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Introduction
In RAN #94 meeting¸ new study item on low-power Wake-up Signal and Receiver for NR [1] was approved and the latest revision was approved in [2]. 
The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· [bookmark: OLE_LINK23]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. 
[bookmark: OLE_LINK22]In this contribution, we discuss evaluation on LP-WUS.
Use cases, KPI and scenarios
The introduction of LP-WUS is mainly to reduce UE power consumption. Therefore, LP-WUS is applicable for
power-sensitive devices including IoT use cases, wearables and health monitoring devices. Other use cases such as XR/smart glasses, smart phones, are also not precluded according to the SID. 
Moreover, according to the RAN conclusion, we should focus on the NR devices. And IoT use cases including wearables and health monitoring devices are targeted for RedCap. Based on the RedCap studied in TR38.875, the traffic model and power consumption model can be reused. Similar, if XR/smart glasses or smart phones are considered as the use cases for LP-WUS, the corresponding traffic model and power consumption model should be considered. 
Regarding the power consumption for each use case, different use cases have different traffic models due to the different applications. Furthermore, from Rel-15->Rel-17, the connected mode energy consumption reduces by more than 50%. Therefore, the assumption for the power consumption ratio of RRC idle mode and connected mode would be an important aspect to reflect the whole power saving gain for a use case, where different use cases have different power consumption ratio of idle mode to connected mode.  
Proposal 1: The following aspects should be considered for any studied use case for LP-WUS
· Traffic model
· Power consumption ratio of idle mode and connected mode 
According to the SID, the main KPIs of LP-WUS include UE power saving gain, latency and coverage. And the impact on network coverage, coexistence with legacy UE, network power consumption, and resource overhead should be also considered. More specifically, the power saving gain and the latency may be the core benefits for LP-WUS. For the coverage, it is expected the LP-WUS coverage can be comparable with the NR channels. Then LP-WUS could have wider application. For the system impacts, the coexistence should be guaranteed and the impacts of power consumption, resource overhead, network capacity also should be minimized.
Additionally, for the LP-WUS, the false alarm rate, miss detection rate and sync performance, would be key metrics to be evaluated. With the LP-WUS receiver, the device size or complexity also would be increased.
Proposal 2: The following KPIs of LP-WUS should be considered
· For UE side
· Power saving gain
· Latency
· Complexity increase
· For gNB side
· Coverage
· Co-existence
· Network power consumption/resource overhead/capacity
· For LP-WUS
· False alarm rate
· Miss detection rate/BLER
· Sync performance
Considering the use cases including IoT use cases and wearables, the baseline deployment scenarios similar as RedCap may include Urban, Rural and Indoor deployment scenarios. However, it is noted that the coverage of LP-WUS is limited by the UE receiver sensitivity of low-power wake-up receiver. Especially for the large-scale case, the LP-WUS may have worse coverage performance. Therefore, it is suggested to simplify the evaluation for each deployment to reduce the workload if all the scenarios, Urban, Rural and Indoor deployment scenario, are considered for study. 
Proposal 3: The deployment scenarios for LP-WUS includes Urban, Rural and Indoor.
· Further discuss and decide which deployment can be optionally evaluated.
Evaluation for UE power consumption
The use case of LP-WUS in RRC connected mode includes XR application according to the SID. For XR service, the evaluation methodology including DL/UL traffic, PDB requirement, and power consumption model has been studied in Rel-17 and captured in TR38.838, which can be reused for LP-WUS study.
Based on the XR study in Rel-17, the XR packet size follows truncated Gaussian distribution. Moreover, the data arrival is determined by frame generation rate and jitter as shown in Figure 1, where the jitter also follows truncated Gaussian distribution. And the truncated range of jitter is assumed to be [-4ms, 4ms] in the baseline. However, in a real system, larger jitter range also exists based on SA4 study. Therefore, if XR service is evaluated in the LP-WUS, whether the parameters such as jitter range need to be updated can be discussed.
Proposal 4: If XR service is considered in LP-WUS study, the evaluation methodology in TR 38.838 can be reused.
· FFS parameters, such as jitter range, need to be updated.
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Figure 1 XR DL traffic model
For RRC idle/inactive mode, the existing UE power consumption evaluation method in Rel-17 PEI, e.g., numerical calculation can be reused to evaluate the power consumption for LP-WUS. A simple way to calculate the UE power consumption is:

is the power consumption of main radio, and above formula can be further expanded as . If PO is not detected, =0. The number of SSBs before PO depends on the CFO requirement of main radio. is the total power consumption of all state transition. is the total power consumption of all sleep states for main radio.  is the power consumption of power off state which is described in 3.1. 
Regarding the power consumption for LP-WUS receiver, there are two kinds of monitoring mechanisms, i.e., always-on and periodic on-off. Based on this, the power consumption for periodic on-off would be , and the power consumption for always-on monitoring would be  .  and  are power consumption of WUR on state and WUR off state, and  is the total power consumption of all state transition. The details are shown in 3.1. Considering different monitoring mechanisms may have different power consumption of state transition, and   are used for WUR. 
Regarding the power consumption for RRM measurement, . If RRM measurement is only based on main radio, =0 and if RRM measurement is only based on WUR,=0. The details are shown in 3.2.
Proposal 5: The method to calculate the total power consumption can be based on the power consumption of main radio, the power consumption for LP-WUS receiver, and the power consumption for RRM measurement.

Where, 

 or 

To calculate the value of UE power consumption, the following issues including new states for power consumption, RRM measurement and system configurations should be determined.
1.1. [bookmark: OLE_LINK19][bookmark: OLE_LINK32]UE power consumption model
The UE power consumption model was defined in TR38.840. The power states, such as PDCCH, SSB, PDCC+PDSCH and sleep modes, can be reused for LP-WUS main radio. The characteristic, relative power and power consumption during the state transition corresponding to the sleep modes are shown in the Table 1.
Table 1 UE power consumption model for sleep modes
	Power State
	Characteristics
	Relative Power
	UE power consumption during the state transition

	
	
	
	Additional transition energy:
(Relative power x ms)
	Total transition time

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
	450
	20 ms

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state.
	20
	100
	6 ms

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45
	0
	0 ms



For LP-WUS, the main radio is powered off until the LP-WUS is received. Therefore, the power off state of main radio is different of the existing sleep modes, which can be newly introduced. For a new power state, the characteristics, the value of relative power and power consumption during state transition should be defined.   
Proposal 6: The power off state of main radio should be introduced for power consumption evaluation. 
· The characteristics of power off state, the value of relative power and UE power consumption during the state transition should be defined.   
In TR38.840, there is no power consumption model for WUR. Considering there are two power states of WUR, i.e., WUR on/off state, the relative power of WUR on state, the relative power of WUR off state and the power consumption of during WUR on-off should be defined. 
Moreover, the power consumption of WUR is far less than that of main radio, so the power of WUR on is also far less than 1mW. The value of power for WUR on state depends on the WUR structure, WUR monitoring mechanism, LP-WUS design and so on. If value of the power consumption of during WUR on-off and relative power of WUR off state are small enough, they can be ignored in evaluation.
Proposal 7: For LP-WUS, the relative power of WUR on state, WUR off state and the power consumption of WUR on-off transition state should be defined.
1.2. [bookmark: OLE_LINK1]RRM measurement
It is known RRM measurement has a great contribution on the UE power consumption especially in RRC idle/inactive mode. For LP-WUS, the following RRM measurement assumptions should be considered. 
Alt-1: no main radio RRM measurement
· Alt 1-1: no measurement
· Alt 1-2: measurement based on LP-WUS/LP-RS 
Alt-2: relaxed RRM measurement
For Alt-1-1, the impact of RRM measurement on UE power consumption does not need to considered. However, it has large impact on mobility management procedure. For Alt 1-2, the relative power and time domain position of LP-WUS/LP-RS used for measurement should be considered in UE power consumption evaluation. 
For Alt-2, the measurement relaxation rules, criterion and granularity should be determined because the result of power consumption is affected by these aspects. 
Proposal 8: For LP-WUS, RRM measurement assumptions should be determined. 
1.3. System configurations
Some system configurations should be determined for UE power consumption evaluation. For paging rate, the existing assumption of paging rate shown in TR38.840 can be reused. If LP-WUS is used to wake up only a UE/group UEs, the paging rate is reduced. One example is shown in Table 2.
Table 2 Paging rate
	paging rate per PO
	Paging rate per group
	Paging rate per UE

