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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.1	RAN1
2.1.1	Agreements
RAN1 #112
Evaluation on low power WUS
Conclusion:
The FAR definition does NOT include the impact of the falsely alarmed for wake-up due to the detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group
 
Agreement
The following characteristics for target use cases are considered in the study item:
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· FFS: latency
· primary for small form devices
· power-sensitive
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency
· primary for small form devices,
· power-sensitive
· low/medium speed, FFS: high speed
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency
· devices form is various and not restricted
· power-sensitive
· low/medium speed, FFS: high speed
Note: other use cases/characteristics are not precluded if any.
 
Agreement
For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1: (15000, 400ms)
· Alt 2: ([40000], [800ms])
Company to report which alternative they use for which use cases.
 
Agreement
For coverage evaluation, the following is used,
	Number of RX chains at the UE’s MR antenna elements for UE
	Case 1: 1 Rx for Redcap
Case 2: 2 Rx
Case 3: 4 Rx
Company to report which case is being used. Further decision on antenna assumption for coverage is FFS.

	Number of RX chains antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	Reference data rates for MR eMBB
	Urban: PDSCH 10Mbps, PUSCH 1Mbps
Rural: PDSCH 1Mbps, PUSCH 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)

	Reference PDCCH configuration
		SCS
	30kHz for TDD, 15kHz for FDD.

	Aggregation level
	8, 16

Company to report which case is being used. Further decision on aggregation level for coverage is FFS.

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER,




	Pathloss model (select from LoS or NLoS)
	Urban: NloS
Rural: NloS and LoS

	Bandwidth
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns, optional: 1000ns and companies to provide descriptions for such scenarios
Rural: 300ns
Rural with long distance: 30ns

	UE velocity
	Urban: 3km/h 
Rural: 3km/h, FFS: 120km/h (optional 30km/h) for outdoor

	Number of antenna elements for BS
	-	Urban: 192 antenna elements for 4GHz and 2.6GHz, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
(optional) 128 antenna elements for 4GHz, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)
-	Rural: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
-	Rural: 16 antenna elements for 700MHz
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of TxRUs for BS
	gNB architectures to study:
-	2 or 4 TXRUs for 2GHz, 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 
-	Optional: 32 TXRUs at 2 GHz
gNB modeling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.


Note: The descriptions above does not change the agreements for coverage in the RAN1#110-bis.

Low power WUS receiver architectures
Agreement
Study the parallel receiver architectures (as examples that can be captured in the TR) for FSK based on the following diagrams:
· Parallel homodyne architecture receiver
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml8428\wps1.jpg] 
· The observations made for homodyne/zero-IF architecture with baseband envelope detection in RAN1#110b/111 are also applicable here.
· Parallel heterodyne architecture receiver
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml8428\wps2.jpg] 
· The observations made for heterodyne architecture with IF envelope detection in RAN1#110b/111 are also applicable here.
· Note: Other architectures are not precluded.
· The OOK receiver architectures agreed for study in RAN1#110bis-e are also examples that can be captured in the TR
 
Agreement
Study the receiver architectures (as examples that can be captured in the TR) for FSK with frequency to amplitude conversion based on the following diagrams:
· Homodyne architecture receiver with frequency to amplitude conversion
· I/Q branches are required for frequency to amplitude conversion in digital BB.
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml8428\wps3.jpg] 
· Heterodyne architecture receiver with frequency to amplitude conversion
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml8428\wps4.png] 
· Companies provide the exact type FFS what type(s) of frequency to amplitude conversion being is studied.
· Note: Other architectures are not precluded.

Agreement
For OFDMA-based signals/channels, study the receiver architectures based on the following diagrams:
· I/Q branches are required for digital BB processing.
· Digital BB processing may or may not include FFT (companies to provide details on how).
· For sequence-based OFDM signals/channels, digital BB processing includes sequence correlation in either time domain (without FFT) or frequency domain (after FFT).
· Proponent companies should at least provide details on power consumption reduction compared to the MR regarding the RF and digital BB processing.
· Companies are encouraged to provide the break-down for the components.
· The potential power reduction compared to the main radio may come from e.g.:
· Lower performance LNA/amplifier
· Oscillator/PLL with relaxed performance requirements
· ADC with lower sampling rate and smaller bit-width
· Reduced BB processing complexity compared to the MR
· Companies are encouraged to provide the performance analysis corresponding to the considered power consumption considering the impact of e.g. phase noise, I/Q mismatch.
· Companies to report whether the LP WUR is assumed to share components with MR. In case of component sharing, the potential impact on the MR ultra-deep sleep state should be considered.
· Companies to report the possible number of information bits
· In addition, companies should consider the power consumption in the OFF state and the transition energy.
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml8428\wps5.png] 
 
 
Agreement
For the study on LP WUR architecture, power consumption relative to the deep sleep state of the MR is provided.
· Deep sleep state of non-RedCap UE should be assumed

L1 signal design and procedure for low power WUS

Agreement
For MC-ASK waveform generation, where K is size of iFFT of CP-OFDMA, N is number of SCs used by LP-WUS including potential guard-bands, study further 
· Option OOK-1: Single-bit in 1 OFDM symbol, SCs of LP-WUS are 
· OOK=1 means all SCs are modulated
· OOK=0 means all SCs are zero power (from base-band point of view)
 
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml8428\wps6.png] 
 
· Option OOK-2: Parallel M-bit OOK in frequency domain, 
· N SCs of LP-WUS is further separated into M segments (M=2 in Figure) possibly with guard-bands in-between and/or around 
· OOK=1 means all SCs in segment are modulated
· OOK=0 means all SCs in segment are zero power (from base-band point of view)
· FFS architecture.
 
