[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #114	R1-2308234
[bookmark: _Hlk114643742]Toulouse, France, August 21st – 25th, 2023

Agenda item:		9.11.1
[bookmark: _Hlk54197252]Title:					Low power WUS Evaluation Methodology 
Source:				Nokia, Nokia Shanghai Bell
Document for:		Discussion and Decision
[bookmark: _Hlk115268520]Introduction
[bookmark: _Hlk510705081]At the RAN#94-e meeting, it was agreed to study Wake Up Signal and Receivers designs. These designs are to be primarily targeted at delay and power-sensitive, small form-factor devices, such as industrial sensors, controllers and wearables. Unlike previous power saving study items, the objectives for this study encompasses new signals and receiver architectures [1].
	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. 



In this contribution, we provide our thoughts relating to the first objective regarding the evaluation methodology, specifically the:
•	Potential Use Cases 
•	Deployment Considerations  
•	Simulation needs and assumptions 
•	Power Model Framework 
•	Study Areas of Interest.




This document is an update of R1-237420.
Evaluation results and related assumptions            
[bookmark: _Hlk115268925]                    
[bookmark: _Ref115438413]Power saving evaluations and assumptions
Over the past meetings, agreements have been made on the assumptions for power saving evaluations. In RAN1#113 following agreements were made in relation of power saving assumptions:
	
Agreement
----------------------------TP start for TR38.869 v0.1.0-------------------------------------------
6.3.2	Power model for LP-WUR (LR)
The following power model for LP-WUR is used for evaluation for FR1,
 
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off[1]
	0.001 / 
0.02/ 
 1% of ON Power value 0.1/0.2/0.3, only for 10/20/30, for 0.1, [oscillator option 3/4] are not used for envelope detection based receiver
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up

FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
· FFS: If other values are needed
	
	


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

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

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

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


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





In Table 1 below, we present the power consumption model accounting the agreements made. The table below, includes the power consumption assumptions for LP-WUR with continuous evaluation and duty-cycle based evaluation (e.g. where monitoring windows are defined). Also the lower power state for the main receiver, ultra-deep sleep is accounted. Where applicable relative power values for both eMBB device and RedCap device type are listed.  
[bookmark: _Ref115432437]Table 1. UE power consumption model for Idle/Inactive-mode operation with 20MHz BW
	Power State
	Power model
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	
	Relative power 
(eMBB/Redcap) 
	Transition time and energy
(if applicable)

	Main receiver
	
	

	Ultra-deep sleep 
	[0.015] *
	{400ms, 15000} *

	Deep Sleep (PDS)
	1 / 0.8
	{40ms, 450}

	Light Sleep (PLS)
	20 / 18
	{6ms, 100}

	Micro sleep (PMS)
	45 / 31
	{0ms, 0}

	PDCCH-only (PPDCCH)
	50Note
	0

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120
	0

	PDSCH-only (PPDSCH)
	112
	0

	SSB/CSI-RS proc. (PSSB)
	50
	0

	Intra-frequency RRM measurement (Pintra)
	·        60 (synchronous case, N=8, measurement only; Pintra, meas-only)
·        80 (combined search and measurement; Pintra, search+meas)
	

	Inter-frequency RRM measurement (Pinter)
	·        60 (measurement only per freq. layer; Pinter, meas-only)
·       150 (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer
	

	Note: 
· Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.
· Power scaling from 2RX to 1RX follows the rule in Section 6.2 of TS38.375 i.e. scaling factor '0.7' is used for 2 Rx to 1Rx power scaling.
 Power accounted only for boot-up and sub-systems bring-up including internal calibration. Ramp down transition not considered. 



Furthermore we have considered different power levels for P-WUR to account different architectures/receiver designs as illustrated in Table 2. Firstly we have assumed very low power LP-WUR design that could be envisioned to be used in Always-On manner. Secondly for duty cycle type of operation where LP-WUR is monitoring in discontinuous manner only during specific time windows, we have considered one receiver design with 4.0 relative power for ON time and 0.001 for OFF time and another with 10.0 relative power for ON time and 0.01 for OFF time. These two additional cases are to cover more power consuming envelope detector and OFDM receivers. In both duty cycled approaches it is assumed that only RTC is running during the OFF time. In context of synchronisation, it is assumed that the RTC can be used to assist the main oscillator synchronisation as discussed in Section 2.3. This sets the maximum frequency error to 20ppm prior any LP-WUS preamble, the minimum periodicity for re-synchronisation is set by the maximum timing drift target. Assuming RTC clock drift of 0.1ppm, the time interval for periodic synchronization can be in order of seconds.
Table 2. WUR power consumption assumptions
	LP-WUR
	Relative power 

	Transition time and energy
(if applicable)

	LP-WUS monitoring, always-on receiver 
	 0.1
	

	LP-WUS monitoring, duty cycled receiver {PON, POFF}
	{4.0, 0.001} or {10.0, 0.01}

	{ 5ms, TLR, ramp-up *(PON - POFF)/2 }

	[]* : Values are preliminary and to be considered further based on the LP-WUR architecture discussion.



