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1 [bookmark: _Ref40465791]Introduction
In last RAN1 meetings, the assumptions for the evaluation of power consumption/latency and link level simulation were agreed. Therefore, in this contribution, we provide the preliminary evaluation results. 
2 Power consumption / latency 
In idle/inactive state, both basic IDRX operation and enhanced power saving schemes in Rel-16/17 can be considered to verify the potential gain of LP-WUS based operation. Specifically, there are four combinations for the reference cases: 1) IDRX without PEI; 2) IDRX with PEI; 1) eDRX without PEI; 2) eDRX with PEI. LP-WUS can be introduced to the existing IDRX operations in following three options. The relaxation on RRM by main radio or the LP-WUS to support RRM or related RRM should be studied. 
· Option 1: LP-WUS serves as one bit indication to start IDRX procedure without PEI
· Option 2: LP-WUS serves as one bit indication to start IDRX procedure with PEI
· Option 3: LP-WUS carries paging subgroup information which can be same as PEI PDCCH. 
Two operation modes for LP-WUS detection, always ON or with a duty cycle, were discussed in [3] which can be integrated with the above 3 options. We provide preliminary results on power consumption for LP-WUS based operation compared to the 4 reference cases and the 6 cases by combing the above 3 options for LP-WUS and the two operation modes. It assumes IDRX cycle of 1.28s and eDRX cycle 61.44s. The paging arrival rate is set to 0.1% or 0.01% per UE per paging cycle. It is assumed there are 10 UEs in the paging group. It assumes the number of paging subgroup is 8 for options based on PEI and subgroup indication by LP-WUS. The FAR for LP-WUS detection is assumed to 1% or 0.1%. 5 SSBs are assumed for sync/resync for LP-WUS waking-up. For duty-cycle based LP-WUS operation, it assumes 1ms in every 100ms is available for LP-WUS detection. A duty cycle operation always provides low power consumption than always on operation. In certain scenarios, always on operation may result in even larger power consumption than reference cases while duty cycle operation can still provide power saving gain. 
2.1 Power consumption w/o consideration of RRM 
The power saving gain of LP-WUS highly depends on the assumption for RRM measurement by main radio by MR. In this section, we perform evaluations for power consumption/latency based on LP-WUS without consideration of the RRM by MR. The results are applicable if LP-WUS can support RRM measurement with sufficient accuracy. Otherwise, the results can be seen as an upper bound for the benefit that can be achieved by LP-WUS. The power consumption value is normalized to the value for IDRX with PEI. 
Table 1 provides the power consumption for different schemes assuming (Ramp-up and down transition energy, ramp-up time) of (15000, 400ms). 
Table 1: Power consumption w/o RRM by MR (15000, 400ms)
	
	R_E = 0.1%, FAR 1%
	R_E = 0.1%, FAR 0.1%
	R_E = 0.01%, FAR 0.1%

	LR on power
	0.1
	0.5
	1
	4
	0.1
	0.5
	1
	4
	0.1
	0.5
	1
	4

	IDRX, no PEI
	1.62
	1.62
	1.62

	IDRX, with PEI
	1
	1
	1

	eDRX, no PEI
	0.32
	0.32
	0.31

	eDRX, with PEI
	0.26
	0.26
	0.26

	LP-WUS always on, Option 1
	0.26
	0.53
	0.87
	2.9
	0.18
	0.45
	0.79
	2.81
	0.1
	0.37
	0.7
	2.73

	LP-WUS always on, Option 2
	0.24
	0.51
	0.85
	2.87
	0.17
	0.44
	0.77
	2.8
	0.09
	0.36
	0.7
	2.72

	LP-WUS always on, Option 3
	0.1
	0.37
	0.71
	2.73
	0.09
	0.36
	0.7
	2.72
	0.08
	0.35
	0.69
	2.71

	LP-WUS duty cycle, Option 1
	0.2
	0.2
	0.21
	0.23
	0.11
	0.12
	0.12
	0.14
	0.03
	0.03
	0.04
	0.06

