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Introduction
In RAN#94, study item in RP-222675 has been approved. 
	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



Discussion
Use-cases
	FL proposal:
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,
· latency is required within e.g., the order of seconds, or latency in-sensitive
· small form devices
· power-sensitive, e.g., the battery should last at least few years for standby.
· targeting for limited data activity
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· latency is required within, e.g., [the order of seconds or hundreds of milliseconds]
· small form devices,
· power-sensitive, the battery should last multiple days (up to 1-2 weeks) for standby.
· targeting for limited data activity
· low/medium speed 
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· latency is required within e.g., the order of milliseconds
· provide even higher power saving gains compared to the legacy solutions with acceptable latency impact of some typical NR services
· targeting for intensive traffic arrival with delay requirements (e.g., XR for RRC connected mode)
· low/medium speed
Note: other use cases are not precluded if any.



The above set of use-case should be agreed. “small form devices” bullet has been one of controversial aspects. This is clearly mentioned in the WID: “The study should primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables. Other use cases are not precluded, e.g. XR/smart glasses, smart phones.”. Removing this bullet would be contradicting the WID.
Proposal-1: “small form devices” shall be included in the description of IoT and Wearable use-cases, as stated by WID.
On LP-WUS coverage
	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.

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


Methodology for coverage enhancements has been agreed, what remains open is the coverage target. From Table 1 and Table 2, it may become obvious that LP-WUS may have hard time to match the coverage of PDCCH. Even if Noise figure would be the best possible ( in the range of agreed values) the required SNR would need to be pushed down from 0dB to -7dB to match PDCCH coverage. This resulting in very low data rates. Therefore, to give room for worse noise figure, we should target that coverage is not worse than that of PUSCH. 
Proposal-2: Design of LP-WUR should target coverage not worse than that of PUSCH with target bitrate as specified in TS38.830.

Table 1 MIL RedCap 1Rx 700MHz
	700MHz (15kHz SCS)
	
	
	
	

	
	NR CSS PDCCH
	NR PUSCH 
	LP-WUS
	LP-WUS

	Carrier BW (MHz) 
	20,00
	20,00
	4,00
	4,00

	PSD (dBm/MHz) 
	36,00
	-
	36,00
	36,00

	Occupied BW (PRBs) 
	48,00
	4,00
	11,00
	11,00

	Occupied BW (MHz) 
	8,64
	0,72
	1,98
	1,98

	Tx Power in occupied BW(dBm) 
	45,37
	23,00
	38,97
	38,97

	Tx Array gain 
	0,00
	
	0,00
	0,00

	Tx Antenna Gain (dB) 
	8,00
	0,00
	8,00
	8,00

	Tx EIRP  (dBm) 
	53,37
	23,00
	46,97
	46,97

	Rx Antenna gain (dB) 
	0,00
	8,00
	0,00
	0,00

	Beamforming Rx gain (dB) 
	3,00
	9,00
	0,00
	0,00

	Thermal noise density (dBm/Hz) 
	-174,00
	-174,00
	-174,00
	-174,00

	Rx interference density (dBm/Hz) 
 [37.910]
	-169,30
	-165,70
	-169,30
	-169,30

	Rx Noise figure (dB) 
	7,00
	5,00
	9,00
	24,00

	Total Rx Noise + int density (dBm/Hz) 
	-164,99
	-164,03
	-163,63
	-149,95

	Effective noise power (dBm) 
	-95,62
	-105,46
	-100,66
	-86,98

	Required SNR* (dB) from [1]
	-3,10
	-2,40
	0,00
	0,00

	Rx sensitivity (dBm) 
	-98,72
	-107,86
	-100,66
	-86,98

	Link budget (MIL) (dB) 
	155,09
	147,86
	147,63
	133,95



Table 2 MIL RedCap 1Rx 2.6GHz
	2,6GHz (30kHz SCS)
	
	
	
	

