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Introduction
3GPP has agreed to perform a study on 6G Radio [1]. In RAN1 #122bis, it was agreed to study 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 #124 [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



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.
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Summary of companies’ views
For the design of the 6G Downlink Wake-Up Signal (DL WUS), companies have expressed a strong consensus that the signal must overcome the coverage limitations of 5G NR to achieve full-cell applicability. The following sections summarize the observations and proposals regarding DL WUS coverage requirements:
5G NR Bottlenecks
Contributors highlighted the reasons why 5G LP-WUS coverage was insufficient:
In 5G, the WUS targeted the coverage of Msg3 PUSCH, which limited the feature to the cell-center.
5G designs assumed a simplified receiver with an NF significantly worse than the main radio (MR). For 6G, companies (e.g., Nokia, Futurewei, MediaTek) emphasize that the EE processing state must maintain NF parity with the main radio to reach PDCCH coverage levels.
The 5G On-Off Keying (OOK) waveform is noted for its low spectral efficiency and poor performance in frequency-selective fading compared to the proposed 6G OFDM-based sequences.
Alignment with 6G Channels (PDCCH Parity)
The most prominent view among contributors is that the 6G DL WUS must achieve coverage parity with the Physical Downlink Control Channel (PDCCH).
A wide range of companies (Nokia, Futurewei, Huawei, OPPO, Ericsson, Sharp, HONOR, ETRI, Apple, Samsung, Qualcomm, MediaTek, and Google) propose that DL WUS coverage should be comparable to or no less than that of the PDCCH it triggers, as illustrated in Figure 1.


[bookmark: _Ref221359395]Figure 1: Strive the coverage of DL WUS comparable to PDCCH (OPPO).
Qualcomm and Huawei observe that coverage targets may differ by mode: paging PDCCH for IDLE/INACTIVE and unicast PDCCH for CONNECTED mode.
Samsung, Sharp, and Apple argue that if WUS coverage is inferior to PDCCH, the signal becomes unusable at the cell edge where power saving is most needed, necessitating complex "entry/exit" conditions that 6G should avoid.
Alignment with Synchronization Signals (SSB)
Several companies suggest that the DL WUS should match the most robust signals in the cell to ensure network awareness.
LG, Ofinno, and Xiaomi propose that the coverage target should be the Synchronization Signal Block (SSB) or the common synchronization signal.
Ofinno observes that since the Energy Efficient (EE) processing state allows UEs to receive both WUS and 6G SSB, the coverage should be aligned so both are detectable in the same area. Huawei notes that if a UE can receive SSB but not PDCCH (and thus not WUS), paging services cannot be supported anyway.
Performance Requirements and KPIs
Companies have proposed specific quantitative benchmarks for evaluation:
vivo proposes -3.8 dB as the starting point for design, which corresponds to the requirement for NR PDCCH Aggregation Level 16. They also suggest exploring -6.8 dB and -9.8 dB for extreme scenarios.
MediaTek proposes targeting 143 dB Maximum Coupling Loss (MCL) for normal coverage and 153 dB MCL for extended coverage. Nordic Semiconductor and TCL suggest targeting up to 154 dB MCL to support coverage enhancement.
Most companies agree on a Missed Detection Rate (MDR) of around 1% and a False Alarm Rate (FAR) of 1% to 10% under these coverage targets.
Coverage Improvements
To meet these ambitious targets, companies proposed several technical enhancements:
vivo, OPPO, and Xiaomi propose using time-domain repetition, longer OFDM sequences (e.g., length-264), and frequency hopping to gain robustness at low SNR.
vivo and Qualcomm observe that moving from 1-Rx to 2-Rx in the EE state provides a ~3.8 dB gain, which can significantly shorten the required WUS duration to meet coverage targets.
MediaTek suggests studying base station techniques like precoder cycling and Large Delay Cyclic Delay Diversity (CDD) to compensate for the lack of UE receiver diversity.
Qualcomm and MediaTek propose that wider bandwidths are more energy-efficient than long time-domain repetitions for meeting coverage requirements.
FL comments and proposals
There are already agreements regarding NF and number of antennas for DL WUS. What also needs to be considered, in FL’s view, is the coverage alignment to signals and channels, where both PDCCH and SSB have been proposed instead of NR’s Msg3, and/or performance requirements in terms of MCL. Related is also what targeted missed detection and false alarm rates to assume. Additionally, companies are proposing design considerations to extend coverage.
FL Proposal 3.1.1
Study coverage requirements on DL WUS with respect to
Baseline 6G signal/channel alignment
Coverage enhancement techniques
Targeted missed detection and false alarm rates
Other aspects are not precluded

FL Proposal 3.1.1b
Study coverage requirements on DL WUS with respect to
Coverage enhancement techniques
Targeted missed detection and false alarm rates
RRC states
Other aspects are not precluded

FL Proposal 3.1.1 is deliberately cautious in its formulation. FL would like to probe companies’ willingness to advance faster. For that reason, and based on a strong majority, the following is proposed:
FL Proposal 3.1.2
DL WUS coverage target is aligned with PDCCH.

FL Proposal 3.1.2b
DL WUS coverage target is aligned with 6G PDCCH in the same band.
· FFS the reference configuration of PDCCH monitoring.


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

	Huawei, HiSilicon
	We are OK with the more ambitious FL Proposal 3.1.2, but some missing part should be added. For example, to avoid any confusion, it is better to clarify the PDCCH is in the same band, since other AI are discussing align ~7GHz with mid-band. Second, it is also important to clarify what’s the assumption of the PDCCH reception, which significantly impacts the PDCCH performance. Studying CE techniques is also very important.
FL Proposal 3.1.2-Huawei
DL WUS coverage target is aligned with PDCCH deployed in the same band.
FFS the PDCCH is AL8 or AL16
FFS the PDCCH is received with 2RX or 4RX
For mid-bands, the coverage performance of PDCCH refers to R17 CE TR 38.830 (or R19 LP-WUS TR 38.869).
For ~7GHz, the coverage performance of PDCCH is up to the outcome of AI 10.5.0
FFS DL WUS coverage enhancement techniques


	CMCC
	We are fine with the proposals. 

As mentioned by some companies, “coverage targets may differ by mode: paging PDCCH for IDLE/INACTIVE and unicast PDCCH for CONNECTED mode”. We suggest to clarify and determine the supported function(s)/mode(s) for DL WUS before defining the detailed target.

	OPPO
	Fine with FL’s proposal 3.1.1 and proposal 3.1.2.
To avoid confusion, we think it is better to clarify the reference configuration of PDCCH monitoring, such as the AL, TBS (or code rate), Rx number, etc. Thus, we suggest following.
FL Proposal 3.1.2-OPPO
DL WUS coverage target is aligned with PDCCH.
· FFS the reference configuration of PDCCH monitoring.


	FW
	We are OK with FL’s proposal 3.1.2 and would like to clarify the considered PDCCH monitoring configuration as suggested by other companies.

	Sharp
	Fine with proposal 3.1.1 and we can assume that DL WUS of 3.1.2 have the same BLER requirement of PDCCH

	TCL
	We basically agree with this proposal.
The detailed target of DL-WUS coverage is up to the parameters configuration of PDCCH monitoring in different EE processing state. From our understanding, it is better to firstly clarify the potential functions or states. 
FL Proposal 3.1.2-TCL
DL WUS coverage target is aligned with PDCCH, considering potential impacts following
· DL-WUS functions
· Reference configurations in EEP state during different band

	Lenovo
	We agree with that DL WUS coverage target is at least aligned with PDCCH. As some companies mentioned, the target may differ by RRC mode. We need to study if DL WUS coverage target can be different in different RRC states and device types, while the number of Rx antennas in the EE processing state is already agreed as 1 or 2. The bandwidth was agreed as 5MHz in the EE state. Suggest updating the proposal.
Updated Proposal  
DL OFDM based WUS coverage target is aligned with PDCCH deployed in the same band with 2 Rx antennas. Study the DL WUS coverage target with
· Whether to apply a unified or differentiated coverage target across all RRC states and device types
· Sequence length
· Targeted missed detection rate and false alarm rate
· DL WUS coverage enhancement techniques


	Ericsson
	We support this proposal. Minor update: 
FL Proposal 3.1.2
DL WUS coverage target is aligned with 6G PDCCH.


	vivo
	For proposal 3.1.2, we’d like to clarify that, DL WUS coverage is to align with PDCCH coverage target, rather than actually achievable coverage by PDCCH, which may have slight variations or over‑optimization over the target, e.g., due to minimum granularity of AL. For the DL WUS coverage target, it is not necessary to take such variations or over‑optimization into account, it only needs to be explicitly specified to be the same as the PDCCH coverage target, e.g., a certain value of MCL/MPL in a band per AI 10.5.0 discussion. If using MCL/MPL as reference, we may not need to discuss details of PDCCH for now, we can simply use the MCL/MPL to derive the SNR for DL WUS. Another clarification is, the PDCCH coverage target includes both normal eMBB coverage and extended coverage for IoT. Besides, we also agree with Huawei’s clarification on the same band target. Therefore, we suggest: 
FL Proposal 3.1.2
DL WUS coverage target is aligned with PDCCH coverage target in the same band as starting point, including both normal eMBB and extended coverage target for IoT which is up to the outcome of AI 10.5.0. 
If proposal 3.1.2 is agreeable, it can replace 1st sub-bullet in proposal 3.1.1. And we are generally ok with the proposal 3.1.1.

	IMU
	IMU supports studying DL WUS coverage requirements. In addition to coverage target alignment and CE techniques, we suggest explicitly including (i) mode-dependent targets (paging vs connected), (ii) explicit MDR/FAR operating points used in evaluations, and (iii) a clear categorization of CE levers (time-domain processing gain via repetition/multi-symbol mapping, frequency-domain processing gain via bandwidth, Tx diversity, and receiver capability scaling).

IMU supports aligning DL WUS coverage target with PDCCH.

	Tejas
	Support

	Sony
	We support these proposals.

	Xiaomi
	We are fine with FL Proposal 3.1.1. As mentioned in our contribution, using different 6G channel/signal as the coverage target for DL WUS will have different technical effects. Before clarifying the design focus of DL WUS, thorough research and discussion are needed. In addition, in the discussions on 6G channel/signal, there are designs that have a significant impact on coverage, such as AL of PDCCH possibly increasing to 32. This makes it hasty to clearly define the coverage targets at this stage.

