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Introduction
In RAN1#112 [1], the evaluation performance, traffic model and power model were discussed for low-power wakeup receiver (LP-WUR) and signal (LP-WUS). Some agreements were made as follows:

	Conclusion:
The FAR definition does NOT include the impact of the falsely alarmed for wake-up due to the detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group

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.

Agreement
For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1: (15000, 400ms)
· Alt 2: ([40000], [800ms])
Company to report which alternative they use for which use cases.

Agreement
For coverage evaluation, the following is used,
	Number of RX chains at the UE’s MR antenna elements for UE
	Case 1: 1 Rx for Redcap
Case 2: 2 Rx
Case 3: 4 Rx
Company to report which case is being used. Further decision on antenna assumption for coverage is FFS.

	Number of RX chains antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	Reference data rates for MR eMBB
	Urban: PDSCH 10Mbps, PUSCH 1Mbps
Rural: PDSCH 1Mbps, PUSCH 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)

	Reference PDCCH configuration
		SCS
	30kHz for TDD, 15kHz for FDD.

	Aggregation level
	8, 16

Company to report which case is being used. Further decision on aggregation level for coverage is FFS.

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER,




	Pathloss model (select from LoS or NLoS)
	Urban: NloS
Rural: NloS and LoS

	Bandwidth
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns, optional: 1000ns and companies to provide descriptions for such scenarios
Rural: 300ns
Rural with long distance: 30ns

	UE velocity
	Urban: 3km/h 
Rural: 3km/h, FFS: 120km/h (optional 30km/h) for outdoor

	Number of antenna elements for BS
	-	Urban: 192 antenna elements for 4GHz and 2.6GHz, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
(optional) 128 antenna elements for 4GHz, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)
-	Rural: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
-	Rural: 16 antenna elements for 700MHz
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of TxRUs for BS
	gNB architectures to study:
-	2 or 4 TXRUs for 2GHz, 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 
-	Optional: 32 TXRUs at 2 GHz
gNB modeling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.


Note: The descriptions above do not change the agreements for coverage in the RAN1#110-bis.



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

Remaining issues of evaluation methodologies of LP-WUS/R 
For the evaluation methodologies, several issues are remained after RAN1#112, such as the procedure of LP-WUR/LP-WUS for RRC IDLE/INACTIVE mode 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 (MR), which would be discussed in this section. 

2.1 The procedure of LP-WUS/R 
2.1.1 RRC IDLE/INACTIVE mode UEs
In RAN1#111 [2] and RAN1#112, some detailed evaluation assumptions and performance metrics for RRC IDLE /INACTIVE mode UEs were achieved. The definition of latency needs to be further studied based on different design of the LP-WUR/LP-WUS for RRC IDLE/INACTIVE mode 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 PEI periodically before the PO (Paging Occasion) 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 PEI when the data arrival at the gNB. Once the LP-WUS is detected by the LP-WUR, the MR is triggered to transition from the ultra-deep sleep state into the active state. The MR 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 MR can perform the coherent detection of the paging DCI in the time of first PO which UE is configured to monitor. The power consumption of LP-WUR in active state is 1/10000 of the power consumption of the MR 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 MR would be activated from ultra-deep sleep state. The MR would perform the RACH procedure for network access after acquiring time and frequency synchronization. In this scheme, the MR 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 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 aspects would bring tremendous challenges for LP-WUS design and the power saving at the LP-WUR. 
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[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 Scheme 1 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 appropriate because it requires UE-specific LP-WUS and carries paging indication/information in the registration area.

