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1	Introduction 
The study on low-power Wake-up Signal and Receiver for NR has been added to the 3GPP Rel-18 work plan with the following objectives [1]:

	· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 



During the RAN4 #106 meeting the RAN1 LS was discussed [2], with RAN4 reaching initial agreements in [3] and sending an LS response to RAN1 in [4].

During the RAN4 #106bis meeting, RAN4 reached the following agreements:

	Sub-topic 2-1 General for WUR architecture
Issue 2-1-1: Frequency range
Agreements: 
· RAN4 focus on FR1 frequency ranges first priority, 2.6GHz can be selected as an example band. 

Issue 2-1-2: UE type 
Agreements: 
· Based on RAN1 agreements, RAN4 should consider all the UE types mentioned in the SID, e.g. IoT devices, Wearable devices, and e-MBB devices. The cost aspect can also be considered for the design of LP-WUS/WUR scheme. 

Issue 2-1-4: general views for WUR architectures 
Agreements:
· Further discuss WUR need to be capable of configuring the same raster point with main receiver.
· WUS repetition is signal design which is RAN1 task, no RAN4 discussion is needed.
· Architecture in P3 could belong to the variant of general architectures mentioned in RAN1 LS.

Sub-topic 2-2 Gap RB definition for LP-WUS
Issue 2-2-1: Guard RBs definition for LP-WUS
Agreements:
· RAN4 use guard RBs (if needed) for LP-WUS, which is Granularity of RB. The traditional guardband for NR channel bandwidth defined in TS 38.101-1 should not be changed.
· For case when WUS is smaller than NR channel bandwidth
· For case 2-1, the LP-WUS guard RB is number RBs between LP-WUS and NR signals (edge of WUR RB location to nearest edge of eMBB RB)
· For case 2-2, the WUS is placed at the edge of the NR channel bandwidth, i.e. the lowest/highest RB of WUS with guard RBs is aligned with the lowest/highest NR transmission bandwidth configuration in spec TS 38.101-1. 
· [For case when the WUS/WUR is same as NR channel bandwidth]
· For case 1, the LP-WUS guard RBs is number RBs between LP-WUS and traditional guardband (edge of WUR RB location to Outermost of NRB)
· RAN4 should further check with RAN1 for this case
· FFS whether the guard RBs should be symmetric within the WUS channel bandwidth.

Issue 2-2-2: Whether guard RBs is needed for LP-WUR
Agreement: 
· How many RBs (if needed) for guard is FFS. RAN4 should further evaluate this number based on the cases identified in issue 2-2-1.
· The size of guard RBs from implementation perspective for LP-WUS should be determined in RAN4.

Sub-topic 2-3 UE Adjacent Carrier/Sub-Carrier Selectivity (ACS/ASCS) evaluation
Issue 2-3-1: General evaluation framework for both ACS and ASCS
Agreement: 
· The following aspects can be starting point for further discussions
· Framework in RAN4 that the ACS and ASCS value can be evaluated based on the following aspects: 
· Typical filter characteristic, e.g. filter order, pass BW, cut-off frequency 
· Guard RB size within LP-WUS channel bandwidth 
· RF impairment can also be considered 
· Averaged power attenuation at ACS or ASCS frequency range 
· FFS whether SINR of the wanted signal at detector input is needed
· FFS whether use ICS to instead ASCS
· FFS Coexistence-simulation-based framework can also be considered
· FFS on details of coexistence study (if needed) of LP-WUS
· Coverage should be considered

Issue 2-3-2: LP-WUS evaluation scenarios for study purpose
Agreements:
· Consider a limited set of WUS scenarios in table below for study purpose in RAN4 
Table 1: LP-WUS evaluation scenarios