	Panasonic
	Based on the following RAN#110 agreement, we think whether the functionality of DL WUS is required for around 7 GHz should be considered. If DL WUS is deployed only mid-band (~3.5 GHz) and the functionality of LP-WUS is not required for around 7GHz, DL WUS is sufficient to have the coverage as similar to usual coverage of mid-band (~3.5 GHz). On the other hand, if the functionality of DL WUS is required for around 7GHz like single cell deployment or other reasons, DL WUS needs to have coverage enhancement feature like other channel to be same coverage with mid-band (~3.5 GHz).
	Proposal 1:
6GR aims to re-use existing 5G mid-band (~3.5 GHz) site grid for 6G deployments in at least around 7 GHz and targeting 
· Same coverage (as 5G mid-band) for initial access
· Comparable to same (as 5G mid-band) coverage for data channels with same data rate
Proposal 2:
6GR aims to provide enhanced overall coverage compared to 5G in the same band, focusing on cell-edge performance and UL coverage.
Above does not impact spectrum utilization study in RAN WGs




	ETRI
	Support the proposals.

	InterDigital
	Fine with the proposal.

	LG
	From our perspective, Proposal 3.1.1 is preferred over Proposal 3.1.2, as it is more general. On the other hand, Proposal 3.1.2 would require further clarification on the PDCCH aspects, as already pointed out by other companies, such as the aggregation level (AL) and whether a broadcast or unicast PDCCH is assumed.

	Samsung
	We are in general ok with the two proposals. For Proposal 3.1.2, we are ok with OPPO’s version for further details of the PDCCH. 

	Apple
	For P3.1.1, we would suggest removing “Coverage enhancement techniques”, as this is not directly related to coverage requirement itself. It should come at a later stage after the requirement is set.
For P3.1.2, we are fine with the direction in general, but we would add it is common PDCCH. The coverage should be dominated by idle mode.
FL Proposal 3.1.2-Apple
DL WUS coverage target is aligned with common PDCCH.
· FFS the reference configuration of common PDCCH

	Nokia
	This is too generic and does not indicate which PDCCH we are targeting. It would be better to mention it as fallback PDCCH format with AL8 as the target coverage. The number of RX antennas can be debated further.

	Ofinno
	Support the updated proposal from Ericsson. 

	Spreadtrum
	Fine with proposal 3.1.2.



[bookmark: _Ref221108680]Waveform
Summary of companies’ views
For the design of the 6G Downlink Wake-Up Signal (DL WUS), companies have provided extensive observations and proposals regarding the waveform type, resource allocation, and multiplexing strategies to ensure energy efficiency and coverage.
Waveform Type
Several companies (Ericsson, Spreadtrum, ZTE, and Sony) propose CP-OFDM as the baseline waveform, noting that it is the agreed downlink waveform for 6G and its use simplifies both network and UE operations.
Huawei, LG, Xiaomi, and vivo suggest studying DFT-s-OFDM due to its lower Peak-to-Average Power Ratio (PAPR) and the potential for simpler time-domain detection at the UE side.
MediaTek proposes a specialized FD-OOK waveform where information is encoded by the presence or absence of energy on subcarriers; this allows for low-complexity 1D frequency searches that are robust against the integer Carrier Frequency Offsets (CFO) expected at 7 GHz.
IMU and Tejas Networks emphasize the need for controlled PAPR to accommodate low-cost UE oscillators and ensure power-efficient transmission from the base station.
For sequence-based WUS, TCL and Sony propose using low-order modulations like BPSK or QPSK to maximize energy per bit and simplify receiver design.
Bandwidth and Resource Allocation
Most companies acknowledge the current agreement of a 5 MHz minimum bandwidth (approximately 11 or 12 PRBs) for the EE processing state.
Huawei, vivo, MediaTek, and Qualcomm propose supporting wider or configurable bandwidths (e.g., 22 PRBs or more), observing that increasing bandwidth is more energy-efficient for the UE than increasing time-domain duration to meet coverage targets.
There is a general consensus that the DL WUS should use the same SCS as the operating carrier or initial BWP to minimize base station and UE complexity.
Qualcomm, LG, and MediaTek propose that the WUS should be contained within a single slot (up to 14 symbols) to minimize scheduling complexity and overhead.
Multiplexing and Coexistence
ZTE, Ericsson, and Nordic Semiconductor propose using TDM, FDM, and CDM to carry wake-up information for different UEs or subgroups within a single monitoring occasion.
Ericsson and Google observe that OFDM-based WUS allows for seamless multiplexing with other signals like SSB, TRS, or data channels within the existing BWP, avoiding the need for "spectrum holes" or guard bands required by legacy OOK.
Tejas Networks proposes that the design should support simultaneous multi-group addressing within a single OFDM symbol to improve spectral efficiency and reduce wake-up latency.
Ericsson suggests that the network should be able to reuse unused WUS resources for dynamic scheduling to prevent negative impacts on overall network capacity.
Signaling and Encoding Mechanisms
A significant number of companies (Nokia, Futurewei, vivo, and Qualcomm) propose discarding Manchester coding, which was used in 5G to support OOK but offers no performance gain for pure OFDM sequences and doubles the transmission overhead.
EURECOM proposes a Vertical and Horizontal Coding (VHC) strategy where bits are encoded independently in the frequency and time domains to allow for low-complexity, independent decoding stages.
Xiaomi proposes a 2-stage WUS framework where the first stage provides group-level wake-up and the second stage provides UE-specific signaling to balance overhead and false alarm rates.
FL comments and proposals
Companies’ views differ between using CP-OFDM and DFT-S-OFDM as the baseline waveform for DL WUS. Waveforms are generally discussed in AI 10.3.1, it is also recognized that a sequence based on either one can still be detected in either the time or the frequency domain, although the implementation complexity for doing so may vary. In addition, there are issues with coexistence and information encoding that also needs consideration. FL propose the following:
FL Proposal 3.2.1
Study requirements on DL WUS waveform with respect to
Waveform type (CP-OFDM vs. DFT-S-OFDM)
Bandwidth and resource allocation
Multiplexing and coexistence
Information encoding
Other aspects are not precluded

FL Proposal 3.2.1b
Study the following aspects of DL WUS waveform design:
Waveform type (CP-OFDM vs. DFT-S-OFDM)
Time and frequency resource allocation
Multiplexing and coexistence with other signals and channels, including other DL WUSs
PAPR and BS/UE processing complexity
Other aspects are not precluded

Regardless of the above proposal, there is strong support to reuse the same SCS as is used for DL data in the carrier (possibly with some room for improvement in the formulation). For that reason, FL proposes: 
FL Proposal 3.2.2
The same SCS is assumed for DL WUS as for DL data of the operating carrier.

FL Proposal 3.2.2b
The same SCS is assumed for DL WUS as for the other channels/signals if same SCS is used for 6GR Sync signals and other channels/signals (except PRACH).
FFS if different SCS is used for 6GR Sync signals and other channels/signals (except PRACH).
Companies’ comments
Companies’ comments on the above proposal are appreciated.
	Company
	Comment

	Huawei, HiSilicon
	We are generally OK with FL Proposal 3.2.1, but the sub-bullets are not only related to the waveform. Thus, some wording change on main bullet is needed. 
Also, the ‘information encoding’ is confusing, which may not only covers Manchester coding (FL’s intension), but also channel coding (should be one way for coverage enhancement). Therefore, we suggest to remove it.
FL Proposal 3.2.1 - Huawei
Study the following aspects requirements on DL WUS waveform with respect to
Waveform type (CP-OFDM vs. DFT-S-OFDM)
Bandwidth and resource allocation
Multiplexing and coexistence
Information encoding
Other aspects are not precluded

For FL Proposal 3.2.2, we think it can wait more advances in other AIs and on the studies of coverage and sequence design.


	CMCC
	We agree with Huawei’s suggestion.

	OPPO
	For FL’s proposal 3.2.1. We support to study the waveform of DL WUS. 
· For the sub-bullets, we think some of them are also related to other aspects.
· The ‘Waveform type (CP-OFDM vs DFT-S-OFDM)’ would also with respect to the procedure of sequence generation. For example, if considering the similar procedure as the OOK waveform generation introduced in R19, i.e., defining the OFDM based sequences before DFT processing, CP-OFDM waveform could also achieve lower Peak-to-Average Power Ratio (PAPR) and be detected in time-domain.
· The ‘Bandwidth and resource allocation’ would also impact the OFDM sequence generation. If fixed number of RBs is considered for the resource allocation, same length of OFDM sequences can be considered. 
· The ‘information encoding’ would also impact the coverage performance and resource overhead of DL WUS. If information encoding is considered for DL WUS, it is helpful to improve the coverage performance, but it will cause higher resource overhead.

For FL’s proposal 3.2.2. Fine with FL’s proposal.
· What is more, the SCS issue is also discussed in the design of LP-WUS in R19, and following conclusion and agreement are made.
	RAN1#120 meeting
Conclusion 
For RRC idle/inactive, LP-WUS is not supported for the case where associated CD-SSB and initial DL BWP have different SCSs
Agreement
For RRC connected, for LP-WUS SCS:
· Alt 1: LP-WUS SCS is same as the active DL BWP 




	FW
	We are generally OK with both proposals with the following suggested minor edit on the main text of the first one:
FL Proposal 3.2.1-FW
Study at least the following aspects requirements on DL WUS design waveform with respect to
Waveform type (CP-OFDM vs. DFT-S-OFDM)
Bandwidth and resource allocation
Multiplexing and coexistence
Information encoding
Other aspects are not precluded


	TCL
	Support this proposal.

