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[bookmark: _Ref226729484]Introduction
3GPP has agreed to perform a study on 6G Radio [1]. In RAN1 #122bis, it was agreed to study downlink wakeup signal (DL WUS) as a part of the 6GR SI [2]:
	Agreement
Study and evaluate DL WUS of OFDM based sequence and corresponding mechanisms for 6GR EE improvement, regarding at least the following aspects:
· Coverage target for DL WUS (e.g., same as PDCCH, common sync signal, or other)
· Measurements and/or synchronization.
· System overhead and network energy consumption/UE energy saving for UE operation with the DL WUS.
· RRC states
· Other functionalities



A more detailed description of the responsibilities for studying DL WUS is found in the Chairman’s agenda for AI 10.6 of RAN1 #125 [3]:
	10.6	WUS and operation
Note 1: For schemes/mechanisms that are different from leveraging the design of other agendas.
10.6.1	Downlink WUS and operation
10.6.1.1	Design of WUS with OFDM based sequence
Note 1: Including Contributions for design target, applicable scenarios, etc.
10.6.1.2	WUS operation in RRC states



Made agreements from previous meetings are reproduced in Appendix A.
Please note that this summary has been produced with the help of AI. Companies are therefore encouraged to verify that their views are correctly represented.
[bookmark: _Hlk221193810][bookmark: _Ref178064866]Topics for online discussion
TBD
Discussion
[bookmark: _Ref226559656]Design Principles and Scenarios
Summary of Companies’ views
The technical sources outline several design principles and scenarios for 6GR DL WUS, focusing on creating a robust, efficient, and unified mechanism that avoids the limitations encountered in 5G implementations.
General Design Principles
Companies emphasize that the 6G DL WUS must balance aggressive device power savings with minimal network overhead and complexity.
Unified Signal Design: A core principle supported by Futurewei, Ericsson, Spreadtrum/UNISOC, Panasonic, HONOR, and Samsung is the pursuit of a single, unified design across all RRC states (Idle, Inactive, and Connected). Panasonic and Lenovo specifically argue that this unified design should replace the fragmented 5G features like DCP and PEI to avoid duplicated functionalities and reduce implementation complexity. vivo and CATT add that the design must be highly scalable to accommodate diverse device capabilities and coverage needs.
6G Day-1 Support: Sony, Nordic Semiconductor, and TCL stress that DL WUS must be an integral "Day-1" feature of the 6G standard rather than a later add-on. Sony notes that integrating it from the initial phase allows for a simpler, dedicated mechanism not constrained by legacy 5G frameworks.
Balance of Power and Overhead: Nokia, Ericsson, and Samsung observe that UE power saving gains must be weighed against system overhead, network energy consumption, and base station complexity. InterDigital argues that a design prioritizing minimum system complexity is preferable over one that maximizes UE power savings in isolation.
Configurability and Scalability: Ericsson, Sony, and Nordic Semiconductor propose that the WUS structure—including its duration, bandwidth, and sequence length—must be configurable by the network to adapt to varying coverage conditions and device types (e.g., 1-Rx vs. 2-Rx).
Reuse of Existing Frameworks: InterDigital and Samsung advocate for reusing existing NR or 6G frameworks where possible, such as implementing the WUS as a specific format within the PDCCH framework to simplify specification and behavior definitions.
Target Scenarios and Use Cases
The 6G DL WUS is intended to serve a broad range of applications, from ultra-low-power sensors to high-performance smartphones.
Diverse Device Types:
· eMBB: Panasonic, Huawei, Sony, and NTT DOCOMO identify eMBB as the primary baseline use case, focusing on energy efficiency for smartphones and high-data-rate devices.
· IoT and Massive Connectivity: MediaTek, Xiaomi, Nordic Semiconductor, and CATT highlight the critical need for DL WUS to support 1-Rx IoT devices and massive machine-type communications (mMTC). NTT DOCOMO insists that IoT requirements must not be ignored for the sake of eMBB.
· Specialized Scenarios: Sony and HONOR mention extended use cases such as XR smart glasses, wearables, and Fixed Wireless Access (FWA).
RRC State Differences and Transitions:
· Idle/Inactive States: The primary function here is paging indication. Nokia and vivo observe that low paging arrival rates in these states favor simple, reliable triggers.
· Connected State: Ericsson, OPPO, and Huawei describe scenarios where WUS triggers PDCCH monitoring or skips C-DRX "ON" durations for active data sessions. vivo notes that high traffic arrival rates in this state may require more efficient mapping schemes, like bitmaps.
Advanced Deployment Scenarios:
· Multi-TRP and Multi-Carrier: Ofinno and Qualcomm propose studying DL WUS in multi-TRP and single-cell multi-carrier environments to maximize system-wide efficiency.
· Extended Coverage: Ericsson and Nordic Semiconductor argue that if the network supports extended coverage (e.g., in deep indoor or basement scenarios), the DL WUS must also reach those targets, potentially up to an MCL of 154 dB.
· High-Frequency (7 GHz) Operation: Nokia, Huawei, and Samsung emphasize the scenario of 6G deployments at 7 GHz, where DL WUS must achieve coverage comparable to mid-band (3.5 GHz) signals through repetition or bandwidth expansion.
Event-Triggered vs. Periodic Functions: MediaTek observes that while DL WUS is event-triggered for wake-ups, it should not be misused for periodic functions like RRM measurement to avoid unnecessary network overhead. In contrast, Sony and Tejas Networks suggest that using DL WUS for aperiodic synchronization can reduce "early wake-up" power penalties.
FL Comments and Proposal
1st round
Several companies have emphasized the need for balance between functionality and overhead. The diagram in Figure 1 illustrates a “best” feature implementation, a 1 on a scale from 0 to 1. The area within the blue line represents UE complexity or NW overhead. Quite likely, the area is approximately inversely proportional to likelihood of WUS to be implemented on either side of the transmission channel. In FL’s view, the most successful WUS is the implemented WUS – not the DL WUS that never moves beyond the specification. In other words, if we ask too much, we may end up losing it all, or as we say in Sweden, lagom[footnoteRef:2] is best. [2:  Lagom is a uniquely Swedish concept rooted in Old Norse and Viking culture, believed to derive from the phrase "laget om," meaning "around the group" — referring to the practice of passing a shared drinking horn where each person drank just the right amount so everyone received their fair share. The word embodies a philosophy of balance, moderation, and collective harmony, reflecting the Viking value of the group over the individual.] 


