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Introduction
In RAN1#111 [1], the evaluation performance, traffic model and power model were discussed for low-power wakeup receiver and signal. Some agreements were made as follows:

	
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).

Agreement
Update the IDLE/INACTIVE state traffic model option 1 as follows and remove traffic model option 2,
· The traffic arrival is modelled as a Poisson Arrival Process where inter-arrival times are exponentially distributed, the mean arrival time is P = YREF / RE, REF, where
· RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28s
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· FFS: Value of N
· For LP-WUS
· Both per group and UE paging can be assumed.
Note:
· For i-DRX with i-DRX cycle duration Y second, 
· Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· For e-DRX with K i-DRX cycles duration, L PTW duration of L i-DRX cycles, and an i-DRX cycle duration Y second
· Per UE paging probability is
· RE = 1 – (1 – RE, REF )(K-L)Y/YREF for the first i-DRX cycle within the PTW
· RE = 1 – (1 – RE, REF )LY/YREF for each of the remaining L-1 i-DRX cycles within the PTW
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· L=4 (as agreed in RAN1#110bis)

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

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.




This paper discussed remaining issues of evaluation methodologies and the preliminary evaluation results of low-power wakeup mechanism in further achieving UE power saving.

[bookmark: _GoBack]Remaining issues of evaluation methodologies of LP-WUS/WUR 
For the evaluation methodologies, several issues are remained after RAN1#111, such as the procedure of LP-WUR/S for RRC IDLE/INACTIVE UEs, analysis and modelling of latency for LP-WUS, analysis for group paging rate formula, power model for LP-WUS/R and re-sync duration for main radio, which would be discussed in this section. 

2.1 The procedure of LP-WUS/WUR for RRC IDLE/INACTIVE UEs
In RAN1#110bis-e and RAN1#111, some detailed evaluation assumptions and performance metrics for RRC IDLE /INACTIVE UEs were achieved. The definition of latency needs to be further studied based on different design of the LP-WUR/S for RRC IDLE/INACTIVE UEs.
In Rel-17, the paging early indication (PEI) by DCI format 2_7 was introduced to indicate whether RRC IDLE /INACTIVE mode UE should decode the paging DCI and subsequent paging message at the configured paging occasion. The PEI is another UE wakeup mechanism for RRC IDLE/INACTIVE mode UE to indicate whether UE should wake up to receive the paging information at the configured paging occasion. 
However, the preparation and the coherent detection/decoding of the DCI format 2_7 on PDCCH for paging early indication periodically before the PO still requires large UE power consumption. The LP-WUS is considered as the candidate to further reduce the UE power consumption in preparation and detection of the wakeup signals. Two schemes of LP-WUS designed with different functions are discussed as follows:
Scheme 1: LP-WUS in place of PEI and triggering the detection of PO
Figure 1 shows that the LP-WUS is transmitted for waking up the target UE as the paging early indication (PEI) when the data arrival at the gNB. Once the LP-WUS is detected by the LP-WUR, the main NR radio is triggered to transition from the ultra-deep sleep state into the active state. The main radio needs to acquire time and frequency synchronization from SSB/TRS and calibrate the drift of local clock and oscillator caused by long sleep time. After accomplishing the time and frequency synchronization, the main radio can perform the coherent detection of the paging DCI in the time of first PO occasion which UE is configured to monitor. The power consumption of LP-WUR in active state is 1/10000 of the power consumption of the main radio detecting PEI on PDCCH. The LP-WUS as the PEI in place of DCI format 2_7 can save significant UE power.
[image: C:\Users\liyaomin\Desktop\scheme1.jpg]
[bookmark: _Ref127521497]Figure 1: The procedure of LP-WUS replacing PEI
Proposal 1:  The LP-WUS as the paging early indication (PEI) could achieve up to 1/10000 power consumption comparing to that of DCI format 2_7 PEI for UEs in RRC IDLE/INACTIVE mode.