	LP-WUS duty cycle, Option 2
	0.18
	0.18
	0.19
	0.21
	0.1
	0.11
	0.11
	0.13
	0.03
	0.03
	0.03
	0.05

	LP-WUS duty cycle, Option 3
	0.03
	0.03
	0.04
	0.06
	0.02
	0.03
	0.03
	0.05
	0.01
	0.02
	0.02
	0.04



Based on the results in Table 1, significant benefit on power saving in LP-WUS based operation are observed except when LP-WUS is always on with on power of 4 units. The issue can be simply solved by duty-cycle based LP-WUS detection. Reduced power consumption is observed with reduced FAR or reduced paging arrival rate R_E. The duty-cycle based operation can save much more power than always on operation. For the 3 options for LP-WUS operations, Option 3 (LP-WUS to indicate paging sub-group) provides the lowest power consumption. Since paging subgroup is indicated by LP-WUS, it avoids unnecessary waking up the main radio if there is no paging message to the UE. 
Similar trend is observed for (40000, 800ms) in Table 2. Comparing with Table 1, large increase of power consumption is observed for high paging arrival rate R_E = 0.1% which results in frequent application of transmission energy of 40000 units. The power increase for lower R_E = 0.01% is marginal. 
Table 2: Power consumption w/o RRM by MR (40000, 800ms)
	
	R_E = 0.1%, FAR 1%
	R_E = 0.1%, FAR 0.1%
	R_E = 0.01%, FAR 0.1%

	LR on power
	0.1
	0.5
	1
	4
	0.1
	0.5
	1
	4
	0.1
	0.5
	1
	4

	IDRX, no PEI
	1.62
	1.62
	1.62

	IDRX, with PEI
	1
	1
	1

	eDRX, no PEI
	0.58
	0.58
	0.58

	eDRX, with PEI
	0.53
	0.53
	0.53

	LP-WUS always on, Option 1
	0.53
	0.8
	1.13
	3.16
	0.32
	0.59
	0.93
	2.95
	0.12
	0.39
	0.73
	2.76

	LP-WUS always on, Option 2
	0.5
	0.77
	1.11
	3.13
	0.31
	0.58
	0.92
	2.94
	0.12
	0.39
	0.73
	2.75

	LP-WUS always on, Option 3
	0.13
	0.4
	0.74
	2.76
	0.1
	0.37
	0.71
	2.74
	0.08
	0.35
	0.69
	2.72

	LP-WUS duty cycle, Option 1
	0.46
	0.47
	0.47
	0.49
	0.26
	0.26
	0.26
	0.28
	0.06
	0.06
	0.06
	0.08

	LP-WUS duty cycle, Option 2
	0.45
	0.45
	0.46
	0.46
	0.25
	0.25
	0.25
	0.27
	0.06
	0.06
	0.06
	0.08

	LP-WUS duty cycle, Option 3
	0.07
	0.06
	0.07
	0.09
	0.04
	0.04
	0.04
	0.06
	0.02
	0.02
	0.02
	0.04



Further, the latency of LP-WUS operation is provided in Figure 1. As expected, LP-WUS enables a latency slightly higher than IDRX mainly due to the 400ms or 800ms ramp-up time and sync/resync time. Note: significant power saving gain for LP-WUS operation compared to IDRX was observed as captured in Table 1. For the comparation with eDRX, LP-WUS achieves significant gain in term of latency. 
[image: ] [image: ]
Figure 1: Latency of LP-WUS operation in idle/inactive mode 