	Lenovo
	We are fine with FL’s intention. But waveform should be discussed in a dedicated proposal. In current proposal, some sub-bullets should be moved to other place. Bandwidth and resource allocation is highly related to system overhead and agreed as 5MHz in the EE state, which should be discussed together. DL WUS is transmitted in the coverage carrier, and mostly the coverage carrier is bandwidth limited. DL WUS should be compatible against lower tier IoT devices.
As HW mentioned, the information encoding is confusing, and we suggest to remove it.
PARP, complexity and processing at BS and UE side should be considered in the study of DL WUS waveform. 
Updated proposal:
Study requirements on DL WUS waveform with respect to 
Waveform type (CP-OFDM vs. DFT-S-OFDM)
Bandwidth and resource allocation
Multiplexing and coexistence
Information encoding
PAPR, complexity & processing at BS and UE side
Other aspects are not precluded


	Ericsson
	Support. 
For SCS, similar agreement was also made for Rel-19 WUS design.


	vivo 
	For proposal 3.2.1, similar view as Huawei that not all these sub-bullets are requirements on DL WUS waveform, so Huawei’s revision for main bullet is ok to us. 
Regarding the sub-bullets, 
· for 2nd sub-bullets, if the intension is not only frequency resource but also time domain resource for DL WUS, it would be better to capture both. 
· for 3rd sub-bullets, in our understanding, multiplexing includes multiplexing between different DL WUSs as well as between DL WUS and other channels/signals, which can be captured more clearly. 
· for 4th sub-bullets, how to encode the bits to be carried by DL WUS can be a separate discussion point from waveform. We also notice ‘information encoding’ appears in section 3.7.2, and it talks about codepoint or bitmap, rather than Manchester coding or not. 

We are generally fine with proposal 3.2.2. RAN1 already agreed 6GR study assumes same SCS for sync signal and other channels/signals (except PRACH) for a given band, it is natural to extend to DL WUS to avoid additional complexity. 

	IMU
	IMU agrees that using the same SCS as the operating carrier/initial BWP is a reasonable baseline assumption to limit complexity. We suggest keeping this as an initial evaluation baseline and revisiting if specific waveform/sequence options demonstrate strong benefits under alternative assumptions.

	Tejas
	Support FL proposal 3.2.1

	Sony
	We support these proposals.

	Xiaomi
	We are generally fine with FL Proposal 3.2.1, and we agree to delete "information encoding". For FL Proposal 3.2.2, the discussion can be held after the assumption about the DL WUS signal becomes more explicit.

	Panasonic
	We are fine with both proposals.

	ETRI
	Generally fine with the proposal.
Support the revision from TCL.

	InterDigital
	Fine with the direction. We prefer Huawei’s version. 

	LG
	We are fine with the proposals.

	Samsung
	We are in general ok with Proposal 3.2.1, but the bullet of “information encoding” is confusing since we have not decide to support channel coding for DL WUS yet. 
Also, DFT-S-OFDM shall be clarified. Our understanding is, it is similar to LP-WUS signal generation, i.e., performing a DFT before subcarrier mapping. 
For Proposal 3.2.2, we don’t think it is needed since RAN1 already agreed to support single SCS per band. 

	Apple
	For P3.2.1, we are not sure about the necessity of this proposal. We will have certain consideration factors for LP-WUS design overall, not necessarily for waveform specifically. Of course waveform plays a role but it doesn’t seem necessary to define requirements for the waveform itself.
For P3.2.2, we wonder if the proposal is for idle or connected mode or in general.
For 6GR, the following has been agreed for SCS:
Agreement
6GR study assumes same SCS between 6GR Sync signals and other channels/signals (except PRACH) for a given band. 
· FFS: same/different SCS between 6GR sync signal and other channels/signals (except PRACH) for FR2-1.
· Note: ISAC is separately discussed in ISAC session.
For the case with same SCS for all the signals/channels, it is fine. But we still need an FFS if different SCS between sync and other channels/signals is supported.
FL Proposal 3.2.2 - Apple
The same SCS is assumed for DL WUS as for the other channels/signals if same SCS is used for 6GR Sync signals and other channels/signals (except PRACH) DL data of the operating carrier.
· FFS if different SCS is used for 6GR Sync signals and other channels/signals (except PRACH)

	Nokia
	Agree with FL proposal.

	Ofinno
	Okay with FL proposal 3.2.1. We agree with other companies that we can wait to discuss proposal 3.2.2 on SCS. 

	Spreadtrum
	For proposal 3.2.1, we share the same view with vivo.
We agree with proposal 3.2.2.



[bookmark: _Ref221108708]Sequence design
Summary of companies’ views
Companies have provided detailed observations and proposals regarding the sequence families, lengths, and mapping structures for the 6G Downlink Wake-Up Signal (DL WUS). The primary focus is on balancing detection robustness, signaling capacity, and receiver complexity.
Sequence Families and Types
A vast majority of companies (Nokia, Huawei, MediaTek, Ericsson, ZTE, vivo, InterDigital, and Samsung) propose Zadoff-Chu (ZC) sequences as the starting point or baseline for 6G DL WUS. 
· ZC sequences are favored for their constant envelope, CAZAC (Constant Amplitude Zero Auto-Correlation) properties, low PAPR, and robustness against Carrier Frequency Offset (CFO).
· Several companies note that a ZC sequence in the frequency domain remains a ZC sequence in the time domain, facilitating flexible receiver implementations.
Many contributions (Nokia, LG, TCL, CATT, Sony, and Xiaomi) suggest studying m-sequences and Gold sequences alongside ZC. 
· Gold sequences offer excellent auto-correlation peaks and low cross-correlation, which is critical for distinguishing between multiple UE subgroups or cells.
· Panasonic suggests reusing existing 6G synchronization signals (like PSS based on m-sequences or SSS based on Gold sequences) to simplify implementation and ensure coverage parity.
MediaTek proposes a specialized FD-OOK sequence where information is carried by the selection of active subcarrier positions. This is designed to enable low-complexity frequency-domain energy detection, which is highly robust against the large integer CFOs expected at 7 GHz, see Figure 2.
[image: Figure 2: Simple 1D-search in frequency domain feasible for signals allowing energy detection]
[bookmark: _Ref221358959]Figure 2: Simple 1D-search in frequency domain feasible for signals allowing energy detection (MediaTek).
Sequence Lengths
Sharp, Apple, and vivo propose that sequence lengths should be configurable to adapt to different coverage requirements and deployment scenarios.
LG proposes that sequence length should not exceed one OFDM symbol to simplify multiplexing and cyclic prefix (CP) handling.
TCL notes that traditional lengths like 31, 127, 255, or 1023 are mathematically convenient for pseudo-random families.
Extended Lengths for Processing Gain
vivo and Apple evaluated length-257 or length-264 sequences, observing that doubling the length over NR's baseline provides approximately a 1.3 dB performance gain and increases the sequence pool size for higher capacity.
HONOR suggests that every two or four OFDM symbols could form a single long sequence (e.g., length-528) to maximize coverage.
Sequence Structure and Mapping
Time-Domain vs. Frequency-Domain Definition
Huawei, Xiaomi, and ETRI advocate for studying both time-domain and frequency-domain detectable sequences. Time-domain processing (detecting before FFT) is noted to lower UE power consumption but may limit the available sequence space. Frequency-domain processing allows for a larger sequence space and better signaling capacity but requires activating the FFT module.
Multi-Symbol Mapping and Repetition 
ZTE and OPPO suggest two allocation methods: concatenated sequences (one sequence per symbol) versus single sequences mapped across multiple symbols.
Sony proposes a structure consisting of a preamble sequence for synchronization followed by an optional data part, see Figure 3.
[image: ]
[bookmark: _Ref221360617]Figure 3: Sequence-based downlink WUS design (Sony).
IMU suggests CP-aware generation to ensure smooth transitions and better spectral containment at symbol boundaries.
Coding and Payload Mapping 
There is strong consensus (Nokia, Qualcomm, Futurewei, and vivo) to discard Manchester coding, which was mandatory for 5G OOK but doubles overhead and provides no gain for pure OFDM sequences.
EURECOM proposes a product-code structure where bits are encoded independently in the frequency (vertical) and time (horizontal) domains to separate detection and decoding stages, significantly reducing complexity.
Tejas Networks proposes that sequences should be designed to support simultaneous wake-up of multiple groups within a single symbol to improve spectral efficiency compared to sequential time-domain repetition.
FL comments and proposals
The sequence design of the DL WUS is the core of the feature and has widespread consequences. In FL’s view, RAN1 should start by discussing the higher-level issues, like sequence families before delving into more detailed issues like sequence lengths, structures, payload mapping and extensions for increased coverage. Based on companies’ inputs, FL presents an all-inclusive proposal that captures most of companies’ discussions.
FL Proposal 3.3.1
Study requirements on DL WUS sequence with respect to
· Sequence families
· Correlation properties, including T/F inaccuracies
· Relation to other 6GR signals
· Sequence lengths, including extended lengths
· Multi-symbol mapping and repetitions
· Domain definition (T/F)
· Other aspects are not precluded

FL Proposal 3.3.1b
Study following aspects of DL WUS sequence:
· Sequence families
· Link level performance, including
· correlation properties
· T/F inaccuracies
· interference
· The number of candidate OFDM sequences
· Sequence lengths and resource mapping, including extended lengths or repetitions
· Information bits carried by DL WUS
· BS/UE complexity
· Other aspects are not precluded

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

	Huawei, HiSilicon
	We are OK with this direction, but several important factors of sequence design are missing.
1) The info bit number/payload size supported by DL WUS, which impact the requirement of the sequence capacity.
2) The detection complexity, which impact the UE detection power

FL Proposal 3.3.1 - Huawei
Study requirements on DL WUS sequence with respect to
· Sequence families
· Correlation properties and link level performance, including T/F inaccuracies, robustness of interference 
· Relation to other 6GR signals
· Sequence lengths, including extended lengths
· Multi-symbol mapping and repetitions
· Domain definition (T/F)
· The information bits carried by the DL WUS, which impact the capacity of sequence
· The detection complexity
· Other aspects are not precluded


	CMCC
	The proposal looks OK, except that “detection complexity” needs to be added (as suggested by Huawei).