In addition to the power model shown above, we have listed the other assumptions used in our preliminary evaluations in table below.
[bookmark: _Ref115432452]Table 3. Power saving evaluation assumptions.
	Parameter
	Value

	Numerology

	Subcarrier spacing
	30 kHz

	Bandwidth
	20 MHz

	TDD frame structure
	6 DL : 4 UL, repeated every 5 ms

	Number of SSB beams
	8

	Paging

	DRX cycle
	1.280 seconds (2560 slots) or as indicated

	eDRX cycle
	48 DRX cycles

	PTW
	4 DRX cycles

	Paging probability per UE over DRX cycle
	0.1 %

	Number of PDCCHs/PDSCHs/EPI received per PEI-O/PO
	8

	Number of EPI slots used for detection
	1

	Number of UEs per subgroups 
	{8 or 12 } as indicated.

	Synchronization

	SSB periodicity
	20 ms

	SSB burst duration
	2 ms (4 slots)

	Number of SSB bursts received prior to PO 
	1/2/3 for high/med/low SINR

	Time duration for serving cell SSS acquisition if main receiver was in power off state Note1
	4(80)/8(160)/12(240) SSB periods (slots) 

	Number of SSB bursts received prior to PEI-O
	1

	Offset from SSB to PO
	10 ms

	Offset from SSB to PEI-O
	2 ms

	LR related assumptions

	LP-WUS monitoring window length (for discontinuous monitoring) prior PO.
	{4 ms, 8ms, 16ms} 

	LP-WUS monitoring window offset to PO (for discontinuous monitoring) 
	640 ms

	FAR per detection attempt (over one LP-WUS detection attempt)
	0.001%

	LP-SS monitoring window length. LP-SS monitoring assumed to be separated from LP-WUS monitoring
	{4 ms, 8ms, 16ms}

	LP-SS periodicity
	{ 640ms, 1280ms, 2560ms, 5120ms, 10240ms} 


	Measurements

	SMTC window for intra-frequency RRM measurements
	2 ms (4 slots)

	SMTC window for inter-frequency RRM measurements
	5 ms (10 slots)

	Time to switch frequency layer
	0.5ms (1 slot)

	Cell search rate 
	25 %

	Note1: Power based on neighbor cell search power per freq. layer, Pinter, search-only, per slot is assumed for the duration.



The time needed for re-synchornisation of MR after ultra-deep sleep was discussed in RAN1#111 and following agreement was reached:
	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




For the MR re-synchronisation, upon waking from ultra deep sleep, we have illustrated the assumed behaviour in Figure 1 and related discussion is presented in [2]. In Table 4 below we further summarise the assumptions used (for SSS search time and PBCH DMRS acquisition) together with the resulting energy and time for different SINR levels.

 [image: ]
[bookmark: _Ref115432793]Figure 1: Timeline of process followed by 5G modem upon receiving wake-up interrupt from LP-WUR.
[bookmark: _Ref118294180]Table 4. Summary of MR re-synchronisation total energy and time for different SINR levels
	SINR level
	SSS search time 
(slots)
	Number of SSBs for confirmation/PBCH DMRS acquisition 

	Total energy 
(relative units)
	Total time
(ms)

	Low
	[240]*
	[3]
	[36600]
	[180]

	Medium
	[160]*
	[2]
	[24400]
	[120]

	High
	[80] *
	[1]
	[12200]
	[60]

	Note: 30kHz sub-carrier spacing is assumed



Based on the afore listed assumptions we have carried out evaluations for different aspects of the LP-WUS and LP-WUR design. 

2.1.1 LP-SS impact
To account the LP-SS in power saving evaluations following agreement was made in RAN1#112bis-e:
	Agreement
The period of synchronization signal that LP-WUR used for at least power evaluation can be
· Existing SSB periodicity can be used from gNB transmission perspective for evaluations assuming SSB, companies to report how often used for LP-WUR
· For evaluations assuming LP-SS
· {320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms}
· Companies to report other important assumptions if any, e.g., durations of LP-SS to achieve enough T/F accuracy
· Other values are not precluded
Note: companies to report the purpose of the synchronization signal along with evaluations, e.g. can be for LR synchronization (i.e., time and/or frequency tracking) and/or measurement.