2.1.2 RRC CONNECTED mode UEs
In Rel-16/17, the wakeup signals/channels had been designed for C-DRX adaptation to further reduce UE power consumption by sending a wakeup signal (WUS) before the DRX ON duration to indicate whether UE needs to wake up at the configured DRX ON cycle.  
The DRX adaptation with UE wakeup by DCI format 2_6 for RRC CONNECTED mode UEs was introduced in Rel-16 UE power saving by indication of UE wakeup only there is a DL traffic arrival at each DRX cycle to achieve UE power saving.  The DCI format 2_6 is used to indicate whether UE needs to wake up at each DRX cycle to minimize the unnecessary PDCCH monitoring during DRX ON when there is no data for the given RRC CONNECTED mode UEs. The UE wakeup mechanism by DCI format 2_6 for RRC CONNECTED mode UEs provides a periodic indication to the UE wakeup or not to adapt at the next PDCCH monitoring occasion at DRX ON interval occasion to achieve UE power saving. However, the preparation and the coherent detection/decoding of the DCI format on PDCCH for wakeup indication periodically before the DRX still require large UE power consumption. 
Figure 3 shows l LP-WUS in place of the DCP in indicating the UE wakeup to the active state.  Due to the ultra-low power consumption of detecting LP-WUS compared to the preparation and detection of DCP, the LP-WUS as the wakeup indication in place of DCI format 2_7 can save significant UE power for RRC CONNECTED mode UEs. Furthermore, it can also apply to the UEs without DRX configuration. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 3:  The LP-WUS as the wakeup indication could reduce detection of DCI format 2_6 and SSB.  The LP-WUS as the wakeup indication can be applied to the UE with/without DRX configuration.
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[bookmark: _Ref131752068]Figure 3: Rel-18 LP-WUS replace DCP
2.2 Analysis and model of latency for RRC IDLE/INACTIVE mode UEs
In RAN1#112, the latency of  RRC IDLE/INACTIVE mode UEs network access was 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 4: The procedure of LP-WUR/S for latency
As shown in Figure 4, the total latency can be divided into three independent parts: Latency_0 from gNB, Latency_1 from LP-WUR and Latency_2 from MR. 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 MR with the detailed formulation in the following: 
Latency_1 = Average receiving delay of LP-WUS + Activating delay for MR.
· Latency_2:
Latency_2 is the time interval between the time of MR 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 of MR and the average waiting delay for PO, which can be modeled as:
Latency_2 = Transition time of MR + synchronization duration of MR + average waiting delay for PO.

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 depends 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 PO 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 as discussed above may mainly affect the Latency_2.

Proposal 4: 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 5: 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 MR 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 RRC 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 UEs 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 [3] and the paging group rate formula defined in RAN#111 [2]. The paging group rate with different numbers of UE 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 larger number of UE grouped in one group, the higher paging group rate would be. Considering 0.1%, 1%, 10% of false alarm rate (FAR) 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 6: 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 number of UE 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 7: 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 LP-WUR 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 architecture and requirements. The LP-WUR 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]
	[0ms]



Proposal 8: The suggested power model for LP-WUR is as follows:
	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]
	[0ms]



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 [4]. The additional components to turn off and associated transition time from ultra-deep sleep state is not much. Based on the discussion in Rel-17 UE power saving enhancement [5], at least 3 SSBs for MR re-sync is need for acquiring Time/Frequency synchronization after wakeup triggered by LP-WUR. MR would perform the following steps for acquiring the Time/Frequency synchronization:
Step1: Timing acquisition from SSB and coarse synchronization – UE is out-of-sync from the network after long ultra-deep sleep. The local oscillator at the MR is in free running mode without the calibration of frequency stability from DL received signals. MR uses the timing after waking up from ultra-deep sleep state for cell search and timing acquisition.
Step2: Frequency and time tracking – After coarse synchronization, MR starts the front-end processing with algorithms of frequency and time offset estimation.
Step3: Calibration of local oscillator – The reference timing clock from local oscillator needs to be calibrated by the received signals with time and frequency offset compensation to correct the frequency drift of the local oscillator in achieving 0.1 ppm frequency stability requirements.
Step4: Time and frequency offset compensation of receiving signals.
Proposal 9: For MR re-sync, at least 3 SSBs are needed for acquiring Time/Frequency synchronization after wakeup triggered by LP-WUR.

Preliminary evaluation results with LP-WUR 
This section discusses the evaluation assumptions and preliminary evaluation results of LP-WUR/LP-WUS. The baseline system configurations and power saving techniques for the UE power saving evaluation of LP-WUR should be based on the latest power saving techniques for RRC CONNECTED and RRC IDLE/INACTIVE mode UEs.
3.1 RRC IDLE/INACTIVE mode 
For RRC IDLE/INACTIVE mode 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 UEs are summarized in the following Table 6.
[bookmark: _Ref127534119]Table 6:  Evaluation Assumptions for RRC IDLE/INACTIVE mode UEs
	Parameters
	Value

	i-DRX cycle length
	1.28s

	Number of POs in Paging Frame
	1

	Sync/re-sync for main radio after ultra-deep sleep
	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



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 Table 7.