Observation 1: For idle/inactive mode, without consideration on RRM by main radio
· For power consumption of LP-WUS operation compared with IDRX and eDRX
· Significant benefit on power saving in LP-WUS operation are observed for both IDRX and eDRX, except when LP-WUS is always ON with ON power of e.g., 4 units.  
· Large power saving gain is still observed even with extremely high total transition energy 40000 units. 
· Reduced power consumption is observed with reduced FAR or reduced paging arrival rate R_E.
· The duty-cycle based operation can save much more power than always on operation.
· The lowest power consumption is observed when paging subgroup is indicated by LP-WUS (Option 3)
· For latency of LP-WUS operation compared with IDFT and eDRX
· LP-WUS enables a latency slightly higher than IDRX but significantly lower than eDRX.  
2.2 Power consumption with RRM
For a UE in idle/inactive mode, it is important for the UE to do RRM measurement for potential cell reselection. The RRM measurement by main radio in every paging cycle in the existing NR may consume large power. Therefore, relaxed RRM measurement by main radio was proposed in early RAN1 meetings. The RRM based on LP-WUS is further proposed which may compensate the performance on RRM measurement and cell reselection. However, whether LP-WUS based RRM is practical needs further study. In this section, we perform evaluations for power consumption/latency based on LP-WUS considering relaxed RRM measurement by main radio. The power consumption value is normalized to the value for IDRX with PEI. The latency performance for LP-WUS operation is not impacted by the RRM operation. 
Table 3 provides the power consumption for different schemes assuming (Ramp-up and down transition energy, ramp-up time) of (15000, 400ms). It is assumed that the RRM by MR is done in every 20 paging cycles. 
Table 3: Power consumption w/ RRM by MR (15000, 400ms)
	
	R_E = 0.1%, FAR 1%
	R_E = 0.1%, FAR 0.1%
	R_E = 0.01%, FAR 0.1%

	LR on power
	0.1
	0.5
	1
	4
	0.1
	0.5
	1
	4
	0.1
	0.5
	1
	4

	IDRX, no PEI
	1.62
	1.62
	1.62

	IDRX, with PEI
	1
	1
	1

	eDRX, no PEI
	0.32
	0.32
	0.31

	eDRX, with PEI
	0.26
	0.26
	0.26

	LP-WUS always on, Option 1
	0.59
	0.86
	1.2
	3.22
	0.54
	0.81
	1.14
	3.17
	0.49
	0.76
	1.1
	3.12

	LP-WUS always on, Option 2
	0.56
	0.83
	1.17
	3.19
	0.52
	0.79
	1.13
	3.16
	0.49
	0.76
	1.09
	3.12

	LP-WUS always on, Option 3
	0.49
	0.76
	1.1
	3.12
	0.49
	0.76
	1.09
	3.12
	0.48
	0.75
	1.09
	3.11

	LP-WUS duty cycle, Option 1
	0.52
	0.52
	0.53
	0.55
	0.47
	0.47
	0.48
	0.5
	0.42
	0.43
	0.43
	0.45

	LP-WUS duty cycle, Option 2
	0.5
	0.5
	0.51
	0.53
	0.46
	0.46
	0.47
	0.49
	0.42
	0.42
	0.42
	0.45

	LP-WUS duty cycle, Option 3
	0.42
	0.43
	0.43
	0.45
	0.42
	0.42
	0.43
	0.45
	0.41
	0.42
	0.42
	0.44



Based on the results in Table 3, large power saving gain is observed except when LP-WUS is always on with on power of 2 or 4 units. The gain is reduced comparing with Table 1 due to the power consumption for RRM by main radio in every 20 paging cycles. Similarly, reduced power consumption is observed with reduced FAR or reduced paging arrival rate R_E. The duty-cycle based operation still save more power, however the benefit over always on decreases comparing with Table 1. For the 3 options for LP-WUS operations, Option 3 (LP-WUS to indicate paging sub-group) provides the lowest power consumption which becomes larger for higher paging arrival rate. 
For (40000, 800ms), increased power consumption is observed for all LP-WUR on power 0.1/0.5/1/4 assuming relaxed RRM by MR in every 20 paging cycles. Therefore, relaxed RRM by MR in every 30 paging cycles is evaluated to check potential power saving by LP-WUS. As in Table 4, the power saving gain is reduced much compared to Table 3. Always on LP-WUS operation almost always cause losses except Option 3 or lower paging arrival rate R_E and FAR. Duty-cycle operation of LP-WUS still provides gains except one combination. Option 3 for Duty-cycle operation of LP-WUS operation has the largest power consumption reduction of about 23-28%.  
Table 4: Power consumption w/o RRM by MR (40000, 800ms)
	