In addition, based on discussions in RAN1#113, following agreement was made:
	Agreement
For reference setting for further study on LP-SS performance and resource overhead (including sync and/or measurement), companies to report the following used in their evaluations
· the number of slots or symbols per period
· the periodicty
· the functionality of the LP-SS 



In this section we evaluate the impact of different LP-SS periodicities and different LP-SS/WUS durations to the power saving. We evaluated different LP-WUS and LP-SS durations to consider different waveform assumptions. We assumed that LP-WUS/SS is beam swept with in the monitoring window so that 8 beams can be covered. I.e. One LP-WUS/SS duration is (approximately) 1/8 of the LP-WUS/SS monitoring window duration. Window durations considered where {4ms, 8ms, 12ms}. 
For the duty cycled LR operation LP-WUS monitoring period was kept fixed (1280ms), while the LP-SS periodicity options were {640ms, 1280ms, 2560ms}. It was also assumed that LP-SS and LP-WUS are separate occasions, resulting separate transition energy consumption for both. Hence it was assumed that LR wakes up to monitor LP-SS based on given period for the monitoring duration and separately for LP-WUS monitoring every 1280ms. 
In terms of LR relative power it was assumed that LP-WUS and LP-SS detection require same amount of energy. For always-on LR monitoring the LP-WUS/SS periodicity does not affect.
Per UE paging probability was assumed to be 0.1% and number of UEs per group was 8. Paging did not affect to the UE scheduling of mobility measurements. False alarm probability (per LP-WUS detection attempt) was assumed to be 0.001% for all LR receiver types. The periodicity of LP-WUS monitoring was assumed to be 1280ms.
Table 5 summarises the results for different assumptions with discontinuous reception (DS), continuous reception (AO) presented as a reference. Table 6 presents the resulted duty cycle ratios for different LP-SS periods (LP-WUS period was fixed to 1280ms).  It can be seen that if the period of LP-SS can be kept low, the LR power consumption does not have big impact to the achievable power saving gain with duty cycled operation. Increasing the LP-SS/WUS monitoring window duration does not have major effect to the relative power saving gain for DS-4, for DS-10 the impact is slightly more visible. Also, while the AO has 100-fold lower power consumption than DS-10, the duty cycle ratio has to be above 4% to result lower power saving gain for DS-10. Hence it would seem preferable to consider enabling duty cycled monitoring for the LP-WUS. This would enable and ensure that power saving benefits would be attainable even if the LR power consumption is higher. 
Observation 1: With duty cycled operation ratio, LR ON duration power consumption has limited impact to the attainable power saving gain.
Proposal 1:		LP-WUS design should be based to periodic monitoring window configuration.
From these results also additional considerations can be made. Longer time duration of LP-SS/WUS monitoring can be assumed to reflect the lower complexity LP-WUS waveform so that more time is needed to deliver the message. Thus simpler LP-WUS waveform design, while enabling simpler, lower power consuming LR, can result increased power consumption due to increased monitoring time. This could apply also to LP-SS monitoring. 
Observation 2: Longer monitoring window duration needed for lower data rate/complexity waveform, will imply higher power consumption cost.
It is good to note that if it is assumed that LR with relative power consumption of 10 can receive OFDM type of signal, the results for DS-10 could be also considered to present the case that SSB is used as a synchronisation signal for LR.

Table 5. Relative power consumption and relative gain with different LP-SS/WUS monitoring durations and LP-SS periodicities.
	
	
	Relative power consumption and relative gain against Rel-15 baseline

	LP-WUS/SS monitoring window duration
	LP-SS period
	640ms
	1280ms
	2560ms

	
	Assumed LR operation
[LR relative ON power]
	
	
	

	· 
	AO [0.1]
	{1173, 81%}

	4ms
	DS [4]
	{501, 92%}
	{449, 93%}
	{423, 93%}

	
	DS [10]
	{758, 88%}
	{628, 90%}
	{563, 91%}

	8ms
	DS [4]
	{597, 91%}
	{513, 92%}
	{471, 93%}

	
	DS [10]
	{998, 84%}
	{788, 88%}
	{683, 89%}

	12ms
	DS [4]
	{693, 89%}
	{577, 91%}
	{519, 92%}

	
	DS [10]
	{1237, 80%}
	{948, 85%}
	{803, 87%}



[bookmark: _Ref142569574]Table 6. Summary of duty cycle ratios for different LP-SS periods
	
	Duty cycle ratio for different LP-SS periods [%]

	LP-WUS/SS monitoring window duration
	640ms
	1280ms
	2560ms

	
	
	
	

	4ms
	1,41%
	0,63%
	0,35%

	8ms
	2,81%
	1,25%
	0,7%

	12ms
	4,22%
	1,88%
	1,05%





2.1.2 Mobility measurements impact 
The impact of mobility measurements were discussed in last meeting and it was agreed to further evaluated:-
	Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode, 
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)



