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1. Introduction 
At the RAN1#113 meeting, RAN1 made the following agreements on the methodology and assumption for LP-WUR/WUR evaluation [1].
	Agreement
Use the same channel specific assumptions as defined in TR38.830 for reference PUSCH for message3, i.e.,
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	SCS
	30kHz for TDD, 15kHz for FDD.

	HARQ configuration
	Whether HARQ is adopted is reported by companies. 

	PUSCH duration	
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.



Agreement
For reference setting for further study on LP-SS performance and resource overhead (including sync and/or measurement), companies to report the following used in their evaluations
· the number of slots or symbols per period
· the periodicty
· the functionality of the LP-SS 

Agreement
----------------------------TP start for TR38.869 v0.1.0-------------------------------------------
6.3.2	Power model for LP-WUR (LR)
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[1]
	0.001 / 
0.02/ 
 1% of ON Power value 0.1/0.2/0.3, only for 10/20/30, for 0.1, [oscillator option 3/4] are not used for envelope detection based receiver
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
· FFS: If other values are needed
	
	


· FFS: whether further categorization/sub-categorization is needed and how.
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· For evaluation, 10/20/30 for LP-WUR ON power state are not used for envelope detection based receiver for LP-WUS monitoring.
· For evaluation, 10/20/30 for LP-WUR ON power state are used for OFDM receiver when noise figure is less than [MR noise figure + 2.5dB], [0.2/0.5/1/2/4] for LP-WUS can be assumed for other NF values larger than [MR noise figure + 2.5dB]
· FFS: LP-WUR power consumption values for FR2.
· Note1: A unit of power is defined to be the same for main receiver and LP-WUS receiver.
· Note2: the values provided is for the purpose of studying power saving gain, and the values can be further revisit and categorization depending on the receiver architecture discussion.
· Note3: For LP-WUR ‘on’ state, more than one values within the above range may be used for evaluation (e.g. for a single LP-WUR architecture)
· Note4: 
· For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; 
· [For WUR Off value 0.02, only oscillator option 1, 2 can be assumed and only RTC can beis maintained; ]
· [For other WUR Off value, oscillator option 1,2,3,4 can be assumed.]
· Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization. 
----------------------------TP End-------------------------------------------

Agreement
Confirm the following WA with the following changes
Working Assumption
The following for usage of the clock is assumed for LP-WUR OFF/ON
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

	0.001
	When LP-WUR is OFF
· Time offset cumulated in the off period cannot be calculated based on the parameters of the oscillator option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When LP-WUR is ON, frequency offset and time offset calculation can follow the parameters of the oscillator option 1/2/3/4 [Note2] (cumulating based on the frequency drift and not exceed maximum frequency error)
· The initial frequency offset when LP-WUR switches on can be set to the [FFS: maximum frequency error or a random value within the maximum frequency error] following the parameters of the oscillator option 1/2/3/4[Note2].
· When LP-WUR is synced with LP-SS/SSB or MR is used to assist to calibrate LP-WUR to correct the time/frequency error, residual frequency error Fr is assumed at the time when the synchronization/calibration is done.

	TBD: value(s)
>0.001
	For both LP-WUR OFF and ON
· Time offset cumulated in the off period can be calculated based on the parameter of the oscillator option 1/2 or option 3/4[Note2]. RTC can be used too. 
· Frequency offset calculation can follow the parameter of the oscillator option 1/2 or option 3/4[Note2] (cumulating based on the second value in the value pair and not exceed maximum frequency error). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
· Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration


[Note1: Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power]
FFS: Note2: option 3/4 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD2, option 1/2 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD1
Note3: The clock error (of both RTC and LO) could be improved to be less than max ppm error of option 1,2,3,4 with clock calibation based on sync signal such as LP-SS or preamble.

Agreement
Observations:
	For RRM with duty-cycled LP-WUS monitoring, the following observations are made with the assumption that 
· MR in ultra-deep sleep
· Effective per UE paging arrival rate <=1% 
· LP-WUR duty cycle ratio <=2%
· MR ramp-up time/transition energy option 1 (i.e., 400ms, 15000)
· RRM relaxation is assumed for both serving and neighbouring cells
Compared with i-DRX, LP-WUS operation with
· No RRM relaxed
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([-301%~-569%]) 
· MR relaxed < 8 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([-10%~7%)) 
· 8 times<= MR relaxed <=16 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([31%~60%]) 
· RRM relaxed > 16 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([60~92%]) 
· RRM offload RRM to LR
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([76%~92%]) 
Note: The ‘Effective per UE paging arrival rate’ is defined as (without taking FAR into account)
· Per UE paging probability RE if LP-WUS is per UE paging
· Per group paging probability RG = 1 – (1 – RE)N, if LP-WUS is per group paging (N is the number of UEs in the group)


There will be another observation for continuous monitoring case



In this contribution, we provide our views on the remaining details of evaluation methodology for LP-WUS.

2. Discussion 
2.1. [bookmark: _Hlk127393103]Use cases
At the RAN1#112 meeting, the following agreement was made for LP-WUS/WUR target use cases [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.



