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[bookmark: _Ref129681832]In this paper, we present our views on scope of LP-WUS in Rel-19.
Waveform of LP-WUS
In RAN1#114, the RAN1 study of LP-WUS waveform design was finished and concluded in TR 38.869 [1]. It is observed that sequence(s) used in LP-WUS symbol generation with different pulse shape or spectral shape may have different performance. It is observed that knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches. And it is concluded that sequences to generate ON duration in OFDMA transmitter, if specified, can help receiver (with I/Q branches) performance. Therefore, the sequences to generate ON duration should be discussed and specified for better performance for LP-WUS in work item phase.
Observation 1: According to TR 38.869, sequence(s) to generate ON duration, if specified, can be utilized to improve performance.
Observation 2: Specifying sequence(s) to generate ON duration with appropriate characteristics of the OOK waveform can improve the performance.
Proposal 1: Based on the analyses in TR 38.869, harmonized design that accommodates OOK is preferred, and sequence(s) with proper characteristics to produce the waveform are specified.
In RAN#101, different waveform candidates were identified in the Moderator's summary [2], where four directions were proposed. Based on the four directions, after online discussion it was concluded that future discussion will focus on direction 1 and direction 2.
	Direction 1 (Number of supporting companies:13):
· Waveform-option-1: OOK-1 and/or OOK-4, as described in section 7.2.1.1 (A)(D) in TR38.869. 
· Waveform-option-3: Harmonized design that accommodates OOK-1/OOK-4 and OFDM waveform, i.e., specified overlayed OFDM sequences over OOK symbol
· For RRC IDLE/INACTIVE, in addition to existing PSS/SSS, LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlayed OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported for synchronization and/or RRM for serving cell. 
Direction 2 (Number of supporting companies:13):
· Waveform-option-3: Harmonized design that accommodates OOK-1/OOK-4 and OFDM waveform, i.e., specified overlayed OFDM sequences over OOK symbol
· For RRC IDLE/INACTIVE, in addition to existing PSS/SSS, LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlayed OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported for synchronization and/or RRM for serving cell. 



Per our understanding, Direction 1 is an ‘intermediate’ step which leaves further down-selection to WI phase in RAN1, while Direction 2 is one step further to make a final decision. To save the efforts and reduce the workload of WI discussion, Direction 2 is preferred than Direction 1.
Meanwhile, considering the gNB shall anyway use some sequence(s) to generate LP-WUS ON symbols, and UE can improve the performance based on the knowledge of the sequences. Therefore, we don’t see the benefit to make the Direction 2 as configurable option, which allows a case where UE is not informed the sequences of OOK waveforms.
When the LP-SS is based on OOK-1/OOK-4 with overlaid OFDM sequence, LP-SS can benefit to not only envelope-detection based receivers but also receivers with I/Q branches, without additional effort from gNB. In direction 2, where harmonized design for LP-WUS is supported, it is reasonable to also support similar harmonized design for LP-SS, i.e. specify overlaid OFDM sequences for LP-SS. And in this case, LP-SS can be utilized for both receivers with and without I/Q branches. Therefore, it is suggested to update the second bullet under direction 2 as ‘…LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlaied OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported…’. 
Proposal 2: Between Direction 1 and Direction 2 for waveform design, Direction 2 is selected with the following update:
· [bookmark: _GoBack]…LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlaid OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported…
On the applicable RRC state for LP-WUS 
In TR 38.869, it is concluded that good power saving gain can be provided for both IDLE/INACTIVE mode and CONNECTED mode [1]. For example, for CONNECTED mode, the following is concluded:
Compared with existing UE power saving techniques, significant UE power saving gain (up to more than 60%) and moderate UPT improvement (up to more than 10%) when the UE MR enters deep sleep state during LR LP-WUS monitoring, larger UPT improvement (up to more than 180%) is observed for traffic with small packets, e.g. IM.
Therefore, LP-WUS should be applicable for both IDLE/INACTIVE mode and CONNECTED mode.
Proposal 3: Both IDLE/INACTIVE mode and CONNECTED mode are supported for LP-WUS in Rel-19.
On the functionalities and procedures for LP-WUS 
In TR 38.869, it is concluded that “at least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial” [1]. Therefore, periodic LP-SS should be specified.
In TR 38.869, it is observed that “UE power saving gain cannot be observed if the existing Rel-18 MR RRM measurement periodicity for serving and neighbor cells are applied and UE MR enters in ultra-deep sleep during LP LP-WUS monitoring, therefore MR serving and neighbor cell measurement with further time domain relaxation than that is allowed in Rel-18 specification for IDLE/INACTIVE and/or at least serving cell RRM offloaded from MR to LR are beneficial” [1]. Therefore, further RRM measurement enhancements, including serving cell RRM measurement offloading to LP-WUR and relaxation of RRM measurement by MR, should be specified.
In IDLE/INACTIVE mode, LP-WUS is expected to support at least paging related functionality. And in CONNECTED mode, LP-WUS is expected to at least trigger/resume the UE MR PDCCH monitoring. The corresponding content and procedures will need to be specified.
In TR 38.869, it is concluded that “It is observed that for LP-WUS can achieve comparable MIL performance with that of NR PUSCH MSG3, with the assumed resource for each LP-WUS transmission is as the following…” Specifically, according to our observation, coverage achieving schemes (e.g. time domain repetition, frequency hopping, coding and etc.), are used in some evaluation results. Therefore, appropriate coverage enhancement schemes should be specified.
Though enhancements can be used to improve the coverage performance, it may still happen that the coverage of LP-WUS is insufficient, e.g. when there is blocking. In RAN1 #112-bis-e, it was agreed that ‘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.’ [4]. Other conditions for the activation/deactivation of LP-WUS monitoring may also be identified.