We evaluated two possible approaches for mobility evaluations, one were MR mobility requirements are based on eDRX operation and other where MR mobility requirements are based on IDLE DRX (iDRX) operation. For the power saving for LR based operation when MR is used for the mobility measurements based on eDRX operation, we considered following cases:
· No measurements (with MR) are done
· MR is used to do mobility measurements in every eDRX cycle over the PTW in {4,2} consecutive DRX cycles (from the start of the PTW)
· MR is used to do mobility measurements in every 2nd eDRX cycle over the PTW 4 consecutive DRX cycles (from the start of PTW)
For the power saving for LR based operation when MR is used for the mobility measurements based on iDRX operation, we considered following cases:
· No measurements (with MR) are done
· MR is used to do mobility measurements in every Mth iDRX cycle, where M={1,4,8,16}
In these evalations per UE paging probability was assumed to be 0.1% and number of UEs per group was 8. Paging did not affect to the UE scheduling of mobility measurements. False alarm probability (per detection attempt) was assumed to be 0.001% for all LR receiver types. Furthermore for each case we considered different approaches for LR operation, reflected in the assumed LP-SS monitoring cycle when duty cycled operation was assumed. When measurements are carried by MR in iDRX, LP-SS could assumed to be monitored only infrequently, e.g. every 5120ms or 10240ms. When MR is in deep sleep or MR is activated for measurements, the MR clock can be used to can be used to synchronize/correct the RTC, to limiting the need for LP-SS monitoring.
The results for the eDRX baseline case are summarized in Table 7 and for the iDRX baseline in Table 8. The tables show the relative power consumption saving gain over the MR only operation in eDRX or iDRX where MR power consumption is based on the eMBB assumptions. Same LR assumptions as above were considered. Relative comparison was done against the basic Rel-15 baseline. 
It can be observed that if eDRX based MR measurements are assumed, difference of MR based measurements to power saving gain with LR only measurements is small.  
When iDRX assumption are used for the MR based measurements, the MR activity has a dominant effect to the attainable power saving gain. Even reducing the MR based measurements 8-fold compared to normal operation, the attainable power saving gain is significantly reduced. Effectively, as shown by eDRX based evaluations, the MR based measurements would need to be reduced to level assumed in eDRX operation to maintain similar power saving gain as without MR based measurements.
Observation 3: MR based measurement activity would need to be reduced significantly to reach power saving levels comparable to LR only operation.


[bookmark: _Ref142571235]Table 7. Relative power consumption of LR based operation when MR (eMBB) is doing measurements based on extended DRX assumptions. RE,REF=0.1%, N=8, PFAR=0.001%
	
	
	Relative power consumption and relative gain against Rel-15 baseline

	
	
	Assumed LR operation [LR relative ON power]

	MR (eMBB) measurement rate
	LP-SS period [ms]
(Duration 8 ms)
	AO [0.1]
	DS [4]
	DS [10]

	No MR based measurements
	640
	{1173, 81%}
	{597, 91%}
	{998, 84%}

	
	1280
	-‘’-
	{513, 92%}
	{788, 88%}

	Measurement in 4 DRX cycles in every PTW
	1280
	{1428, 77%}
	{849, 87%}
	{1124, 82%}

	
	5120
	-‘’-
	{786, 88%}
	{966, 85%}

	
	10240
	-‘’-
	{775, 88%}
	{940, 85%}

	Measurement in 2 DRX cycles in every PTW
	1280
	{1296, 79%}
	{671, 89%}
	{946, 85%}

	
	5120
	-‘’-
	{608, 90%}
	{789, 88%}

	
	10240
	-‘’-
	{598, 91%}
	{762, 88%}

	Measurement in 4 DRX cycles in every second PTW
	1280
	{1300, 79%}
	{681, 89%}
	{956, 85%}

	
	5120
	-‘’-
	{618, 90%}
	{966, 85%}

	
	10240
	-‘’-
	{608, 90%}
	{772, 88%}




[bookmark: _Ref142571253]Table 8. Relative power consumption of LR based operation when MR(eMBB) is doing measurements based on IDLE DRX assumptions. RE,REF=0.1%, N=8, PFAR=0.001%
	
	
	Relative power consumption and relative gain against Rel-15 baseline

	
	
	Assumed LR operation [LR relative ON power]

	MR (eMBB) measurement rate
	LP-SS period [ms]
(Duration 8 ms)
	AO [0.1]
	DS [4]
	DS [10]

	No MR based measurements
	640
	{1173, 81%}
	{597, 91%}
	{998, 84%}

	
	1280
	-‘’-
	{513, 92%}
	{788, 88%}

	Measurement in every DRX cycle
	1280
	{5065, 20%}
	{4979, 21%}
	{5254, 17%}

	
	5120
	-‘’-
	{4916, 22%}
	{5097, 19%}

	
	10240
	-‘’-
	{4906, 22%}
	{5070, 20%}

	Measurement in every 4th DRX cycle
	1280
	{3247, 49%}
	{3134, 50%}
	{3409, 46%}

	
	5120
	-‘’-
	{3071, 51%}
	{3252, 49%}

	
	10240
	-‘’-
	{3061, 52%}
	{3225, 49%}

	Measurement in every 8th DRX cycle
	1280
	{2824, 55%}
	{2665, 58%}
	{2940, 53%}

	
	5120
	-‘’-
	{2602, 59%}
	{2782, 56%}

	
	10240
	-‘’-
	{2592, 59%}
	{2756, 56%}




Proposal 2: To enable higher power saving, reducing MR based mobility measurement activity should be supported.

