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Introduction
[bookmark: _Hlk66110521]During RAN1#112b-e, agreements were made on evaluation parameters and assumptions, including FAR target, MR power model updates, and synchronization signal periodicity. Additionally, RAN1 agreed to further study LP-WUS designs to achieve comparable coverage as NR channel X, with options such as PDCCH for paging and PUSCH for message3. The endorsed agreements are listed in the appendix
In this contribution, we further discuss power values, ramp-up times, SSB monitoring, AGC settling, and noise figure evaluation. It explores message sizes, coverage, combined receiver approaches, and signaling method performance. A hybrid OFDM and OOK signaling approach with non-coherent detection is recommended.

Assumptions
Power Models
Power model for OFDM-based LP-WUR
During the RAN1#112b-e meeting, the power model for OFDM-based LPWUR has been discussed. The goal is to evaluate the power-saving capabilities of an OFDM-based LP-WUR receiver. It consists of multiple relative power values for 'On' and 'Off' states, with values like 10, 20, and 30 being suitable for OFDM receivers. 
Discussions are ongoing to determine whether to categorize relative power values based on the type of receiver. The exact power model may still change based on further discussions and proposals.
As defined in TR 38.840 for RedCap UEs, the power state of SSB/CSI-RS processing is 50, assuming 2 Rx. Also from TR 38.840, a scaling factor of '0.7' can be used for 2 Rx to 1 Rx power scaling. After applying the scaling factor, the power state of SSB processing becomes 50 * 0.7 = 35. If FFT operation and PBCH processing can be simplified or skipped, an additional 50% power saving is possible, leading to 35 * 0.5 = 17.5. Further power reduction is possible by relaxing the local oscillator (LO) requirement, which dominates the RF power consumption.
Table 1: Power Reduction Steps for OFDM-based LP-WUR (1 Rx)
	Step
	Calculation
	Result

	SSB/CSI-RS Processing Power (for 2 Rx)
	-
	50

	Apply Power Scaling Factor (2 Rx to 1 Rx)
	50 * 0.7
	35

	Additional Power Saving (by excluding PBCH processing)
	35 * 0.5
	17.5

	Relaxing LO requirement
	17.5*0.6
	10.5



Given the reduction in power consumption due to simplified FFT operation and PBCH processing, it seems reasonable to propose the relative power values for the “On” state as 10, 20, and 30 for 1 Rx. This value of 10 accounts for both synchronization and measurement power consumption.
Once synchronization is achieved with timing error within half of CP and frequency error within 2ppm, LPWUS indication detection power consumption can be further reduced to 0.5, 1, 2, or 4. This is due to the decreased power consumption from using multiple T/F hypotheses after completing the initial synchronization.
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Figure 1: Breakdown of power consumption for LPWUS demod. and SSB sync/meas.
[bookmark: _Toc135044965]For OFDM-based LPWUR, the relative "On" state power value can be 10 for 1 Rx, considering reduced FFT, PBCH processing, and relaxed LO requirements. This value of 10 accounts for both synchronization and measurement power consumption.
[bookmark: _Toc135044966]For OFDM-based LPWUR, the relative "On" state power values can be further reduced to 0.5, 1, 2, or 4 for LPWUS indication demodulation when synchronization and measurement are performed independently.

LR Ramp-up time
The LR Ramp-up time proposal suggests adaptive ramp-up times for LP-WUR power models with OFDM, FSK, and OOK receivers. Ramp-up times vary based on relative power of ON states, assumed to be ≤5ms or 10ms for evaluation, dependent on power unit thresholds, and ranking from OFDM to OOK receivers.
However, this part lacks a clear justification for selecting the 10 ms ramp-up time when the relative power is more than 1 unit. It also fails to provide evidence or support for this specific value.
Considering the typical ramp-up times ranging from tens of microseconds to a few milliseconds, we suggest ramp-up time boundaries based on the relative power of LP-WUR ON state without specific values at this stage.
Table 2: Proposed Ramp-up Times for LP-WUR Based on Relative Power
	Relative Power of LP-WUR ON
	Ramp-up Time (ms)
	Justification

	≤ 1 unit
	≤ 5
	Typical ramp-up times

	> 1 unit
	>10
	Reasonable to set a range



[bookmark: _Toc135044967]For LP-WUR ON relative power of no more than 1 unit, a ramp-up time of no larger than 5 ms. For LP-WUR ON relative power greater than 1 unit, a ramp-up time of no less than 10 ms.

Measurement assumptions details
The RAN1#112b-e agreement specifies the synchronization signals' periodicity for LP-WUR power evaluation, taking into consideration existing SSB periodicity and LP-SS with periods {320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms}. Companies are to report the purpose, such as LR synchronization and/or measurement, as well as provide any additional values and assumptions.
When LP-WUR reuses existing PSS and SSS for LR synchronization, the monitoring periodicity depends on the time and frequency error requirements, which can vary based on UE implementations. In the case of OOK-based LP-WUS, considering a target time error of 2.3us (7% of a 33.33us OFDM symbol with 30kHz SCS as the CP length), a frequency drift of 0.1 ppm/s, and the maximum frequency error of 20 ppm from the RTC, a minimum period of 320ms is sufficient.
For LR measurement, if LP-WUR reuses existing PSS and SSS, the monitoring periodicity is determined by the existing RRM requirements and the number of combinations required to offload RRM to LR. With an I-DRX cycle of 1.28s, a minimum period of 320ms can support 4 combinations, which is considered adequate.
For RRC CONNECTED, a known cell refers to a cell whose information is available to and recognized by UE. This cell information may be acquired from previous measurements, network communications, or neighboring cell broadcasts. The 160ms duration typically is needed for the UE to monitor and manage its connectivity. Also, for RLM and BFD, the measurement periodicity is determined by C-DRX configurations, e.g., 40ms.
In summary, when LP-WUR employs existing SSB for synchronization and measurement to decode an OOK-based LP-WUS, the minimum periodicity for SSB monitoring can be set to 40ms, 80ms, 160ms, 320ms, 640ms, or 1280ms. These values allow LP-WUR to efficiently process the OOK-based LP-WUS while conducting measurements.
Table 3: Minimum Periodicity for SSB Monitoring in OOK-based LP-WUS Processing
	Aspect
	Target Value
	Consideration (error, drift)
	Min Periodicity

	LR Synchronization
	2.3 us
	0.1 ppm/s, 20 ppm from RTC
	320 ms

	LR Measurement
	1.28 s
	Existing RRM requirements
	320 ms

	Known cell 
	160ms
	RRC CONNECTED RRM requirements
	160 ms

	RLM/BFD
	C-DRX cycle (e.g., 40ms)
	RRC CONNECTED RLM/BFD requirements
	40 ms



[bookmark: _Toc135044968]For LP-WUR using SSB to decode OOK-based LP-WUS, candidate SSB monitoring periodicities can be 40ms, 80ms, 160ms, 320ms, 640ms, or 1280ms, depending on functionalities and operation modes.