	NR RF channel BW
	5MHz for 1.4MHz WUS; 20MHz/100MHz for 5MHz WUS

	Guardband of NR channel
	Unchanged, defined in Clause 5.3.3 in TS 38.101-1

	WUS BW within NR channel
	1.44MHz, 5.04 MHz

	WUS RB allocation (Note 1)
	[6] RB in 1.44 MHz, total 8 RBs, or other number of RBs
[24] RB in 5.04 MHz, total 28 RBs, or other number of RBs

	WUS placement within NR channel
	3 cases: 
· case 1: Center; 
· case 2: edge; 
· case 3: between center and edge of NR channel

	Guard RB size of LP-WUS
	· 0 RB, 1RB at each side, 2RBs at each side, or other number of RBs. 
· Asymmetric guard RB can also be considered

	ACS interferer
	According to RF CBW

	Filter characteristic
	2nd to 5th order Butterworth
Both analog and digital filter can be considered

	Filter passband BW
	At least WUS bandwidth (number of RBs), depends on guard RB size

	LO frequency
	Case 1: In the middle of WUS (modeling fixed WUS position)
Case 2: In the middle of RF channel (modeling flexible WUS location)

	Target ACS
	TBD

	Target ASCS
	TBD

	Target WUS SNR
	TBD

	RF impairment
	FFS

	Note 1: the maximum number of allocated WUS RBs, depends on how many Guard RBs are needed. 5MHz WUS within 5MHz NR CBW is not considered currently. 



Issue 2-3-3: How to determine guard RBs for LP-WUS
Agreements:
· RAN4 can perform more analysis based on the framework in issue 2-3-1 and selected scenarios in 2-3-2, and further discuss how to determine guard RBs next meeting.

Issue 2-3-4: Whether WUS can be flexibly located within the NR carrier
Agreements:
· FFS whether LP-WUS can be flexible or partially flexible located within NR carrier.
· pros and cons of flexible WUS location can be studied

Issue 2-3-6: RF impairment impacts
Agreements:
· ACS, ASCS and guard RBs study can consider the receiver RF impairments and the required wake-up signal SNR.
· FFS whether RAN4 should agree on a phase noise profile for wake-up receiver study
· FFS on the CFO assumed in simulation
· FFS on other receiver RF impairment modeling. 

Sub-topic 2-5 BS RF impacts
Issue 2-5-1: Whether and which power boosting level RAN4 should study LP-WUS power boosting
Agreement: 
· RAN4 should study the power boosting if triggered by RAN1, to check whether the values are feasible from RAN4 perspective.

Issue 2-5-3: other gNB impacts
Agreements:
· RAN4 recommends RAN1 to prioritize signal design which allow re-use of current gNB HW.

Sub-topic 2-6 Separate band for LP-WUS
Issue 2-6-1: Whether a dedicated band for WUS is needed
Agreement: 
· Wait for RAN1 response for further discussion and decision.

Sub-topic 2-7 SNR evaluation 
Issue 2-7-1: SNR evaluation activity in RAN4
[bookmark: _Hlk128683106]Agreements:
· RAN1 is performing SNR evaluation, the WUS SNR analysis can be done in RAN1. RF impairment aspects, e.g. frequency error and ADC sampling accuracy, if identified and confirmed, can be sent to RAN1 for consideration

Sub-topic 2-8 Architecture down-selection
Issue 2-8-1: Whether make down-selection is needed in RAN4
Agreement:
RAN4 further evaluate the pros and cons of each architecture based on agreed framework and selected scenario. Make decision on architecture down-selection next meeting and send decisions to RAN1.



Additionally, RAN1 has sent one more LS to RAN4 with the following [7]:

	RAN1 would like to thank RAN4 for the reply LS on low-power wake-up receiver architectures. 
RAN1 would like to provide the following feedback on the clarification questions from RAN4.
1. Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design
[RAN1 response] 
· Yes, IoT/wearables/smartphone UE types are all considered for LP-WUR design, according to the following agreement made in RAN1#112:
	Agreement
The following characteristics for target use cases are considered in the study item:
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· FFS: latency
· primary for small form devices
· power-sensitive
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency
· primary for small form devices,
· power-sensitive
· low/medium speed, FFS: high speed
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency
· devices form is various and not restricted
· power-sensitive
· low/medium speed, FFS: high speed
Note: other use cases/characteristics are not precluded if any.