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml8428\wps7.png] 
 
· Option OOK-3: Multi-tone single-bit OOK
· N SCs of LP-WUS is separated into L segments (L=2 on Figure) without guard-bands in-between segment, but possibly around
· OOK=1 means 1 sub-carrier (known by UE) of each segment is modulated, rest of SC is zero power (from base-band point of view)
· OOK=0 means all SCs in all segments are zero power (from base-band point of view)
· FFS architecture
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml8428\wps8.png] 
· Option OOK-4: Transform M-bit OOK in time domain 
· N SCs of OOK-1 are generated by a transformation (DFT/Least square)
· N’ samples are generated from M-bits 
· signal modification may or may NOT be used
· truncation or other additional modification may or may NOT be used, if not used, N is the same as N’
· N’ can be the same as K
 
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml8428\wps9.png] 
· FFS modulated SCs are e.g. QAM symbols, sequences or other signals 
· Companies to report their assumptions
· potential guard-band SCs are zero power (from base-band point of view)
· [optionally, 2 additional segments, one always modulated and one always zero power (from base-band point of view) can be transmitted]
· Other options are not precluded (e.g. OOK-1 with multiple bits in one OFDM symbol)
 
Agreement
Study synchronisation signal used by LP-WUR, if needed, based on 
· Option 1: aperiodic signal transmitted as part of LP-WUS
· FFS: Whether the signal can additionally be transmitted separately from LP-WUS 
· Option 2: periodic signal transmitted separately from LP-WUS
· Option 3: Option1 + Option2
Agreement
For M-bit MC-FSK generation study further the following options
· Option FSK-1: N SCs of LP-WUS are separated to M pairs of segments with potential guard-bands in-between and around. 
· segment comprises one sub-carrier or multiple contiguous SCs
· in a pair of segments one segment is modulated, other segment is zero power (from base-band point of view)
· Option FSK-2: N SCs of LP-WUS are separated to 2^M segments with potential guard-bands in-between and around.
· segment comprises one sub-carrier or multiple contiguous SCs
· one segment from 2^M segments is modulated, other segments of SCs are zero power (from base-band point of view)
· M >0
· N >1
· Study how to generate segment in time domain, e.g. OOK-1 or OOK-4 
· Other options are not precluded.
 
Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 
[bookmark: _GoBack] 
Agreement
Study further pros and cons of the following monitoring behaviors of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 
Agreement
Study potential measurement metric used for RRM measurements performed by LP-WUR. 
· examples of measurement metric are signal quality, signal power, detection rate of LP-WUS/synch signal
· companies to report assumption of signal used for measurements

Agreement
1. When evaluating and/or comparing link performance of MC-ASK, MC-FSK, and CP-OFDMA waveforms of LP-WUS at least
0. raw information bit-size
0. [time/frequency resources (including any guard bands), if applicable]
0. [total energy of LP-WUS across the time/frequency resources]
0. FFS: false alarm probability/rate
0. FFS: misdetection probability/rate
               are kept [comparable or fixed]. Study at least
0. impact of timing error
0. impact of frequency error
0. impact of phase noise and I/Q imbalance, if applicable
0. impact of ADC resolution and sampling rate
0. impact of interference
0. impact of delay spread
0. impact of doppler spread
1. Companies to report
1. how they modelled SINR
1. time/frequency resources (including any guard bands) for the scheme
1. false alarm probability/rate and misdetection probability/rate
1. power consumption of the MR if false alarm probability/rate not fixed across MC-ASK, MC-FSK, and CP-OFDMA waveforms
1. When comparing waveforms of LP-WUS, consider the impact to gNB for each of the waveform generation schemes. Consider whether there is impact to PAPR and a need for additional hardware for WUS.

2.1.2	Remaining Open issues
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals [RAN2, RAN1].
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms and their coverage availability, as well as latency impact. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Remaining issues for evaluation methodology (including the use cases) & KPIs [RAN1]
· Remaining issues for low-power wake-up receiver architectures [RAN1, RAN4]

2.2	RAN2
2.2.1	Agreements
2.2.2	Remaining Open issues 
The following open issues need to be addressed:
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals [RAN2, RAN1] 
2.3	RAN3
2.3.1	Agreements
2.3.2	Remaining Open issues
2.4	RAN4
2.4.1	Agreements
RAN4#106:
· General
· The workplan for Rel-18 LP-WUS/WUR is approved [7]
· Reply LS to RAN1 on LP-WUS (phase-1) is approved [19]
· Topic summary on LP-WUS in [18]
· Ad-hoc meeting minutes on LP-WUS in [20]
· WF on FR1 TRP TRS enhancement was approved in [21]

Issue 1-1: SI Workplan
Agreements:
· Approve the proposed RAN4 workplan for Rel-18 low-power Wake-up Signal and Receiver SI, in R4-2301565. 