Sync/re-sync assumption
The Sync/re-sync assumption discussion for LP-WUS RRM revolves around MR sync/re-sync SSBs and LP-WUR assistance. Companies consider Alt 1, reporting individual assumptions, and Alt 2, agreeing on values. Most prefer Alt 2 but accept Alt 1 if consensus is not reached. A decision is still pending.
The key issue is determining if LP-WUR assists MR in time and frequency synchronization. LP-WUR can help reduce blind search but requires maintaining clock and PLL during MR's ultra-deep sleep. Despite this assistance, 3 SSBs are needed for AGC settling. It is recommended to consider at least 3 SSBs for FR1 evaluation.
Table 4: Key Factors Supporting the Use of At Least 3 SSBs
	Reason
	Explanation
	Outcome

	AGC settling
	Initial signal strength adjustment
	Need for 3 SSBs

	Sync process
	Time for system stability and performance
	Justifies 3 SSBs

	LP-WUR assistance
	Reduces blind search, but not sufficient for elimination
	3 SSBs still necessary



[bookmark: _Toc135044969]For FR1 evaluation, number of SSBs for sync/re-sync for MR can be at least 3 for AGC settling.

Coverage 
Frequency error/drifting
During RAN1#112b-e, a working assumption for frequency error in Model 1 specified calculating Fd(ppm) as Fd(ppm) = ΔF(ppm) + Fr(ppm). Companies must report Fr and the assumptions for achieving it, like if MR assists in calibrating LP-WUR or if it relies solely on LP-WUS synchronization.
Considering that one-shot detection cannot achieve a 0.1 ppm residual frequency error, regardless of whether MR assists in calibration or not, it is suggested to assume a residual frequency error of less than 2 ppm, depending on the PLL/FLL complexity. Note that MR requires multiple SSBs to achieve 0.1 ppm residual frequency error depending on the SNR conditions.
[bookmark: _Toc135044970]Assume a residual frequency error (Fr) less than 2 ppm, as one-shot detection should not achieve a 0.1 ppm residual frequency error.

Noise Figure
During RAN1#112b-e, companies reached a consensus to focus on RAN1 discussions in AI 9.11.2, considering various noise figure (NF) values tailored to different receiver types and implementations. 
For OOK-based LP-WUR, considering the trade-offs between system requirements and device limitations, a noise figure of 12 dB for OOK/FSK-based LP-WUR is recommended, striking a balance between performance needs and design constraints.
[bookmark: _Toc135044971]Consider a 12 dB noise figure for evaluating OOK/FSK-based LP-WURs, balancing performance, power consumption, and coverage requirements.

Target coverage for LP-WUS
During RAN1#112b-e meeting, it was agreed to further study the designs and techniques of LP-WUS to achieve comparable coverage as NR channel X. Three options for NR channel X were mentioned: Option #1: PDCCH for paging, Option #2: PUSCH for message3, and FFS (For Further Study) other options (better than PUSCH, worse than PDCCH). The final design will jointly consider the coverage along with other KPIs. Additional detail assumptions for NR channels, such as the message size for MSG3, are marked as FFS and will be discussed in future meetings.
It is important to balance the coverage that ensures sufficient connection quality without over-allocating resources to achieve similar coverage as NR PDCCH for paging. Also, a balanced coverage approach still optimizes the successful connection rate for PRACH procedures upon paging. 
[bookmark: _Toc135044972]Evaluate LP-WUS to achieve coverage comparable to NR PUSCH for Msg3.

Results
Power Saving Gains
IDLE/INACTIVE
In this section, we provide power-saving gain evaluations for the following receivers. Here are some clarifications:
· OOK-Based LPWUR: A receiver using OOK modulation with a relative power of 0.1, which remains always on.
· OFDMA-Based LPWUR: A receiver using OFDMA modulation with a relative power of 10, operated in a duty cycle. With a transition time of 10 ms, transition energy of 5 units/ms, and a 0.15% duty cycle, this system results in an average relative power consumption of 0.17.
· Combined OOK and OFDMA Receivers: The OOK receiver and OFDMA receiver can operate in a duty cycle manner, simultaneously. The OOK receiver is always on to monitor LPWUS. Meanwhile, the OFDMA receiver operates in a duty cycle for synchronization and RRM measurements. The relative power can be determined using their corresponding power consumption values and the duty cycle. With a transition time of 10 ms and a transition energy of 50, the combined system has a relative power of 0.2716.
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[bookmark: _Ref134611690]Figure 2: Combined Receiver Illustration
Figure 2 illustrates the combined receiver. It performs coarse timing and frequency synchronization, and serving cell quality measurements, using the existing SSB. The OOK LPWUR then decodes OOK-based LPWUS and determines whether to wake up the main radio based on the RRM measurements. Since the OOK waveform tolerates certain synchronization errors, the OFDMA LPWUR can be powered on per 320 ms
[bookmark: _Ref130991987][bookmark: _Ref134555544]Table 5: Summary of Power Saving Gain (PSG) Evaluations
	PSG to R17
	OOK-based LPWUR
Relative power = 0.1
	OFDMA-based LPWUR
Relative power = 10
	Combined LPWUR
Relative power = 0.27