[bookmark: _Ref229568490]Figure 1: DL WUS functional design space.
There is strong support to have a unified and scalable design across RRC states, device capabilities and use cases, to reduce implementation complexity. FL presents the following proposal:

FL Proposal 3.1.1
RAN1 to adopt a unified and scalable DL WUS design across all RRC states to support diverse device capabilities and needs and to reduce implementation complexity, e.g., by,
· Single (T/F) waveform and sequence family,
· Unified information provisioning across RRC states.

Companies’ comments
1st round
Companies’ comments on the above proposal are appreciated.
	Company
	Comment

	
	



[bookmark: _Ref226632265][bookmark: _Ref227079780]Coverage
Summary of Companies’ Views
The DL WUS design is centered on the principle that its coverage must match that of the standard 6G PDCCH in the same frequency band. This ensures that all devices capable of receiving control signaling can also benefit from the energy-saving properties of the wake-up mechanism without encountering reachability gaps.
RRC State Differences
Coverage requirements vary by RRC state due to different base station transmission capabilities and device monitoring behaviors.
Antenna Gain Gap: CATT observes a 4 dB antenna gain difference between the common PDCCH (used in Idle/Inactive states) and unicast PDCCH (used in Connected state). Unicast channels benefit from narrow-beamforming gains, while common channels typically use wider beams to cover the entire cell, requiring the WUS to adapt its resource allocation accordingly.
Target Alignment: vivo and CATT propose that DL WUS coverage targets should be considered separately: the UE-specific WUS in Connected state should match the PDCCH in USS (UE-specific search space), while Group-WUS in Idle state should match the PDCCH in CSS (common search space).
Commonality vs. Specificity: Ericsson and Panasonic emphasize that while performance targets might differ, the signal design should remain similar across all RRC states to minimize implementation complexity for both the network and the device.
Use Cases and Extended Coverage
The 6G WUS is intended for a broad range of use cases, from high-performance smartphones to ultra-low-cost IoT sensors.
IoT vs. eMBB: MediaTek and Xiaomi highlight that the coverage performance is heavily dependent on the device's receiver capability. Their analysis shows that for 1-Rx (IoT) devices, up to 12 OFDM symbols may be required to match PDCCH AL8 coverage in critical TDL-A channels, whereas 2-Rx (non-IoT) devices may only require 3 symbols.
Extreme Coverage Targets: Nordic Semiconductor and Ericsson propose that if the network supports extended coverage (e.g., for basement or deep indoor scenarios), the DL WUS should also support these targets, potentially reaching a Maximum Coupling Loss (MCL) of 154 dB through extensive repetition.
Application Scope: Kyocera and Sony note that the low-power wake-up signal is not limited to IoT; it is a "Day-1" feature that should extend to eMBB, XR, and FWA scenarios to maximize system-wide energy efficiency.
Coverage Enhancement Techniques
Companies have proposed several techniques to bridge the gap between low-power WUS detection and high-performance PDCCH coverage.
Time-Domain Repetition and Length Extension: Nokia and vivo observe that mapping a single Zadoff-Chu sequence across two OFDM symbols (increasing length) provides an additional 1.1 dB gain over simple repetition of a single-symbol sequence.
Frequency-Domain Expansion: MediaTek, CATT, and Huawei propose that increasing the WUS bandwidth (e.g., from 5 MHz to 10 MHz) is a more energy-efficient way to gain link budget than increasing time-domain duration, as UE power consumption scales sub-linearly with bandwidth whereas it scales linearly with duration.
Spatial and Transmit Diversity: vivo and Qualcomm report that 2-Rx receive diversity provides a 3 dB to 4.5 dB gain, which can drastically reduce the number of required symbols and thus save overall device energy despite the higher instantaneous power draw. TCL also suggests studying Transmit (Tx) diversity at the base station as a "simple" enhancement with no additional resource overhead.
FL Comments and Proposal
1st round
A reasonable assumption, in FL’s view, is that DL WUS and associated PDCCH will use the same precoder. Hence, FL sees no need to differentiate between CSS and USS. Apart from that, RAN1 needs to decide on the coverage needs for low-complexity 1 Rx devices for an upper coverage bound and to further studies of coverage enhancement techniques. FL presents two proposals regarding that:

FL Proposal 3.2.1
Study coverage requirements for low-complexity (1 Rx) devices.

FL Proposal 3.2.2
Study targets and solutions for maximum and scalable DL WUS coverage, e.g., by
· Time domain expansion (repetitions and/or sequence extension),
· Frequency domain expansion or alternation (hopping),
· Spatial (transmit and receive) diversity.