	
	NR CSS PDCCH
	NR PUSCH 
	LP-WUS
	LP-WUS

	Carrier BW (MHz) 
	20,00
	20,00
	4,00
	4,00

	PSD (dBm/MHz) 
	33,00
	-
	33,00
	33,00

	Occupied BW (PRBs) 
	48,00
	30,00
	11,00
	11,00

	Occupied BW (MHz) 
	17,28
	10,80
	3,96
	3,96

	Tx Power in occupied BW(dBm) 
	45,38
	23,00
	38,98
	38,98

	Tx Array gain 
	0,00
	
	0,00
	0,00

	Tx Antenna Gain (dB) 
	8,00
	0,00
	8,00
	8,00

	Tx EIRP  (dBm) 
	53,38
	23,00
	46,98
	46,98

	Rx Antenna gain (dB) 
	0,00
	8,00
	0,00
	0,00

	Beamforming Rx gain (dB) 
	3,00
	9,00
	0,00
	0,00

	Thermal noise density (dBm/Hz) 
	-174,00
	-174,00
	-174,00
	-174,00

	Rx interference density (dBm/Hz) 
 [37.910]
	-169,30
	-165,70
	-169,30
	-169,30

	Rx Noise figure (dB) 
	7,00
	5,00
	9,00
	24,00

	Total Rx Noise + int density (dBm/Hz) 
	-164,99
	-164,03
	-163,63
	-149,95

	Effective noise power (dBm) 
	-92,61
	-93,70
	-97,65
	-83,97

	Required SNR* (dB) from [1]
	-3,00
	-10,50
	0,00
	0,00

	Rx sensitivity (dBm) 
	-95,61
	-104,20
	-97,65
	-83,97

	Link budget (MIL) (dB) 
	151,99
	144,20
	144,63
	130,95



LP-WUS power saving 
	Agreement
Take the following power model for main radio for evaluation in LP-WUS/WUR SI,
· For IoT and wearable cases, reuse TR38.875 power model as baseline.
· For eMBB and other cases, reuse TR38.840 power model as baseline.
· Introduce ‘Ultra-deep sleep’ power state for main radio of UEs with LP-WUS receiver 
· FFS: The details of ‘Ultra-deep sleep’ power state
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

Agreement
The following power model for LP-WUR/WUS evaluation is considered,
· Relative power unit for LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring: 
· [0.001]
· Relative power unit for LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring: 
· [0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4]
· Other values are not precluded to be evaluated.
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· No additional transition energy and transition time between ‘on’ and ‘off’ state as start point, FFS any transition energy and transition time if needed.
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)
FFS: LP-WUR power consumption values for FR2.
Agreement
For R18 LP-WUS/WUR power evaluation in RRC connected mode, the following can be considered, 
· XR traffic model with evaluation methodologies and assumptions captured in TR 38.838. 
· eMBB traffic model with evaluation methodologies and assumptions captured in TR 38.840
· Heartbeat traffic models in 3GPP TR 38.875.
· Other models are not precluded.
Company to further provide the followings,
· Parameters (e.g., frame rate, data rate, jitter range, DRX configurations and etc if needed.)
· How to use LP-WUS, e.g., LP-WUS to trigger/adapt PDCCH monitoring
· Other details if any
Agreement
For the performance evaluations of LP-WUS candidate designs, it is assumed that
· The miss-detection rate (MDR) of LP-WUS [1%],
· The false-alarm rate (FAR) of LP-WUS
· [0.1%, 1%, 10%]
· Other values are not precluded for studying reported by companies
· Note: if LP-WUS for wake-up indication consists of two parts or even multiple parts, the proposed MDR/FAR should take into account the reception performance of the two or more parts jointly
· The above values applied in both RRC CONNECTED and IDLE/INACTIVE mode.
· FFS FAR requirement based on the study outcome of the impact of FAR on power consumption / power saving gain / system overhead
· FFS: Note: FAR should be evaluated both in the absence of gNB transmissions and in the presence of transmissions from gNB. Proponent to provide the details.



Regarding main radio relative units that were controversial in RAN1#110b-e, we performed power consumption measurements for wake up from PSM ultra-deep sleep using LPWA LTE-M module. Figure 1 shows the absolute value of ultra-deep-sleep being 3.6uA. Figure 2 shows the wake-up from PSM. Where gray part denotes time where ping request has been sent to application processor and ends there where modem starts to perform synch, cell-search and initial access. The time measured is 532ms. Therefore, 400ms wake-up time sounds realistic. 
Proposal-3: Confirm that wake-up time (not including synch and cell search) from ultra-deep sleep is 400ms.
Regarding the wake-up power consumption penalty, it is 532ms with average consumption of 5,67mA, which is roughly 3000 mA x ms, this in comparison with 30mA x ms on average consumed by DL reception. Taking only relative value from RedCap PDSCH+PDCCH processing is 120units, the transient should be 12000unit. Which is well in-line with message that chipsets had in previous meeting (Nordic, QC, Apple), and contradicting estimates of NW vendors (Huawei, Samsung).
Observation-1: For LPWA LTE-M module, the relative difference between wake-up energy and DL processing is 100-fold
Proposal-4: Assuming 100-fold relative difference between wake-up energy and energy of regular DL processing, the transition for 20MHz RedCap should be 12000 units. 
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Figure 1 Ultra deeps sleep (PSM) and UART off
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Figure 2 Wake-up form PSM (ultra-deep sleep)