	
	Always on
	Duty cycle
	Always on + Duty cycle

	IDRX
	No RRM relax
	<3%

	
	RRM relax (4 times)
	42% 
	40% 
	37% 

	
	RRM offload
	92%
New common signal 
	89%
Higher latency
	86%
Reuse SSB, lower latency

	eDRX
	No RRM relax
	41%
	33%
	22%

	1. Duty cycle has the on a duration of 0.5ms and a period of 320ms. (0.15%)
2. Group paging rate = 1% assuming UE paging rate = 0.1% with 10 UEs
3. OFDM-based LPWUR has no PSG in always-on operations


Table 5 gives a summary of the PSG evaluations. Here are some clarifications regarding the PSG evaluations:
· OOK-Based LPWUR: This configuration can achieve up to 92% PSG through RRM offloading with continuous monitoring. However, the feasibility of RRM offloading and introducing new common signals are still under discussion.
· OFDMA-Based LPWUR: Due to high power consumption when monitoring OFDMA-based LPWUS, a duty cycle of 0.15% is used to reduce power consumption, resulting in an average relative power of 0.17. It achieves up to 89% PSG with RRM offloading by reusing the existing SSB. However, due to its high power consumption, it does not provide power-saving benefits for continuous monitoring and may not support latency enhancement, such as introducing a dynamic PO.
· Combined LPWUR: This configuration results in an 86% PSG with RRM offloading and benefits from both OOK-based and OFDMA-based LPWURs. The combined LPWUR supports continuous monitoring and RRM offloading, enabling potential latency enhancements and use cases in RRC_CONNECTED mode.
It is important to note that less than 3% PSG can be achieved if RRM requirements cannot be relaxed. RRM relaxation and offloading contribute the most power-saving gains based on the evaluations provided.
[bookmark: _Toc135044973]Combined LPWUR comprising both OOK-based and OFDMA-based receivers results in an 86% PSG when RRM offloading is employed with a 1% group paging rate.
[bookmark: _Toc135044974]Study a combined receiver approach comprising both OOK-based and OFDMA-based receivers to leverage the advantages of both types of receivers.

CONNECTED
In this section, we provide power saving gain evalautions in RRC CONNECTED. Focus on enhancing R16 search space set group (SSSG) switching for the XR traffic.
[bookmark: _Ref127436677]Table 6: LP-WUS assistant SSSG switching for XR traffic
	#
	Power saving scheme
	PS Gain (w.r.t Rel-17)

	
	
	LP-WUS
0.005
	LP-WUS
0.05
	LP-WUS
0.5
	LP-WUS
1
	LP-WUS
2
	LP-WUS
4

	1
	SSSG switching (XR 30 Mbps)
	18.91%
	18.89%
	18.74%
	18.56%
	18.22%
	17.53%

	2
	SSSG switching (XR 45 Mbps)
	17.58%
	17.56%
	17.42%
	17.26%
	16.94%
	16.30%


Table 6 shows the following outcomes for using LP-WUS-assisted SSSG switching in the RRC_CONNECTED state:
· Power Saving Gain: LP-WUS-assisted SSSG switching provides a power saving gain of around 17%-19% compared to Rel-17 SSSG switching. The PSG is mainly determined by the time UE spends in SSSG#0, as this is when the MR enters the microsleep mode, reducing power consumption.
· Power Consumption Impact: The impact of LP-WUS monitoring on power consumption is minimal, as there is no significant difference in power consumption when the LP-ON power value is either 0.005 or 0.05.
LP-WUS-assisted SSSG switching can provide substantial power-saving benefits in the RRC_CONNECTED state without significantly affecting LP-WUS monitoring power consumption below 0.05.
[bookmark: _Toc127546037][bookmark: _Toc135044975]LP-WUR-assisted SSSG switching shows 17% to 19% PS gains compared to R17 SSSG switching.
[bookmark: _Toc127546038][bookmark: _Toc135044976]RAN1 to consider LP-WUR-assisted SSSG switching in RRC CONNECTED, where UE is configured with one SSSG for LR to monitor LP-WUS and another SSSG for MR to monitor DCI.  

Coverage Performance
In this evaluation, we compare the coverage performance of OOK-based and OFDMA-based LPWUS signals, focusing on OOK, SSS, and PDCCH sequences. We assume each sequence uses one OFDM symbol and 12 RBs to deliver one information bit. Based on the coverage results of using one OFDM symbol, we assess the number of repetitions needed with ideal coherent combining.

Figure 3: MIL comparison for RedCAP UE by OOK-based and OFDMA-based LPWUS sequeces for 1 OFDM symbol, 1 information bit, and and repetition numbers of 2 and 16 with ideal coherent combining.
Given the coverage performance above, here are the clarifications listed:
· PDCCH CSS and PUSCH msg3 MIL values are derived from Table C.1-2: Link budget performance (MIL) for the RedCap UE (20MHz BW, 2Rx) in TR 38.875. We have averaged MIL results from multiple companies' inputs. As a result, the average PDCCH CSS MIL is 158 dB, and the average PUSCH for Msg3 is 148 dB.
· The SSS sequence is based on the NR SSS design. We create a new sequence based on the same principle with the same sequence length of 127 REs. The PDCCH sequence is based on the NR PDCCH design. We consider reusing AL2 to generate a sequence and assume this sequence only conveys one information bit. The OOK sequence is based on OOK-4. We use two OOK chips [10] and [01] within an OFDM symbol to deliver one information bit.
· For the timing and frequency imperfections, we assume the SSS and the PDCCH sequence are under the 1ppm frequency error, meanwhile, the OOK sequence is under the 200 ppm frequency error. The timing error is zero.
· Coherent combining takes into account both the amplitude and phase of the incoming signals. The receiver aligns the signals' phases and then adds them together, effectively exploiting their phase information. However, coherent combining requires accurate phase information and synchronization, making it more complex than non-coherent combining. It is important to know that for non-coherent combining, the OOK can only achive 1.5 dB by doubling the sequence length.
· We assume a noise figure of 12dB to reduce the required repetitions to be comparable to PUSCH for Msg3. If the noise figure is 15 dB, then another 3dB gain will be needed by doubling the used symbol duration.
The following table presents the MIL values for OOK signals with different combining methods and LPWUS durations, including no combining, coherent combining (pre-ED), and non-coherent combining (after- ED).
Table 7: MIL Comparison for OOK Signals with Different Combining Methods and LPWUS Durations
	Signal Type
	Combining Method
	LPWUS Duration
	MIL (dB)

