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1. Introduction
As justified in SID [1], LP-WUS is motivated to support ultra-low power mechanisms. Currently, 5G supports a lot of power saving features. However, by introducing low power wake-up signal and receiver (LP-WUS/WUR), significant power saving may be achieved while keeping latency low. Since new type of receiver architecture needs to be defined in this study, the detailed design and procedure of LP-WUS/WUR is still quite open to discuss. In this contribution, we provide our views on the signal design and the corresponding procedures to support LP-WUS/WUR.
In the last meeting, the following agreements were made [2]. 

	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)

Agreement
Update the RAN1#112 agreement as the following:
· [time/frequency resources (including any guard bands), if applicable]
· [total energy of LP-WUS across the time/frequency resources]
Working assumption: In place of the above deleted bullets:
· Alt 1:
· average EPRE within the [time]/frequency resources used for LP-WUS (including any guard bands)
· time/frequency resources used for LP-WUS (including any guard bands)
· Alt 2:
· average EPRE within the [time]/frequency resources used for LP-WUS (including any guard bands)
· SNR is calculated as average EPRE divided by power of noise [and interference].
· Companies to report whether and how power pooling across and within MR OFDMA symbols is used.
· FFS: PAPR applicable to LP-WUS

Agreement
Replace in RAN1#112 agreement
Companies to report
· power consumption of the MR if false alarm probability/rate not fixed across MC-ASK, MC-FSK, and CP-OFDMA waveforms
with 
· receiver architecture type and its relative power consumption

Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.

Agreement
· For RRC connected mode, the following is assumed for LP-WUS study in RAN1
· RLM/BFD/CSI are performed by UE Main Radio (MR) 
· RRM measurements are performed by UE Main Radio (MR)
· Ultra-deep sleep state is not allowed for MR.
· Study additional support of RRM measurement by LP-WUR for RRC connected mode
· Study RRC connected mode LP-WUS functionality/purpose/procedures
· Study RRC connected mode LP-WUS activation/deactivation procedures.
· Study RRC connected mode LP-WUS BW, whether same as IDLE/Inactive mode or different 
· In RRC connected, study the relationship between LP-WUS and legacy UE power saving techniques.

Agreement
· Study further following alternatives to carry the LP-WUS information using: 
· Alt 1: by sequence(s) detection/selection  
· FFS sequence type
· Alt 2: by encoded bits 
· FFS: what type of encoding scheme
· FFS: with or without other bits (e.g. CRC/FCS)
· Other alternatives are not precluded
· Study whether LP-WUS information needs to be preceded by known one or more sequence(s).

Agreement
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
· Other BW sizes are not precluded
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs

Agreement
Study further methods to modulate input signal of the DFT/Least-Square block for OOK-4, and methods to modulate input signal of N SCs for other MC-ASK/FSK schemes
· study methods with respect to 
· improving frequency diversity by flattening the spectrum, frequency repetition and frequency hopping
· impact to dynamic range of RE power in frequency domain
· FFS: impact to PAPR of generated time domain modulated MC-ASK/FSK symbol
· improving robustness to timing error necessary spectrum adjustment for compatibility with CP-OFDM generation

Agreement
· 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.




2. Discussion
2.1. Monitoring and reception behavior
In the RAN1#112, the possible behaviours of LP-WUS monitoring were agreed to be studied as follows (Figure 1). 
· Option 1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states
· Option 2: Continuous monitoring, corresponds to LP-WUR is ON all the time
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Figure 1: LP-WUS monitoring in Ultra-deep sleep state by contiguous or DRX

For the Option 1, power state of LP-WUR switches repeatedly between ON and OFF. Although we should carefully consider the balance between ramp-up/down transition energy and power saving gain from duty-cycled monitoring, Option 1 may provide better power saving gain than option 2. In addition, it is noted that option1 may improve false alarm rate by limiting the opportunities to monitor LP-WUS. On the other hand, Option 1 may have some drawbacks from latency points of view. Option 2 may mean that frequency allocation of LP-WUS is semi-statically configured and all the time resources are dedicated for LP-WUS in the certain frequency resources. In the case, LP-WUS may be transmitted right after the e.g., paring arrival at gNB, and it decreases the latency from LP-WUS procedure. Therefore, if we assume longer cycle of LP-WUS monitoring for further power saving gain, latency performance would be more degraded. In the case, regular CDRX/IDRX may be enough to support. In the sense, although monitoring cycle should be carefully studied taking into account the latency degradation, we prefer to study duty-cycled operation of LP-WUS monitoring.
Proposal 1: Further study duty-cycled monitoring of LP-WUS taking into account latency performance.