One of the remaining issues is to identify mobility aspects for wearable/eMBB use cases. Especially for wearable/eMBB cases, devices generally have potability and mobility, and it means that applying LP-WUS/WUR for wearable/eMBB devices may cause performance degradation, e.g., in case of high-speed. On the other hand, if a certain mechanism to improve robustness against high-speed mobility is implemented, it may cause additional receiver complexity and power consumption. LP-WUS/WUR should provide substantial gains compared to the existing Rel-15/16/17 UE power saving mechanisms while keeping latency low compared to (e)DRX. For achieving such challenging target, high-speed scenarios would need to be deprioritized in this SI. 
[bookmark: _Hlk142665083]Besides, whether/how to support RRM measurement in Ultra-deep sleep state is tightly related to the mobility aspects. One of the possible alternatives is to support RRM measurements by LP-WUR. If LP-WUR is not assumed to be able to monitor existing NR PSS/SSS, additional periodic SS (i.e., LP-SS) may be introduced. As described in the agreements captured in Section 1, LP-SS would be beneficial for at least coarse time/frequency synchronization. However, since LP-WUR intends to be low-power low-complexity architecture, the feasibility of the RRM measurement especially for high-speed scenarios is still unclear. Another possible approach is that MR (Main Radio) performs RRM measurements with some enhancements (e.g., RRM measurement relaxation) which may lead RRM measurement performance degradation. Therefore, in either approach, applicability for high-speed scenarios should be carefully investigated in this SI.
Proposal 1: For wearable/eMBB cases, low/medium speed should be prioritized over high-speed use cases.

2.2. Target coverage
At the RAN1#110bis-e meeting, the following agreement on the evaluation methodology and assumptions of LP-WUS coverage was reached [3]. 
	Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded. FFS: Target coverage of LP-WUS



At least the following two alternatives can be considered for the target of LP-WUS coverage. 
· Option A: Full coverage as comparable to NR coverage
· Option B: Partial coverage with/without fallback mechanisms during out of LP-WUS coverage (e.g., switching back MR from ultra-deep sleep state) 
It is clear that Option B brings power saving gain imbalanced between cell-edge and cell-centre UEs. Given that LP-WUS/WUR is applicable to a various type of use cases, it is not desirable that particular UEs (e.g., static sensors located at the cell-edge) cannot take any benefits from LP-WUS/WUR. To achieve a comparable coverage as NR channel with MR (i.e., Option A), at the RAN1#112bis-e meeting, following agreement was made on the reference channel of LP-WUS coverage design [4].
	Agreement
RAN1 further study the designs [target]/techniques of LP-WUS to have a comparable coverage as NR channel X. The NR channel X is
· Option #1: PDCCH for paging
· Option #2: PUSCH for message3
· FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
· The final design will jointly consider the coverage with other KPIs
· FFS additional detail assumptions for NR channels, e.g., the message size for MSG3 and etc.



For further evaluation of LP-WUS coverage, reference channel should be defined. For IDLE/INACTIVE state, although further discussion is necessary on how to combine LP-WUS procedure with legacy paging, at least legacy paging procedure should be impacted by LP-WUS/WUR operation. Thus, paging channels may be taken as the reference channels for LP-WUS coverage design. On the other hand, based on Rel-17 SI on NR coverage enhancements [5], Msg.3 PUSCH was identified as one of the bottleneck channels in NR coverage. If RAN1 strives to design LP-WUS to have comparable coverage to NR coverage, it is safer way to keep the same coverage level as Msg.3 PUSCH.  
According to the summary of LP-WUS evaluation results [6], it can be observed that LP-WUS is feasible to achieve comparable coverage as NR MR coverage in multiple configurations. However, it can also be observed that too high sensitivity may require higher modulation order, wider LP-WUS bandwidth, and longer symbol duration, etc., that would increase WUR complexity and power consumption. 
If indeed Option A is feasible without losing the gain of LP-WUS/WUR in terms of complexity and power consumption, Option A is preferred than Option B. However, if too much coverage requirements prevent substantial power saving gain by LP-WUS/WUR, Option B would be more reasonable. Therefore, the target of LP-WUS coverage should be jointly considered with achievable power saving gain by LP-WUS/WUR.

Proposal 2: The target of LP-WUS coverage should be jointly considered with achievable power saving gain by LP-WUS/WUR.
Proposal 3: If LP-WUS is assumed to be comparable coverage as NR channel, PUSCH for message 3 should be taken as the reference channel for LP-WUS coverage design.

3. Conclusion 
In this contribution, we provide our views on use cases and target coverage of LP-WUS. The proposals are provided as follows.
Proposal 1: For wearable/eMBB cases, low/medium speed should be prioritized over high-speed use cases.
Proposal 2: The target of LP-WUS coverage should be jointly considered with achievable power saving gain by LP-WUS/WUR.
Proposal 3: If LP-WUS is assumed to be comparable coverage as NR channel, PUSCH for message 3 should be taken as the reference channel for LP-WUS coverage design.
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