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1	Introduction
In the ongoing Rel-18 study ‘Study on low-power Wake-up Signal and Receiver for NR’ [1], different solutions for LP-WUS design, WUR architecture, and procedures, and the expected gains from those, are being evaluated. Based on our results so far, we in this contribution present our view on the content of a subsequent Rel-19 low-power WUS and WUR work item.
[bookmark: _Ref178064866]2	Discussion
The focus of the LP-WUS/WUR SI is IoT and wearables:
	The study should primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables.


Since this is a subset of all UEs in the network, and since the WUS/WUR is a feature targeting UE energy consumption gain, it is beneficial if the required network changes for supporting WUS are small. That is, to ensure quick and widespread network support of the WUS/WUR feature it is beneficial to be able to enable WUR in gNB with a minimum of changes. More specifically, by avoiding new gNB hardware or trigger new emissions/compliance requirements.
Regarding WUS coexistence, it should be ensured that enabling WUR support does not have noticable negative impact on system performance. First, when no WUS is transmitted to any UE in the cell, it should be ensured that the WUS/WUR feature has no negative impact at all. I.e., it must be possible to reuse the WUS radio resource for legacy transmission to ensure spectral efficiency is the same.
Second, when WUS is transmitted to a UE in the cell, it must be possible to multiplex the WUS transmission with legacy NR transmissions and to minimize the interference caused to these legacy transmissions.
To ensure flexibility, both for the coexistence with the legacy system and for the WUR solution itself, it should be possible for the WUR to operate in different frequency bands, and with a flexible frequency location/allocation within the carrier according to configuration. 
As mentioned, WUS/WUR is a feature for UE energy consumption reduction, and high energy consumption is a more severe problem for cell-edge UEs. Therefore, it is preferable if WUS coverage is not restricted to the central parts of the cell, so called partial WUS coverage, such that the WUR gains apply also to cell-edge UEs.
[image: ]
Figure 1: Schematic illustration of WUS and main receiver coverage.
Moreover, specification impact and complexity will be considerable larger for partial WUS coverage since new procedures must be introduced for when the UE moves in or out of WUS coverage in the cell. It could even be the case that the UE becomes unreachable in the downlink if it incorrectly assumes it is within WUS coverage when it is not. 
From the SI outcome so far, the gains compared to baseline for duty-cycled WUR operation in RRC_IDLE and RRC_INACTIVE are the largest (i.e., larger than in RRC_CONNECTED, and/or using continuous WUR), and therefore specifying support for this should be the main objective of the Rel-19 WI. The WUR gains in RRC_CONNECTED appear considerably smaller, and inclusion of this in the WI scope should be pending the SI evaluation outcome. Further, it may be unlikely that a larger payload can be included in WUS (e.g., 48 bits for 5G-S-TMSI or 24 bits for short I-RNTI) and at the same time achieving full WUS coverage in the cell, so payload for WUS depends on SI discussions. 
According to the SI evaluations so far, it is clear the that main WUR gain comes from being able to keep the main receiver in a sleep state, e.g., the ultra-deep sleep state. The effect of the active WUR power is of secondary importance and an increase of the WUR active power has an insignificant impact on the WUR gain. For example, for the scenario with a 60 s DL latency requirement, when the WUR active power is increased by a factor of 20 the WUR gain only decreases from 96% to 95%. However, a less capable WUR with lower active power could not reuse legacy PSS/SSS for synchronization and SSS for RRM measurements, and a new low-power sync signal, LP-SS, would have to be introduced. This means that a new always-on signal needs to be introduced for supporting just one feature in the otherwise lean NR design. 
[bookmark: _Toc136418511]The somewhat lower power of a WUR not capable of legacy SSS reception has insignificant impact on the WUR gain but requires broadcast of a new always-on reference signal (LP-SS) for the support of one single feature.
Based on the above, we propose the following main WI objective and design requirements:
[bookmark: _Toc136418536]The main objective of Rel-19 WUR should be to specify duty-cycled WUR operation in RRC Idle/Inactive state.
· [bookmark: _Toc136418537]WUS monitoring occasions are associated to legacy paging occasion, e.g., by a time offset. 

[bookmark: _Toc136418538]Rel-19 WUR has the following design requirements:
a. [bookmark: _Toc136418539]For gNB, transmission of LP-WUS should not require new hardware nor trigger new emissions/compliance requirements.
b. It should be possible to dynamically reuse unused LP-WUS radio resources for other NR transmissions.
c. It should be possible to multiplex LP-WUS with other NR transmissions in time or frequency domain without causing interference.
d. WUR should support band and carrier tuning and flexible frequency location within a carrier.
e. [bookmark: _Toc136418543]LP-WUS and WUR designs should have full coverage in the cell.
f. [bookmark: _Toc136418544]WUR architecture should be capable of legacy SSS reception.
g. [bookmark: _Toc136418545]WUR uses existing OFDMA based signals (SSS) for sync and serving cell measurements (i.e., no new LP-SS).

Conclusion
The largest UE energy consumption reduction (>90% compared to baseline) has been identified for duty-cycled WUR in RRC Idle/Inactive. Therefore, this should be the main track of the Rel-19 WUR WI. To maximize the applicability of the WUR gain, WUS should have full coverage in the cell to reach all UEs, and no new HW should be required in gNB for widespread feature support. WUS should have good coexistence properties with legacy, and when WUS is not transmitted there should be no negative impact to legacy, i.e., ensuring dynamic reuse of radio resources and no additional overhead from new always-on broadcast signals, i.e., low-power sync-signal (LP-SS). The major part of the WUR gain comes from keeping the main receiver in a sleep state, and a somewhat higher active power for a WUR capable of legacy SSS reception is insignificant impact on the WUR gain, i.e.: 
Observation 1	The somewhat lower power of a WUR not capable of legacy SSS reception has insignificant impact on the WUR gain but requires broadcast of a new always-on reference signal (LP-SS) for the support of one single feature.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The main objective of Rel-19 WUR should be to specify duty-cycled WUR operation in RRC Idle/Inactive state.
	WUS monitoring occasions are associated to legacy paging occasion, e.g., by a time offset.
Proposal 2	Rel-19 WUR has the following design requirements:
a.	For gNB, transmission of LP-WUS should not require new hardware nor trigger new emissions/compliance requirements.
b.	It should be possible to dynamically reuse unused LP-WUS radio resources for other NR transmissions.
c.	It should be possible to multiplex LP-WUS with other NR transmissions in time or frequency domain without causing interference.
d.	WUR should support band and carrier tuning and flexible frequency location within a carrier.
e.	LP-WUS and WUR designs should have full coverage in the cell.
f.	WUR architecture should be capable of legacy SSS reception.
g.	WUR uses existing OFDMA based signals (SSS) for sync and serving cell measurements (i.e., no new LP-SS).
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