2.2. Synchronization of LP-WUR
	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



In RAN 1 #112 meeting [3], we agreed to study further both a parodic and aperiodic signal for time and frequency acquisition by LP-WUR. If LP-WUR monitors a synchronization signal (SS) continuously, irrespective of whether the SS is transmitted periodically or aperiodically, LP-WUR can anyway detect the LP-WUS. In the case of continuous monitoring, option 1 may be enough to support, resulting in reduction of NW overhead and energy consumption. In contrast, if duty-cycled monitoring is assumed, it means that UE needs to know pre-defined timing of possible LP-WUS occasions before LP-WUS detection. In this case, aperiodic SS may not provide enough opportunities to acquire time and frequency synchronization by LP-WUR. In addition, although it is still not clear to support RRM measurement by LP-WUR, the periodic SS may help the synchronization for RRM measurement by LP-WUR. Thus, at least for duty-cycled monitoring, option 2 can be baseline for further study. 
In addition, SS dedicated for LP-WUR (i.e., LP-WUS/LP-SS) should also be considered. At least for LP-WUR that is not capable to monitor existing NR signal (e.g., SSB or TRS), we consider that LP-WUR synchronization is based on LP-WUS/LP-SS, and LP-WUR synchronization relies only on the LP-WUS/LP-SS (Alt.1). However, if OFDM-based receiver is assumed for LP-WUR, it may be beneficial to leverage the existing SSB, where SSB-based synchronization may or may not be assisted by LP-WUS and/or LP-SS (Alt.2).
To keep LP-WUR design simple, we prefer to prioritize Alt.1 during the study phase, and further discussion is needed to support Alt.2 especially for the case of LP-WUR with OFDM-based architecture, considering the support of duty-cycled operation for LP-WUR. 

Proposal 2: At least for duty-cycle operation, it is recommended that time and frequency synchronization is based on periodic synchronization signal. Study further the following alternatives.
· Alt.1: LP-WUR synchronization by NR existing signal, e.g., SSB or TRS
· Alt.2: LP-WUR synchronization by synchronization signal newly defined and dedicated for LP-WUR, i.e., LP-SS or part of LP-WUS
Proposal 3: At least for LP-WUR that is capable to monitor existing NR signals, study SSB-based synchronization for LP-WUR.

2.3. RRM measurement
The RRM measurement includes serving cell measurement and neighbour cell measurement. If both of RRM measurements are performed only by MR, MR would need to wake-up and perform the RRM measurements every one or two DRX cycles even in Ultra-deep sleep state, and it may be a bottleneck for power saving gain. In this case, RRM measurement enhancement can be considered, e.g., RRM measurement relaxation. We prefer to support RRM measurement relaxation, however one of the remaining open issues is whether/how to support RRM measurement based on LP-WUS/LP-SS. 
In RAN1#111 [4], RAN1 agreed to study the feasibility of RRM measurement performed by LP-WUR, at least for IDLE/INACTIVE mode.
	
Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode, 
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)




If all or part of the existing RRM measurement are offloaded to LP-WUR, there could be two alternatives for RRM measurements by LP-WUR.
· Alt.1: Based on LP-WUS or LP-SS
· Alt.2: Based on legacy SSB
In terms of LP-WUR hardware complexity, Alt.1 may be preferable because LP-WUR does not need to monitor additional reference signal for RRM measurements. However, since LP-WUS/LP-SS may not have enough coverage comparable to existing NR coverage, neighbour cell measurement by LP-WUR may not be feasible. In addition, in Alt.1, potential restriction (e.g., inter-frequency, inter-RAT, etc.) may need to be studied further. On the other hand, if LP-WUR can monitor the legacy SSB (Alt.2), offloading to RRM measurement to LP-WUR can be considered both for serving and neighbour cell measurement although Alt.2 may increase LP-WUR hardware complexity and power consumption. Also, considering reference signal for RRM measurement can also be leveraged for the synchronization purpose in LP-WUR, this alternative should be considered together with synchronization signal for LP-WUR, which is discussed in Section 2.2. 
Since the possible performance gain from LP-WUS/WUR should be studied in SI phase, we consider that LP-WUR design should be simple and minimal, so our preference is to prioritize Alt.1. 

Proposal 4: Study the feasibility of RRM measurements relaxation of serving cell/neighbour cell in MR
Proposal 5: If RRM measurement performed by LP-WUR is based on LP-WUS/LP-SS, prioritize the study of RRM measurement offloading to LP-WUR for serving cell measurement
· FFS: Reference signal(s) for RRM measurements by LP-WUR, e.g., SSB, LP-WUS, and LP-SS
· FFS: Feasibility for neighbour cell measurements