Proposal 4: At least the following are specified in a Rel-19 LP-WUS/WUR WI:
· Harmonized design that accommodates OOK-1/OOK-4 and OFDM waveform, i.e., specified overlaid OFDM sequences over OOK symbol
· Periodical LP-SS, at least for LP-WUR architectures that cannot receive existing PSS/SSS
· RRM measurement enhancements, including serving cell RRM measurement offloading to LP‑WUR, and relaxation of RRM measurement by main radio
· The content of LP-WUS and the corresponding procedures to at least support wake-up indication for IDLE/INACTIVE mode, and triggering/resuming MR PDCCH monitoring for CONNECTED mode
· Coverage achieving schemes, according to a MIL target at least matching Msg3 PUSCH
· Activation/deactivation of LP-WUS monitoring

On the RAN4 specification impacts 
In [5] the following RAN4 impacts are identified:
· Specifying at least the REFSENS, ACS and ASCS requirements with consideration of possible new methodology
· Impacts of different architecture on RF requirements, if any
· Specific guard RBs for ACS and ASCS cases
· Study and specify BS power boosting value/range for LP-WUS 
· Specific IMT operating band(s) for LP-WUS if necessary
· Possible testability issues
Regarding the potential objective of “specify IMT operating band(s) for LP-WUS if necessary”, we would like to propose to define the limited bands for LP-WUS in Rel-18, i.e., defining 900 MHz and/or 1800 MHz bands in Rel-18. 
Among all the listed potential RAN4 requirements, REFSENS requirements should be band specific and will be different from the normal UE requirements in the same frequency range. Thus it would be necessary to specify LP-WUS dedicated band(s).
LP-WUS/LP-WUR targets at the low complexity receiver. If supporting too many bands, the cost and complexity of LP-WUR will increase significantly considering that LP-WUR architecture depends on the specific band(s) to be supported. If being limited to one or two global bands, e.g., GSM re-farming bands which are owned by majority of operators, then it would be very friendly for UE especially smartphone to implement LP-WUR, and also make it easier for operator to decide deploying LP-WUS feature by avoiding the LP-WUS overhead of spectrum resources on multiple bands.
Such low bands would be also beneficial to provide good coverage and can further reduce the LP-WUR power consumption further. 
Proposal 5: It is proposed to specify a limited number of band(s), i.e., 900 MHz band and/or 1800 MHz band, for LP-WUS feature in Rel-18.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we discuss the scope of LP-WUS in Rel-19. Based on the analysis and discussion, we have the following observations and proposals:
Observation 1: According to TR 38.869, sequence(s) to generate ON duration, if specified, can be utilized to improve performance.
Observation 2: Specifying sequence(s) to generate ON duration with appropriate characteristics of the OOK waveform can improve the performance.
Proposal 1: Based on the analyses in TR 38.869, harmonized design that accommodates OOK is preferred, and sequence(s) with proper characteristics to produce the waveform are specified.
Proposal 2: Between Direction 1 and Direction 2 for waveform design, Direction 2 is selected with the following update:
· …LP-SS (, i.e., OOK-1 and/or OOK-4 waveform with/without overlaid OFDM sequences with potential further down selection in WI phase) for LP-WUR that cannot receive existing PSS/SSS, is supported…
Proposal 3: Both IDLE/INACTIVE mode and CONNECTED mode are supported for LP-WUS in Rel-19.
Proposal 4: At least the following are specified in a Rel-19 LP-WUS/WUR WI:
· Harmonized design that accommodates OOK-1/OOK-4 and OFDM waveform, i.e., specified overlaid OFDM sequences over OOK symbol
· Periodical LP-SS, at least for LP-WUR architectures that cannot receive existing PSS/SSS
· RRM measurement enhancements, including serving cell RRM measurement offloading to LP‑WUR, and relaxation of RRM measurement by main radio
· The content of LP-WUS and the corresponding procedures to at least support wake-up indication for IDLE/INACTIVE mode, and triggering/resuming MR PDCCH monitoring for CONNECTED mode
· Coverage achieving schemes, according to a MIL target at least matching Msg3 PUSCH
· Activation/deactivation of LP-WUS monitoring
Proposal 5: It is proposed to specify a limited number of band(s), i.e., 900 MHz band and/or 1800 MHz band, for LP-WUS feature in Rel-18.
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