2.1.3 Power saving results for IDLE/Inactive
Finally we present in the power saving gains for different cases, averaged over all SNR values and per SNR level. Also the average latency evaluation is presented. For duty cycled LR operation, we have assumed LP-WUS and LP-SSS monitoring periodicity of 1280ms with monitoring window duration of 8ms for both. For the LR cases, no MR based measurements were assumed.  Per UE paging probability was assumed to be 0.1% and number of UEs per group was 8. Paging did not affect to the UE scheduling of mobility measurements. False alarm probability (per LP-WUS detection attempt) was assumed to be 0.001% for all LR receiver types.
Table 9. Relative power consumption and relative power saving gain against Rel-15 beMBB and RedCap baseline
	
	Relative power consumption and relative gain against Rel-15 baseline

	
	
	
	
	Assumed LR operation [LR relative ON power]

	MR baseline
	Rel-15
	Rel-15 (EPI)
	Rel-15 (EPI+eDRX)
	AO [0.1]
	DS [4]
	DS [10]

	eMBB
	{6315, 0%}
	{4847, 23%}
	{1296, 79%}
	{1173, 81%}
	{513, 92%}
	{788, 88%}

	RedCap
	{5947, 0%}
	{4554, 23%}
	{1118, 81%}
	{1020, 83%}
	{462, 92%}
	{737, 88%}



Finally, in Figure 2, we compare the average latency incurred by various enhancements over Rel-15 framework. The average latency incurred by Rel-15 and EPI is given by half of DRX duration, which in this case is 640ms. In the case of eDRX, the average latency is different when it is measured during eDRX off duration and in PTW. For LP-WUS case we include the actual paging or service latency associated with the main UE, which includes power-on boot process, calibration, and re-synchronization to serving cell, the overall latency applicable to low SNR values »580ms to the nearest PO. Accounting the boot process and re-synchronisaion results that LR latency exceeds DRX latency, but keeps the latency significantly less than that of eDRX based. 

[image: ]
[bookmark: _Ref115437906]Figure 2: Comparison of average latency to receive paging (eDRX = 48 x iDRX cycle)
Observation 4: The overall service/paging latency including sub-systems boot-up, calibration, and re synchronization, incurs the average delay of approximately 1200ms, which is bit more than DRX latency of 640ms. Thus in IDLE/Inactive LP-WUR based LP-WUS operation can offer eDRX level power performance, with latency performance comparable to iDRX operation.

2.1.4 Power saving results for CONNECTED mode
In this section we present results for the CONNECTED mode with FTP#3 traffic model with LP-WUS based wake-up indication. The main simulation assumptions are presented in Table 10. The considered scenario was indoor hotspot with low load (one user per cell on average).

Table 10. Main simulation assumptions.
	Parameter
	Value

	Traffic  model

	Model
	FTP 3

	Packet size
	0.5 Mbytes

	Mean inter-arrival time
	200ms

	Applied DRX configurations

	DRX cycle
	{none,  40ms, 160ms}

	drx-onDurationTimer
	8ms

	drx-InactivityTimer
	{100ms , 40ms, 20ms}

	Applied relative power consumption for DCP

	DCP as LP-WUS, LP-WUR {PON, POFF}
	{0.1}, {4.0, 0.001} or {10.0, 0.01}

	DCP as PDCCH (only), MR
	100

	Deployment scenario assumptions

	Scenario
	Indoor Hotspot, 12 nodes in 50 m x 120 m

	Channel model
	InH

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz

	Subcarrier spacing
	30 kHz

	Frame structure
	DDDSU

	BS Max TX Power
	31 dBm

	UE max Power
	23 dBm

	ISD
	20 m

	BS height
	3 m

	UE height
	1.5 m

	Max MCS
	256QAM

	Device deployment
	100% indoor

	Channel estimation
	Realistic

	Target BLER
	10%

	UE speed
	3 km/h



 
In the evaluation, three main cases were considered, always-on operation, where no DRX was applied, DRX based operation, and operation with DRX and DCP. In DCP (i.e. wake-up indication) two alternative scenarios were considered, one with Rel-16 PDCCH based wake-up (DCP) and others with LP-WUS based wake-up.
In the power saving evaluations for LP-WUR, it was assumed that in case of always-on monitoring the wake-up can be sent at any time during the DRX cycle. If the wake-up was sent too late to wake the MR to monitor the first onDuration, UE will wake for the next onDuration. This gives preference to the power saving versus the latency. For duty-cycled LP-WUR operation, the LP-WUS monitoring window was assumed to be 1 slot. 
In Table 11, we have summarized the simulation results for power saving. In Table 12, we present the UPT results. Note that due to the selected evaluation approach (to prioritize the power saving benefit) the throughputs are aligned. It can be observed from the results that wake-up based schemes provide some benefit if DRX cycle is shorter (i.e. there are onDurations to skip), but provide limited benefit with longer DRX cycles. Correspondingly, different wake-up signals (i.e. Rel-16 DCP, LP-WUS) show meaningful difference at shorter DRX cycle. Overall, the total power performance with wake-up signal is slightly worse than with longer DRX cycle without wake-up signal.
Table 11. Relative power consumption and power saving gain 
	