	
	4
	8
	

	10%
	2.6%
	1.3%
	0.3%


In TR38.840, DRX cycle =1.28s is assumed and can be reused for LP-WUS. The eDRX cycle was introduced in Rel-17 for Redcap UE. The eDRX configuration(s) used for LP-WUS UE power consumption evaluation can be chosen from existing eDRX configurations.
Proposal 9: System configurations including paging rate and DRX cycle configuration in TR38.840 can be reused. eDRX configuration(s) can be chosen from existing eDRX configurations.
Evaluation for latency
The paging delay can be used for latency evaluation. The details are shown in Figure 2. For DRX cycle, the paging delay is the started from paging arrival time to the corresponding PO (delay 1 in Figure 2). For eDRX cycle, if paging arrive time is within the eDRX off period, the paging delay is the started from paging arrival time to the first corresponding PO in the next eDRX cycle (delay 2 in Figure 2). For LP-WUS, the paging delay is the started from paging arrival time to the correspond PO after main radio power on and synchronization. For LP-WUS, the latency also depends on relationship between LP-WUS occasion and correspond PO. The paging delay is started from paging arrival time to legacy PO after main radio power on and synchronization (delay 3-1 in Figure 2), or, the paging delay is started from paging arrival time to first PO after main radio power on and synchronization (delay 3-2 in Figure 2). The latency also depends on LP-WUS monitoring mechanisms. When the WUS is periodic on-off monitored, the paging delay is the started from paging arrival time to the legacy PO after WUR and main radio turn on and synchronization (delay 3-3 in Figure 2).
 [image: ]
Figure 2 Paging delay
Based on above analysis, the paging arrival time, relationship between LP-WUS and corresponding PO, and LP-WUS monitoring mechanisms should be determined for latency evaluation.
Proposal 10: For LP-WUS latency evaluation, paging arrival time, position relationship between LP-WUS and corresponding PO, and LP-WUS monitoring mechanism should be determined.
Network impact
1.4. [bookmark: OLE_LINK4]Network coverage
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK31][bookmark: OLE_LINK29]Considering that IoT use cases and wearables are involved in SID, the scenarios of Urban, Rural and Indoor evaluated in TR38.875 for Rel-17 RedCap can be treated as baseline scenarios for the evaluation of network coverage for LP-WUS. The parameters/simulation assumptions in TR38.875 can be use as references in the scenarios of Urban, Rural and Indoor.
[bookmark: OLE_LINK36][bookmark: OLE_LINK28]Regarding the evaluation of network coverage for LP-WUS, its coverage performance should be better than that of the limited channel evaluated in Rel-15/16/17 NR. Take Rel-16 NR as an example, according to the analysis in TR38.875, PUSCH in Rel-16 NR is the limited channel in scenarios of Urban, Rural and Indoor. Therefore, the MCL of LP-WUS should be at least higher than that of PUSCH.
[bookmark: OLE_LINK35][bookmark: OLE_LINK39][bookmark: OLE_LINK30]Furthermore, since LP-WUS is used to wake up the Paging UE, the coverage performance may be at least equal or better than that of paging message (Paging PDCCH or Paging PDSCH). Therefore, whether the coverage performance of the LP-WUS is consistent with that of Paging message needs to be further considered.
[bookmark: OLE_LINK38]Proposal 11: Regarding network coverage evaluation for LP-WUS, the parameters/simulation assumptions of the deployment scenarios defined in TR38.875 can be used as references.
Proposal 12: Regarding network coverage evaluation for LP-WUS, its coverage performance should be equal or better than that of the limited channel evaluated in NR Rel-15/16/17.
· Whether its coverage performance is consistent with that of paging message needs to be further considered.
1.5. Others
For network resource overhead, the evaluation method used for PEI can be reused. For network power consumption, extra network power consumption caused by LP-WUS transmission should be considered. To be more intuitive, the power consumption for the NW and the resource overhead can be compared with the existing NR signals, e.g., SSB.
For network capacity evaluation, we need to further discuss and decide whether the system level simulation is needed or not. At least, the priority should be low compared with other evaluations.
For coexistence with non-low-power-WUR UEs, the impact depends on whether the band of WUR is in-band or out-band, and whether the LP-WUS structure follows existing NR frame structure.
Proposal 13: The following aspects need to be considered in LP-WUS design.