	OOK
	No Combining
	1 OFDM Symbol
	137.94

	OOK
	Coherent (pre-ED)
	12 OFDM Symbols
	148.73 (+10.7dB)

	OOK
	Non-Coherent (after-ED)
	144 OFDM Symbols
	148.73 (+10.7dB)


[bookmark: _Toc135044977]The PUSCH Msg3 MIL can be achieved using 2 OFDM symbols with SSS/PDCCH LPWUS, and 16 OFDM symbols with OOK LPWUS, assuming repetitions employing coherent combining, 12RB, 1 information bit, 30kHz SCS, and a 12 dB noise figure.
[bookmark: _Toc135044978]RAN1 should strive to achieve the average Msg3 MIL using repetition with coherent combining and a 12 dB noise figure to reduce network resource overhead.

Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1	For OFDM-based LPWUR, the relative "On" state power value can be 10 for 1 Rx, considering reduced FFT, PBCH processing, and relaxed LO requirements. This value of 10 accounts for both synchronization and measurement power consumption.
Proposal 2	For OFDM-based LPWUR, the relative "On" state power values can be further reduced to 0.5, 1, 2, or 4 for LPWUS indication demodulation when synchronization and measurement are performed independently.
Proposal 3	For LP-WUR ON relative power of no more than 1 unit, a ramp-up time of no larger than 5 ms. For LP-WUR ON relative power greater than 1 unit, a ramp-up time of no less than 10 ms.
Proposal 4	For LP-WUR using SSB to decode OOK-based LP-WUS, candidate SSB monitoring periodicities can be 40ms, 80ms, 160ms, 320ms, 640ms, or 1280ms, depending on functionalities and operation modes.
Proposal 5	For FR1 evaluation, number of SSBs for sync/re-sync for MR can be at least 3 for AGC settling.
Proposal 6	Assume a residual frequency error (Fr) less than 2 ppm, as one-shot detection should not achieve a 0.1 ppm residual frequency error.
Proposal 7	Consider a 12 dB noise figure for evaluating OOK/FSK-based LP-WURs, balancing performance, power consumption, and coverage requirements.
Proposal 8	Evaluate LP-WUS to achieve coverage comparable to NR PUSCH for Msg3.
Observation 1	Combined LPWUR comprising both OOK-based and OFDMA-based receivers results in an 86% PSG when RRM offloading is employed with a 1% group paging rate.
Proposal 9	Study a combined receiver approach comprising both OOK-based and OFDMA-based receivers to leverage the advantages of both types of receivers.
Observation 2	LP-WUR-assisted SSSG switching shows 17% to 19% PS gains compared to R17 SSSG switching.
Proposal 10	RAN1 to consider LP-WUR-assisted SSSG switching in RRC CONNECTED, where UE is configured with one SSSG for LR to monitor LP-WUS and another SSSG for MR to monitor DCI.
Observation 3	The PUSCH Msg3 MIL can be achieved using 2 OFDM symbols with SSS/PDCCH LPWUS, and 16 OFDM symbols with OOK LPWUS, assuming repetitions employing coherent combining, 12RB, 1 information bit, 30kHz SCS, and a 12 dB noise figure.
Proposal 11	RAN1 should strive to achieve the average Msg3 MIL using repetition with coherent combining and a 12 dB noise figure to reduce network resource overhead.
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Appendix 
Agreements in RAN1#112b-e
9.11.1 Evaluation on low power WUS
Agreement in RAN1#112b-e
For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple WUS attempts/trials, 
· UE have N attempts within T, where N is the number of LP-WUS transmission occasions within T.
· N is the number of attempts within T.
· where T is {1.28s, 2.56, …}. Other values are not precluded for evaluation.
· Company to report (FAR, T, N)
· Note: FAR = {0.1%, 1%} as agreed in RAN1#112
· Note 1: For example, if UE performs multiple correlations for a sequence part for potential LP-WUS transmission in that in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
· Note 2: If UE performs multiple non-overlapping N attempts for the N occasions within the reference time duration, the false alarm event for the attempts are assumed as independent. 
· Note 3: Number of attempts per second (
[image: ]
) can be calculated from T and N, i.e., 
[image: ]
.
Power saving evaluations that companies provide the assumptions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design
 
Agreement in RAN1#112b-e
Update as followings for the e-DRX paging probability
Note:
· For i-DRX with cycle duration Y second,
· Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
· For e-DRX with K i-DRX cycles duration, PTW duration of L i-DRX cycles, and an i-DRX cycle duration Y second
· Per UE paging probability is
· RE = 1 – (1 – RE, REF )(K-L+1)Y/YREF for the first i-DRX cycle within the PTW
· RE = 1 – (1 – RE, REF )Y/YREF for each of the remaining L-1 i-DRX cycles within the PTW
· L=4
 
Agreement in RAN1#112b-e
Update the additional transition energy from [TLR, ramp-up *(PON+POFF)/2] to [TLR, ramp-up *(PON-POFF)/2] for LP-WUR power model.
· Note: this assumes the power consumption during the transition time is sum of additional transition energy and LP-WUR OFF energy, e.g., similar definition as the additional transition energy in TR38.840
 
Working Assumption in RAN1#112b-e
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 in RAN1#112b-e
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
o     {320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms}
o    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.
 
Working Assumption in RAN1#112b-e
For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple LP-WUS attempts/trials,
· UE have N attempts within T, 
· Company to report (FAR target, T, N)
· For example, 
· if UE makes a single decision (e.g., comparison with threshold) based onmultiple correlations for a sequence in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
· if UE performs decoding (including e.g., CRC check)in a monitor occasion, a single decoding is considered as ONE trial/attempt.
· If UE performs N non-overlap attempts within the reference time duration, the false alarm event for the attempts are assumed as independent.
Companies to provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design.
 
Agreement in RAN1#112b-e
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 option1 and 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.
 