Scheme 2: LP-WUS in place of PO indication
Figure 2 shows another design alternative of procedure for IDLE /INACTIVE UEs using LP-WUS, which the LP-WUS replaces the function of both PEI and Paging as the direct paging indication to the UE. When the LP-WUR receives the LP-WUS for the specific UE, it is a paging indication without any paging information and the main radio would be activated from ultra-deep sleep state. The main radio would perform the RACH procedure for network access after acquiring time and frequency synchronization. In this scheme, the main radio would use the LP-WUS as the paging indication and skip both PEI occasion and decoding of paging information at the paging occasion.   
If the LP-WUS is used in place of paging indication, the LP-WUS needs carry additional paging information such as small message, SI change indication, ETWS and UE-specific information, in addition to the wakeup indication, not only in the camping cell but also in the registration area.  The LP-WUS signal design needs to be able to support the contents of one-stage paging indication and paging information. In addition, the LP-WUS design needs to consider the length of LP-WUS, the interference from other Cell and UE (group), and the detection performance. These would bring tremendous challenges for LP-WUS signal design and the power saving at the LP-WUR. 

[image: C:\Users\liyaomin\Desktop\2.jpg]
[bookmark: _Ref127521601]Figure 2: The procedure of LP-WUS replacing PO
In conclusion, the comparison between two schemes of LP-WUS procedure under power saving effect, information carried by the LP-WUS, payload of LP-WUS and specification impact are summarized in the Table 1.
[bookmark: _Ref127546319]Table 1: The comparison between scheme1 and scheme 2
	
	Scheme 1:
 LP-WUS in place of PEI and triggering the detection of PO
	Scheme 2: 
LP-WUS in place of PO indication

	Power Saving Effect
	 Power saving of PEI detection with LP-WUR in place of DCI format 2_7
	Power Saving without additional detecting PEI, Paging PDCCH and associated Paging information on PDSCH.

	Information carried by the LP-WUS
	Wakeup information 
	Wakeup information
SI change
ETSW
UE-specific information 

	Specification Impact
	PEI
	PEI, 
Paging PDCCH
Paging information on PDSCH



Proposal 2:  LP-WUS is used in place of the PO indication is not feasible due to it requires UE-specific LP-WUS and carrying paging indication and paging information in the registration area.
2.2 Analysis and model of Latency for RRC IDLE/INACTIVE UEs
In RAN1#111, the latency of  RRC IDLE/INACTIVE UE network access is defined at the time interval between the network sending out the first paging message and detecting the UE RACH message in response to the paging. 
[image: C:\Users\liyaomin\Desktop\3.jpg]
[bookmark: _Ref127522685]Figure 3: The procedure of LP-WUR/S for latency
A shown in Figure 3, the total latency can be divided into three independent parts: Latency_0 from gNB, Latency_1 from LP-WUR and Latency_2 from main radio. The definitions and the details of these three parts are introduced as following:
· Latency_0:
Latency_0 is the time interval between the data arrival time at the gNB and the first LP-WUS transmission occasion. It is the time for gNB to prepare and transmit the LP-WUS in a cell or a registration area based on paging strategy.
· Latency_1:
Latency_1 is the time interval between the time for gNB transmitting LP-WUS and the time of LP-WUR detecting the LP-WUS successfully by the UE, which depends on the paging strategy in the registration area and activating main radio with the detailed formulation in the following: 
Latency_1 = Average receiving delay of LP-WUS + Activating delay for main radio.
· Latency_2:
Latency_2 is the time interval between the time of main radio activated by LP-WUR and the time of the first PO UE can monitor the paging message. In detail, the Latency_2 is the sum of the transition time of MR, the synchronization duration MR and the average waiting delay for paging occasion, which can be modeled as:
Latency_2 = Transition time of MR + synchronization duration of MR + average waiting delay for PO Occasion.