Companies’ comments
1st round
Companies’ comments on the above proposal are appreciated.
	Company
	Comment
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Summary of Companies’ Views
The design of DL WUS involves a choice between defining sequences in the time domain (often utilizing DFT-s-OFDM with transform precoding) or the frequency domain (typically utilizing CP-OFDM without DFT preprocessing).
Time-Domain Sequence Definition
This approach defines the sequence before it undergoes transform precoding, treating it essentially as a time-domain pulse.
Pros:
· Reduced UE Power Consumption: It allows the receiver to perform signal detection directly in the time domain using correlation, which avoids the activation of power-intensive FFT modules.
· Lower Peak-to-Average Power Ratio (PAPR): DFT preprocessing creates a single-carrier-like waveform, which significantly reduces power peaks, improving PA efficiency and extending coverage.
· Preserved Correlation Properties: For sequences spanning multiple symbols (where the sequence duration is longer than a single OFDM symbol), the time-domain definition maintains ideal correlation properties that are otherwise destroyed by the segmented processing used in frequency-domain definitions.
· Improved Timing Tolerance: Structures like fractional-symbol DFT-s-OFDM can offer significantly higher tolerance to timing offsets (e.g., up to 4x better) compared to standard frequency-domain designs.
Cons:
· Base Station Complexity: Implementing this approach requires additional DFT preprocessing blocks at the gNB, which are not standard for other downlink signals.
· Multiplexing Challenges: It is more difficult to integrate into the existing frequency-domain framework and may require additional guard bands to avoid interference with standard CP-OFDM signals.
· Diminishing Returns on PAPR: The low-PAPR advantage is often negated when the wake-up signal is frequency-multiplexed with other standard downlink CP-OFDM signals, as the overall transmit envelope follows the component with the higher PAPR.
· Integer Carrier Frequency Offset (ICFO) Complexity: Realistic 6G synchronization impairments—specifically a 5 ppm residual CFO at 7 GHz with 30 kHz subcarrier spacing (SCS)—result in a 35 kHz offset that exceeds the subcarrier spacing and an  search complexity.
Supporting Companies: Nokia, Futurewei, vivo, NEC, OPPO, Xiaomi, Huawei, Google, and Nordic Semiconductor.
Frequency-Domain Sequence Definition
This approach defines the sequence directly on the subcarriers, consistent with the standard 6G downlink waveform.
Pros:
· Implementation Simplicity: It avoids the need for additional transform precoding at the base station, allowing it to share the same hardware and software modules used for other downlink signals.
· High Flexibility: It supports easier frequency-domain resource allocation, non-contiguous subcarrier mapping, and flexible sequence lengths not constrained by DFT block sizes.
· Efficient Multiplexing: Frequency-domain generation is naturally suited for multiplexing multiple wake-up signals for different users or cells within a single transmission period.
Cons:
· Higher Device Power Requirements: To perform robust detection, the receiver must typically activate its FFT module, which increases baseband power consumption and can negate energy-saving targets.
· Performance Degradation in Time Domain: Attempting to detect frequency-defined sequences directly in the time domain to save power leads to severe performance degradation due to channel impairments like frequency-selective fading and carrier frequency offsets.
· Loss of Correlation for Multi-Symbol Mapping: When a sequence spans multiple symbols, the segmented IFFT process introduces phase discontinuities that create secondary correlation peaks, reducing the number of available distinct sequences.
Supporting Companies: Ericsson, Spreadtrum/UNISOC, ZTE, InterDigital, NTT DOCOMO, MediaTek, Samsung, Sharp, TCL, DCMCC, and Sony.
FL Comments and Proposal
1st round
This is a topic where the is very little room for compromise, making it very polarized. In RAN1 #134-bis, Ran1 made the following agreement:
Agreement
For OFDM-based WUS sequence, further study time domain (e.g., DFT preprocessing) definition and frequency domain (w/o DFT preprocessing) definition with respect to the following aspects:
· Link-level performance
· BS implementation complexity
· UE detection complexity
· Frequency domain and time domain receiver processing
· PAPR performance and relevancy
· Multiplexing and coexistence with other signals and channels
Companies are presenting more arguments in favor of their respective preferred solution and counter arguments against the opposing solution. In FL’s view, some arguments are likely to be somewhat easily dismissed whereas others will remain. In this stage, RAN1 will further explore the two sides to filter out the key differentiating factors with a slightly updated proposal.

FL Proposal 3.3.1
Further study time and frequency domain definition of DL WUS, with respect to at least the following properties:
· UE detection complexity (#MAC operations, dimensionality),
· BS implementation complexity,
· PAPR performance and relevancy,
· Multi-symbol correlation performance,
· Timing tolerance and relevancy,
· Resource allocation, multiplexing and coexistence with other signals and channels
· Inter-subcarrier interference (cell, NW).