Agreement in RAN1#112b-e
Confirm Alt 2 in the following agreement and update as follows
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) as baseline
· Alt 2: ([40000], [800ms])
Company to report which alternative they use for which use cases.
 
Agreement in RAN1#112b-e
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’)]
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· 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: 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)
	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.
 
 
9.11.2    Low power WUS receiver architectures

Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design”:
· Yes, IoT/wearables/smartphone UE types are all considered for LP-WUR design, according to the following agreement made in RAN1#112:
	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 in RAN1#112b-e
Provide the following response to RAN4 on “Whether FR1 is considered as first priority frequency range”:
· Yes, FR1 is considered as first priority frequency range in RAN1, and it is still FFS whether FR2 should be included in the scope of the SI.
 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Whether in-band power boosting of LP-WUS is considered from RAN1 perspective”:
· RAN1 is considering as part of evaluation, the in-band power boosting of LP-WUS. As the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following for the modelling of adjacent subcarrier interference. RAN1 would appreciate feedback from RAN4, if any, on the power boosting assumptions made in RAN1.
	Adjacent subcarrier interference
	· PDSCH mapped on resources other than that for WUS and guard band; 
EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional


 
Agreement in RAN1#112b-e
OOK-2 can be received using the agreed receiver architectures for OOK with parallel envelope detection.
 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Power consumption, coverage and SNR targets”:
· RAN1 has not reached any agreements on LP-WUR power consumption targets. RAN1 is still studying it.
· For the power consumption of LP-WUR, the following power model was agreed for evaluation purpose. Note that the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the non-RedCap UE power model defined in Section 8.1 of TR 38.840. The UE power model for RedCap UEs can be found in Section 6.2 of TR 38.875.
	Agreement
The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	 
	 


FFS: whether further categorization/sub-categorization is needed and how.


· RAN1 has not reached any agreements on the coverage and SNR targets for LP-WUR. RAN1 is still studying these aspects.
· For evaluation of the coverage of LP-WUS, RAN1 has agreed to use MIL as the metric, with more details in the following agreement.
	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


 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case”:
· For the bandwidth of LP-WUS, RAN1 has agreed on the following:
	Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI


· RAN1 has not discussed the RF bandwidth of 1.4MHz for LP-WUS, and has not reached any conclusion on the maximum occupied RB number in 5MHz RF bandwidth case for LP-WUS. As the starting point for link-level simulations of LP-WUS, RAN1 has agreed on the following for LP-WUS bandwidth, the guard band and the filter.
	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
· {2.16, 4.32} MHz including subcarriers for guard band 
· 1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
FFS: other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS

	Filter 
	X-th Order filter (e.g. Butterworth, Chebyshev, …) with Y MHz bandwidth,
· X = {3, 5}
· Companies to report Y
Companies to report any other assumptions if needed


 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Possible supported SCS for LP-WUS, if applicable”:
· RAN1 has reached the following agreement on SCS:
	Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 


· In addition, as the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following assumptions for LP-WUS:
	Configuration for LP-WUS signal
	For OOK/FSK waveform,
· Option 1a: M=1 and SCSs = 15kHz (same as NR signal)
· Option 1b: M=1 and SCSs = 30kHz (same as NR signal)
· Option 2a: M =2/4/8 for SCS = 15KHz (same as NR signal)
· Option 2b: M =2/4/8 for SCS = 30 kHz (same as NR signal)
· Option 3: M=1 and SCSs = 60kHz/120kHz/240kHz
· Note: M is referred to the definition of “M” in the agreements for OOK-1/2/3/4 and FSK-1/2
For OFDM: FFS, e.g., ZC sequence
Other options are up to companies to report


 
Agreement in RAN1#112b-e
Provide the following response to RAN4 on “Whether WUS can be located in a band separate from the UE’s NR band”:
· RAN1 has reached the following agreement, and the case where WUS is located in a band separate from the UE’s NR band is to be further studied from RAN1 perspective.
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Whether LP-WUS is applicable for TDD / FDD (with full duplex operation)
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)


 
Agreement in RAN1#112b-e
Proposed observation 4-4r2: (FSK with frequency to amplitude conversion)
The FSK architectures with frequency to amplitude conversion is applicable to single-SC FSK, but it may be challenging to make the frequency to amplitude conversion work well with multi-subcarrier FSK.
· Note: single-SC FSK refers to the waveform where each frequency segment has a single subcarrier, and multi-subcarrier FSK refers to the waveform where each frequency segment has multiple subcarriers, as described in the agreements for FSK-1 and FSK-2.
 
9.11.3    L1 signal design and procedure for low power WUS
Agreement in RAN1#112b-e
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)
 
Agreement in RAN1#112b-e
Update the RAN1#112 agreement as the following:
· [time/frequency resources (including any guard bands), if applicable]
· [total energy of LP-WUS across the time/frequency resources]
Working assumption: In place of the above deleted bullets:
· Alt 1:
· average EPRE within the [time]/frequency resources used for LP-WUS (including any guard bands)
· time/frequency resources used for LP-WUS (including any guard bands)
· Alt 2:
· average EPRE within the [time]/frequency resources used for LP-WUS (including any guard bands)
· SNR is calculated as average EPRE divided by power of noise [and interference].
· Companies to report whether and how power pooling across and within MR OFDMA symbols is used.
FFS: PAPR applicable to LP-WUS
 
Agreement in RAN1#112b-e
Replace in RAN1#112 agreement
Companies to report
· power consumption of the MR if false alarm probability/rate not fixed across MC-ASK, MC-FSK, and CP-OFDMA waveforms
with 
· receiver architecture type and its relative power consumption
 
Agreement in RAN1#112b-e
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.
 
Agreement in RAN1#112b-e
· For RRC connected mode, the following is assumed for LP-WUS study in RAN1
· RLM/BFD/CSI are performed by UE Main Radio (MR) 
· RRM measurements are performed by UE Main Radio (MR)
· Ultra-deep sleep state is not allowed for MR.
· Study additional support of RRM measurement by LP-WUR for RRC connected mode
· Study RRC connected mode LP-WUS functionality/purpose/procedures
· Study RRC connected mode LP-WUS activation/deactivation procedures.
· Study RRC connected mode LP-WUS BW, whether same as IDLE/Inactive mode or different 
· In RRC connected, study the relationship between LP-WUS and legacy UE power saving techniques.
 