More specifically, the transition time of MR can use 2000~4000ms as starting point. The number of SSBs for sync/re-sync for MR is up to 10. The synchronization duration of MR is up to 200ms. The average waiting delay for paging occasion is half of DRX cycle and the Latency_2 is mainly affected by the MR preparation for paging message reception without e-DRX configuration or e-DRX cycle smaller than 1024 radio frame. The RACH response time depending on the average delay of RACH procedure, which is in the range of tens to hundreds of ms.   
However, when the e-DRX cycle is longer than 1024 radio frame, the average waiting delay for paging occasion is almost half of e-DRX cycle when the PTW is much smaller compared with e-DRX cycle. In this condition, all the three parts above may largely affect the Latency_2.

Proposal 3: The Latency_2 is mainly affected by the MR ramp-up and preparation for paging message reception with the addition of the RACH response time.  The Latency_2 is suggested in a range of 500ms~2200ms.

Proposal 4: The total latency can be divided into three independent parts associated with different dependent components: Latency_0 for gNB preparation, Latency_1 for LP-WUR monitoring the LP-WUS and Latency_3 for main radio waking up and detecting paging message, the expression of latency can be formulated as: Total Latency = Latency _0 + Latency_1 + Latency _2.
2.3 Analysis of Group Paging formula
Considering the limited capacity carried by LP-WUS, the LP-WUS is better to design to carry the UE group information rather than UE-specific information.  Based on the IDLE/INACTIVE traffic model agreed in RAN#111 [1], the paging group rate is derived based on the number of UE in the group and per UE paging rate. In this section, we discuss group paging rate for UE group for i-DRX and e-DRX, respectively. 
The wakeup indication for a UE group can relax the payload size of the LP-WUS compared with the UE-specific indication in the LP-WUS design. However, the paging group indication would increase the probability of false alarm by falsely wake-up some UEs within the group without actually being paged, which will increase the unnecessary UE power consumption. The more UEs grouped with the same wakeup indication, the higher paging group rate with higher false alarm would be occurred caused by the grouping method. Thus, there is a trade-off between the unnecessary wakeup for UE grouping method and information payload of LP-WUS. The paging group rate with different number of UE under constant paging UE rate are analysed as following.

· Analysis of paging group rate for i-DRX
The evaluation assumption for i-DRX is agreed in RAN#110bis-e [2] and the paging group rate formula defined in RAN#111 [1]. The paging group rate with different numbers per group and different paging rate can be obtained as shown in Table 2.
[bookmark: _Ref127529909]Table 2: The paging group rate for 4~32 number of UE groups in i-DRX
	
	1% paging rate
	0.1% paging rate
	0.01% paging rate
	
0.001% paging rate 

	4 UEs per Group
	3.9%
	0.4%
	0.04%
	
0.004%

	8 UEs per Group
	7.7%
	0.8%
	0.08%
	
0.008%

	16 UEs per Group
	14.8%
	1.6%
	0.16%
	
0.016%

	32 UEs per Group
	27.5%
	3.2%
	0.32%
	
0.032%



From the above Table 2, it can be observed that the more number of UE grouped in one group, the higher paging group rate would be. Considering 0.1%, 1%, 10% of false alarm rate are suggested in the agreement in RAN1#110bis-e, it can be obtained that:
· The number of UE in one group should be no more than 8 with 7.7% paging group rate under 1% paging rate per UE.
· The number of UE in one group could be more than 32 with  paging group rate  lower than 10% under 0.1% , 0.01% and 0.001% paging rate per UE.
Proposal 5: The number of UE in the same group should be less than 8 for 14.8% paging group rate under 1% paging rate per UE. 

· Analysis of paging group rate  for e-DRX
For e-DRX configuration, the paging group rate with different numbers per group and different paging rate can be derived in the agreed formula. The paging rate per UE for the first i-DRX cycle and each of the remaining L-1 i-DRX cycles within the PTW can be derived by RE, REF with the formula, respectively. The paging rate per UE for e-DRX with 20.48s cycle duration is derived in the following Table 3.
[bookmark: _Ref127530036]
Table 3: The paging rate per UE for e-DRX with 20.48s cycle duration
	