Companies’ comments
1st round
Companies’ comments on the above proposal are appreciated.
	Company
	Comment
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Summary of Companies’ Views
Companies' views on sequence design for DL WUS focus on balancing information capacity, robustness to synchronization impairments, and receiver power consumption. The primary candidates are established sequences such as Zadoff-Chu (ZC), m-sequences, and Gold sequences, while several companies have proposed advanced or hybrid designs to meet 6G requirements.
Standard Sequence Candidates (Widely Supported)
Zadoff-Chu (ZC) Sequences: These are widely supported as the starting point due to their ideal autocorrelation, low cross-correlation, and constant envelope (CAZAC) properties, which minimize Peak-to-Average Power Ratio (PAPR).
· Proposals: Nokia and Tejas recommend prime length  as the primary candidate to maintain an effective pool of sequences under 5 ppm CFO at 7 GHz. LG Electronics and Sony also favor ZC sequences for their CAZAC property and reuse of NR design.
· Observation: ZC sequences are sensitive to CFO, which causes the correlation peak to shift, potentially leading to misdetection or limited cyclic shift capacity.
· Supporting companies: Nokia, Tejas, Futurewei, vivo, LG Electronics, NEC, Nordic Semiconductors, OPPO, Lenovo, Honor, Sharp, Ericsson, ZTE, Spreadtrum/UNISOC, Panasonic, CMCC.
m-sequences and Gold Sequences: These are considered for their robustness to frequency offset and larger addressing capacity compared to ZC sequences.
· Proposals: vivo, InterDigital, and UNISOC suggest studying these alongside ZC sequences. Xiaomi notes their low generation and detection complexity via Linear Feedback Shift Registers (LFSR).
· Observation: m-sequences have a stable correlation peak even with frequency offsets, but they exhibit higher cross-correlation and poor PAPR if mapped directly to the frequency domain.
· Supporting companies: Spreadtrum/UNISOC, ZTE, and Lenovo, InterDigital, Panasonic, Ericsson, vivo, NEC, LG Electronics, OPPO, and Nordic Semiconductor and TCL.
Advanced and Specialized Sequence Designs (Single Companies)
Extended Zadoff-Chu (EZC): Huawei proposed a generalized polynomial phase sequence (degree 3) to provide a 100x increase in capacity (supporting 103 – 104 sequences) and improved Doppler resilience. On the contrary, TCL recommends rejecting EZC due to its higher complexity and minimal performance gain (typically <0.5 dB) over standard ZC sequences under residual CFO.
Frequency-Domain OOK (FD-OOK): MediaTek proposed a sequence using a sparse energy pattern in the frequency domain. This design allows for low-complexity frequency-domain energy detection, which can resolve integer CFO issues using a simple 1D search ( complexity) instead of a complex 2D time-frequency search.
Product Codes (VHC): Eurecom proposed a Vertical and Horizontal Coding (VHC) strategy where bits are encoded independently in the frequency and time domains. This "product-code" approach allows for independent decoding, which significantly reduces receiver complexity.
Quaternary S(1) Sequences: Nordic Semiconductor proposed quaternary sequences, which offer a significantly larger set of candidate sequences (approximately ) compared to Gold sequences (), albeit with slightly higher cross-correlation.
Adaptive Multi-Layer (AML-WUS) / SOFDOC: Tejas Networks proposed a single-symbol design combining a fractional-symbol DFT-s-OFDM base layer with a frequency-domain overlay layer (SOFDOC) to jointly address power, coverage, and spectral efficiency.
Computer-Generated Sequences: LG Electronics suggested studying these sequences if they can be jointly optimized for correlation sidelobes and spectral confinement.
Additional Design Considerations
Information Capacity vs. False Alarm Rate (FAR): MediaTek and Xiaomi observe that increasing the payload size (e.g., to 8–12 bits) is necessary to enable finer subgrouping and reduce the false wake-up rate. However, Qualcomm and Panasonic caution that unbounded payload sizes exponentially increase blind decoding hypotheses and baseband power consumption.
Unified Design: Several companies, including UNISOC, Ericsson, and Huawei, propose a unified sequence design across all RRC states (Idle, Inactive, Connected) to simplify hardware implementation and network management.
Self-Synchronization (Auto-Sync): MediaTek, Google, and Honor emphasize that 6G WUS sequences must have inherent auto-synchronization properties so that UEs do not have to wake up early to track timing from sparse synchronization signals.
FL Comments and Proposal
1st round
There is strong support to include the traditional sequence families in further studies whereas the more exotic varieties so far only have support from single companies. To move the sequence work further, without disqualifying any solution at this point, and to decouple it from the time-frequency domain issue, FL propose the following:

FL Proposal 3.4.1
Study at least the following sequence families for 6GR DL WUS design,
· Zadoff-Chu sequences,
· m-sequences,
· Gold sequences,
at least with respect to,
· Link level performance for 1 OFDM symbol sequence lengths,
· Maximum number of available OFDM sequences for carrying information,
· Sequence lengths and T/F mapping,
· UE/BS complexity and energy consumption,
· Overhead,
· Other aspects are not precluded.