Issue 1-2-1: management on Reply LS to RAN1
Agreements:
· [bookmark: _Hlk128683380]Aim to provide feedback to RAN1 in multiple batches aligned with RAN4 progress instead of waiting until all answers are fully complete. 
· Agreements and clarification issues can be sent in reply LS. 

Issue 2-1-1: General views on WUR 
Agreements: 
· RF requirement study in RAN4 for WUR evaluation 
· FFS criteria (e.g. sensitivity, SNR and power consumption) for architecture evaluation

Issue 2-1-3: Down-selection of WUR architectures in RAN4 
Agreements:
· Pros and Cons of each architecture from RAN4 perspective can be replied to RAN1 
· Further discuss whether RF-ED could be down-scoped 

Issue 2-1-4: Frequency range 
Agreements:
·  Both FR1 and FR2 are considered in the scope of SI

Issue 2-1-5: Number of RX chain for LP-WUR 
Agreements:
· [bookmark: _Hlk128683300] RAN4 assume 1RX architecture for LP-WUR as starting point

Issue 2-2-1: ACS evaluation for LP-WUR in RAN4
Agreements:
· RAN4 should study a new approach to evaluate ACS for LP-WUS.
· Option 1: Study feasible ACS and ASCS for each architecture, based on assumed typical filter characteristic (e.g. filter order and cut-off frequency) and LP-WUS guard band design
· Option 2: Average selectivity against adjacent subcarriers and/or adjacent channels as well as resulting SINR of the wanted signal at detector input can be used to evaluate and compare different RF architectures from selectivity perspective.
· Other options are not precluded
· FFS whether similar coverage compared to main radio for LP-WUS can be assumed.

Issue 2-2-2: Starting point for ACS
Agreement: 
· [bookmark: _Hlk128682875]Values from current UE specifications are used as a starting point for discussion to evaluate LP-WUR performance

Issue 2-3-2: Adjacent subcarrier impacts
Agreement: 
· [bookmark: _Hlk128682861]	Consider 1.4MHz and 5MHz WUS bandwidth for FR1 evaluation as the starting point
· FFS on how many LP-WUS RBs can be allocated in channel bandwidth
· Guard band if needed, can be located within 1.4MHz and 5MHz RF bandwidth

Issue 2-3-3: WUS location within the carrier
Agreements:
· [bookmark: _Hlk128682967]Study whether LP-WUS could be flexible located within the carrier
· FFS whether WUS can be located in a band separate from the UE’s NR band

Issue 2-3-4: Guard band for WUS
Agreements:
· [bookmark: _Hlk128684379]Guard band between LP-WUS and NR signals could be studied 
· Details and definition of guard band for LP-WUS need further study
· Guard band design would be depending on WUR filter parameters, WUS CBW, SNR/SINR 
· FFS Whether the guard band is recommended to RAN1  

Issue 2-4-1: General views on NF
Agreements:
· RAN4 may recommend different NF value for different LP-WUR architecture
· NF evaluation may consider SNR, sensitivity, power consumption 

Issue 2-5-1: General BS RF
[bookmark: _Hlk128684442]Agreements:
· No impact of LP-WUS on the existing gNB emissions and compliance requirements is baseline

Issue 2-6-1: RF envelop detection 
[bookmark: _Hlk128683106]Agreements:
· RF envelop detection architecture is more appropriate for single-band operation

Issue 2-6-2: IF envelop detection 
Agreements:
· [bookmark: _Hlk128683117]IF envelop detection is more appropriate for multi-bands operation. Multi-band here still means that only one band at a time is being received.  

Issue 2-6-3: BB envelop detection 
Agreements:
· BB envelop detection is more appropriate for multi-bands operation. Multi-band here still means that only one band at a time is being received. 

2.4.2	Remaining Open issues

The following open issues need to be addressed:
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· LS feedback to RAN1 on LP-WUR architecture

2.5	RAN5
2.5.1	Agreements
2.5.2	Remaining Open issues
2.5.3	Remaining Open issues with cross-WG dependencies
2.6	RAN6
2.6.1	Agreements
2.6.2	Remaining Open issues
3.	Detailed progress in SA/CT WGs since last TSG meeting (for all involved WGs)
NOTE: This section only needs to be filled in for WI/SIs where there is a corresponding relevant WI/SI in SA/CT. 
3.1	SAx/CTs
3.1.1	Agreements with cross-TSG impacts
3.1.2	Remaining Open issues with cross-TSG impacts
NOTE: This section should also flag any critical dependencies that need TSG attention. 
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