	Relative power consumption and relative power saving gain against Rel-15 baseline

	
	
	
	Assumed LR operation [LR relative ON power]

	DRX configuration 
{cycle, onDuration, IAT}
	Rel-15
	Rel-16 (DCP)
	AO [0.1]
	DS [4]
	DS [10]

	No DRX
	{125.1, 0%}
	-
	-
	-
	-

	{40ms, 8ms, 40ms}
	{56.8, 55%}
	{56.0, 55%}
	{44.4, 64%}
	{45.0, 64%}
	{45.9, 63%}

	{40ms, 8ms, 20ms}
	{52.5, 58%}
	{47.6, 62%}
	{36.2, 71%}
	{36.5, 71%}
	{37.7, 70%}

	{160ms, 8ms, 40ms}
	{31.9, 74%}
	{29.9,76%}
	{29.3, 77%}
	{29.4, 77%}
	{29.6, 76%}

	{160ms, 8ms, 20ms}
	{25.1, 80%}
	{23.2, 81%}
	{22.6, 82%}
	{22.7, 82%}
	{22.9, 82%}



Table 12. UPT with different assumptions 
	
	UPT [Mbps]

	DRX configuration 
{cycle, onDuration, IAT}
	Rel-15
	WUS-based

	No DRX
	357
	-

	{40ms, 8ms, 40ms}
	222
	195

	{40ms, 8ms, 20ms}
	209
	180

	{160ms, 8ms, 40ms}
	102
	97

	{160ms, 8ms, 20ms}
	76
	70



Observation 5: For FTP3 scenario, LP-WUS based wake-up signal can show some power saving benefit, if shorter DRX cycle is assumed, but the overall power saving performance is still worse than with longer DRX cycle without wake-up signal.


Coverage evaluation 
In RAN1#110bis-e the coverage level evaluation was discussed and following agreements were made:
	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




In RAN1#112 furhter agreement was made on the detailed assumptions:
	
	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 does not change the agreements for coverage in the RAN1#110-bis.




In RAN1#112bis it was furher agreed to consider two alternatives in terms of coverage comparison, namely PDCCH (for paging) and Msg#3:  
	Agreement
RAN1 further study the designs [target]/techniques of LP-WUS to have a comparable coverage as NR channel X. The NR channel X is
· Option #1: PDCCH for paging
· Option #2: PUSCH for message3
· FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
· The final design will jointly consider the coverage with other KPIs
· FFS additional detail assumptions for NR channels, e.g., the message size for MSG3 and etc.




The assumptions for Msg#3 were agreed in RAN1#113:
	Agreement
Use the same channel specific assumptions as defined in TR38.830 for reference PUSCH for message3, i.e.,
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

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

	Waveform 
	DFT-s-OFDM

	SCS
	30kHz for TDD, 15kHz for FDD.

	HARQ configuration
	Whether HARQ is adopted is reported by companies. 

	PUSCH duration	
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.









In below Table 13 we have summarized results for the paging PDCCH and Msg#3 PUSCH, together with some additional channels. Note that in 1RX and 2RX RedCap UE the 20MHz BW limitation is applied as well as the -3dB antenna gain (in RX and TX). Considering the possible difference in noise figure, the detection performance of LP-WUS (to acceptable missed detection rate) needs to be several dBs better than that of e.g. 1RX RedCap to reach similar coverage DL coverage. When considering the target performance of LP-WUS/WUR, it would be good to note that some deployments maybe targeted to more of a eMBB type of operation while others are considering also to provide service for RedCap devices. I.e. the access and camping of RedCap devices needs to be separately allowed via system information. Thus focusing solely on reference based on RedCap limitations may not result sufficient coverage in all deployments if full cell coverage is targeted. 
In broad sense the coverage of the LP-WUS is set by the target data rate. Thus if the interest is to ensure that the power saving and latency benefit (vs eDRX) can be applied in most of the cell area, lower datarate waveform, enabling simpler detector would seem prefeable. Considering the overhead and flexible system operation also smaller payload, limiting the LP-WUS duration to one slot would seem preferable. Assuming smaller payload would be preferable (limiting also the resource reservation of the LP-WUS)
Based on the below noted MIL numbers and with NF assumption the SNR requirement to reach similar coverage in different scenarios for LP-WUS could be determined. Comparing the MIL for paging PDCCH (with AL8 and AL16), depending on the reference the required MIL for LP-WUS could be very different, e.g. beyond 6dB when considering to 1RX RedCap, and beyond 15dB if 4RX UE is considered. Thus, the cost (for LR and LP-WUS design) of reaching higher coverage should be carefully weigted against the benefits of being able to utilize the LP-WUS at full cell coverage.
[bookmark: _Ref131526640]Table 13. Summary of MIL for different scenarios and channels
	Scenario
	Physical channel
	MIL [dB] for different receiver assumptions