Furthermore, we performed initial evaluation of power consumption for a “best scenario” of IoT use case, where the assumptions are the following: 
· a static UE, is never paged, but shall be able to receive page in case of emergency. 
· LPWA-like RRM measurements relaxation to once 24h is assumed, and thus RRM neighbor cell measurements energy consumption contribution becomes negligible, and has been omitted in the study.
· LP-WUR is able to keep track of serving cell RSRP. And wakes-up every DRX cycle (1,28s) for 10ms to synch with preamble and once 20480ms to look as well for paging.
· Main radio sleeps in ultra-deep sleep, unless being waken up due to false alarm.

Table 3 WUR prams
	Parameter
	Value

	WUR passive
	0,001 [units x ms]

	WUR consumption
	4 [units x ms]

	Preamble tracking cycle
	1280ms

	WUS tracking cycle
	20480ms

	Active time
	10ms




Table 4 Main radio params
	Parameter
	Value

	PO in PTW
	4

	iDRX
	1280ms

	eDRX
	20480ms

	SSB periodicity
	20ms

	Number of SSBs ahead PO
	3

	Paging rate 
	0

	Wake up from ultra-deep sleep penalty
	12000units x ms

	PEI
	no



The parameters are summarized in Table 3 and 4. Results are summarized in Table 5 for different FARs. It can be observed that for FAR 0,1% the reduction in power saving gain of LP-WUR present versus legacy MR is negligible (52 -> 48,6-fold), but in case of FAR 10%, power saving gain becomes <10-fold . 
Observation-2: For the IoT use-case, when 0.1% FAR is assumed, power saving gain is 48.6-fold, while when 10%FAR is assumed, power saving gain shrinks to 6.5-fold, when LP-WUR equipped MR is compared with legacy MR.
Proposal-5: 10% FAR is not considered anymore.

Table 5 Average power consumption for IoT use-case
	Case
	Average Power
consumption
	Power consumption
relative to MR

	WUR
	0,032
	

	MR
	1,6777
	

	WUR+ MR, FAR=10%
	0,2264
	6,49

	WUR+ MR, FAR=1%
	0,0226
	30,57

	WUR+ MR, FAR=0.1%
	0,0023
	48,62

	WUR+MR FAR= 0
	0,0000
	52,04



For “FFS: Note: FAR should be evaluated both in the absence of gNB transmissions and in the presence of transmissions from gNB. Proponent to provide the details.”. We think that the baseline assumption is that SCs not used for LP-WUS should be utilized by gNB. Muting of surrounding SCs would a clear waste of spectrum.
Proposal-6: Baseline assumption is that SCs not used for LP-WUS in a symbol should be utilized by gNB.
Conclusions 
In this contribution we discussed issues related to LP-WUS evaluation and we had the following observations and proposals:
Proposal-1: “small form devices” shall be included in the description of IoT and Wearable use-cases, as stated by WID.
Proposal-2: Design of LP-WUR should target coverage not worse than that of PUSCH with target bitrate as specified in TS38.830.
Proposal-3: Confirm that wake-up time (not including synch and cell search) from ultra-deep sleep is 400ms.
Observation-1: For LPWA LTE-M module, the relative difference between wake-up energy and DL processing is 100-fold
Proposal-4: Assuming 100-fold relative difference between wake-up energy and energy of regular DL processing, the transition for 20MHz RedCap should be 12000 units. 
Observation-2: For the IoT use-case, when 0.1% FAR is assumed, power saving gain is 48.6-fold, while when 10%FAR is assumed, power saving gain shrinks to 6.5-fold, when LP-WUR equipped MR is compared with legacy MR.
Proposal-5: 10% FAR is not considered anymore.
Proposal-6: Baseline assumption is that SCs not used for LP-WUS in a symbol should be utilized by gNB.
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