT was 200ms. Although LTE supports more frequent PSS/SSS with every slot CRS, advanced implementation from NB-IoT should be considered for NR. Given that, 200ms should be supported for total transition time.  
· Total time for sync/re-sync
· For total time for sync/re-sync, two alternatives were discussed in RAN1#111. The first alternative is to support 3 – 10 SSBs and the second alternative is to support 1 – 3 SSBs as total time for sync/re-sync. If main radio is totally powered off and needs to achieve time and frequency synchronization the first alternative (3 – 10 SSBs) can be a reasonable choice. On the other hand, there can be potential implementations which possibly utilize LP-WUS as a reference. In this case, supporting 1 – 3 SSBs can be a possible option. In that regard, supporting up to 10 SSBs was agreed as total time for sync/re-sync at least for FR1. In our view, keeping the same option for FR2 is a reasonable choice. 

Proposal 2: Confirm the relative power value 0.015 for Ultra-deep sleep. 
Proposal 3: For ramp-up and down transition energy, support 10000 as baseline and 5000 as optional.  
Proposal 4: For ramp-up time, support 200ms.  
Proposal 5: For total time for sync/re-sync, support up to 10 SSBs for FR2 as well as FR1.

Power model for LP-WUR
In RAN1#111 [4], the following agreement was made for ultra-deep sleep state. 
	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.



In the receiver architecture discussions for LP-WUR, the three candidate receiver architectures were agreed:
	Agreement
Study at least the following three types of receiver architectures for LP-WUR:
· Architecture with RF envelope detection 
· Heterodyne architecture with IF envelope detection
· Homodyne/zero-IF architecture with baseband envelope detection
· Note: The details of each type of receiver architecture are discussed separately.
· Note: Above receiver architectures are considered suitable for OOK modulation. Some of the architectures 
can be applicable for other modulations such as FSK.



To reflect the agreed receiver architectures, multiple categories of relative power unit for LP-WUR on state should be introduced. For example, the following categories can be a starting point for further discussion with potential down selection:
· Cat 1: 0.01 and 0.05
· Cat 2: 0.1 and 0.5
· Cat 3: 1, 2 and 4

Proposal 6: For relative power unit of LP-WUR on state, define three categories of candidate values. The candidate values for each category can be further discussed and the following categorization can be a starting point.  
· Cat 1: 0.01 and 0.05
· Cat 2: 0.1 and 0.5
· Cat 3: 1, 2 and 4

Noise figure for evaluating LP-WUR/WUS
As well as the relative power unit, multiple categories of noise figure assumption should be defined based on the candidate receiver architectures. In RAN1#110bis-e [3], the following candidate noise figure values were agreed:
	Agreement
· For LP-WUS coverage evaluation, the noise figure of LP-WUR is 
· Options : [9, 12, 15, 18, 21, 24], Other values can be reported by companies
· FFS: how to determine the NF option.
· The values provided is for the purpose of studying coverage of LP-WUS, and it can be further revisited depending on the receiver architecture discussion.



Based on the agreed values for noise figure, the following categorization can be a starting point point for further discussion with potential down selection:
· [bookmark: _Hlk118651696]Cat 1: 9 and 12 dB
· Cat 2: 15 and 18 dB
· Cat 3: 21 and 24 dB

Proposal 6: For noise figure of LP-WUR on state, define three categories of candidate values. The candidate values for each category can be further discussed and the following categorization can be a starting point.  
· Cat 1: 9 and 12 dB
· Cat 2: 15 and 18 dB
· Cat 3: 21 and 24 dB
Summary
In this contribution, we discuss KPIs and evaluation methodology for LP-WUS. From the discussions, we made the following proposals:
Proposal 1: NW power consumption/energy efficiency is not adopted as a performance metric.
Proposal 2: Confirm the relative power value 0.015 for Ultra-deep sleep. 
Proposal 3: For ramp-up and down transition energy, support 10000 as baseline and 5000 as optional.  
Proposal 4: For ramp-up time, support 200ms.  
Proposal 5: For total time for sync/re-sync, support up to 10 SSBs for FR2 as well as FR1.
Proposal 6: For relative power unit of LP-WUR on state, define three categories of candidate values. The candidate values for each category can be further discussed and the following categorization can be a starting point.  
· Cat 1: 0.01 and 0.05
· Cat 2: 0.1 and 0.5
· Cat 3: 1, 2 and 4
Proposal 7: For noise figure of LP-WUR on state, define three categories of candidate values. The candidate values for each category can be further discussed and the following categorization can be a starting point.  
· Cat 1: 9 and 12 dB
· Cat 2: 15 and 18 dB
· Cat 3: 21 and 24 dB
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