	
	
	1RX (RedCap) device
	2RX (RedCap) device
	4RX device

	Rural, 700MHz
	PDCCH- AL16
	149,5
	151,7
	-1

	
	PDCCH- AL8
	145,5
	149,7
	-1

	
	PDSCH
	148,2
	150,7
	-1

	
	PUSCH
	135,5
	138,47

	
	PUSCH (Msg#3) 2
	137,2
	140,2

	Urban, 2.6GHz
	PDCCH AL-16
	156,6
	159,9
	166,3

	
	PDCCH AL-8
	153,2
	157,7
	164,3

	
	PDSCH
	151,0
	154,4
	161,0

	
	PUSCH 
	134,1
	132,9

	
	PUSCH (Msg#3) 2
	136,7
	136,1

	Urban, 4GHz
	PDCCH- AL16
	156,6
	159,9
	165,7

	
	PDCCH- AL8
	153,2
	157,8
	163,6

	
	PDSCH
	149,0
	152,8
	159,5

	
	PUSCH
	132,0
	135,0

	
	PUSCH (Msg#3)2
	144,2
	147,2

	Note 1: 2RX baseline assumed for 700MHz. MIL would be 3dB (antenna gain) better than for RedCap.
Note 2: For Msg#3, BLER target of 1%, one re-transmission, and frequency hopping



On timing and frequency tracking
In RAN1#112bis-e and RAN1#113 working assumption were confirmed and furhter aspects were added (as working assumptions) for the evaluation of time and frequency errors:
	Agreement
Confirm the WA from RAN1#112 and update as followings
Working Assumption
· For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	Oscillator max frequency error [ppm], Oscillator frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies

	RTC max frequency error [ppm], 
FFS: RTC frequency drift [ppm/s]
	(20  FFS:[0.1])
	 


· Company to report how to use the clocks for LR on/off states 
· The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state.
· For Option 3/4, 
· FFS applicability when MR is in ultra-deep sleep power consumption state and associated power consumption for LR on state and LR off state,
· e.g., option 3/4 is not applicable
· when MR is in ‘ultra-deep sleep state’ with [0.015] power units and LR is in off state or, 
· when LR monitoring power less than [TBD] power unit, 
· Note: Assumptions important for achieving performance by option 1/2/3/4 clock for LR should be declared, including active on/off power, transition energy/ ramp-up time TLR, ramp-up for LR and etc.
· If MR is in other state than ‘ultra-deep sleep state’, the clock running for MR can be used for LR.
· assumptions important for achieving performance by using MR clock for LR should be declared
· Other clock accuracy options are not precluded. Companies to report options based on a feasibility analysis of clock power consumption and UE power consumption to use the clock accuracy option
· Company to report the frequency error assumption for the detection of LP-WUS/synchronization signal,
· The following are examples for consideration, other approaches are not precluded,
· Model 1:
· The relationship between a drifted frequency error(ΔF), frequency drift ( F’) over a time (T1) is ΔF = ±F’ * T1
· When frequency displacement [Fd] reaches max frequency error, it is assumed to be equaled to max frequency error
· T1 is the time from the previous frequency synchronization. T1 may take different values depending on the chosen frequency synchronization approach.
· FFS: Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm).
· Model 2: random frequency drifting, FFS details
· Company to report the timing drifting error assumption for the detection of LP-WUS/synchronization signal,
· The following are examples for consideration, other approaches are not precluded,
· Model 1 [R1-2301438] [R1-2301558][R1-1714993]:
· The relationship between the maximum frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (linear region)
· The relationship between a frequency drift( F’), and corresponding timing drift(ΔT) over a time(T) is ΔT = Fr*T ±0.5 * F’ *T2 (transient region)
· The transition between transient and linear region (from synchronization or calibration point/time) occurs at time [Ts= (Fe-Fr)/( F’)]

· T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach
· FFS: Time error (Te) before detection of a current sync signal is defined as the difference between ideal time of the current sync signal and the time error due to 1) clock time drift (ΔT); and 2) residual time error from previous synchronization/calibration (Tr); Te= ΔT+ Tr
· Model 2: random time drifting, FFS details
· FFS: Phase noise model


Working Assumption
For Model 1 of frequency error, Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm), 
· Companies to report Fr and important assumptions for achieving Fr, e.g., if MR can assist to calibrate LP-WUR to correct the frequency error or if LP-WUR can only correct the frequency error based on LP-WUS synchronization signal
Agreement
Confirm the following WA with the following changes
Working Assumption
The following for usage of the clock is assumed for LP-WUR OFF/ON
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