	OPPO
	Support the intention of FL.
As we discussed in our contribution, the time domain duration of each OFDM sequence and the number of candidate OFDM sequences also needs to be considered in the sequence design.
· For the time domain duration of each OFDM sequence.
· In R19, the time domain duration of each OFDM sequence could be 1/4, 1/2 or 1 of one OFDM symbol, i.e., M=1,2,4. If the time domain duration of each OFDM sequence could also be smaller than one OFDM symbol in DL WUS design, it will help to reduce the time domain resource overhead at least in RRC CONNECTED state under the good channel quality conditions.
· If the time domain duration of each OFDM sequence could be longer than one OFDM symbol. It will help to improve the coverage performance.
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· For the number of candidate OFDM sequences.
· The number of candidate OFDM sequences directly impacts the number of bits carried by each OFDM sequence, and also impacts the capacity of DL WUS.
· As the number of candidate OFDM sequences increasing, the detection performance of OFDM based sequence would decrease.
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Thus we think the time domain duration of each OFDM sequence and the number of candidate OFDM sequences should also be considered.
FL Proposal 3.3.1-OPPO
Study requirements on DL WUS sequence with respect to
· Sequence families
· Correlation properties, including T/F inaccuracies
· Relation to other 6GR signals
· Sequence lengths, including extended lengths
· Multi-symbol mapping and repetitions
· Domain definition (T/F)
· Time domain duration of each sequence
· The number of candidate OFDM sequences
Other aspects are not precluded

	FW
	We are in general ok with the proposal, but it seems for us that the following elements are closely related and might cause confusion if each discussed separately:
· Sequence lengths, including extended lengths
· Multi-symbol mapping and repetitions
· Domain definition (T/F)

For example, a sequence that is defined in frequency domain, an extended length should be discussed along with mapping to resource elements as it won’t be extended directly in time domain. Further, the domain definition is related to the waveform which is discussed in FL Proposal 3.2.1.
Therefore, we suggest the following simplification:
FL Proposal 3.3.1-FW
Study requirements on DL WUS sequence with respect to
· Sequence families
· Correlation properties, including T/F inaccuracies
· Relation to other 6GR signals
· Sequence lengths and resource mapping, including extended lengths or repetitions
· Multi-symbol mapping and repetitions
· Domain definition (T/F)
· Other aspects are not precluded


	Sharp
	Similar suggestion with Huawei that the information bits(the capacity of sequence may have  been  included in the first sub bullet?) and detection complexity should also be considered.

	TCL
	We agree with Huawei’ view to add “The information bits carried by the DL WUS” as one sub-bullet.

	Lenovo
	Generally, we are fine with direction. However, the number of sequences and the capacity of bits carried in each sequence affects its performance and coverage which needs to be studied. 

Study requirements on DL WUS sequence with respect to
· Sequence families
· Correlation properties, including T/F inaccuracies
· Relation to other 6GR signals
· Sequence lengths, including extended lengths
· Multi-symbol mapping and repetitions
· Domain definition (T/F)
· Number of sequences, number of bits in each sequence
· Other aspects are not precluded


	Ericsson
	Support

	vivo
	We are generally fine with the direction, with following comments: 
(1) We suggest using ‘following aspects’ instead of ‘requirements’, considering not all these sub-bullets are requirements on DL WUS sequence.
(2) We suggest to add Number of sequences or the capacity of sequence. 
To support potentially larger payload for DL WUS, we expect an increase of number of sequences, i.e., larger than 16 sequences as defined in Rel-19 LP-WUS.  
(3) For sequence performance, we share similar view with Huawei that not only correlation properties but also LLS performance should be evaluated. 

(4) Considering different functionality of DL WUS and other 6GR signals, it is unnecessary to emphasis the relation of DL WUS sequence and other 6GR signals, so we suggest to delete this sub-bullet. Instead, a sub-bullet for gNB and UE complexity can be added, which can somehow also reflect the impact of sequence same or different from other 6GR signals. 

(5)  For sequence length, we understand the intension of ‘extended length’ is the extension to Rel-19 LP-WUS sequence length. Then, the description can be more specific, e.g., including extended length > 132. 

In summary, we suggest following 
FL Proposal 3.3.1 
Study requirements on following aspects of DL WUS sequence with respect to
· Sequence families
· Correlation properties and link level performance, including T/F inaccuracies 
· Relation to other 6GR signals
· Sequence lengths, including extended lengths > 132
· Multi-symbol mapping and repetitions
· Domain definition (T/F)
· Number of candidate sequence
· gNB/UE complexity
· Other aspects are not precluded


	IMU
	IMU supports the proposal and recommends adding two missing aspects that materially affect feasibility:
1. Supported payload size / information bits, which drives sequence pool/capacity and resource overhead.
2. Detection complexity / power, since correlation/FFT/search dimensions directly impact EE processing power.


	Tejas
	Information bits carrying capacity of the DLWUS sequence also has to be studied.
 Study requirements on DL WUS sequence with respect to
· Sequence families
· Correlation properties, including T/F inaccuracies
· Relation to other 6GR signals
· Sequence lengths, including extended lengths
· Multi-symbol mapping and repetitions
· Number of bits carried by the DLWUS.
· Domain definition (T/F)
· Other aspects are not precluded

	Sony
	We are generally OK with this proposal.
But a requirement regarding robust reception should be added.

	Xiaomi
	We are generally fine with FL Proposal 3.3.1. The number of candidate sequences that can be mapped at a certain time-domain granularity will affect the overall performance of DL WUS and also determine the maximum number of information bits that DL WUS can carry. Therefore, the number of candidate sequences needs to be taken into consideration.
FL Proposal 3.3.1 - Xiaomi
Study requirements on DL WUS sequence with respect to
· Sequence families
· Correlation properties, including T/F inaccuracies
· Relation to other 6GR signals
· Sequence lengths, including extended lengths
· Multi-symbol mapping and repetitions
· Domain definition (T/F)
· Number of candidate sequences that can be mapped at one or more symbol(s)
· Other aspects are not precluded



	Panasonic
	We support this direction. As the other companies suggested, the impact of decoding complexity for UE power saving and implementation simplicity for both NW and UE should also be considered.

	InterDigital
	Generally fine with the direction. However, we believe that providing candidate sequence families would be beneficial given that most of companies support ZC, m sequence and gold sequence.
· Sequence families (e.g., ZC sequence, m sequence and gold sequence)


	LG
	We are OK with the proposal in general. However, since we prefer that a single DL WUS sequence be confined within one OFDM symbol, we propose to revise Proposal 3.3.1 as follows.
FL Proposal 3.3.1 - LG
Study requirements on DL WUS sequence with respect to
· Sequence families
· Correlation properties, including T/F inaccuracies
· Relation to other 6GR signals
· Sequence lengths, including extended lengths
· Multi-symbol mapping and repetitions
· Domain definition (T/F)
· Other aspects are not precluded


	Samsung
	We are in general ok with the proposal with the following comments: 
· A number of sequences should also be studied
· “extended lengths” as the example may not be needed

Study requirements on DL WUS sequence with respect to
· Sequence families
· Number of sequences
· Correlation properties, including T/F inaccuracies
· Relation to other 6GR signals
· Sequence lengths, including extended lengths
· Multi-symbol mapping and repetitions
· Domain definition (T/F)
· Other aspects are not precluded


	Apple
	We are generally fine with the proposal, but we suggest removing “requirements” from the main bullet:
Study requirements on DL WUS sequence with respect to

	Nokia
	Agree with FL proposal.

	Ofinno
	We agree with the comment from Huawei on the information bits. We feel that is an important aspect to discuss with the sequence type. 

We also suggest to remove “including T/F inaccuracies” and “including extended lengths” at this stage of discussion. 

	Spreadtrum
	Firstly, the information bits carried by the DL WUS should also be studied.
Secondly, “domain definition (T/F)” is unclear for us.



[bookmark: _Ref221108760]Synchronization and RRM measurements
Summary of companies’ views
Based on the contributions, companies have provided extensive observations and proposals regarding synchronization and Radio Resource Management (RRM) for the 6G DL WUS. Their views are summarized across the following key areas:
Reuse of Existing Synchronization Signals (6G SSB/PSS/SSS)
A majority of companies advocate for reusing existing synchronization frameworks to minimize network overhead.
Ericsson, LG, Samsung, Tejas, ZTE, vivo, Panasonic, and ETRI propose that UEs in the Energy Efficient (EE) processing state should reuse the 6G SSB, specifically the PSS/SSS, for fine time-frequency synchronization and measurement.
NEC, Ericsson, and Xiaomi observe that employing shared synchronization signals for both the main radio (MR) and the WUR minimizes system overhead and avoids the energy costs associated with "always-on" dedicated signals.
Apple and Nokia suggest studying whether the low-power reception of standard PSS/SSS can provide sufficient synchronization and measurement accuracy within the required coverage area.
vivo observes that even single or small samples of standard PSS/SSS can achieve the timing estimation accuracy required to keep WUS reception errors within 2 μs and 5 ppm.
Dedicated Low-Power Synchronization Signals (LP-SS)
While reuse is preferred, some companies see a role for dedicated signals under specific conditions.
Spreadtrum, TCL, CMCC, and OPPO propose studying a dedicated LP-SS as an option if the standard 6G SSB is insufficient for ultra-low-power receiver architectures or if it requires too much energy to process.
Xiaomi notes that while a dedicated LP-SS increases network overhead, it allows for a more uniform implementation of DL WUS and synchronization reception at the UE.
CMCC and Sony propose studying per-transmission preambles at the head of the DL WUS as an alternative to periodic synchronization signals, which may be more efficient in cells with low paging arrival rates.
Joint Synchronization and WUS Design
Some proposals focus on the temporal and functional coupling of sync and wake-up.
Tejas Networks proposes jointly transmitting the DL WUS and a synchronization signal so that UEs can receive both in a single monitoring occasion, minimizing the "early wake-up" time needed for alignment.
OPPO proposes that the DL WUS could carry an indication of an upcoming aperiodic Tracking Reference Signal (TRS), allowing the UE to quickly resynchronize its receiver after wake-up instead of waiting for the next periodic SSB.
Sony and OPPO suggest that the WUS sequence itself should possess properties that allow it to provide initial synchronization assistance, potentially eliminating the need to process a separate SSB before monitoring the PDCCH.
Synchronization Accuracy and Impairments
Companies have analyzed the impact of residual offsets on WUS performance in the EE state.
The agreed baseline for evaluation includes a residual CFO of up to 5 ppm and a timing offset of up to 2 μs.
MediaTek observes that at 7 GHz, a 5 ppm CFO introduces integer subcarrier shifts (approx. 35 kHz), which necessitates complex 2D searches in the time-frequency domain unless the WUS sequence is specifically designed for frequency-domain energy detection.
Nokia proposes a more aggressive target, suggesting that RAN1 should assume a residual CFO of 1 ppm for efficient 6G WUS design, noting that NR UEs can already maintain this level of accuracy during sleep if calibrated correctly.
RRM Measurement Offloading to EE processing
Offloading measurements is seen as a vital way to keep the main radio in a deep sleep state for longer durations.
Spreadtrum, ETRI, and Sony propose that the WUR should perform serving (camping) cell measurements (e.g., RSRP/RSRQ) while the main radio remains in sleep mode.
TCL, ZTE, and NEC propose extending this to neighbor cell measurements to support cell selection/reselection without waking the main radio.
ZTE and Nordic Semiconductor suggest that measurement requirements during EE processing should be relaxed compared to normal operation due to the hardware limitations of low-power receivers.
TCL proposes that WUR measurements should primarily serve as event-triggering mechanisms (e.g., indicating candidate cells), while final mobility decisions and detailed evaluations should remain the responsibility of the main radio.
FL comments and proposals
Although the solutions vary from using the baseline 6GR sync framework, referred to as 6G SSB, to a dedicated LP sync to integrating sync in the WUS, most companies agree that sync requirements need further studying. A related proposal that hopefully is agreeable to companies is as follows:
FL Proposal 3.4.1
Study synchronization requirements for receiving DL WUS with respect to
· Reuse of baseline 6G sync signals
· Joint sync and WUS design
· Sync accuracy and impairments
· Other aspects are not precluded

FL Proposal 3.4.1b
Study synchronization requirements for receiving DL WUS with respect to
· Reuse of baseline 6G sync signals, i.e., DL WUS w/o sync
· DL WUS design providing sync
· Sync accuracy and impairments
· Other aspects are not precluded

Regardless of the above proposal, there is strong support to use the baseline cell defining 6GR sync framework (6G SSB). Hence, in FL’s view it is worth probing a more ambitious proposal. Companies’ views on this are welcome.
FL Proposal 3.4.2
At least the 6GR cell-defining sync framework is used for providing UE sync prior to receiving DL WUS.