Companies’ comments
1st round
Companies’ comments on the above proposal are appreciated.
	Company
	Comment
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Summary of Companies’ Views
Companies' views on time and frequency synchronization for the DL WUS center on whether the 6G SSB is sufficient for low-power receivers or if dedicated synchronization mechanisms are required to minimize "early wake-up" power consumption.
Sufficiency of 6GR Synchronization Signals (SSB/PSS/SSS)
Many companies argue that the standard 6G synchronization signals can be reused for DL WUS reception by devices in the EE processing mode, potentially eliminating the need for additional signaling.
Reliance on SSB: Nokia, Ericsson, Panasonic, and HONOR propose that the UE should rely on existing 6GR sync signals (SSB/PSS/SSS) for timing and frequency acquisition to avoid additional network overhead and system complexity. Sony notes that using WUS to acquire synchronization is advantageous to avoid the need to decode SSBs before detection.
Performance Capability: vivo observes that synchronization based on PSS/SSS alone can achieve the required timing and frequency accuracy even for large SSB periodicities of 160ms. Qualcomm provides evaluation results showing that measurements performed in the EE processing state maintain good accuracy even in low-SNR regions, suggesting regular synchronization signals are sufficient.
Concerns for Single-Rx (IoT) Devices: Apple observes that while time synchronization works well with a single PSS/SSS for 2-Rx devices, the frequency synchronization accuracy may not be sufficient for 1-Rx devices at SNR levels around -8 dB. Xiaomi suggests that if a UE already supports correlation detection for WUS, it possesses the essential processing capability for PSS/SSS-based synchronization.
Residual Impairment Assumptions and Models
There is active discussion on defining the "residual" time and frequency errors that the WUS receiver must tolerate, which determines the complexity of the detection algorithms.
Error Values Right Before Reception: vivo and Ericsson propose that residual frequency and time errors should be defined right before WUS reception (2 ppm/1 μs and 0.6 ppm/0.6 µs, respectively) rather than right after initial synchronization. TCL distinguishes between 2 μs/5 ppm as "initial sync error" and 1 μs/2 ppm as "calibrated sync error".
Linear and Transient Drifting: ZTE, TCL, and Samsung support reusing the drifting models from 5G (TR 38.869) to calculate the accumulated error between the last synchronization signal and the WUS occasion. ZTE observes that with an 80 ms SSB periodicity, the timing error before WUS reception can reach up to 2.8 μs.
SCS Alignment: HONOR, Xiaomi, and Panasonic propose that the WUS should use the same subcarrier spacing (SCS) as the synchronization signals in the same band to simplify hardware implementation. Nokia notes that Discussion on additional sync signals should be avoided until SSB periodicity and structure are fixed.
Self-Synchronization (Auto-Sync) and Joint WUS-Sync Design
To avoid the power penalty of waking up early to track sparse SSBs, several companies propose that the DL WUS itself should carry inherent synchronization properties.
Eliminating Early Wake-up: MediaTek and Google observe that relying on sparse (e.g., 160 ms) or frequency-separated sync signals forces prolonged "early wake-up" periods, which erodes deep sleep efficiency. They propose studying DL WUS designs with inherent auto-synchronization (self-sync) properties.
Joint WUS-and-Sync: Tejas Networks proposes a joint DL WUS and synchronization signal design, leveraging the autocorrelation properties of Zadoff-Chu sequences to obtain both wake-up indication and time-frequency refresh in a single occasion.
Aperiodic Synchronization: MediaTek suggests that the DL WUS can serve as an aperiodic synchronization signal for the upcoming PDCCH and PDSCH reception, providing maximum scheduling flexibility.
Integer Carrier Frequency Offset (ICFO) Challenges
A critical technical hurdle for synchronization is the "Integer CFO" issue encountered at high carrier frequencies.
· Critical Complexity: Google, MediaTek, and CMCC observe that at 7 GHz, a 5 ppm residual frequency error results in a 35 kHz offset, which exceeds the 30 kHz subcarrier spacing. Resolving this in the time domain forces a highly complex 2D search (across time and frequency hypotheses), which severely negates EE power-saving gains.
· Frequency-Domain Energy Detection: MediaTek proposes frequency-domain energy detection (such as FD-OOK) as a solution, as it allows for a low-complexity 1D search that is immune to phase rotations caused by timing uncertainty.
Necessity of Additional or Dedicated Sync Signals
Some companies believe that the 6GR sync signals designed for high-performance receivers may be inadequate for simplified low-power receivers.
· Dedicated Low-Power Signals: Kyocera, InterDigital, and NEC propose studying additional synchronization signals (e.g., a "sync preamble" or "LPSS-like" signal) dedicated to the EE processing state. They argue these signals can compensate for limited antenna counts and ensure stable measurements in interference environments.
· Sequential Study: ETRI suggests that additional synchronization methods should only be studied after common assumptions on baseline 6GR sync signal performance and resulting impairments are clarified. OPPO supports studying additional sync methods specifically to achieve the lower residual errors (e.g., ≤ 2 ppm) needed for robust detection.
FL Comments and Proposal
1st round
It is clear from contributions that there are quite different views or understandings on the value of using SSBs for DL WUS synchronization. Some companies have the view that SSB can be used whereas others have the view that the benefit from using SSB is limited due to the UE entering deep sleep modes in-between.
With NR’s synchronization performance as a starting point, frequency accuracy after detecting (PSS and) SSS is typically <0.5 ppm and after decoding PBCH <0.1 ppm. TS 38.869 provides a model of the relation between the residual frequency error, , and timing error, , as a function of the initial frequency error, , and the frequency drift, , and initial timing error, , as,


It can be expected that an EE-mode upon detecting and decoding SSB, although possibly less accurate than the main radio, can achieve the same accuracy as the main radio can achieve upon detecting SSS. Furthermore, according to the model in TR 38.869, the oscillator frequency drift [ppm/s] for Option 4 (applicable to OFDM-WUR in TR 38.869) is 0.05 ppm/s. In FL’s view, there is no reason why the EE-mode would have worse performance than the LP-WUR in this respect, provided the UE is able to leverage SSB synchronization. What may differ in 6GR is the SSB periodicity and the possibility of burst based SSBs.
According to the above, FL propose two alternative paths, where either SSB can or cannot be leveraged for DL WUS synchronization. For the first path, companies are encouraged to further indicate whether a more advanced or simpler model for timing is needed, Alt. 1a and Alt. 1b, respectively. That is, Alt. 1 should preferably be downselected between a and b.

FL Proposal 3.5.1
The following two approaches for DL WUS synchronization are identified:
Alt. 1: UEs maintain synchronization for detecting DL WUS.
a. Time and frequency accuracy prior to detecting DL WUS is based on accuracy after detecting and decoding SSB ([0.5 µs] and [0.5 ppm]) and frequency drift [0.05 ppm/s],
b. Time and frequency accuracy prior to detecting DL WUS is [1 µs] and [1 ppm].
Alt. 2: UEs does not leverage SSB synchronization in detecting DL WUS. Time and frequency accuracy prior to detecting DL WUS is [2 µs] and [5 ppm].
FFS: Whether burst based SSB may change the assumed accuracies.