	R_E = 0.1%, FAR 1%
	R_E = 0.1%, FAR 0.1%
	R_E = 0.01%, FAR 0.1%

	LR on power
	0.1
	0.5
	1
	4
	0.1
	0.5
	1
	4
	0.1
	0.5
	1
	4

	IDRX, no PEI
	1.62
	1.62
	1.62

	IDRX, with PEI
	1
	1
	1

	eDRX, no PEI
	0.58
	0.58
	0.58

	eDRX, with PEI
	0.53
	0.53
	0.53

	LP-WUS always on, Option 1
	1.04
	1.31
	1.64
	3.67
	0.91
	1.18
	1.52
	3.55
	0.81
	1.08
	1.41
	3.44

	LP-WUS always on, Option 2
	1.01
	1.28
	1.61
	3.64
	0.9
	1.17
	1.51
	3.53
	0.8
	1.07
	1.41
	3.44

	LP-WUS always on, Option 3
	0.81
	1.08
	1.42
	3.44
	0.8
	1.07
	1.41
	3.43
	0.79
	1.06
	1.4
	3.42

	LP-WUS duty cycle, Option 1
	0.97
	0.98
	0.98
	1
	0.85
	0.85
	0.86
	0.88
	0.74
	0.74
	0.75
	0.77

	LP-WUS duty cycle, Option 2
	0.95
	0.95
	0.96
	0.98
	0.84
	0.84
	0.84
	0.87
	0.74
	0.74
	0.75
	0.77

	LP-WUS duty cycle, Option 3
	0.74
	0.75
	0.75
	0.77
	0.8
	0.74
	0.74
	0.76
	0.72
	0.72
	0.73
	0.75




Observation 2: For the power consumption of LP-WUS operation in idle/inactive mode
· For (15000, 400ms) and RRM by MR in every 20 paging cycles
· large power saving gain is observed except when LP-WUS is always on with on power of 2 or 4 units. However, the gain is reduced compared to the case without RRM by MR. 
· Reduced power consumption is observed with reduced FAR or reduced paging arrival rate R_E.
· The duty-cycle based operation still save more power, however the benefit over always on decreases.
· The lowest power consumption is observed when paging subgroup is indicated by LP-WUS
· For (40000, 400ms) 
· No power saving gain for RRM by MR in every 20 paging cycles
· Power saving gain is observed with relaxed RRM by MR in every 30 paging cycles
· Always on LP-WUS operation almost always cause losses except Option 3 or lower paging arrival rate R_E and FAR
· Duty-cycle operation of LP-WUS still provides gains except one combination. Option 3 for Duty-cycle operation of LP-WUS operation has the largest power consumption reduction 
· Reduced power consumption is observed with reduced FAR or reduced paging arrival rate R_E.
3 Link level simulation
False alarm rate (FAR) defines the possibility that UE considers a LP-WUS is detected if gNB doesn’t transmit LP-WUS to the UE. Two options were discussed regarding the definition of FAR in last RAN1 meeting. 
	· The miss-detection rate (MDR) of LP-WUS 1%,
· The false-alarm rate (FAR) of LP-WUS
· [0.1%, 1%]
· Other values are not precluded for studying, reported by companies
· Further discuss on the following alternatives for FAR target
· Alt 1: FAR target is determined per single WUS attempt/trial,
· Alt 2: FAR target is determined across a reference time duration of one or multiple WUS attempts/trials
· FFS: possible values for reference time durations
· Companies to report details, e.g., receiver behaviour, how to compute MDR, detection threshold
· Companies to report the selected reference time duration values and the associated number of WUS attempts/trials