Agreement in RAN1#112b-e
· Study further following alternatives to carry the LP-WUS information using: 
· Alt 1: by sequence(s) detection/selection  
· FFS sequence type
· Alt 2: by encoded bits 
· FFS: what type of encoding scheme
· FFS: with or without other bits (e.g. CRC/FCS)
· Other alternatives are not precluded
· Study whether LP-WUS information needs to be preceded by known one or more sequence(s).
 
Agreement in RAN1#112b-e
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
· Other BW sizes are not precluded
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs
 
Agreement in RAN1#112b-e
Study further methods to modulate input signal of the DFT/Least-Square block for OOK-4, and methods to modulate input signal of N SCs for other MC-ASK/FSK schemes
· study whether there is a need to additionally modulate / to specify input signal or/and whether it can be left up to gNB implementation
· study methods with respect to 
· improving frequency diversity by flattening the spectrum, frequency repetition and frequency hopping
· impact to dynamic range of RE power in frequency domain
· FFS: impact to PAPR of generated time domain modulated MC-ASK/FSK symbol
· improving robustness to timing error necessary spectrum adjustment for compatibility with CP-OFDM generation
 
Agreement in RAN1#112b-e
· Study techniques/mechanisms to enhance coverage performance of LP-WUS
· Study potential gains available as well as drawback(s) of the technique(s)/mechanisms(s), e.g. system overhead, increased complexity network energy consumption etc…
· Study potential issues and corresponding solutions for the case when LP-WUS coverage is insufficient 
· At least study fallback mechanisms where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, e.g. below threshold.
[bookmark: _Ref127436416]Evaluation Models for LP-WUR-Assisted SSSG Switching
The power model and simulation parameters are in this subsection.
	Simulation parameters 
	Value

	Deployment
	3GPP Dense Urban, 7 sites, 3 sectors per site, ISD = 200m
80% indoor UE, 20% outdoor UE

	Channel model
	3D-UMa

	Channel estimation
	Ideal

	SCS
	30 kHz 

	Frame structure for TDD
	DDDSU

	Scheduling scheme
	Proportional fair

	Bandwidth
	100MHz; 2.08% guard band (272 360kHz RB in 100MHz)

	BS Tx antenna config.
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1) with 64 TXRU
(dH, dV) = (0.5λ, 0.5λ)
Down tilt: 12 degrees
SU-MIMO

	BS height
	25 m

	UE Rx antennas config.
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) 2T/4R
(dH, dV) = (0.5λ, N/A)

	UE height
	1.5 m

	UE speed
	3 km/h

	Antenna Gain
	BS: 8 dBi, 3-sector antenna
UE: 0 dBi, omni-directional

	Noise figure
	BS: 5dB; UE: 9dB

	Max Tx power
	BS: 44 dBm per 20 Mhz
UE: 23 dBm



	Traffic
	AR/VR (Follow the setting in TR 38.838)

	Data rate (Mbps)
	30
	45

	PDB (ms)
	10

	Packet size distribution
	Truncated Gaussian

	mean packet size (Bytes)
	62500
	93750

	Ratio: STD/mean pkt size
	0.105

	Ratio: Max/mean packet size 
	1.5

	Ratio: min/mean packet size 
	0.5

	Packet arrival rate (sec)
	Periodic (1/FR), FR = 60

	Jitter value distribution
	Truncated Gaussian

	Avg. jitter value (ms)
	0

	Jitter value STD (ms)
	2

	Max jitter value (ms)
	4

	Min jitter value (ms)
	-4



	Basic power consumption for PDCCH/LP-WUS monitoring (uint)

	PDCCH monitoring in SSSG 0/1
	100 (PDCCH monitoring in TR 38.840)

	LP-WUS monitoring 
	45 (micro sleep power in TR 38.840)

	Additional power consumption for LR (unit)

	LP-WUS off 
	0.001

	LP-WUS on
	0.005, 0.05, 4


Processing Timelines
R18 UDS paging
	UE operations in a paging cycle
	Time duration (ms)
	value

	LP-WUR ON
	1280
	128

	3SSB freq. sync + ssb search
	80
	1654

	SSB processing 
	2
	100

	Light sleep
	18
	424

	SSB processing 
	2
	100

	Light sleep
	18
	424

	SSB processing and intra-frequency RRM measurement
	2
	361.25

	Light sleep
	8
	244

	PO reception
	4
	480

	Light sleep
	6
	208

	Switch to another frequency layer
	0.5
	15.5

	Inter-freq. RRM measurement
	5
	750

	Switch back to serving frequency
	0.5
	15.5

	Ultra-Deep sleep
	1214
	15018.21

	(Total)
	1280
	19922.46


R18 UDS not paging (RRM relax)
	UE operations in a paging cycle
	Time duration (ms)
	value

	LP-WUR ON
	1280
	128

	Ultra-Deep sleep
	1280
	0.015

	(Total)
	1280
	128.015



R17 PEI paging
	UE operations in a paging cycle
	Time duration (ms)
	value

	PEI monitoring
	1
	50

	SSB processing 
	2
	100

	Light sleep
	18
	424

	SSB processing 
	2
	100

	Light sleep
	18
	424

	SSB processing and intra-frequency RRM measurement
	2
	361.25

	Light sleep
	8
	244

	PO reception
	4
	480

	Light sleep
	6
	208

	Switch to another frequency layer
	0.5
	15.5

	Inter-freq. RRM measurement
	5
	750

	Switch back to serving frequency
	0.5
	15.5

	Deep sleep
	1214
	1421.2

	(Total)
	1280
	4593.45


R17 PEI no paging
	UE operations in a paging cycle
	Time duration (ms)
	value

	PEI monitoring
	1
	50

	SSB + LS+ SSB+ LS + SSB and intra freq RRM+ LS
	50
	1653

	Inter-freq. RRM measurement
	5
	750

	Deep sleep
	1275
	1470

	(Total)
	1280
	3923


R18 DS paging
	UE operations in a paging cycle
	Time duration (ms)
	value

	LP-WUR ON
	1280
	128

	SSB processing 
	2
	100

	Light sleep
	18
	424 

	SSB processing 
	2
	100

	Light sleep
	18
	424

	SSB processing and intra-frequency RRM measurement
	2
	361.25

	Light sleep
	8
	244

	PO reception
	4
	480

	Light sleep
	6
	208

	Switch to another frequency layer
	0.5
	15.5

	Inter-freq. RRM measurement
	5
	750

	Switch back to serving frequency
	0.5
	15.5

	Deep sleep
	1214
	1421.2

	(Total)
	1280
	4671.45


R18 DS no paging (RRM)
	UE operations in a paging cycle
	Time duration (ms)
	value