Companies’ comments
1st round
Companies’ comments on the above proposal are appreciated.
	Company
	Comment
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Summary of Companies’ Views
Companies' views on information payload and provisioning reflect a transition from the constrained 5-bit design of 5G LP-WUS to more spectrally efficient and higher-capacity designs that aim to minimize false wake-ups and support additional network functionalities.
Information Payload Size Targets
The consensus among most companies is that the 6G DL WUS must support a larger payload than the 5-bit limit of NR Rel-19 to enable finer subgrouping and reduce UE power consumption caused by coarse "over-indication".
Low to Moderate Payload (5–8 bits): Ericsson proposes keeping the payload small-to-medium (e.g., ≤ 8 bits) to avoid excessive overhead and complexity, noting that power-saving gains for subgrouping saturate beyond 64 subgroups (6 bits). Spreadtrum/UNISOC and vivo suggest a minimum of 5 bits as a starting point, while MediaTek identifies 6 bits (supporting 63+1 subgroups) as a practical baseline achievable within a single-antenna budget.
Higher Capacity (10–12+ bits): InterDigital and Xiaomi propose 10 bits as a balanced starting point, accounting for both wake-up indications and potential new functionalities. Nokia suggests restricting subgroups to a maximum of 32 for idle mode but supports up to 64 for connected mode to optimize power saving without ballooning system resources. TCL also supports a maximum 10-bit payload as a baseline for sequence design and complexity studies.
Information Provisioning Mechanisms
Companies are evaluating whether to maintain the codepoint-based mapping used in 5G or adopt a more flexible bitmap approach to handle multiple simultaneous wake-up events.
Codepoint-Based Mapping: This is the current baseline in NR, where each value maps to a specific subgroup. vivo observes that codepoints are more efficient for low-traffic scenarios like RRC Idle (typically ≤1% arrival rate) where only one subgroup is likely paged at a time. Sharp and Sony also favor codepoint-to-sequence mapping for its simplicity in receiver implementation.
Bitmap-Based Mapping: A bitmap assigns each bit to a specific subgroup or UE, allowing a single WUS to wake up multiple entities simultaneously. Nokia and ETRI advocate studying bitmap schemes because they provide more direct control and are more efficient in high-traffic RRC Connected scenarios where the arrival rate exceeds 10%.
Segmented and Hybrid Mapping: Nokia and ZTE propose studying segmented bits where the total payload is divided and mapped to multiple sequences sequentially to control detection complexity. EURECOM proposes a Vertical and Horizontal Coding (VHC) strategy, a product-code approach where bits are encoded independently in the frequency and time domains to simplify non-coherent detection.
Information Content and Functionalities
While the fundamental role of DL WUS is a binary wake-up trigger, several companies propose including auxiliary control information to further enhance efficiency.
Wake-up Indications: Recognized by all companies as the mandatory basic functionality for both Idle and Connected states.
PDCCH Blind Decoding Reduction: Xiaomi, ZTE, and Lenovo suggest carrying information such as Aggregation Levels (AL) or specific DCI formats to reduce the UE's blind decoding effort once it wakes up.
Short Messages and System Updates: Huawei, Xiaomi, and CATT propose including indications for ETWS, CMAS, or system information updates (ValueTag) so that UEs can avoid waking up for full paging PDCCH reception for common messages.
Network Adaptation: OPPO, Huawei, and Lenovo discuss using the WUS to signal TRS availability, SCell dormancy, or Cell DTX/DRX pattern updates to assist in fine synchronization and further device energy savings.
Impact on Complexity and Performance
Detection Hypotheses: TCL and Qualcomm observe that "Type 1" full-blind detection (where the UE tests all  possible sequences) significantly increases power consumption and requires a higher Signal-to-Noise Ratio (SNR) compared to "Type 2" configured detection (testing only a few assigned sequences).
Coverage Trade-off: Xiaomi and TCL warn that indefinitely increasing payload size degrades coverage performance due to a reduced energy-per-hypothesis, necessitating more time-domain repetitions and increasing latency.
Spectral Efficiency: InterDigital notes that sequence-based WUS is inherently less resource-efficient than PDCCH-based solutions, requiring significantly more REs per information bit to reach the same coverage target.
FL Comments and Proposal
1st round
In FL’s understanding, the median in companies’ views seems to be that approximately 32-64 UE-groups are needed for efficient grouping, i.e., 5-6 bits. In addition to that, companies propose, e.g., PDCCH blind detection reduction, short updates like ETWS or CMAS or indications for system updates. As a result, most companies’ proposals regarding the number of total information bits range around 10±2 bits.

FL Proposal 3.6.1
Study idle and connected mode information mapping techniques with respect to payload size and detection complexity by, e.g.,
· Codepoint-based mapping,
· Bitmap-based mapping,
· Segmented mapping (e.g., over multiple sequences).

FL Proposal 3.6.2
Study the need for additional bits, beyond wake up information, regarding at least the following DL WUS features:
· PDCCH blind detection reduction,
· Short updates, e.g., ETWS or CMAS,
· Indications for system updates.

Companies’ comments
1st round
Companies’ comments on the above proposal are appreciated.
	Company
	Comment

	
	