If the exact timing of a LP-WUS occasion is known to UE, it would be sufficiently to define FAR based on Alt 1, which is similar to the evaluation of other NR channels, e.g., PUCCH with DTX detection. However, considering the uncertainty of receive timing of a LP-WUS due to relatively large time/frequency offset/drift for LP-WUS reception and the LP-WUS reception in time domain being sensitive to time error, a LP-WUR has to search for LP-WUS detection in a window. The periodical LP synchronization signal (LP-SS) can help to reduce the window size. After detection of a LP-SS, the remaining time/frequency error at LP-WUR is reset to a low value but usually not zero. A LP-WUS occasion for a UE may not be immediately succeeding the LP-SS. A new time confusion window will be generated due to the cumulation of the remaining time/frequency error and additional time/frequency drift during the interval between the LP-SS and next LP-WUS occasion. To search LP-WUS in the window, e.g., sliding in sample level, it is the overall FAR considering all attempts in the window that impacts the UE’s wake-up operation and the power consumption. Therefore, we believe Alt 2 is the right way to define the FAR for LP-WUR with timing uncertainty. The window size is hard to predict since it depends on UE implementation. Instead, the FAR can be defined as the overall false alarm rate in a fixed time period, e.g., a paging cycle. 
Proposal 1: 
· Agree on Alt2 to define FAR for LP-WUS detection, i.e., FAR target is determined across a reference time duration of one or multiple WUS attempts/trials
· The time duration to define FAR can be equal to one paging cycle.

As discussed in [3], the LP-WUS may contain two parts: Preamble part is for AGC and carries a sequence for synchronization, while message part may be used to carry multi-bit information for wake-up. Both parts of LP-WUS needs to be detected for correct wake-up indication. The link performance of the two parts may not be same. The final performance of LP-WUS detection needs to consider the two parts jointly. In the simulation, the message part is only processed when the preamble part is successfully identified. Based on the agreement in last RAN1 meetings, we provide detailed simulation assumptions in Table 5.  
Table 5: Simulation assumptions
	Attributes
	Assumptions

	Carrier frequency
	2.6GHz

	Channel structure
	Preamble + message

	Coding scheme
	Manchester coding 1/2,1/4, 1/8

	Waveform
	OOK-4

	Payload size
	4 information bits (no CRC)

	WUS waveform
	OOK-1, OOK-4

	SCS
	OOK-1: 160/20/240kHz 
OOK-4: 15/30kHz

	gNB Channel BW 
	20MHz

	WUS Bandwidth
	12/10/8/4 PRBs with SCS 30kHz
24 PRB for SCS 15kHz
3/6/12 PRBs for SCS 60/120/240kHz