FL Proposal 3.4.2b
At least the 6GR cell-defining sync signals are used for providing UE sync prior to receiving DL WUS.
Per Chairman’s instructions, this AI is also responsible for additional scenarios for which DL WUS may be used. NR supports serving cell RRM measurements, but companies propose a more extensive responsibility for RRM in the EE processing state. For that, the following is proposed:
FL Proposal 3.4.3
Study feasibility of RRM offloading to EE processing state with respect to
· RRC states
· Serving and/or neighbour cell
· Other aspects are not precluded

FL Proposal 3.4.3b
Study offloading of RRM measurements to EE processing state with respect to
· RRC states
· Requirements for serving cell RRM measurement
· Feasibility and requirements for neighbor cell RRM measurement 
· [Coverage performance of DL WUS]
· Other aspects are not precluded

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

	Huawei, HiSilicon
	We prefer the FL Proposal 3.4.2 than FL Proposal 3.4.1. Because, the 6G SSB for EE processing, is a periodic DL sync signal, thus it is reliable. We have concern on using DL WUS itself for sync purpose, since DL WUS will be transmitted only when traffic arrives. If a UE falsely detect a DL WUS and use it to perform sync, the synchronization will be totally lost. 
However, the wording of FL Proposal 3.4.2 is confusing. How to understand ‘framework’? Maybe better to change it to ‘singal(s)’.
FL Proposal 3.4.2 - Huawei
At least the 6GR cell-defining sync signal(s) framework is used for providing UE sync prior to receiving DL WUS.
For the RRM part, first, not only the feasibility should be studied. Second ‘offloading to EE processing state’ is confusing, a wording change is preferred.
FL Proposal 3.4.3 - Huawei
Study feasibility of RRM measurement performed in offloading to EE processing state with respect to
· RRC states
· Serving and/or neighbour cell
· Other aspects are not precluded


	CMCC
	Regarding Proposal 3.4.3, if only regular SSB (e.g., no additional dedicated LP-SS) is used for the synchronization of DL WUS, the question is whether RRM offloading based on DL WUS is still necessary and applicable. Considering this, we suggest to add “necessity” in the main bullet.

FL Proposal 3.4.3 - CMCC
Study necessity and feasibility of RRM offloading to EE processing state with respect to
· RRC states
· Serving and/or neighbour cell
· Other aspects are not precluded

	OPPO
	Fine with FL’s proposal. 
[bookmark: OLE_LINK1]For proposal 3.4.1, in our views, at least baseline 6G sync signals could be used to provide synchronization for DL WUS detection. 
‘Residue CFO up to [5] ppm’ and ‘residue timing offset up to [2] us’ were agreed in last meeting. If we understand correctly, the value corresponds to the UE state after synchronization.
For the model of frequency and time errors, if the model in TR 38.869 is reused, i.e.,
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Following agreement was made in RAN1#118 meeting.
	Agreement
As a starting point, for both time error and frequency error, the overlaid OFDM sequence design of LP-WUS assumes that the residual frequency error is 0.1-5ppm for OFDM-based LP-WUR after frequency error correction without considering impact of drift.
· Note: Companies can use any value within the above range with justification on the value (including impact on power consumption).


Regarding the timing drift , under the following assumption.
· (oscillator max frequency error, oscillator frequency drift) = (5ppm,0.05ppm/s)
· , with 
· , with 
If periodicity larger than 160ms of baseline 6G sync signals is introduced for NES, the timing error would larger than 2.8us. If periodicity larger than 320ms of baseline 6G sync signals is introduced for NES, the timing error would larger than 3.6us.
As the increasing of timing error, the detection performance of DL WUS would decrease.
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Given that the periodicity supported of baseline 6G sync signal is not determined, at least joint sync and WUS design could help to improve the detection performance under the case of larger periodicity of baseline 6G sync signal.

For FL proposal 3.4.3, we think the coverage performance also needs to be considered. If the coverage performance is worse than PDCCH channel, it may impact the RRM offloading of neighbour cell. Thus, we suggest.
FL Proposal 3.4.3-OPPO
Study feasibility of RRM offloading to EE processing state with respect to
· RRC states
· Serving and/or neighbour cell
· Coverage performance of DL WUS
· Other aspects are not precluded



	FW
	We are in general OK with the proposals, but suggest the following minor edit for FL Proposal 3.4.2 and agree with the edits from Huawei on Proposal 3.4.3.
FL Proposal 3.4.2 - FW
At least the 6GR cell-defining sync signal(s) framework is can be used for providing UE sync prior to receiving DL WUS.


	Sharp
	Fine with FL’s proposal.

	TCL
	For proposal 3.4.1, we basically agree with this proposal, but “joint” in second sub bullet is confusion. From analysis above, we note the temporal and functional coupling of sync and wake-up has been concluded in above summary, but there is still not clear, is that for signal design together of DL-WUS and sync signal, or transmission configuration between them (e.g., mentioned in 3.5, “jointly transmitting the DL WUS and a synchronization signal (such as SSB or a preamble) in a single opportunity”)
Thus, we suggest following,
FL Proposal 3.4.1-TCL
Study synchronization requirements for receiving DL WUS with respect to
· Reuse of baseline 6G sync signals
· WUS design with synchronization function, e.g., signal design or transmission configuration
· Sync accuracy and impairments
· Other aspects are not precluded
In addition, for proposal 3.4.3, we support the correction from CMCC’s opinion.

	Lenovo
	We are generally fine with reusing 6GR sync signal for UE receiving DL WUS, which is beneficial for reducing NW overhead. The DL WUS should reuse 6G sync signal as baseline without any additional synchronization signal dedicated for DL WUS. Also, the 6GR sync signal contains PSS, SSS. The number of SSS sequence can be more compared to PSS which may have additional complexity at the DL WUS receiver. Hence, PSS can be taken as baseline for the synchronization. Also, we need to consider the cluster and non-cluster based transmission in the study.
Suggest updating FL Proposal 3.4.1:
Study synchronization requirements for receiving DL WUS with respect to
· Reuse of baseline 6G sync signals w/o dedicated sync signal for DL WUS
· 6GR PSS
· Joint sync and WUS design
· Sync accuracy and impairments
· Cluster & non-cluster based synchronization 
· Other aspects are not precluded

Regarding RRM offloading, at least feasibility of serving cell RRM measurement is proved in Rel-19. In 6GR, we can confirm serving cell RRM measurement offloading to EE processing state and study the feasibility and requirements for neighbor cell RRM measurement offloading. In addition, the measurement signal for serving/neighbor cell RRM measurement should also be studied, e.g., the 6GR SSB or WUS itself. 
 Updated FL Proposal 3.4.3
Study RRM offloading to EE processing state with respect to
· RRC states
· Serving and/or neighbour cell
· Requirements for serving cell RRM measurement
· Feasibility and requirements for neighbor cell RRM measurement 
· Measurement signal
· Other aspects are not precluded




	Ericsson
	Support

	vivo
	For proposal 3.4.1, & 3.4.2, they can be combined. Proposal 3.4.2 overlaps with 1st sub-bullet of proposal 3.4.1. 
· For 1st sub-bullet, similar view with Huawei, i.e., EE synchronization is based on PSS/SSS signal itself rather than framework. 
· 2nd sub-bullet can be deleted. Blind detection of DL WUS sequence together with using the DL WUS sequence for sync increases complexity. 

In summary, we suggest following modification:
FL Proposal 3.4.1
Study synchronization requirements for receiving DL WUS with respect to
· Reuse of baseline at least 6G cell-defining sync signals for providing UE sync prior to receiving DL WUS
· Joint sync and WUS design
· Sync accuracy and impairments
· Other aspects are not precluded

For proposal 3.4.3, RRM measurement would be more relevant to procedure. We suggest to discuss under AI 10.6.1.2.

	IMU
	IMU supports studying synchronization requirements, including reuse vs joint design vs impairments. 
We recommend treating “WUS itself for sync”; joint sync+WUS is best considered as an optional enhancement (e.g., preamble/head-of-WUS) or as assistance leveraging baseline sync signals.

IMU supports studying feasibility of RRM measurements in EE processing state, but recommend scoping clearly (e.g., serving-cell as baseline; neighbor-cell as optional) and positioning results as event-triggering/supporting inputs, while keeping final mobility decisions with MR/higher layers.

	Tejas
	We support FL Proposal 3.4.1
Further reducing LPWUR power consumption is achievable by transmitting synchronization and DLWUS data as a single block. This approach eliminates early LPWUR wakeups, enables the WUR to operate independently of the SSB, and benefits the base station (BS) by reducing SSB transmissions, thereby allowing longer BS sleep periods.

	ETRI
	Fine with the proposals.

	InterDigital
	We support Huawei’s revision. 

	LG
	For Proposal 3.4.3, we prefer the proposal modified by CMCC.