[bookmark: _Ref226738668]NW and System Impact
Summary of Companies’ Views
The design of DL WUS requires a careful balance between maximizing UE power savings and minimizing the impact on network capacity, spectral efficiency, and BS implementation complexity.
Time and Frequency Resource Allocation
Companies are evaluating the most efficient way to allocate physical resources to ensure the DL WUS achieves the necessary coverage without excessive system overhead.
Configurable Bandwidth and Duration: Ericsson, Sony, and Nordic Semiconductor propose that WUS resources (bandwidth and duration) must be configurable by the network to adapt to varying coverage conditions and device types. MediaTek and Samsung specifically observe that increasing bandwidth is more energy-efficient than increasing time-domain duration, as UE power consumption scales sub-linearly with bandwidth but energy scales linearly with duration.
PRB Granularity and Mapping: Qualcomm suggests using the PDCCH PRB granularity (e.g., 6 RBs per CCE) for DL WUS bandwidth to facilitate better integration with the control region. Nokia and vivo discuss configurations ranging from 11/12 PRBs (baseline) to 22/24 or 48 PRBs for coverage enhancement, particularly for 1-Rx devices at cell edges.
Time Domain Boundaries: Qualcomm and HONOR propose that the DL WUS should be contained within a single slot to simplify scheduling and avoid crossing slot boundaries, even if starting symbols are configurable. vivo and Sharp observe that while multi-symbol mapping (extending a single sequence across symbols) provides better processing gain, it can reduce scheduling flexibility compared to simple repetition.
Multiplexing and Coexistence
A primary system impact is how the DL WUS coexists with existing signals like SSB and standard data channels.
Multiplexing with SSBs: HONOR proposes that multiplexing DL WUS with the SSB in the frequency domain (FDM) within the same symbols is the most efficient approach, as it introduces zero additional time-domain overhead. Panasonic notes that while FDM improves network energy savings, it can complicate UE processing; conversely, TDM between the SSB and WUS within a short window is simpler for both sides.
Multiplexing Multiple WUS Occasions: ZTE and vivo support using both TDM and FDM for WUS monitoring occasions to increase addressing capacity and allow for finer subgrouping, which reduces the false wake-up rate. Nokia suggests that multiplexing more than one PO within the same WUS occasion can reduce overall system overhead.
Orthogonality and Guard Bands: ZTE and Samsung observe that FDM between DL WUS and other signals may require guard bands to prevent inter-carrier interference, particularly if the UE’s low-power filter capability is limited. Tejas Networks calculates a minimum guard band of approximately 6 subcarriers to limit leakage under 5 ppm CFO at 7 GHz.
System Overhead and Efficiency
Spectral Efficiency Targets: MediaTek and NTT DOCOMO emphasize that sequence-based WUS is inherently less resource-efficient than PDCCH-based solutions, requiring significantly more REs per information bit. Tejas Networks identifies a spectral efficiency of 40–42 bits/MHz/ms as a target to ensure the WUS remains more efficient than legacy Rel-18 designs.
Unused Resource Reuse: Ericsson and HONOR propose that any time-frequency resources configured for DL WUS that are not used for a transmission should be immediately available for dynamic scheduling of other data to prevent permanent capacity loss.
FL Comments and Proposal
1st round
In the most recent meeting, companies were generally supportive of the FL proposal, but it was determined to be a bit too general. Based on companies’ views, FL will make a second attempt with a more explicit proposal:

FL Proposal 3.7.1
Study time and frequency domain range and granularity for 6GR DL WUS.

Companies’ comments
1st round
Companies’ comments on the above proposal are appreciated.
	Company
	Comment

	
	



[bookmark: _Ref226741397]Evaluation Criteria
Summary of Companies’ Views
The evaluation criteria for DL WUS are designed to ensure the signal provides meaningful power savings while matching the coverage of standard control channels. Most companies base their assessments on a comparison with the 6G PDCCH (specifically AL8, 4-Rx reference) and utilize specific targets for missed detection and false alarms.
Missed Detection Rate (MDR) and False Alarm Rate (FAR) Targets
Companies have proposed various baseline values for MDR and FAR to balance the trade-off between device reachability and energy conservation.
Standard 1% MDR and 1% FAR Targets: There is broad support for adopting a 1% MDR and 1% FAR as the baseline evaluation points, mirroring targets used in NR Rel-19 and TR 38.869. Supporting companies include Nokia, Futurewei, Spreadtrum/UNISOC, Apple, LG Electronics, and Huawei.
Alternative and State-Specific Targets:
· Ericsson: Proposes a stricter 0.5% MDR with a relaxed 5% FAR as the baseline for both Idle and Connected modes.
· vivo: Proposes state-dependent targets: 0.5% MDR / 1% FAR for RRC Idle and 1% MDR / 10% FAR for RRC Connected.
· Qualcomm: Suggests a stringent 0.1% MDR and 10% FAR for RRC Idle to ensure reliability, while using a 1% MDR at 1%, 5%, or 10% FAR for RRC Connected.
· Samsung: Proposes studying 1% FAR as a starting point with MDR targets of either 1% or 0.1%.
Definition of False Alarm Rate (FAR)
The definition of FAR is a point of active debate, as it impacts how detection thresholds are set and how power savings are calculated.
Noise-Only Definition: Apple and Xiaomi define FAR strictly as the probability that a target UE erroneously detects a WUS when the base station transmits no signal (noise-only).
Noise and Cross-Sequence Definition: Futurewei, LG Electronics, Qualcomm, and Huawei advocate for a definition that includes false alarms from both noise and cross-correlation with other WUS sequences.
Separation of Metrics (FAR vs. FDR): Huawei and vivo propose treating noise-triggered alarms (FAR1) and false detection of other sequences (FDR or FAR2,1) as separate metrics to ensure aligned simulation results.
Procedural False Alarm: vivo further identifies "FAR2,2" as a procedural false wake-up caused by the granularity of subgroups (i.e., a UE waking up correctly because its group was paged, but the paging was for another member of the group).
Channel Models and Evaluated Scenarios
The choice of channel model affects frequency selectivity and the resulting required SNR.
Baseline Models: Per current agreements, TDL-C with a 300 ns delay spread is the baseline for 3.5 GHz and 7 GHz, while TDL-A with a 30 ns delay spread is assumed for 700 MHz.
Additional Channel Proposals: Qualcomm and TCL propose confirming TDL-A (30 ns) as a baseline across all bands to evaluate performance in flat-fading environments.
Band-Specific Reference: NTT DOCOMO proposes that for 700 MHz, the PDCCH reference should be updated to AL16 and 2-Rx antennas, as 4-Rx is not realistic for sub-GHz mobile devices.
Complexity and Other Parameters
Beyond link-level gains, companies are proposing metrics to quantify the implementation burden.
Detection Complexity Reporting: MediaTek and Tejas Networks propose a formal framework for reporting UE complexity, including the number of multiply-accumulate (MAC) operations, FFT sizes, and search dimensionality (e.g., 1D frequency vs. 2D time-frequency).
Coverage Gap Metric: TCL suggests reporting a "Coverage Gap" metric, defined as the difference between the required SNR of the DL WUS and that of the reference PDCCH, where a negative value indicates a coverage margin.
Sampling and ADC: Samsung and Sharp observe that parameters like ADC bit-width and sampling rate should be reported as implementation assumptions rather than standardized requirements.
FL Comments and Proposal
1st round
There were some FFSs from RAN1 #124-bis that remain to be sorted out. For FAR and MDR, although not consensus, a majority are in favor of using a 1% target for both with substantial support for also covering smaller MDR, 0.1% to 0.5% and larger FAR, 5% or 10%. In FL’s view, a higher FAR may be beneficial (or even required) if RAN1 agrees on very ambitious targets in the remaining design space or for specific use cases, e.g., connected mode. Hence, also 10% FAR is included for evaluations.
Synchronization is discussed separately in Sec. 3.5. Furthermore, both the proposals to add TDL-A as a baseline channel model and to update the 700 MHz PDCCH reference configuration to AL16 and 2 Rx are, in FL’s view, reasonable. That results in the following proposals:

FL Proposal 3.8.1
The False Alarm Rate is defined as the rate with which the UE detects a DL WUS sequence among its configured DL WUS sequence(s), given that none of its configured DL WUS sequence(s) was transmitted. 

FL Proposal 3.8.2
The MDR and FAR assumed for EE-mode link level simulations are
	
	Missed Detection Rate (MDR)
	False Alarm Rate (FAR)

	Alt. 1
	1%
	1%

	Alt. 2
	0.5%
	5%



FL Proposal 3.8.3
For 700 MHz, the PDCCH reference is AL16 and 2-Rx antennas.

FL Proposal 3.8.4
TDL-A (30 ns) is confirmed as a baseline channel model across all bands.

Companies’ comments
1st round
Companies’ comments on the above proposal are appreciated.
	Company
	Comment

	
	



Others
Companies’ other comments are appreciated, e.g., if some topic is missing that should be discussed within this agenda item.
	Company
	Comment
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1. [bookmark: _Ref229568177]Agreements in DL WUS design
0. RAN1 #124
Agreement
Targeting for same coverage as 6G PDCCH in the same band, Study DL WUS coverage by considering at least the following aspects.
· Missed detection rate
· False alarm rate
· RRC state differences
· Different use cases
· Reference configuration of PDCCH
Agreement
The same SCS is assumed for DL WUS as for the 6GR Sync signals in the same band if sync signals and data channels use the same SCS.
FFS SCS of DL WUS if sync signals and data channels use different SCS in FR2-1
Agreement
Study the following aspects of DL WUS design:
· Time or frequency domain sequence definition
· Time and frequency resource allocation
· Multiplexing and coexistence with other signals and channels, including DL WUS
· PAPR and BS/UE processing complexity
· Network overhead and NW&UE energy efficiency
· Other aspects are not precluded
.1 RAN1 #124-bis
Agreement
For OFDM-based WUS sequence, further study time domain (e.g., DFT preprocessing) definition and frequency domain (w/o DFT preprocessing) definition with respect to the following aspects:
· Link-level performance
· BS implementation complexity
· UE detection complexity
· Frequency domain and time domain receiver processing
· PAPR performance and relevancy
· Multiplexing and coexistence with other signals and channels
Agreement
In FR2-1, the same SCS is assumed for DL WUS as for the 6GR Sync signals in the same band if sync signals and data channels use the same SCS.
Agreement
The baseline reference configuration for link level coverage assessment of EE processing for DL WUS detection includes the following parameters referred to NR common PDCCH
	Aggregation level
	8

	# Rx antennas (PDCCH)
	4

	CORESET
	Refer to TR38.830

	PDCCH payload
	40-bits (excluding CRC)

	# Tx antennas (WUS+PDCCH)
	2



Agreement
Study at least the 6GR sync signals for UE sync for DL WUS reception. Further study necessity (e.g., if 6GR sync signals are found to be insufficient for DL WUS) applicability and impact of additional synchronization method for DL WUS reception (e.g., additional sync signals or DL WUS with sync functionality).
Agreement
At least the following assumptions are made of EE mode for DL WUS link level evaluations:
	Carrier frequency
	700 MHz
	3.5 GHz
	7 GHz

	WUS SCS
	15 kHz
	30 kHz
	30 kHz

	Channel model 
	[TDL-A, 30 ns delay spread]
TDL-C, 300 ns delay spread

	UE velocity 
	3km/h

	MDR/FAR assumptions
	Baseline miss-detection rate (MDR) of DL WUS is FFS %
Baseline false-alarm rate (FAR*) of DL WUS is FFS %

*FAR, to be defined

FFS if additional values need to be specified for RRC CONNECTED and/or RRC IDLE/INACTIVE modes, respectively

	DL WUS BW
	Up to 12, 24 or 48 PRBs
Max 10 MHz BW
Time domain resource to be reported by companies

	Impairment modelling
	Residual Frequency error up to [5] ppm, lower values to be reported by companies with the corresponding power assumptions
Residual timing error up to [2] µs, lower values to be reported by companies with the corresponding power assumptions

	Number of information bits
	up to companies to report

	Number of Rx antennas
	1, 2




DL WUS design space	Coverage	Missed Detection Rate (MDR)	False Alarm Rate (FAR)	Payload Size	Dedicated Sync	1	1	1	1	1	
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