[bookmark: _Ref131693197]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 MR can stay in ultra-deep sleep state until activated by LP-WUR. Meanwhile, the LP-WUR would continuously receive LP-WUS.
· When the paging information arrived at gNB or the change of system information, the LP-WUS would be transmitted to the target LP-WUR to activate the MR for receiving the paging message.
· Moreover, the MR would acquire Time/Frequency 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 DCI format 2_7 as the PEI scheme for 1%, 0.1%, 0.001% paging rate, respectively.
[bookmark: _Ref131687372]Table 8: Evaluation results for LP-WUS scheme and PEI scheme
	
	1% paging rate
	0.1% paging rate
	0.01% paging rate

	3 SSB synchronization duration for MR
	96.4%
	99.1%
	99.4%



The results in Table 8 shows that LP-WUS scheme can achieve 96.4%, 99.1% and 99.4% power saving gain comparing to those of Rel-17 PEI with the assumption that LP-WUR having the same receiver sensitivity as that of NR receiver. Since the MR can stay in ultra-deep sleep state for no need to wake up for acquiring SSB and PEI when it is not paged. With the lower paging rate, the more power gain would be obtained by LP-WUR.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Observation 1: Comparing to i-DRX with DCI format 2_7 as the PEI triggering the paging DCI monitoring, LP-WUR/WUS used as the PEI can achieve 96.4%, 99.1% and 99.4% power saving gain, 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.

3.2 RRC CONNECTED mode
For RRC CONNECTED mode UEs, the DCP is used to indicate whether UE should wake up to the active mode in the subsequent DRX ON. The evaluation assumptions for RRC CONNECTED mode UEs are summarized in the following Table 9.
[bookmark: _Ref131666370][bookmark: _Ref131666365]Table 9:  Evaluation Assumptions for RRC CONNECTED mode UEs
	Parameters
	Value

	Scenario and frequency
	Dense Urban: 4GHz (TDD) 

	Number of RX chains at the UE’s MR
	2Rx

	Number of RX chains for LP-WUR
	1Rx

	BW of gNB
	100M(30kHz)

	Number of TxRUs for BS
	64TxRUs

	Number of antenna elements for BS
	192 antenna elements 
(M,N,P,Mg,Ng) = (12,8,2,1,1)

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

	LP-WUS monitoring
	Continuously monitoring

	Traffic Model
	FTP 3 traffic model:
200ms/400ms/800ms/1.6s/5s/10s inter-arrival time,
0.5Mbytes packet size.

	Sensitivity of LP-WUR
	-90dBm~-80dBm



The evaluation results of power saving performance for LP-WUS as wakeup signal are provided comparing to DCP with different DRX configuration and FTP-3 inter-arrival time. The detailed procedure of baseline (DCP scheme) and LP-WUS scheme are shown in the following：
Baseline (DCP scheme): UE periodically detects SSB and DCP on duration.
LP-WUS scheme: LP-WUR monitors LP-WUS continuously and indicates to the NR main radio from sleep state to active state in subsequent DRX ON. 

[image: ] 
[bookmark: _Ref131687523]Figure 5: The average PSG of LP-WUS scheme
Figure 5 shows the average power saving gain of LP-WUS scheme compared to DCP scheme under different DRX cycle and different FTP3 inter-arrival time. From the results in Figure 5, we can observe that the LP-WUS used as the wakeup indication can achieve 26.7%~88.1%, 25.7%~78.3%, 24.2%~63.4% power saving gain compared to DCP for DRX adaptation with different DRX cycle configurations of 160ms, 320ms, 640ms, respectively. With shorter DRX cycle, more PSG could be achieved by LP-WUS because the power consumption of DCP and SSB detection are the primary factors of the UE power consumption. For a given DRX configuration, large FTP3 inter-arrival time can have higher power saving gain since MR can stay longer time in deep sleep.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]
Observation 3: With the shorter DRX cycle, the more PSG would be achieved by LP-WUS. 
Observation 4: For a given DRX configuration, large FTP3 inter-arrival time can provide high power saving gain since MR can stay longer time in deep sleep.
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(a) LP-WUR sensitivity =-80dBm                                        (b) LP-WUR sensitivity =-85dBm
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     (c) LP-WUR sensitivity =-90dBm
[bookmark: _Ref131687540][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 6: The average system PSG for LP-WUS scheme for different LP-WUR sensitivity