	Samsung
	For proposal 3.4.1, “joint sync and WUS design” is confusing, and can be removed or further clarified. 
FL Proposal 3.4.1
Study synchronization requirements for receiving DL WUS with respect to
· Reuse of baseline 6G sync signals
· Joint sync and WUS design
· Sync accuracy and impairments
· Other aspects are not precluded
For proposal 3.4.2, “cell-defining sync framework” may not be a RAN1 wording, and we suggest to change to “periodic sync signal for initial cell selection”
FL Proposal 3.4.2
At least the 6GR cell-defining sync framework periodic sync signal for initial cell selection is used for providing UE sync prior to receiving DL WUS.

	Apple
	For P3.4.1, we also think “requirements” may not be the best wording and suggest removing it. The meaning of “joint sync and WUS design” is not clear to us, especially with the first sub-bullet. Can you please clarify (temporarily removed below before clarification)?
FL Proposal 3.4.1 - Apple
Study synchronization requirements for receiving DL WUS with respect to
· Reuse of baseline 6G sync signals
· Joint sync and WUS design
· Sync accuracy and impairments
· Other aspects are not precluded
For P3.4.2, support Huawei’s suggestion to remove “framework”.
For P3.4.3,
FL Proposal 3.4.3 - Apple
Study feasibility and accuracy of RRM measurement in offloading to EE processing state with respect to
· Reuse of baseline 6G sync signals
· RRC states
· Serving and/or neighbour cell
· Coverage
· Other aspects are not precluded


	Ofinno
	We support the updated proposal 3.4.1 from Apple. 

For Proposal 3.4.3 we would like to ask if other signals beyond 6G sync signals are being considered for measurement in EE processing state? If not we think the proposal should be clear on that aspect.

	Spreadtrum
	For proposal 3.4.1, clarification is needed for “Joint sync and WUS design”. Does it mean a dedicated LP-SS or DL WUS including sync signal or any other understanding?
For proposal 3.4.2, we share the same with Huawei.


	Tejas1
	We see there is a need to design DLWUS which is transmitted along with the sync signal in the same slot. This will avoid the early wakeup of UE low power receiver and can improve the detection probability. 

FL Proposal 3.4.1b
Study synchronization requirements for receiving DL WUS with respect to
· Reuse of baseline 6G sync signals, i.e., DL WUS w/o sync
· DL WUS design providing sync
· Sync accuracy and impairments
Other aspects are not precluded



[bookmark: _Ref221128449]Timing and paging latency aspects
Summary of companies’ views
Companies' views on 6G Downlink Wake-Up Signal (DL WUS) requirements for paging delay and its location relative to other channels are focused on minimizing the overhead of sleep-to-wake transitions and improving the flexibility of the paging framework.
Paging Delay and Latency
The total latency for a paging indication using DL WUS is observed to be the sum of WUS processing time, the transition time required to power up the main radio components, and the PDCCH preparation time for fine synchronization.
Transition times from deep sleep states significantly impact latency; for instance, the Ultra-Deep Sleep state may require more than a second (1600 ms for transition to and from sleep) to transition to active mode, necessitating a very large time offset between the WUS and the associated Paging Occasion (PO).
To support latency-critical IoT and control applications, companies propose that the DL WUS must deliver wake-up and addressing information within one or a few OFDM symbols to meet end-to-end latency targets of the order of sub-milliseconds.
If the DL WUS carries UE-dedicated information, it can allow UEs in IDLE mode to bypass the conventional paging procedure (monitoring PDCCH and PDSCH) and directly initiate the RACH procedure, significantly reducing access latency.
Implementing joint network and UE activation (simultaneous wake-up) is proposed to minimize the activation latency penalties inherent in the sequential activation schemes used in 5G.
Location in Relation to Other Signals and Channels
In IDLE/INACTIVE modes, the WUS monitoring occasion (MO) is typically configured to occur at a pre-defined time offset before the UE's PO.
Some companies propose that if DL WUS is mandatory, it could fully replace the legacy concept of POs, with dynamic POs associated only with WUS occasions to improve resource efficiency.
To simplify scheduling, it is proposed that the DL WUS should be contained within a single slot (up to 14 symbols), and the network should ensure the signal does not cross slot boundaries.
Rather than static, semi-persistent offsets, several companies propose that the DL WUS should dynamically indicate the time offset (gap) between WUS detection and the start of subsequent control resource set monitoring to allow UEs to optimize their sleep depth based on traffic urgency.
To avoid the "early wake-up" issue where a UE must wake up well before the WUS to find a synchronization signal, companies propose jointly transmitting the DL WUS and a synchronization signal (such as SSB or a preamble) in a single opportunity.
The bandwidth allocation for DL WUS is proposed to follow the same granularity as PDCCH (CCE-based), such as multiples of 6 RBs, to allow the signal to overlap seamlessly with the control region for efficient resource reuse.
In CONNECTED mode, the DL WUS may be used to directly specify the PDCCH monitoring window or adjust the window duration rather than relying on fixed DRX timers.
FL comments and proposals
FL is not entirely certain if this topic best belongs here or in AI 10.6.1.2. To not risking omitting it entirely it is included here but may be moved later since overall paging delay treated in AI 10.6.1.2. There are multiple aspects of timing. Total paging delay, in turn divided into sync and WUS delay and WUS and PDCCH delay. Those requirements are likely very different in idle and connected mode. In addition, DL WUS must fit into the bigger 6GR structure with other channels. All in all, timing must be studied and FL proposes the following:
FL Proposal 3.5.1
Study timing requirements on DL WUS with respect to
· Relation to other signals and channels (e.g., delay between sync and WUS)
· UE mode of operation (idle vs. connected)
· UEPS and NES, including transition times
· Other aspects are not precluded

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

	Huawei, HiSilicon
	We think this part is highly related to the procedure design, instead of signal design. Therefore, we suggest to discuss the timing issues related to this proposal in AI 10.6.1.2. 

	CMCC
	We agree with Huawei that the proposal should be discussed in AI 10.6.1.2.

	OPPO
	We are OK with FL’s proposal.

	FW
	We agree with FL assessment that the current format of the proposal may be more appropriate for AI 10.6.1.2.

	TCL
	We agree with this proposal. In fact, if the DL WUS carries UE-dedicated information, although it can allow UEs in IDLE mode to bypass the conventional paging procedure, UE may wake up by mistake, as well as different from PF/PO design, how to consider DL-WUS with PO functions needs carefully to consider.

	[bookmark: _Hlk221527054]Lenovo
	We suggest not touch the timing and paging latency aspects in this stage.

	Ericsson
	Fine, it can also be discussed in AI 10.6.1.2.

	vivo
	Similar view, suggest to discuss under 10.6.1.2. 

	Tejas
	Support

	Xiaomi
	We agree that this issue should be transferred to 10.6.1.2.

	Panasonic
	We agree with Huawei and CMCC. This might be relative to the signal procedures rather than the signal design.

	InterDigital
	Fine

	LG
	We agree with Huawei’s view and believe that it would be appropriate to discuss this in AI 10.6.1.2.

	Samsung
	We are ok to discuss this proposal under AI 10.6.1.2

	Apple
	We also think it is better to discuss in AI 10.6.1.2.

	Nokia
	We are Ok to discuss further. However, the question is that whether the UE can utilize the synchronization and measurements in EE state to active state or not.

	Ofinno
	Agree that is it better to discuss in AI 10.6.1.2. Especially on UE mode of operation (i.e., RRC state)

	Spreadtrum
	We share the same view with Huawei.



[bookmark: _Ref221125891]NW impact
Summary of companies’ views
Companies have provided a range of observations and proposals regarding the network overhead of the 6G Downlink Wake-Up Signal (DL WUS). Their views generally emphasize the need for high spectral efficiency, minimal time-domain occupancy, and the reuse of existing synchronization frameworks to ensure that the power-saving benefits for the UE do not come at the cost of excessive network resource consumption.
Reuse of Existing Synchronization Frameworks
Many companies argue that the most effective way to minimize network overhead is to avoid the introduction of dedicated "always-on" signals.
Ericsson, Spreadtrum, LG, Panasonic, and MediaTek observe that reusing the existing 6G Synchronization Signal Block (SSB) for DL WUS timing and measurement eliminates the need for dedicated low-power synchronization signals (LP-SS) used in 5G.
Xiaomi and NEC point out that employing shared synchronization signals for both the main radio and the wake-up receiver minimizes system-level energy consumption and signaling overhead.
CMCC observes that periodic synchronization signals are more resource-efficient when paging arrival rates are high, while preamble-based synchronization (at the head of the WUS) is superior for low paging rates.
Efficient Resource Allocation (Bandwidth and Duration)
Companies propose various strategies to balance coverage targets with resource occupancy.
Qualcomm, vivo, and MediaTek observe that increasing the WUS bandwidth is more energy-efficient for both the network and the UE than increasing its time-domain duration, as the power scaling for wider bandwidth is sub-linear.
Samsung, OPPO, and Qualcomm propose that the DL WUS should be contained within a single slot (up to 14 symbols) to minimize scheduling complexity and impact on other downlink traffic.
NTT DOCOMO notes that 5G LP-WUS had extremely poor spectral efficiency (approx. 0.0038 bits/RE) and that 6G must achieve significantly higher efficiency to be commercially viable.
There is a strong consensus among Nokia, vivo, Qualcomm, and Tejas to remove Manchester coding, which was mandatory for 5G OOK but only serves to double the transmission overhead without providing gains for OFDM-based sequences.
Multiplexing and Resource Reuse
Efficiently integrating the WUS into the existing resource grid is a key design priority.
Google and Ericsson observe that OFDM-based sequences allow for seamless FDM/TDM multiplexing with other signals (SSB, TRS, or data) within the active BWP, avoiding the need for dedicated "spectrum holes" or guard bands.
Ericsson proposes that the network should be able to reuse any unused WUS time and frequency resources for dynamic scheduling to prevent negative impacts on overall network capacity.
Tejas Networks and Sony suggest that sequences should support simultaneous wake-up of multiple UE groups within a single OFDM symbol to improve spectral efficiency compared to sequential time-domain repetition.
Payload Capacity and Framework Consolidation
Managing the amount of information carried is critical to controlling overhead.
HONOR argues against increasing the WUS payload beyond the 5-bit baseline from 5G, observing that higher bit rates significantly increase system overhead to achieve parity with PDCCH coverage.
Ericsson observes that larger payloads require exponentially larger sequence sets (e.g., 256 sequences for 8 bits), which increases both gNB complexity and resource occupancy.
Panasonic, InterDigital, and OPPO propose striving for a single, unified WUS type across all RRC states (IDLE, INACTIVE, and CONNECTED) to reduce specification fragmentation and implementation overhead.
InterDigital proposes introducing DL WUS as a new format within the PDCCH framework, allowing it to leverage established control channel mechanisms for multiplexing and configuration.
Performance Targets and Evaluation Metrics
Nordic Semiconductor proposes a specific design target where the system overhead for DL WUS should remain below 2%.
Samsung and vivo recommend that evaluations should explicitly track system resource occupancy (REs, symbols, or PRBs) alongside power-saving gains to ensure a fair assessment of network impact.
MediaTek and Tejas emphasize that the DL WUS must have a controlled PAPR to ensure power-efficient transmission from the base station and avoid necessitating large amplifier back-offs.
FL comments and proposals
UEs will be able to greatly benefit from DL WUS in terms of UEPS. However, for overall system optimization, there must be a trade-off between UE gains and negative NW impact. For that reason, it is important that RAN1 makes agreements with such impact in mind, so that the outcome is a balanced 6GR DL WUS design. FL intends to capture that in the following proposal:
FL Proposal 3.6.1
Study NW impact on DL WUS with respect to
· System overhead
· BS implementation complexity
· NES
· Sync provisioning for receiving DL WUS
· WUS (T/F) resource allocation
· Multiplexing with other signals and channels
· Payload size