2.4. Content of LP-WUS
During the last meeting, content of LP-WUS was discussed and RAN1 agreed to study the information on which use(s) is(are) targeted by LP-WUS. However, further discussion is needed on the remaining items to be conveyed by LP-WUS, e.g., cell information, SI change and ETWS/CMAS notification, and so on.
As discussed in Section 2.3, RAN1 agreed to study RRM measurement by LP-WUR, however the reference signal for LP-WUR measurement is still unclear. If LP-WUR performs RRM measurements based on LP-WUS/LP-SS, LP-WUS may needs to contain cell-specific information, i.e., 1008 cell IDs. How to associate cell IDs with LP-WUS, e.g., explicit indication by message-based LP-WUS or sequence generation based on cell ID, needs to be further studied.
In addition, SI change and ETWS/CMAS information can also be considered. In this SI, eMBB devices (e.g., XR/smart glasses, smart phones and etc.) are agreed not to be precluded, and we believe that emergency alert is quite important especially for eMBB devices.
To reduce detection burden in LP-WUR, content of LP-WUS should be minimized. Thus, to find a good balance between operation flexibility and LP-WUR power consumption, RAN1 should further study on the content of LP-WUS with consideration of reasonable data rate of LP-WUS.
Proposal 6: LP-WUS indication of Cell ID, SI change and ETWS/CMAS information should be studied.
2.5. UE procedure
In addition to the design and the functionalities of LP-WUS, we need to discuss the detection procedure of LP-WUS. 

Procedures for MR upon wake-up from ultra-deep sleep
During the discussion in the last meeting, the following alternatives of the procedures for MR upon wake-up from ultra-deep sleep were proposed. 
· Alt1: perform PO monitoring, and afterwards follow legacy procedures
· Alt2: transmit PRACH for initial access, and follow legacy procedures
· Alt3: perform PEI monitoring, and afterwards follow legacy procedures
Although we think it is related to the content of LP-WUS, due to concerns about specification impact and workload, we can consider that Alt1 as baseline procedure.
Figure 1 shows the example of possible UE behaviours after LP-WUS reception. In Alt1 as shown in Figure 1, after a UE receives LP-WUS correctly, the UE initiates to monitor PO and decode PDCCH if necessary. If there is a paging message for the certain UE, the UE goes to transmit PRACH. In this case, LP-WUS needs to be associated with one or multiple of POs. This procedure may be the similar with LTE WUS, which is supported in eMTC/NB-IoT. In the sense, Alt1 may be more straightforward than Alt2. 
On the other hand, in Alt2 as shown in Figure 1, after the UE is indicated by LP-WUS, the UE directly goes to RACH procedure. Alt2 would improve not only power consumption but also latency performance. However, in order to support Alt2, LP-WUS needs to be associated with UE ID or other IDs to identify whether the certain UE is paged at the time. In case of UE (sub)group IDs, UEs which has the same UE (sub)group ID may try to perform PRACH transmission unnecessarily. To avoid this problem, if the UE directly goes to monitor PRACH transmission, it may be desirable that LP-WUS carries at least UE-ID information. Also, Alt2 could be further simplified. For example, if UE still have valid TA, it may be possible to perform RACH processing from Msg2/3/4, which can reduce latency further as compared with Alt1. 
From the discussion above, we consider that the design of LP-WUS, e.g., content of LP-WUS, highly depends on UE behaviours for LP-WUS reception. In the sense, we provide the following proposal.
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Figure 2. Possible UE behaviour after LP-WUS reception

Proposal 7: Further study Procedures for MR upon wake-up from ultra-deep sleep, Considering content of LP-WUS.

3. Conclusion
In this contribution, the L1 signal design and procedure for low power WUS was discussed. Based on the discussion, the following observations and proposals were made:

Proposal 1: Further study duty-cycled monitoring of LP-WUS taking into account latency performance.
Proposal 2: At least for duty-cycle operation, it is recommended that time and frequency synchronization is based on periodic synchronization signal. Study further the following alternatives.
· Alt.1: LP-WUR synchronization by NR existing signal, e.g., SSB or TRS
· Alt.2: LP-WUR synchronization by synchronization signal newly defined and dedicated for LP-WUR, i.e., LP-SS or part of LP-WUS
Proposal 3: At least for LP-WUR that is capable to monitor existing NR signals, study SSB-based synchronization for LP-WUR.
Proposal 4: Study the feasibility of RRM measurements relaxation of serving cell/neighbour cell in MR
Proposal 5: If RRM measurement performed by LP-WUR is based on LP-WUS/LP-SS, prioritize the study of RRM measurement offloading to LP-WUR for serving cell measurement
· FFS: Reference signal(s) for RRM measurements by LP-WUR, e.g., SSB, LP-WUS, and LP-SS
· FFS: Feasibility for neighbour cell measurements
Proposal 6: LP-WUS indication of Cell ID, SI change and ETWS/CMAS information should be studied
Proposal 7: Further study Procedures for MR upon wake-up from ultra-deep sleep, Considering content of LP-WUS.
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