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The LP-WUR sensitivity is the minimum requirement of the receiving power of the LP-WUR in the detection of LP-WUS. The maximum coupling loss and the associated coverage area is derived from the receiver sensitivity of the devices with LP-WUR. The fraction of devices with LP-WUR can meet maximum coupling loss with the LP-WUR sensitivity in system are 32%, 43% and 56% for -80dBm, -85dBm, -90dBm, respectively. 
Figure 6 (a) ~ (c) show the average system power saving gain of LP-WUS scheme for different FTP3 inter-arrival time with the LP-WUR sensitivity in a range of -90dB~-80dB, respectively. LP-WUR/LP-WUS can obtain average system power saving gain in a range of 7.7%~28.2%, 10.4%~37.9%, 13.5%~49.3% for 32%, 43%, 56% LP-WUR device ratio with different DRX configurations of 160ms, 320ms, 640ms, respectively. With the increasing of LP-WUR sensitivity, the PSG increases. It means that the larger number of devices with LP-WUS within the coverage performance is, the more power saving can be obtained by LP-WUR. In addition, larger FTP3 inter-arrival time brings higher PSG as shown in Figure 6 (a) ~ (c) due to MR can stay in a long time deep sleep.  

[bookmark: OLE_LINK20]Observation 5: The power saving gain increases as the increase of the number of devices with LP-WUR in the coverage area. The increase of the number of devices with LP-WUR would require the increase of the receiver sensitivity of LP-WUR.

4 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 DCI format 2_7 as the PEI triggering the paging DCI monitoring, LP-WUR/WUS used as the PEI can achieve 96.4%, 99.1% and 99.4% power saving gain, 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.
Observation 3: With the shorter DRX cycle, the more PSG would be achieved by LP-WUS. 
Observation 4: For a given DRX configuration, large FTP3 inter-arrival time can provide high power saving gain since MR can stay longer time in deep sleep.
Observation 5: The power saving gain increases as the increase of the number of devices with LP-WUR in the coverage area. The increase of the number of devices with LP-WUR would require the increase of the receiver sensitivity of 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 appropriate because it requires UE-specific LP-WUS and carries paging indication/information in the registration area.
Proposal 3:  The LP-WUS as the wakeup indication could reduce detection of DCI format 2_6 and SSB.  The LP-WUS as the wakeup indication can be applied to the UE with/without DRX configuration.
Proposal 4: 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 5: 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 MR waking up and detecting paging message, the expression of latency can be formulated as: Total Latency = Latency _0 + Latency_1 + Latency _2. 
Proposal 6: 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. 
Proposal 7: 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 8: The suggested power model for LP-WUR is as follows:
	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]
	[0ms]


Proposal 9: For MR re-sync, at least 3 SSBs are needed for acquiring T/F synchronization after wakeup triggered by LP-WUR.
References
[1] [bookmark: _Ref446507216][bookmark: _Ref446511358][bookmark: _Ref446506608][bookmark: _Ref113614558][bookmark: _Ref127538027][bookmark: _Ref83499234][bookmark: _Ref47626651][bookmark: _Ref127538016]RAN1 chairman notes, 3GPP TSG RAN WG1 #112, Athens, Greece, February 27th – March 3rd, 2023
[2] [bookmark: _Ref131689746]RAN1 chairman notes, 3GPP TSG RAN WG1 #111, Toulouse, France, November 14th – 18th, 2022.
[3] [bookmark: _Ref131689922]RAN1 chairman notes, 3GPP TSG RAN WG1 #110bis e-meeting, October 10th – 19th, 2022.
[4] [bookmark: _Ref113984180][bookmark: _Ref127538054][bookmark: _Ref131689974]TR38.840, v16.0.0, “Study on UE Power Saving”.
[5] [bookmark: _Ref131689992]R1-2007867, Paging enhancement for UE power saving, CATT #103 e-meeting, October 26th – November 13th, 2020.


6 Appendix
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 10 and Table 11.
[bookmark: _Ref127534750]Table 10: UE power consumption model
	Power state
	Relative Power

	Micro sleep
	45

	Light sleep
	20

	Deep sleep
	1

	Ultra-deep sleep
	0.015

	PDCCH_only
	100

	PDCCH+PDSCH
	300



[bookmark: _Ref127534761]Table 11: 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* 

	Ultra-deep sleep
	15000
	800 ms

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