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

	Huawei, HiSilicon
	The first three bullets are OK. But the remaining four bullets are more related to the signal design or other issues, instead of NW impact. Therefore, we suggest to remove the unrelated bullets.
FL Proposal 3.6.1 – Huawei
Study NW impact on DL WUS with respect to
· System overhead
· BS implementation complexity
· NES
· Sync provisioning for receiving DL WUS
· WUS (T/F) resource allocation
· Multiplexing with other signals and channels
· Payload size


	CMCC
	The fourth bullet looks overlapped with Proposal 3.4.1 and 3.4.2, while the last bullet is more suitable to be discussed in Proposal 3.7.1. It is suggested to remove the two bullets.

FL Proposal 3.6.1 – CMCC
Study NW impact on DL WUS with respect to
· System overhead
· BS implementation complexity
· NES
· Sync provisioning for receiving DL WUS
· WUS (T/F) resource allocation
· Multiplexing with other signals and channels
· Payload size


	OPPO
	OK with FL’s proposal.

	FW
	We are OK with the intention, but the current formulation for us reads as the impact of NW on DL WUS design, we prefer the following modification with the removal of the design aspects:
FL Proposal 3.6.1-FW
Study NW the impact on of DL WUS design on at least with respect to
· System overhead
· BS implementation complexity
· NES
· Sync provisioning for receiving DL WUS
· WUS (T/F) resource allocation
· Multiplexing with other signals and channels
· Payload size


	TCL
	We think we should focus on the impact on NW, thus, we agree with Huawei’s correction. In addition, for NES, it is better to unified consider the impact of NW and UE side on power savings, e.g., the impact of Cell DTX/DRX and C-DRX/I-DRX configurations.
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Study NW impact on DL WUS with respect to
· System overhead
· BS implementation complexity
· System power savings from NW perspective
· Sync provisioning for receiving DL WUS
· WUS (T/F) resource allocation
· Multiplexing with other signals and channels
Payload size

	Lenovo
	System overhead is not an independent issue, which is highly related to WUS resource allocation and DL WUS coverage enhancement. We suggest considering them together. 
FL Proposal 3.6.1 – Lenovo
Study NW impact on DL WUS with respect to
· System overhead considering WUS resource allocation and DL WUS coverage enhancement
· BS implementation complexity
· NES
· Sync provisioning for receiving DL WUS
· WUS (T/F) resource allocation
· Multiplexing with other signals and channels
· Payload size


	Ericsson
	OK with the proposal.

	vivo
	We’re fine with 1st, 2nd, 3rd and 6th sub-bullet, while other sub-bullets seem less relevant to NW impact.

	IMU
	IMU supports studying network impact (overhead, BS complexity, NES). We suggest grouping the listed parameters into “drivers of NW impact” (resource allocation/multiplexing, payload size, sync provisioning) and explicitly considering resource reuse of unused WUS time/frequency resources for dynamic scheduling to mitigate capacity loss.

	Tejas
	Support

	Sony
	Support

	Xiaomi
	We are fine the first bullets and 6th bullet. The study of system overhead actually already incorporates assumptions regarding WUS resource allocation and synchronization signal for WUS. Furthermore, the final assessment of payload size of DL WUS is reflected in the assumption of the time-frequency resources of DL WUS, and thus is also unnecessary. Therefore, we suggest making the following modifications:
FL Proposal 3.6.1 - Xiaomi
Study NW impact on DL WUS with respect to
· System overhead
· BS implementation complexity
· NES
· Sync provisioning for receiving DL WUS
· WUS (T/F) resource allocation
· Multiplexing with other signals and channels
· Payload size


	Panasonic
	We support this proposal.

	InterDigital
	Fine

	Apple
	We wonder if we really need this proposal. We had earlier agreement:
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
The main points are included already.
We also wonder if there is really a need to have separate proposals for network impact and UE impact. In the end, it is a joint consideration.

	Ofinno
	We feel that the below two bullets can be removed: 
· Sync provisioning for receiving DL WUS
· WUS (T/F) resource allocation


	Spreadtrum
	Generally fine with the proposal. One issue is that NES is more related to energy saving gain, which should be revised as network energy consumption.
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Summary of companies’ views
Companies have provided extensive observations and proposals regarding the information payload and content for the 6G Downlink Wake-Up Signal (DL WUS), focusing on increasing capacity to reduce false wake-ups and enabling functional enhancements.
Information Content and Functionalities
The primary consensus is that 6G DL WUS must carry a wake-up indication as its basic functionality. However, many companies propose expanding the content to include:
Identifying which UE or group of UEs is being targeted to prevent false wake-ups of non-targeted devices.
Parameters such as SCell dormancy indications, TRS availability, PDCCH Blind Decoding (BD) reduction parameters, and System Information (SI) change/ETWS/CMAS notifications.
Carrying small amounts of traffic data or RRC paging messages directly within the WUS to bypass subsequent data reception stages and reduce latency.
Providing cell information or timing/frequency drift tracking to assist the main radio upon wake-up.
Payload Size
Some companies advocate for a payload larger than 5 bits. Common proposals include at least 8 bits, 14 to 16 bits, or even tens of bits if the design moves toward coded modulation rather than pure sequences.
Ericsson suggests a "small-medium" payload (e.g., ≤8 bits) to balance overhead and UE/gNB complexity. Conversely, HONOR argues against increasing bits beyond 5, citing concerns over increased detection complexity and system overhead.
Nokia and Huawei observe that larger payloads (e.g., >10 bits) may make sequence-based designs resource-heavy, potentially requiring more than 3 OFDM symbols to maintain performance.
UE Grouping and Addressing Strategies
Many companies propose studying UE-specific WUS to maximize power savings and eliminate the "false wake-up" overhead associated with subgrouping.
For IDLE mode, companies suggest expanding the number of subgroups (e.g., from 31 in 5G to 255 in 6G) to achieve finer granularity.
Xiaomi proposes a framework where the first stage provides group-level triggers and the second stage provides UE-specific signaling, see Figure 4.
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Proposals include using TDM, FDM, or CDM to carry multiple wake-up indications for different UEs or groups within a single monitoring occasion.
Encoding and Mapping Schemes
Nokia and vivo observe that codepoint mapping (one sequence per subgroup) is efficient for low traffic like paging, while bitmap mapping (one bit per subgroup) is superior for high-traffic scenarios like C-DRX.
There is a strong consensus to discard Manchester coding, which was mandatory for 5G OOK but provides no gain for 6G's pure OFDM sequences while doubling overhead.
Proposals include mapping raw information bits directly to candidate sequences (e.g., 16 or 32 sequences per symbol) or using cyclic shifts to carry data.
For larger payloads, companies propose studying Reed-Muller (RM), Convolutional, or Polar codes to improve detection reliability at the cell edge.
EURECOM proposes a product-code structure where bits are encoded independently in the frequency (vertical) and time (horizontal) domains to lower receiver complexity.
FL comments and proposals
There seems to be varying views on what information content and payload size DL WUS should support. There are some proposals to support not only UE grouping but also other information. The flip side of adding a larger information payload is detection performance and complexity. FL propose the following:
FL Proposal 3.7.1
Study information content requirements on DL WUS regarding
· Payload size
· Information encoding, e.g., bitmap or codepoint
· Information content, in addition to UE grouping
· Idle and connected mode differentiation

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

	Huawei, HiSilicon
	We are generally OK. But the 3rd sub-bullet is confusing, which seems imply that UE grouping is a baseline design. At least for connected state, per UE indication should be a more straightforward direction. If we understand correctly, the FL is referring to ‘wakeup indication’.
FL Proposal 3.7.1 - Huawei
Study information content requirements on DL WUS regarding
· Payload size
· Information encoding, e.g., bitmap or codepoint
· Information content, in addition to UE wakeup grouping
· Idle and connected mode differentiation


	CMCC
	We are a little confused whether the “payload size” here corresponds to capability or requirement. If it is a requirement, it may be more suitable to be discussed in AI 10.6.1.2. If it means the maximum supported payload size by e.g. sequence-based or PDCCH-based DL WUS, the issue is more related to Proposal 3.3.1 or the PDCCH design.

	OPPO
	For the 3rd sub-bullet, we prefer the description of FL’s summary in Information Content and Functionalities is better as following.
	Information Content and Functionalities
The primary consensus is that 6G DL WUS must carry a wake-up indication as its basic functionality.
….


We prefer the description of ‘wake-up indication’, i.e.,
FL Proposal 3.7.1-prefer the description in ‘Information Content and 
Functionalities’
Study information content requirements on DL WUS regarding
· Payload size
· Information encoding, e.g., bitmap or codepoint
· Information content, in addition to UE grouping wake-up indication.
Idle and connected mode differentiation

	TCL
	Okay with this proposal.