	RE, REF =1% 
	RE, REF =0.1% 
	RE, REF =0.01% 
	
RE, REF =0.001% 

	Paging rate for the first i-DRX cycle within the PTW
	11.4%
	1.2%
	0.1%
	
0.01%

	Paging rate for each of the remaining L-1 i-DRX cycles within the PTW
	1.0%
	0.1%
	0.01%
	0.001%



Furthermore, the paging group rate can be obtained by RG = 1 – (1 – RE)N. The paging rate for each of the remaining L-1 i-DRX cycles within the PTW is same as that in e-DRX, the paging group rate with different UEs number can be referred to the Table 3. The paging group rate for the first i-DRX cycle within the PTW is derived in the following Table 4.
[bookmark: _Ref127530115]Table 4: The paging group rate for the first i-DRX cycle within the PTW
	
	RE, REF =1% 
	RE, REF =0.1% 
	RE, REF =0.01% 
	
RE, REF =0.001% 

	4 UEs per Group
	38.10%
	4.68%
	0.01%
	0.0008%

	8 UEs per Group
	61.68%
	9.13%
	0.02%
	0.0015%

	16 UEs per Group
	85.32%
	17.43%
	0.03%
	0.0030%

	32 UEs per Group
	97.84%
	31.82%
	0.06%
	0.0061%



From the Table 3 and Table 4,  it can be observed that the paging rate is more sensitive to the UE paging grouping method with rapidly increasing in group paging rate as number of increases under RE, REF =1%. The number of UE in one group should not be more than 8 under the condition RE, REF below 1%.
Proposal 6: The number of UE in the same group should not be more than 8 for i-DRX and e-DRX with RE, REF below 1%. 

2.4 Power model for LP-WUS
The power consumption of the LP-WUR would have different levels depending on the receiver architecture and its receiver sensitivity. The power consumption would depend on the use of the voltage of power supply, the external component, signal processing, and the oscillator used for LP-WUR. The power consumption of the low-power wakeup receiver would increase if the signal processing would require some signals or control processing from the UE receiver, such as the main NR oscillator for slave-drive the LP-WUR oscillator for generating the control signaling associated with the DRX or paging cycle. For LP-WUR ON state, the power consumption of LP-WUR depends on the low-power wakeup receiver architecture and requirements. The LP-WUR receiver is characterized by simplified RF and signal processing with low power consumption components. The power consumption level of LP-WUR should be much lower than that of NR main receiver at deep sleep state. Thus, two levels of the power consumptions and ramp-up time of LP-WUR are defined for the receiver association/disassociation with NR configuration with the power consumption level well below the deep sleep state of NR main receiver as shown in Table 5.   

[bookmark: _Ref127530222]Table 5: Power model for LP-WUR
	Power State
	Characteristics
	Relative Power 
	Ramp-up time

	Periodic low power WUS
“ON” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO.  
	[0.01 – 0.1]
	---

	Periodic low power WUS
“OFF” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO. Otherwise, the wakeup receiver is shut down.
	[0.001]
	[1ms]

	Continuous low-power WUS monitoring
	Front end wakeup receiver with free-running clock in the active device or passive device monitoring of wakeup signals continuously
	[0.001 – 0.01]
	[0 ms]



Proposal 5: The suggested power model for LP-WUR is shown in the following Table:
Table: Power model for LP-WUR
	Power State
	Characteristics
	Relative Power 
	Ramp-up time

	Periodic low power WUS
“ON” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO.  
	[0.01 – 0.1]
	---

	Periodic low power WUS
“OFF” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO. Otherwise, the wakeup receiver is shut down.
	[0.001]
	[1ms]

	Continuous low-power WUS monitoring
	Front end wakeup receiver with free-running clock in the active device or passive device monitoring of wakeup signals continuously
	[0.001 – 0.01]
	[0 ms]



2.5 Synchronization for main radio
It had been discussed in Rel-16 UE power saving that most components of device are turned off during the deep sleep state [3]. The additional components to turn off and associated transition time from ultra-deep sleep state is not much. Thus, 1~3 SSB based in the discussion in Rel-16 for main radio re-sync is enough for acquiring T/F synchronization after wakeup triggered by LP-WUR. 1 SSB and 3 SSB are enough for high SINR and low SINR condition, respectively.  
Proposal 7: 1~3 SSB for main radio re-sync is enough for acquiring T/F synchronization after wakeup triggered by LP-WUR. 1 SSB and 3 SSB are enough for high SINR and low SINR, respectively.


