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Introduction
In Rel-18, a study item was approved for low-power wake-up signal and receiver for NR (WID in RP-222644 [1]), and it includes the following objectives.
	· 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. 



In this contribution, we focus on use cases, evaluation methodology and KPIs related discussions for low power (LP) wake-up signal (WUS) and wake-up receiver (WUR).
Use cases
According to SID, the study should primarily target for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables, but other use cases are not precluded. It is obviously true that UE power saving is also very important and critical for other use cases such as smart phones and XR/smart glasses. Since this is a completely new topic, it is not clear yet how the targeted use cases would affect the study. We think it is better to be open-minded at the beginning. It should become much clearer whether LP WUS can be generally applicable to all the use cases, and how the design may be affected by different use cases, by the end of the study.
Proposal 1: All the use cases can be considered for the study.
During the SI scope discussion, there was discussion on whether to consider both RRC idle/inactive and RRC connected modes. The considerations for RRC idle/inactive mode and RRC connected mode can be quite different, in terms of performance requirements such as latency and coverage, the procedures, and the corresponding evaluations. The RRC idle/inactive mode may have more relaxed requirements for latency and coverage, and it is more important for IoT use cases and wearables. In this sense, we think RRC idle/inactive mode can be prioritized for the study. If time permits, the connected mode can be considered later.
Proposal 2: RRC idle/inactive mode can be prioritized for the study.
KPIs
For performance evaluation, the following aspects should be considered:
· WUS detection performance, including missed detection rate and false alarm rate
· WUR architecture and synchronization error should be taken into account.
· Coverage
· This is directly related to the WUS detection performance above.
· Coverage of LP WUS can be evaluated and compared in two ways:
· Compare the link budget of LP WUS vs PDCCH
· If they are comparable or better, there is no coverage issue.
· This comparison is relatively easy, and does not depend on factors such as deployment scenario etc.
· Compare the link budget of LP WUS vs the weakest channel in the system
· The weakest channel is typically UL channel such as PUSCH. This can be affected by factors such as deployment scenarios, the target data rate of PUSCH, etc.
· The link budget analysis of different channels may need to be adjusted based on the use cases.
· Such analysis is more complicated, but it reflects better whether LP WUS will cause a real coverage issue or not.
· The same coverage for WUS and PDCCH would be ideal, and it can simplify the design a lot. However, depending on the power consumption and performance target, it may or may not be feasible to achieve such target. In this case, the 2nd approach can be taken.
· UE power saving gain
· The baseline should be the case with R16/R17 UE power saving features, including PEI and RRM measurement relaxation.
· Latency
· For idle/inactive UEs, paging latency should be considered.
· Overhead
· The resource overhead of WUS should be analyzed.
· This depends on the WUS design, the multiplexing capability among WUSs, and the multiplexing capability between WUSs and legacy NR signals.
Proposal 3: For performance evaluation of LP WUS/WUR for idle/inactive UEs, the following KPIs should be considered:
· WUS detection performance, including missed detection rate and false alarm rate
· Coverage
· UE power saving gain
· Paging latency
· WUS overhead
Evaluation methodology
The basic idea of LP WUS is that the main radio can go into a very deep sleep state when LP WUR is on, with much lower power consumption compared to the current deep sleep state. For convenience, we will call this state as “ultra-deep sleep state”. When a WUS is detected by the WUR, the UE can wake up the main radio for regular operation. It is important to note that even though we use the terms main radio and WUR, they are logical entities only, and it does not necessarily mean that they are completely separate physical entities. It is up to the WUS/WUR design and implementation whether they may share certain components.
For RRC idle/inactive mode, the evaluation methodology and power model (for main radio) used for Rel-16/Rel-17 UE power saving in TR 38.840 should be used as the baseline. RRM measurement should also be included as part of power consumption evaluation.
From power model perspective, a few additional parameters need to be defined:
· Main radio
· The power consumption of the main radio in ultra-deep sleep state
· The transition time and transition energy for the main radio to go from non-sleep state to ultra-deep sleep state
· The transition time and transition energy for the main radio to go from ultra-deep sleep state to non-sleep state
· Note that these depends on the assumptions on what information is maintained at the main radio during the ultra-deep sleep state, and what steps the main radio needs to take before performing regular operation (such as acquisition, synchronization, etc).
· There may be different implementations that allow the main radio to go into different levels of ultra-deep sleep state. Multiple models can be potentially considered.
· LP WUR
· The power consumption of WUR during active monitoring
· It can be further discussed whether the power consumption needs to be differentiated between continuous monitoring and periodic monitoring.
· The power consumption of WUR when it is not actively monitoring
· The power consumption of WUR greatly depends on the WUR architecture (related to WUS design) and the performance requirements. Multiple models can be potentially studied to cover different levels of trade-off between power consumption and performance.
Proposal 4: For WUS evaluation, use the evaluation methodology and power model defined in TR 38.840 as the baseline. Additionally, define the following parameters for UE power model:
· The power consumption of the main radio in “ultra-deep sleep state”
· The transition time and transition energy for the main radio to go from/to non-sleep state to/from ultra-deep sleep state
· The power consumption of WUR during active monitoring
· The power consumption of WUR when it is not actively monitoring

For power consumption of LP WUR, we should target for significant power consumption reduction compared to main radio. IEEE 802.11ba had a target of less than 1mW for LP WUR. A similar target of sub-mW level (i.e., hundreds of mW) can be used for this study. However, we do not see a need to set a hard/tight target for WUR power consumption. It is useful for us to understand the trade-off between power consumption and performance during the study phase, which will guide us better to set the right scope for the potential work item.
Proposal 5: Set a preliminary target of sub-mW level power consumption for WUR during active monitoring.
For RRM measurement, based on the current specification, serving cell measurement is required to be performed at least once every DRX cycle for DRX cycle of 1.28 seconds or less. The frequency of neighbor cell measurement can be relaxed for stationary UEs and/or UEs not at the cell edge with Rel-16/17 RRM relaxation features. If we keep the RRM measurement requirements as they are for LP WUS, it means that the main radio needs to wake up at least once every DRX cycle. This prevents the main radio from going into ultra-deep sleep state and the benefit of LP WUS/WUR may not be seen at all. Therefore, some relaxation on RRM measurement requirements and/or RRM functionality performed by LP WUR should be considered.
Proposal 6: RRM measurement enhancements should be considered as part of LP WUS/WUR evaluation.
Conclusion
In contribution, we have discussed use cases, evaluation methodology and KPIs for LP WUS/WUR, and have the following proposals:
Proposal 1: All the use cases can be considered for the study.
Proposal 2: RRC idle/inactive mode can be prioritized for the study.
Proposal 3: For performance evaluation of LP WUS/WUR for idle/inactive UEs, the following KPIs should be considered:
· WUS detection performance, including missed detection rate and false alarm rate
· Coverage
· UE power saving gain
· Paging latency
· WUS overhead
Proposal 4: For WUS evaluation, use the evaluation methodology and power model defined in TR 38.840 as the baseline. Additionally, define the following parameters for UE power model:
· The power consumption of the main radio in “ultra-deep sleep state”
· The transition time and transition energy for the main radio to go from/to non-sleep state to/from ultra-deep sleep state
· The power consumption of WUR during active monitoring
· The power consumption of WUR when it is not actively monitoring
Proposal 5: Set a preliminary target of sub-mW level power consumption for WUR during active monitoring.
Proposal 6: RRM measurement enhancements should be considered as part of LP WUS/WUR evaluation.
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