	Guard band
	1 PRB on each side of LP-WUS BW

	Adjacent subcarrier interference
	Signal to interference power ratio 0/3/6 dB

	Filter
	5th order Butterworth LP filter

	Sampling Rate
	Down-sampling factor 8, i.e., 3.84MHz

	Frequency error/drifts
	0/20/100/200 ppm

	ADC
	1/2/4, ideal

	Channel Model
	TDL-C 300ns

	Number of Rx for LP-WUS
	1 Rx

	UE speed
	3 km/h



3.1 Simulation results
According to the agreed simulation assumptions, link level simulations were performed to check multiple design aspects for LP-WUS. The FAR is set to 1% in the results. SCS 30kHz is assumed in the evaluation except for Figure 8. The results in this section is focusing on OOK-4, while the comparison between OOK-4 and OOK-1 is provided in our companion contribution [3]. 
· The proper BW of LP-WUS
· The number of MC-OOK symbols that can be multiplexed in an OFDM symbol of main radio
· The impact of Manchester coding with spreading factor 2 or 4
· The ADC bit-width
· The impact of adjacent subcarrier interference
· The impact of time/frequency error 
· The impact of SCS
The link performance for LP-WUS with different BW is provided in Figure 2. A larger BW always has better link performance due to the increase of transmission power and the larger frequency diversity benefit. The frequency diversity gain may not increase for even higher BW, which causes large overhead in frequency too. In summary, a BW of 12PRB achieves a good balance of link performance and resource efficiency. 
[image: ]
Figure 2: BLER for LP-WUS with different BW 
Thanks to the filter at the LP-WUR, it doesn’t have a large impact to the LP-WUS detection performance with the agreed adjacent subcarrier interference. Even for the case signal to interference ratio of -6dB, the performance degradation is marginal as shown in Figure 3. In summary, OOK based LP-WUS is insensitive to adjacent subcarrier interference. 
[image: ]
Figure 3: BLER for LP-WUS with different adjacent subcarrier interference  
The number of OOK symbols in an OFDM symbol, i.e., M, or equivalently the OOK symbol duration is another key factor for LP-WUS design. With a fixed M, the different spreading factor by Manchester coding results in different total transmission duration hence the total energy for an information bit. The results are provided in Figure 4. From the results, with equal total duration of an information bit, a larger OOK symbol duration (low M) is better to overcome the multiple delay of the channel which cause ISI. On the other hand, a larger duration for an information bit (low M or high SF) may lose some power gain due to non-coherent detection (about 1~2 dB performance gain is observed when OOK symbol duration is doubled, i.e., 3dB power increase). The choice of proper M and SF depends on the targeted data rate and coverage requirement. 
[image: ]
Figure 4: BLER for LP-WUS with different number of OOK symbols per OFDM symbol 
In the next step, we evaluation the impact of bit-width of ADC. The link performance is provided in Figure 5. From the results, ADC bit-width of 3 bits or more achieves almost idea performance. Thus, 3 bits can be good choice with reasonable cost and performance.
[image: ]
Figure 5: BLER for LP-WUS with different bit-width of ADC
Due to the non-coherent detection and the protection of guard band, the performance of LP-WUS is not sensitive to frequency error. As shown in Figure 6, even in the worst case of the agreed adjacent subcarrier interference, i.e., 0dB, almost no degradation is observed for the high frequency offset. 

[image: ]
Figure 6: BLER for LP-WUS with frequency error
On the other hand, the timing error has significant impact on OOK based transmission if the time error is not corrected. In this simulation, timing error is set to 0/0.5/1/2/5 us. The related results are provided in Figure 7. Without any correction on time error, it completely fails for time error of 2 or 5us.
[image: ]
Figure 7: BLER for LP-WUS with different timing error
The performance for LP-WUS transmission with SCS 15kHz or 30kHz is provided in Figure 8. The same total duration per information bit is assumed in the comparison. As expected, the performance for the two SCSs are almost equal. 
[image: ]
Figure 8: BLER for LP-WUS with SCS 15 or 30kHz

Observation 3: Based on the link level simulations 
· A BW of 12PRB for LP-WUS achieves a good balance of link performance and resource efficiency
· On the impact of the number of OOK symbols per OFDM symbol and the Manchester spreading factor
· with equal total duration of an information bit, a larger OOK symbol duration (smaller M) is better
· a larger duration for an information bit (smaller M or larger SF) may lose some power gain due to non-coherent detection. 
· ADC of 3 bits or more achieves ideal performance. 
· The performance of LP-WUS is not sensitive to frequency error. 
· The timing error has significant impact on OOK based LP-WUS transmission if the time error is not corrected. 
· the LP-WUS performance for SCS 15 or 30kHz are almost equal assuming the same total duration per information bit. 
3.2 Preliminary MIL for link budget
As shown in Figure 4, the required SNR for 1% BLER for LP-WUS detection ranges from -3.5 ~ 6dB. This range of required SNR can be used to derive some preliminary insight on the link budget MIL for LP-WUS. Note: the above required SNR is determined assuming payload of 4 bits together with certain assumption on the number of OOK symbols per OFDM symbol and the spreading factor of Manchester coding. The required SNR hence will change when the simulation assumptions are changed. 
Table 3: Link budget MIL
	System configuration  
	Common PDCCH
	PUSCH (1Mbps)
	LP-WUS