Preliminary evaluation results with LP-WUR 
This section discusses the evaluation assumptions and preliminary evaluation results of LP-WUR/WUS.
3.1 Evaluation assumptions
The baseline system configuration and power saving techniques for the UE power saving evaluation of low-power wakeup receiver should be based on the latest power saving techniques for RRC CONNECTED and RRC IDLE/INACTIVE mode UEs. For RRC IDLE/INACTIVE UEs, the early indication from DCI format 2_7 indicates whether UE should decode the paging DCI and paging message at the subsequent paging occasion.
The evaluation assumptions for RRC IDLE/INACTIVE mode are summarized in the following Table 6:
[bookmark: _Ref127534119]Table 6:  Evaluation Assumptions for RRC IDLE/INACTIVE mode
	Parameters
	Value

	i-DRX cycle length
	1.28s

	Number of POs in Paging Frame
	1

	Number of SSB before PO / PEI
	1, 2 or 3, (used for e.g., AGC adjustment, T/F tracking, serving cell and intra-F measurement)
company to report which value(s) are used
Note: the assumptions is for MR wakes from ‘Deep sleep’

	Sync/re-sync for main radio after ultra-deep sleep
	1~3 SSB

	LP-WUS monitoring
	Continuously monitoring

	Traffic
	For IDLE/INACTIVE state,:
· The traffic arrival is modelled as a Poisson Arrival Process where inter-arrival time are exponentially distributed, the mean arrival time is P = YREF / RE, REF, where
· RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28s
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group



3.2 Initial simulation results for RRC IDLE/INACTIVE mode
Based on the agreed evaluation methodologies for RRC IDLE/INACTIVE mode provided in previous section, we provide the evaluation results of power saving performance for LP-WUS compared with Rel-17 PEI. The detail procedure of Rel-17 PEI scheme and LP-WUS scheme are introduced in the Table 7.
[bookmark: _Ref127534143]Table 7: The detail procedure of PEI scheme and LP-WUS scheme
	Scheme
	Procedure

	Baseline Scheme: Rel-17 PEI trigger the detection of PO
	· UE wakes up before the paging occasion to acquire the SSB for T/F synchronization and detect PEI every DRX cycle. 
· The PEI indicate whether RRC IDLE/INACTIVE mode UE should decode the paging DCI in the paging occasion. 
· If the PEI indicates no paging in the subsequent paging occasion, UE would turn into the sleeping state until the next PEI occasion. Otherwise, UE would receive the paging information in the configured paging occasion.

	LP-WUS Scheme: LP-WUS in place of PEI and triggering the detection of PO
	· The main radio can stay in ultra-deep sleep state until activated by LP-WUR. Meanwhile, the LP-WUR would continuously receive LP-WUS. 
· When the data arrived at gNB, the LP-WUS would be transmitted to the target LP-WUR to activate the main radio for receiving the paging message.
· Moreover, the main radio would acquire T/F synchronization from SSB before monitoring the paging information.



The power saving performance of LP-WUS scheme and PEI scheme are evaluated in our contribution. Table 8 shows the power saving gain of the LP-WUS scheme compared with Rel-17 PEI scheme for 1%, 0.1%, 0.001% paging rate, respectively.
[bookmark: _Ref127534259]Table 8: Evaluation results for LP-WUS scheme and PEI scheme
	