	LP-WUR ON
	1280
	128

	SSB processing 
	2
	100

	Light sleep
	18
	424

	SSB processing 
	2
	100

	Light sleep
	18
	424

	SSB processing and intra-frequency RRM measurement
	2
	361.25

	Light sleep
	8
	244

	Light sleep
	6
	208

	Switch to another frequency layer
	0.5
	15.5

	Inter-freq. RRM measurement
	5
	750

	Switch back to serving frequency
	0.5
	15.5

	Deep sleep
	1218
	1424.4

	(Total)
	1280
	4194.65


R18 DS no paging (no RRM)
	UE operations in a paging cycle
	Time duration (ms)
	value

	LP-WUR ON
	1280
	128

	Deep sleep
	1280
	1474

	(Total)
	1280
	1602.00


LLS Simulation Results 
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Figure 4: SSS-lie LPWUS, 2.6GHz, 127 chips, 30kHz SCS, 1 OFDM symbol, 1 informaiton bit, 5MHz BW
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Figure 5: PDCCH-like LPWUS, 2.6GHz, 144 chips, 30kHz SCS, 1 OFDM symbol, 1 informaiton bit, 5MHz BW
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Figure 6: OOK-4 LPWUS, 2.6GHz, seq. only, 2 chips, 30kHz SCS, 1 OFDM symbol, 1 informaiton bit, 5MHz BW

Coverage Reference
Table 8: Table C.1-2: Link budget performance (MIL) for the RedCap UE (20MHz BW, 2Rx)
	Urban 2.6GHz, 2Rx RedCap UE

	 
	 
	PDCCH CSS
	PDCCH USS
	PDSCH
	Msg2
	Msg4
	PBCH
	PUCCH 2bits
	PUCCH 11 bits
	PUCCH 22bits
	PUSCH 
	Msg3
	PRACH B4
	Target /Option3

	Samsung
	MIL (dB)
	160.1
	164.1
	156.7
	155.8
	156.7
	 
	155.2
	151.6
	148.3
	136.4
	147.0
	 
	139.4

	
	Margin (dB)
	20.6
	24.6
	17.2
	16.3
	17.2
	 
	15.8
	12.2
	8.9
	-3.0
	7.6
	 
	 

	ZTE
	MIL (dB)
	 
	 
	 
	 
	 
	 
	159.6
	157.9
	155.4
	139.0
	153.5
	 
	142.0

	
	Margin (dB)
	 
	 
	 
	 
	 
	 
	17.7
	15.9
	13.4
	-3.0
	11.5
	 
	 

	OPPO
	MIL (dB)
	161.2
	165.2
	164.6
	155.2
	159.0
	 
	151.9
	152.0
	151.9
	141.9
	151.7
	 
	145.1

	
	Margin (dB)
	16.0
	20.0
	19.5
	10.1
	13.8
	 
	6.8
	6.8
	6.7
	-3.2
	6.6
	 
	 

	CATT
	MIL (dB)
	159.2
	163.2
	161.7
	153.7
	157.4
	 
	157.3
	155.9
	153.9
	142.9
	150.5
	 
	145.9

	
	Margin (dB)
	13.2
	17.2
	15.7
	7.8
	11.4
	 
	11.4
	10.0
	7.9
	-3.0
	4.6
	 
	 

	vivo
	MIL (dB)
	151.9
	160.0
	154.9
	149.6
	151.4
	155.4
	153.2
	150.6
	148.1
	135.0
	149.4
	146.7
	137.8

	
	Margin (dB)
	14.2
	22.2
	17.2
	11.8
	13.7
	17.6
	15.4
	12.9
	10.3
	-2.8
	11.6
	8.9
	 

	Xiaomi
	MIL (dB)
	160.8
	160.8
	160.9
	155.4
	158.4
	 
	158.6
	155.9
	154.2
	143.7
	151.6
	 
	146.7

	
	Margin (dB)
	14.0
	14.0
	14.1
	8.6
	11.6
	 
	11.9
	9.2
	7.5
	-3.0
	4.9
	 
	 

	Futurewei
	MIL (dB)
	159.0
	161.0
	159.3
	157.3
	158.1
	 
	 
	 
	 
	148.6
	150.5
	 
	151.6

	
	Margin (dB)
	7.3
	9.3
	7.6
	5.6
	6.4
	 
	 
	 
	 
	-3.0
	-1.1
	 
	 

	Nokia
	MIL (dB)
	162.5
	162.5
	160.3
	161.5
	160.3
	 
	148.7
	 
	147.2
	135.6
	144.8
	147.3
	138.6

	
	Margin (dB)
	23.9
	23.9
	21.7
	22.9
	21.7
	 
	10.1
	 
	8.6
	-3.0
	6.2
	8.7
	 

	DOCOMO
	MIL (dB)
	159.8
	163.8
	159.9
	152.9
	156.0
	 
	158.1
	161.9
	 
	142.7
	151.6
	 
	145.7

	
	Margin (dB)
	14.1
	18.1
	14.1
	7.2
	10.3
	 
	12.4
	16.2
	 
	-3.0
	5.9
	 
	 

	CMCC
	MIL (dB)
	157.2
	162.8
	161.1
	154.6
	157.4
	158.8
	153.3
	151.5
	149.3
	136.8
	149.8
	155.6
	139.8

	
	Margin (dB)
	17.4
	23.0
	21.3
	14.8
	17.6
	19.0
	13.5
	11.7
	9.6
	-3.0
	10.1
	15.9
	 