	Carrier frequency (GHz)
	2.6

	Pathloss model
	TDL-C, 300ns

	UE speed (km/h)
	3

	Number of transmit chains
	4
	4
	1
	4

	Number of receive antennas
	2
	1
	4
	1

	PSD
	33
	33
	 
	33

	Occupied BW (PRB)
	48
	48
	10
	12

	Transmit power for occupied BW
	45.38
	45.38
	23
	39.35

	Data channel EIRP 
	62.86
	62.86
	22
	56.84

	Receiver noise figure (dB)
	7.00 
	7.00 
	5.00 
	15.00 

	Required SNR (dB) 
	-8.3 
	-4.50 
	-5.25 
	-3.5 – 6

	Receiver sensitivity 
	-97.12
	-93.32
	-99.61
	-93.95

	Link budget (MIL)
	162.78
	158.98
	140.35
	149.98 - 140.48



From the above calculation, MIL for LP-WUS can be better than PUSCH. However, there is a big gap between the MIL for LP-WUS and common PDCCH with one or two Rx. Note: the MIL of unicast PUSCH largely depends on the assumed data rate for the UL traffic in coverage or RedCap study. 

Observation 4: 
· A preliminary calculation shows that the MIL for LP-WUS can be better than PUSCH but is much worse than common PDCCH. 
4 Conclusions
In this contribution, we presented our views on methodology and performance metric for the evaluations for LP-WUS/WUR. We made the following observations and proposals

Observation 1: For idle/inactive mode, without consideration on RRM by main radio
· For power consumption of LP-WUS operation compared with IDRX and eDRX
· Significant benefit on power saving in LP-WUS operation are observed for both IDRX and eDRX, except when LP-WUS is always ON with ON power of e.g., 4 units.  
· Large power saving gain is still observed even with extremely high total transition energy 40000 units. 
· Reduced power consumption is observed with reduced FAR or reduced paging arrival rate R_E.
· The duty-cycle based operation can save much more power than always on operation.
· The lowest power consumption is observed when paging subgroup is indicated by LP-WUS (Option 3)
· For latency of LP-WUS operation compared with IDFT and eDRX
· LP-WUS enables a latency slightly higher than IDRX but significantly lower than eDRX.  
Observation 2: For the power consumption of LP-WUS operation in idle/inactive mode
· For (15000, 400ms) and RRM by MR in every 20 paging cycles
· large power saving gain is observed except when LP-WUS is always on with on power of 2 or 4 units. However, the gain is reduced compared to the case without RRM by MR. 
· Reduced power consumption is observed with reduced FAR or reduced paging arrival rate R_E.
· The duty-cycle based operation still save more power, however the benefit over always on decreases.
· The lowest power consumption is observed when paging subgroup is indicated by LP-WUS
· For (40000, 400ms) 
· No power saving gain for RRM by MR in every 20 paging cycles
· Power saving gain is observed with relaxed RRM by MR in every 30 paging cycles
· Always on LP-WUS operation almost always cause losses except Option 3 or lower paging arrival rate R_E and FAR
· Duty-cycle operation of LP-WUS still provides gains except one combination. Option 3 for Duty-cycle operation of LP-WUS operation has the largest power consumption reduction 
· Reduced power consumption is observed with reduced FAR or reduced paging arrival rate R_E.
Proposal 1: 
· Agree on Alt2 to define FAR for LP-WUS detection, i.e., FAR target is determined across a reference time duration of one or multiple WUS attempts/trials
· The time duration to define FAR can be equal to one paging cycle.
Observation 3: Based on the link level simulations 
· A BW of 12PRB for LP-WUS achieves a good balance of link performance and resource efficiency
· On the impact of the number of OOK symbols per OFDM symbol and the Manchester spreading factor
· with equal total duration of an information bit, a larger OOK symbol duration (smaller M) is better
· a larger duration for an information bit (smaller M or larger SF) may lose some power gain due to non-coherent detection. 
· ADC of 3 bits or more achieves ideal performance. 
· The performance of LP-WUS is not sensitive to frequency error. 
· The timing error has significant impact on OOK based LP-WUS transmission if the time error is not corrected. 
· the LP-WUS performance for SCS 15 or 30kHz are almost equal assuming the same total duration per information bit. 
Observation 4: 
· A preliminary calculation shows that the MIL for LP-WUS can be better than PUSCH but is much worse than common PDCCH. 
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