	Lenovo
	We are fine with HW’s version with an update.
The ‘information encoding’ in the second sub-bullet is kind of misaligned with the examples. Suggest updating:
FL Proposal 3.7.1 
Study information content requirements on DL WUS regarding
· Payload size
· Information encoding mapping, e.g., bitmap or codepoint
· Information content, in addition to UE wakeup grouping
· Idle and connected mode differentiation


	Ericsson
	Fine with the proposal.

	vivo
	We are generally fine with first two sub-bullets, and 3rd sub-bullet with Huawei’s revision. 
4th sub-bullet is unclear to us. Is the intention to carry flag-like bits in DL WUS to differentiate a DL WUS for RRC idle or connected mode? Or, generally to say, the information content for a DL WUS can be different for different RRC state ?  

	Tejas
	Support

	Xiaomi
	Fine with the proposal.

	Panasonic
	We are generally fine with this proposal but it could be better to study this aspect after the discussion on the coverage and functionality requirement is concluded.

	InterDigital
	Fine

	LG
	It is necessary to first clarify whether this topic falls under AI 6.1.1.2.

	Samsung
	For sequence-based signal, we don’t define “payload” in the specification, so it is better to change to “Size of information content”. Also, “Encoding” may not be applicable for sequence-based signal, so suggest to change to “carrying-method”. 
Also, the feasibility of other functionalities should be studied first, so the third bullet for additional information can be deprioritized for now. 
FL Proposal 3.7.1
Study information content requirements on DL WUS regarding
· Payload size Size of information content
· Information encoding carrying-method, e.g., bitmap or codepoint
· Information content, in addition to UE grouping
· Idle and connected mode differentiation


	Apple
	We tend to think the content should be discussed under AI 10.6.1.2, because it is very much related to RRC states and the procedures. What really matters for signal design is the maximum payload size, which means some interaction between the two AIs.

	Ofinno
	We suggest to modify the third bullet as follows: 
· Information content, in addition to UE grouping


	Spreadtrum
	Fine with the proposal.
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Summary of companies’ views
Companies' views on the evaluation criteria for the 6G Downlink Wake-Up Signal (DL WUS) focus on establishing robust benchmarks for coverage, reliability, power efficiency, and system impact. The views are categorized as follows:
Coverage Target Benchmarks
The selection of a coverage target is a central evaluation criterion, with several companies proposing different baseline channels for parity:
A majority of companies, including Nokia, Futurewei, Huawei, Ericsson, Samsung, Qualcomm, Apple, and Sharp, propose that DL WUS coverage must be comparable to the Physical Downlink Control Channel (PDCCH).
Qualcomm and Huawei suggest that evaluation should distinguish between paging PDCCH for IDLE mode and unicast PDCCH for CONNECTED mode.
LG, Xiaomi, and Ofinno propose that the WUS should target the coverage of the Synchronization Signal Block (SSB). LG observes that reaching SSB or broadcast PDCCH coverage requires approximately a 6 dB improvement in the link budget compared to 5G LP-WUS.
Spreadtrum and NTT DOCOMO suggest starting with the coverage of PUSCH Message 3, which served as the 5G baseline, while striving for higher cell-wise coverage where possible.
Reliability and Link-Level Metrics
Companies propose specific Key Performance Indicators (KPIs) to evaluate the detection robustness of candidate signals:
Ericsson, ZTE, and MediaTek emphasize that Missed Detection Rate (MDR) and False Alarm Rate (FAR) are primary metrics. Ericsson suggests an MDR target of less than 10−2 and a FAR between 10−1 and 10−2 whereas Spreadtrum suggests a FAR target of 1%.
vivo proposes using -3.8 dB (the SNR for NR PDCCH AL16) as a starting evaluation point, with lower values like -6.8 dB and -9.8 dB to test 6G extended coverage scenarios.
Nokia proposes evaluating sequences based on auto-correlation peak prominence and low cross-correlation performance.
Samsung and MediaTek highlight the need to evaluate performance under agreed residual impairments, specifically Carrier Frequency Offset (CFO) of 5 ppm and timing offsets of 2 μs.
Detection Assumptions: Time vs. Frequency
The choice between time-domain and frequency-domain processing is a primary source of discussion regarding evaluation of UE complexity:
Time-Domain Processing (without FFT)
Huawei, NEC, Xiaomi, and Futurewei argue that time-domain detection is preferred because it avoids the power-hungry FFT module, leading to higher energy savings.
Futurewei proposes defining OFDM sequences before DFT processing to facilitate direct time-domain correlation.
Frequency-Domain Processing (with FFT)
Ericsson and Sony suggest that frequency-domain detectable sequences allow for a larger sequence space and better signaling capacity.
LG and ETRI observe that while FFT operations add complexity, narrowband or short-length FFTs may mitigate the overhead while providing better robustness against frequency-selective fading.
Timing and Frequency Errors
A major challenge identified for the EE state is maintaining performance under relaxed synchronization conditions (residue CFO up to 5 ppm and timing offset up to 2 μs).
MediaTek and CMCC observe that at 7 GHz, a 5 ppm CFO translates to a ~35 kHz shift, which is greater than the 30 kHz subcarrier spacing. This causes integer subcarrier shifts, necessitating a complex 2D search (time and frequency) that increases processing complexity.
MediaTek proposes Frequency-Domain OOK (FD-OOK) to allow a simple 1D frequency search, which could reduce detection complexity by 97% compared to a 2D search.
CMCC notes that a 2 μs timing offset causes large phase rotations across the 5 MHz bandwidth, which can make correlation peaks undetectable in the frequency domain without blind search corrections.
Nokia proposes that for efficient design, RAN1 should assume a residual CFO of 1 ppm, arguing that NR UEs can already maintain this accuracy through calibration during sleep.
System Overhead and Network Impact
Evaluations must balance UE-side power savings against the cost to the network:
Ericsson, Samsung, and vivo state that evaluations must include system overhead and network energy consumption. Nordic Semiconductor proposes a design target where system overhead remains below 2%.
NTT DOCOMO observes that 5G LP-WUS had very low SE (0.0038 bits/RE) and proposes that 6G WUS be evaluated for significantly higher spectral efficiency.
Qualcomm and Futurewei suggest evaluating the trade-off between bandwidth and duration, observing that wider bandwidth is more energy-efficient for the network and UE than long time-domain repetitions.
Energy Efficiency (EE) and Complexity
This is a fundamental metric for all companies, often targeting a 10x gain or more over legacy DRX.
TCL, Nokia, and Huawei propose that the complexity of detection (e.g., number of correlations, need for FFT) must be evaluated as it directly impacts the power consumption of the EE processing state.
MediaTek proposes evaluating the complexity of 2D searches required by integer CFO at 7 GHz versus simpler 1D frequency searches enabled by frequency-domain OOK.
Samsung and OPPO propose evaluating the impact of the WUS on User-Perceived Throughput (UPT) and paging latency, including transition times from deep sleep states.
Standardized Evaluation Assumptions
Huawei and Nokia propose using Zadoff-Chu (ZC) sequences as the baseline for all performance comparisons.
MediaTek proposes using TDL-A 30ns 3km/h as the critical channel model for testing frequency selectivity and detection robustness.
TCL and Samsung propose that reports should explicitly state assumptions for sampling rate, ADC bit-width, number of Rx antennas (1-Rx vs. 2-Rx), and Noise Figure (NF) to ensure consistent comparisons.
FL comments and proposals
Some of the discussion points in this section have also been discussed previously in the FLS. Still, FL believe there may be value in having a comprehensive collection in one place. For that reason, evaluation criteria are proposed separately below. Regarding time or frequency detection assumptions, FL acknowledge this is mainly an implementation choice. However, it will also affect complexity discussions, why there is merit to include it in assessments.
FL Proposal 3.8.1
Study evaluation criteria for DL WUS with respect to
· Coverage target benchmark, channel or signal
· UE mode of operation (idle vs. connected)
· Reliability metrics
· Time and frequency offsets
· System overhead
· UE detection complexity
· UEPS and NES
· Baseline assumptions
· Other aspects are not precluded

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

	Huawei, HiSilicon
	We agree with FL that some of the bullets are overlapping with previous FL proposals. Moreover, it is also overlapping with previous agreement (cited below). Therefore, we don’t see the strong need of the this proposal.
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

Instead, it may be better to align some evaluation assumption on the LLS. A starting point can be the following
	Parameters
	Assumptions

	Sequence type
	Companies to report 

	Number of information bits
	[5, 8, 10, 15, 20]

	OFDM symbol number
	Companies to report, depending on the number of information bits and the detailed scheme (e.g., repetition)

	Signal bandwidth
	5MHz, 10MHz, 20 MHz

	Subcarrier spacing
	30 kHz for FR1; 120kHz for FR2; 5 or 1.25 kHz is assumed to b e reported by companies 

	Channel model
	TDL-C, 300ns

	Carrier frequency
	2.6GHz, 7GHz for FR1; FR2

	Maximum Frequency offset
	5ppm; lower values to be reported by companies with the corresponding power assumptions 

	Maximum Time offset
	2us; lower values to be reported by companies with the corresponding power assumptions

	UE speed
	3 km/h; 30 km/h; 300km/h

	Number of RX antennas
	1RX, 2RX; 4Rx 

	False alarm rate
	1%






	OPPO
	OK with FL’s proposal.


	TCL
	OK

	Ericsson
	Support in general. The following needs to be added:
“False alarm and missed-detection targets”

	vivo
	Similar view with Huawei that this proposal overlaps with several other proposals and may not provide meaningful additional information/guidance. 
Maybe discussion on evaluation assumptions can be more helpful. We can first discuss which parameters should be aligned, e.g., candidate BW, candidate payload size, sequence length, timing/frequency error, channel model, target FAR/MDR, detection in time or frequency domain, etc. and then, recommended values for each parameter.  

	Sony
	Support

	Xiaomi
	Fine with the proposal.

	Panasonic
	We are fine with this proposal.

	InterDigital
	Fine

	LG
	We support Huawei’s comments.

	Samsung
	OK with the proposal. 
Meanwhile, for the first meeting, maybe we can proceed more on the details of evaluation assumptions to facilitate company’s evaluations. General evaluation assumptions may not need to be repeated here, and only assumptions dedicated for DL WUS can be added. 

	Apple
	We have a similar feeling as Huawei that it may be more productive if we go into simulation assumptions directly.

	Ofinno
	Agree with Huawei/apple… if we discuss this proposal at least UE mode of operation and baseline assumptions should be removed.

	Spreadtrum
	Firstly, “NES” should be revised as “network energy consumption”
Secondly, we think latency should also be studied. Definition of latency in TR 38.869 can be reused.



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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depending on the chosen synchronization approach
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