	1% paging rate
	0.1% paging rate
	0.01% paging rate

	1 SSB synchronization duration for MR 
	77.1%
	96.9%
	98.9%

	2 SSB synchronization duration for MR
	81.4%
	97.5%
	99.1%

	3 SSB synchronization duration for MR
	84.3%
	97.9%
	99.2%



Based on the results in Table 8,  LP-WUS scheme can achieve notable power saving gain comparing to that of Rel-17 PEI in a range of 77.1%~99.2% with the assumption that LP-WUR having the same receiver sensitivity as that of NR receiver. Since the main radio can stay in ultra-deep sleep state for no need to wake up for acquiring SSB and PEI when it is not paged.  The lower paging rate, the more power gain would obtained by LP-WUR.
Observation 1: Comparing to i-DRX with PEI, LP-WUR/WUS can obviously reduce the power in a range of 77.1%~84.3%, 96.9%~97.9%, 98.9%~99.2% with the assumption that LP-WUR having the same receiver sensitivity as that of NR receiver under 1%, 0.1%, 0.001% paging rate, respectively.
Observation 2: The lower paging rate is, the more power saving gain would be obtained by LP-WUR.


Conclusion 
In this contribution, we discuss remaining issues of evaluation methodologies and the preliminary evaluation results of low-power wakeup mechanism. We have the following observations and proposals:  

Observation 1: Comparing to i-DRX with PEI, LP-WUR/WUS can largely reduce the power in a range of 77.1%~84.3%, 96.9%~97.9%, 98.9%~99.2% with the assumption that LP-WUR having the same receiver sensitivity as that of NR receiver under 1%, 0.1%, 0.001% paging rate, respectively.
Observation 2: The lower paging rate is, the more power saving gain would be obtained by LP-WUR.

Proposal 1:  The LP-WUS as the paging early indication (PEI) could achieve up to 1/10000 power consumption comparing to that of DCI format 2_7 PEI for UEs in RRC IDLE/INACTIVE mode.
Proposal 2:  LP-WUS is used in place of the PO indication is not feasible due to it requires UE-specific LP-WUS and carrying paging indication and paging information in the registration area.
Proposal 3: The Latency_2 is mainly affected by the MR ramp-up and preparation for paging message reception with the addition of the RACH response time.  The Latency_2 is suggested in a range of 500ms~2200ms.
Proposal 4: The total latency can be divided into three independent parts associated with different dependent components: Latency_0 for gNB preparation, Latency_1 for LP-WUR monitoring the LP-WUS and Latency_3 for main radio waking up and detecting paging message, the expression of latency can be formulated as: Total Latency = Latency _0 + Latency_1 + Latency _2.
Proposal 5: The suggested power model for LP-WUR is shown in the following Table:
Table: Power model for LP-WUR
	Power State
	Characteristics
	Relative Power 
	Ramp-up time

	Periodic low power WUS
“ON” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO.  
	[0.01 – 0.1]
	---

	Periodic low power WUS
“OFF” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO. Otherwise, the wakeup receiver is shut down.
	[0.001]
	[1ms]

	Continuous low-power WUS monitoring
	Front end wakeup receiver with free-running clock in the active device or passive device monitoring of wakeup signals continuously
	[0.001 – 0.01]
	[0 ms]



Proposal 6: The number of UE in the same group should not be more than 8 for i-DRX and e-DRX with RE, REF below 1%. 
Proposal 7: 1~3 SSB for main radio re-sync is enough for acquiring T/F synchronization after wakeup triggered by LP-WUR. 1 SSB and 3 SSB are enough for high SINR and low SINR, respectively.
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Appendix
UE power model
TR 38.840 is reused to assess the UE power consumption evaluation for LP-WUS performance evaluation. The power consumption model of FR1 for evaluation is shown in Table 9 and Table 10.
[bookmark: _Ref127534750]Table 9: UE power consumption model
	Power state
	Relative Power

	Micro sleep
	45

	Light sleep
	20

	Deep sleep
	1

	PDCCH_only
	100

	PDCCH+PDSCH
	300



[bookmark: _Ref127534761]Table 10: UE power consumption during the state transition
	Sleep type
	Additional transition energy: (Relative power x ms) 
	Total transition time 

	Deep sleep
	450 
	20 ms 

	Light sleep
	100 
	6 ms 

	Micro sleep
	0 
	0 ms* 

	*Immediate transition is assumed for power saving study purpose from or to a non-sleep state
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