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

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


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





In below figures we look at the evolution of the error based on different clock options considered in the last meeting. We have assumed the initial frequency (or timing) error to be 0, and then depicted the drift either based on assumption that Ts=Fe/(0.5*F’) or Ts=Fe/(F’), in Figure 3. In [3] we have presented simulation results for different frequency and timing error assumptions. From the results it can be seen that the impact of timing error, depending on the number of bits per CP-OFDM symbol can have strong impact to the achievable performance. Hence, it would seem relevant to provide means for the receiver to compensate the timing error to keep it below e.g. 1ppm depending on the number of bits per CP-OFDM symbol and assumed sub-carrier spacing. Frequency error impacts the observed performance less, tolerating up to 10ppm (at 4GHz) without noticeable performance impact. 
With the assumed drift and maximum error models, establishing time and frequency synchronisation that meets for example the afore considered limits, different periodicity of synchronisation is needed. In terms of the largest drift and lowest accuracy, the synchronisation rate would be order of every approximately 4 seconds (<1ppm) and 14 seconds (<10ppm), to meet the afore noted timing and frequency error limits, respectively. In context of synchronisation, it is also possible to use the RTC to assist the main oscillator synchronisation. By simply determining how many oscillations/cycles of the main oscillator should occur within one or multiple RTC cycle(s), the main oscillator can be synchronised to RTC. This sets the maximum frequency error to 20ppm prior any LP-WUS preamble, thus the minimum periodicity for re-synchronisation, e.g. based on LP-SS would be determined by the targeted/allowed timing drift. Assuming RTC clock drift of 0.1ppm, the time interval for periodic synchronization can be in order of seconds with zero. Correspondingly, when MR is activated e.g. to do paging monitoring or RRM measurements, or MR is kept in Deep sleep state, MR oscillator could be used to synchronize the RTC.
Hence, as discussed in last meeting for very low LR ON or OFF relative power level (e.g. duty cycled case with relative LR OFF power 0.01) or in always on with relative LR ON power <<1), only RTC could be assumed. Using RTC (e.g. with 32kHz), would seem mostly appropriate only for determining the approximate time for waking the LR (from OFF to ON) and different clock could be needed for determining the sampling timing and RF frequency for the actual reception. To enable feasible operation with designs where lower rate clock is used as a ‘sleep clock’ to preserve power and additional clocks are used for actual reception, the LP-WUS design would need to enable the UE to re-acquire the timing and frequency synchronisation before LP-WUS reception is needed. This can be achieved by having preamble as a part of  LP-WUS message or having LP-SS sent prior LP-WUS message.  




[image: ]
[bookmark: _Ref131683094][bookmark: _Hlk134604830]Figure 3: Illustration of the time offset and frequency offset for diffent frequency drift assumptions, with Ts=Fe/(0.5*F’) and with Ts=Fe/F’




Conclusion
In this contribution we have discussed different issues related to the evaluations for study on wake-up signal and receiver designs. 
Simulation and evaluation assumptions are addressed in Section 2, with focus on the power saving.  
Based on these results we make following observations and proposals:-
Observation 1: With duty cycled operation ratio, LR ON duration power consumption has limited impact to the attainable power saving gain.
Proposal 1:		LP-WUS design should be based to periodic monitoring window configuration.
Observation 2: Longer monitoring window duration needed for lower data rate/complexity waveform, will imply higher power consumption cost.
Observation 3: MR based measurement activity would need to be reduced significantly to reach power saving levels comparable to LR only operation.
Proposal 2: To enable higher power saving, reducing MR based mobility measurement activity should be supported.
Observation 4: The overall service/paging latency including sub-systems boot-up, calibration, and re synchronization, incurs the average delay of approximately 1200ms, which is bit more than DRX latency of 640ms. Thus in IDLE/Inactive LP-WUR based LP-WUS operation can offer eDRX level power performance, with latency performance comparable to iDRX operation.
Observation 5: For FTP3 scenario, LP-WUS based wake-up signal can show some power saving benefit, if shorter DRX cycle is assumed, but the overall power saving performance is still worse than with longer DRX cycle without wake-up signal.

Proposals for RAN1 study recommendations
Finally in based on the discussion we make following proposals that should be considered for the recommendation of the RAN1 study: 
Proposal 3:		As LP-WUS based operation has largest implications to UE battery life in IDLE/Inactive mode, it is recommended to focus further work to IDLE/Inactive mode enhancements so that LP-WUS can be used to trigger (legacy) paging monitoring by MR. 
· CONNECTED mode enhancements of replacing PDCCH based DCP with LP-WUS based DCP could be considered as second priority if designs can be reused.
Proposal 4:		LP-WUS design and operation should be based to periodic monitoring window configuration.
Proposal 5:		To attain good power saving performance in IDLE/Inactive with LP-WUS based operation, relaxation and reduction of MR based measurement activity should be considered.
· Feasibility of offloading serving cell RRM measurements in IDLE/Inactivity to LR should be further evaluated by RAN4
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