	Panasonic
	MIL (dB)
	 
	163.5
	154.7
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Margin (dB)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Huawei
	MIL (dB)
	158.0
	162.0
	156.9
	154.6
	154.6
	 
	157.6
	 
	155.3
	136.0
	146.6
	 
	139.0

	
	Margin (dB)
	19.0
	23.0
	17.9
	15.7
	15.6
	 
	18.6
	 
	16.3
	-3.0
	7.7
	 
	 

	Spreadtrum
	MIL (dB)
	159.0
	163.0
	160.9
	157.8
	157.8
	160.3
	155.4
	153.6
	153.2
	142.7
	147.5
	152.8
	145.7

	
	Margin (dB)
	13.2
	17.2
	15.1
	12.0
	12.0
	14.5
	9.7
	7.9
	7.5
	-3.0
	1.8
	7.0
	 

	Apple
	MIL (dB)
	154.4
	162.4
	157.4
	147.3
	150.4
	 
	 
	 
	147.8
	137.0
	141.7
	 
	140.0

	
	Margin (dB)
	14.4
	22.4
	17.4
	7.3
	10.4
	 
	 
	 
	7.8
	-3.0
	1.8
	 
	 

	Ericsson
	MIL (dB)
	155.8
	155.8
	156.5
	150.2
	152.9
	157.8
	151.9
	152.5
	150.6
	140.9
	148.2
	152.1
	143.9

	
	Margin (dB)
	11.8
	11.8
	12.5
	6.2
	8.9
	13.8
	8.0
	8.6
	6.7
	-3.0
	4.3
	8.1
	 

	InterDigital
	MIL (dB)
	158.77
	162.8
	160.29
	153.87 
	156.80 
	 
	157.1
	 
	152.8
	140.24
	149.84 
	 
	143.24

	
	Margin (dB)
	15.53
	19.56
	17.05
	 10.63
	 13.56
	 
	13.86
	 
	9.56
	-3.0
	6.6 
	 
	 

	Qualcomm
	MIL (dB)
	155.8
	 
	157.8
	152.0
	154.3
	 
	 
	 
	143.5
	136.4
	145.2
	 
	139.4

	
	Margin (dB)
	16.5
	 
	18.4
	12.6
	14.9
	 
	 
	 
	4.2
	-3.0
	5.9
	 
	 

	Intel
	MIL (dB)
	159.8
	161.0
	157.6
	160.7
	158.0
	162.7
	159.0
	157.8
	155.2
	140.9
	151.6
	153.8
	143.9

	
	Margin (dB)
	15.8
	17.1
	13.7
	16.7
	14.0
	18.8
	15.1
	13.8
	11.2
	-3.0
	7.6
	9.8
	 





OOK-seq	PDCCH-seq	SSS-seq	Average Msg3 MIL	OOK x 12 with coh. comb. (+10.7dB)	PDCCH x 2 with coh. comb. (+3 dB)	SSS x 2 with coh. comb. (+3dB)	Average PDCCH CSS MIL	137.94	145.94	146.44	148	148.74	148.94	149.44	158	
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Discussion


 


1


 


Introduction


 


During


 


RAN1#112b


-


e, a


greements were made on evaluation parameters and assumptions, including FAR target, 


MR


 


power model updates, and synchronization signal periodicity. Additionally, RAN1 agreed to further study LP


-


WUS 


designs to achieve comparable coverage as NR channel X, wi


th options such as PDCCH for paging and PUSCH for 


message3.


 


The endorsed agreements are listed in the appendix


 


In this


 


contributio


n, we further discuss


 


power values, ramp


-


up times, SSB monitoring, AGC settling, and noise figure 


evaluation. It explores mess


age sizes, coverage, combined receiver approaches, and signaling method performance. 


A hybrid OFDM and OOK signaling approach with non


-


coherent detection is recommended.


 


 


2


 


Assumptions


 


2.1


 


Power 


Models


 


Power model for OFDM


-


based LP


-


WUR


 


During the 


RAN1#112b


-


e meeting


, 


the power model for OFDM


-


based LPWUR has been discussed. 


The goal is to 


evaluate the power


-


saving capabilities of an OFDM


-


based LP


-


WUR receiver. It consists of multiple relative power 


values for 'On' and 'Off' states, with values like 


10, 20, and 30 being suitable for OFDM receivers. 


 


Discussions are ongoing to determine whether to categorize relative power values based on the type of receiver. 


The exact power model may still change based on further discussions and proposals.


 


As defined


 


in TR 38.840 for RedCap UEs,


 


t


he power state of SSB/CSI


-


RS processing is 50, assuming 2 Rx.


 


Also from TR 


38.840, a


 


scaling factor of '0.7' 


can be


 


used for 2 Rx to 1 Rx power scaling.


 


After applying the scaling factor, the power 


state of SSB 


processing becomes 50 * 0.7 = 35.


 


If FFT operation and PBCH processing can be simplified or skipped, 


an additional 50% power saving is possible, leading to 35 * 0.5 = 17.5.


 


F


urther 


power reduction is possible 


by


 


relax


ing 


the


 


local oscillator (


LO


)


 


requireme


nt


, which dominates the RF power consumption


.


 


Table 


1


: 


Power Reduction Steps for OFDM


-


based LP


-


WUR (1 Rx)


 


Step


 


Calculation


 


Result


 


SSB/CSI


-


RS Processing Power (for 2 Rx)


 


-


 


50


 


Apply Power Scaling Factor (2 Rx to 1 Rx)


 


50 * 0.7


 


35


 


Additional Power Saving (by excluding PBCH processing)


 


35 * 0.5


 


17.5


 


R


elaxing LO requirement


 


1


7.5*0.6


 


1


0.5
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Step  Calculation  Result  

SSB/CSI - RS Processing Power (for 2 Rx)  -  50  

Apply Power Scaling Factor (2 Rx to 1 Rx)  50 * 0.7  35  

Additional Power Saving (by excluding PBCH processing)  35 * 0.5  17.5  

R elaxing LO requirement  1 7.5*0.6  1 0.5  

 