2. Power consumption, coverage and SNR targets 
[RAN1 response] 
· RAN1 has not reached any agreements on LP-WUR power consumption targets. RAN1 is still studying it.
· For the power consumption of LP-WUR, the following power model was agreed for evaluation purpose. Note that the power consumption is defined as the relative power w.r.t. the deep sleep state of the main radio following the non-RedCap UE power model defined in Section 8.1 of TR 38.840. The UE power model for RedCap UEs can be found in Section 6.2 of TR 38.875.
	The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Additional transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

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

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


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


· RAN1 has not agreed on the coverage and SNR targets for LP-WUR. RAN1 is still studying these aspects.
· For coverage, the following agreement was reached.
	Agreement
RAN1 further study the designs [target]/techniques of LP-WUS to have a comparable coverage as NR channel X. The NR channel X is
-        Option #1: PDCCH for paging
-        Option #2: PUSCH for message3
-       FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
-        The final design will jointly consider the coverage with other KPIs
-        FFS additional detail assumptions for NR channels, e.g., the message size for MSG3 and etc.

Agreement
· Study techniques/mechanisms to enhance coverage performance of LP-WUS
· Study potential gains available as well as drawback(s) of the technique(s)/mechanisms(s), e.g. system overhead, increased complexity network energy consumption etc…
· Study potential issues and corresponding solutions for the case when LP-WUS coverage is insufficient 
· At least study fallback mechanisms where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, e.g. below threshold


· For evaluation of the coverage of LP-WUS, RAN1 has agreed to use MIL as the metric, with more details in the following agreement.
	Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded.
FFS: Target coverage of LP-WUS




3. Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case
[RAN1 response] 
· For the bandwidth of LP-WUS, RAN1 has agreed on the following:
	Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI
Agreement
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
· Other BW sizes are not precluded
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs


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

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



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


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

Other options are up to companies to report



5. Whether WUS can be located in a band separate from the UE’s NR band
[RAN1 response] 
· RAN1 has reached the following agreement, and the case where WUS is located in a band separate from the UE’s NR band is to be further studied from RAN1 perspective.
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)



6. Whether FR1 is considered as first priority frequency range 
[RAN1 response] Yes, FR1 is considered as first priority frequency range in RAN1, and it is still FFS whether FR2 should be included in the scope of the SI.
7. Whether in-band power boosting of LP-WUS is considered from RAN1 perspective
[RAN1 response] 
· RAN1 is considering as part of evaluation, the in-band power boosting of LP-WUS. As the starting point for link level simulations for LP-WUS, RAN1 has agreed on the following for the modelling of adjacent subcarrier interference. RAN1 would appreciate feedback from RAN4, if any, on the power boosting assumptions made in RAN1.
	Adjacent subcarrier interference
	· PDSCH mapped on resources other than that for WUS and guard band; 
EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional



RAN1 will inform RAN4 if further progress is made on any of the aspects above, and would appreciate input from RAN4 on these aspects, if any.
In addition to the agreements provided in R1-2212999/ R4-2300011, the agreements made in RAN1#112 and RAN1#112bis-e on LP WUR architectures are provided in the Appendix for information.



This contribution provides our further views on the next steps for system level evaluations needed for ASCS/ACS and for the case of WUS in separate band from the main receiver.

2	Discussion
As RAN4 continues to discuss the evaluation framework for both ACS and ASCS, it is useful to further align the companies’ understanding and to pursue the coexistence simulation framework.  For WUS in-channel with the NR signal, coexistence simulations can help to determine the size of guard gap between the WUS and NR RBs and also the ASCS level.  Considering that this work is still in study item phase, a range on these values can be identified and shared with RAN1.  The key input parameter to this RAN4 activity must be the target SNR level of the WUS signal (which is understood to need to come from RAN1).  Knowing the target SNR, coexistence simulations can be updated to quantify the WUS SINR distributions of the wake-up signal, given a network layout, WUS boosting level, UE filter characteristics, and guard gap size.  Here WUS SINR is the ratio of the WUS signal level (plus boosting) to the quantity of UE receiver noise plus the sum of the adjacent NR subcarriers’ levels attenuated by the assumed UE filtering characteristic.  Different guard gap sizes between the WUS and NR frequency-domain resources are expected to yield different levels of adjacent subcarrier attenuation.  In the end, we anticipate that RAN4 can agree on a range of potential ASCS targets (for the eventual normative work) associated with different guard gap sizes and filtering characteristics.  From the design perspective, the UE filtering characteristics impact the receiver power consumption and complexity, and it would be useful to feed this information, together with the range of potential ASCS targets, to RAN1, so that they can use this information when compiling the overall conclusions of the study item.

[bookmark: _Toc135048013][bookmark: _Toc135048023][bookmark: _Toc135048108]Proposal 1:	For the case of WUS in-channel with the main receiver (MR), RAN4 should further develop the evaluation framework for ASCS and align on a set of coexistence system level simulation assumptions with the goal of identifying a range of ASCS targets as a function of WUS SNR (expected from RAN1), guard gap size, and the UE filtering characteristic.

RAN4 should continue to develop the evaluation framework for ACS.  Here, the assumption is that the WUS signal is configured in a dedicated channel within an NR band, while NR communications occur in a neighboring channel.  Similarly to the ASCS considerations above, RAN4 should use the coexistence system level simulations platform to generate a range of ACS targets as a function of WUS SNR, WUS & NR channel bandwidths, and the UE filtering characteristic.

[bookmark: _Toc135048014][bookmark: _Toc135048024][bookmark: _Toc135048109]Proposal 2:	For the case of WUS in separate channel from MR, RAN4 should further develop the evaluation framework for ACS and align on a set of coexistence system level simulation assumptions with the goal of identifying a range of ACS targets as a function of WUS SNR (expected from RAN1), WUS & NR channel bandwidths, and the UE filtering characteristic.

Consider the RAN1 LS, where it is indicated that RAN1 will further study the case of WUS in a band different than the band of signals/channels used by the main receiver, our understanding is that RAN4 shall also further study this scenario.

[bookmark: _Toc135048015][bookmark: _Toc135048025][bookmark: _Toc135048110]Proposal 4:	RAN4 shall continue to study the scenario of WUS in a separate band from MR.


[bookmark: _Toc135048012][bookmark: _Toc135048026][bookmark: _Toc135048111]Observation 1:	Coexistence system level simulations can also be adopted to the separate band WUS scenario, where assumptions on out of band rejection can be taken in the stead of a ASCS/ACS. 


3	Conclusions
This contribution provides our further views on the next steps for system level evaluations needed for ASCS/ACS and for the case of WUS in separate band from the main receiver.  The following observations and proposals are made:


Proposal 1:	For the case of WUS in-channel with the main receiver (MR), RAN4 should further develop the evaluation framework for ASCS and align on a set of coexistence system level simulation assumptions with the goal of identifying a range of ASCS targets as a function of WUS SNR (expected from RAN1), guard gap size, and the UE filtering characteristic.
Proposal 2:	For the case of WUS in separate channel from MR, RAN4 should further develop the evaluation framework for ACS and align on a set of coexistence system level simulation assumptions with the goal of identifying a range of ACS targets as a function of WUS SNR (expected from RAN1), WUS & NR channel bandwidths, and the UE filtering characteristic.
Proposal 4:	RAN4 shall continue to study the scenario of WUS in a separate band from MR.

Observation 1:	Coexistence system level simulations can also be adopted to the separate band WUS scenario, where assumptions on out of band rejection can be taken in the stead of a ASCS/ACS.
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