· Network resource overhead, network power consumption can be evaluated and compared with NR signal, e.g., SSB.
· Coexistence with non-low-power-WUR UEs can be further analyzed based on the outcome of LP-WUS design
· The system level simulation for NW capacity can be deprioritized.
[bookmark: OLE_LINK15]LLS assumptions for LP-WUS 
[bookmark: OLE_LINK21]In this section, LLS assumptions for LP-WUS are discussed. They can be divided into four parts including system configuration, LP-WUS transmission configuration, LP-WUS receiver configuration and performance metrics.
[bookmark: OLE_LINK14]NR system configurations
[bookmark: OLE_LINK11][bookmark: OLE_LINK6]The relevant parameters include duplex mode, system bandwidth, subcarrier spacing, channel mode, UE velocity and gNB antenna configuration.
[bookmark: OLE_LINK7]Principles:
(1) [bookmark: OLE_LINK8][bookmark: OLE_LINK5][bookmark: OLE_LINK18][bookmark: OLE_LINK9]Parameters and corresponding values depend on the deployment scenarios of LP-WUS, such as Urban, Rural, Indoor. LLS /Link budget parameter of the above scenarios in TR38.875 can be used as reference.
(2) For additional deployment scenarios, parameters and corresponding values depend on companies’ report.
 LP-WUS transmission configurations
The relevant parameters include gNB antenna configuration, LP-WUS designs (bandwidth, subcarrier spacing, waveform, sequence in time domain) and interference modeling.
Principles:
(1) [bookmark: OLE_LINK16][bookmark: OLE_LINK10]Depends on proposed LP-WUS designs (AI9.14.3) and corresponding LP-WUS Receiver architectures (AI9.14.2);
(2) [bookmark: OLE_LINK2]For gNB antenna configurations, the antenna configurations in TR38.875 can be used as reference;
(3) For interference modeling, it may include interference from FDMed LP-WUS or DL signal/LP-WUS of neighboring cell.
LP-WUS receiver configurations
[bookmark: OLE_LINK17]The relevant parameters include UE antenna configuration, Rx filter design (Filter type [LPF or BPF], design method [IIR or FIR], Filter order], LNA design, amplifier design, envelope detection and LP-WUS detection.
(1) The parameters should be selected based on the actual LP-WUS receiver architectures;
(2) For UE antenna configurations, if UE antenna in main radio can also be used for LP-WUS reception, the antenna configurations in TR38.875 can be used as reference; otherwise, it depends on company report. Moreover, if UE antenna number is larger than 1, how to embody the receiving combining gain for multiple antenna can also be discussed especially when FR2 is supported for LP-WUS transmission.
(3) Should the modeling of LNA and amplifier be considered in LLS for LP-WUS?
(4) Other parameters that are not mentioned in TR38.875 and have impact on the LP-WUS detection performance, especially for FR2 if supported, should be specified for LP-WUS receiver.
Performance metrics
The relevant metrics include false alarm rate and miss detection rate should be determined in LLS.
Proposal 14: Regarding LLS assumptions for LP-WUS receiver, the aspects such as system configuration, LP-WUS transmission configuration, LP-WUS receiver configuration and performance metrics should be considered and studied.
· For system configurations, LLS /link budget parameter in TR38.875 can be used as reference.
· For LP-WUS transmission configuration, LP-WUS receiver configuration and performance metrics, they depend on LP-WUS designs and corresponding LP-WUS receiver architectures.
Conclusions
In this contribution, we have discussed evaluation on LP-WUS. We make the following proposals:
[bookmark: OLE_LINK25]Proposal 1: The following aspects should be considered for any studied use case for LP-WUS
· Traffic model
· Power consumption ratio of idle mode and connected mode 
Proposal 2: The following KPIs of LP-WUS should be considered
· For UE side
· Power saving gain
· Latency
· Complexity increase
· For gNB side
· Coverage
· Co-existence
· Network power consumption/resource overhead/capacity
· For LP-WUS
· False alarm rate
· Miss detection rate/BLER
· Sync performance
Proposal 3: The deployment scenarios for LP-WUS includes Urban, Rural and Indoor.
· Further discuss and decide which deployment can be optionally evaluated.
Proposal 4: If XR service is considered in LP-WUS study, the evaluation methodology in TR 38.838 can be reused.
· [bookmark: _GoBack]FFS parameters, such as jitter range, need to be updated.
Proposal 5: The method to calculate the total power consumption can be based on the power consumption of main radio, the power consumption for LP-WUS receiver, and the power consumption for RRM measurement.

Where, 

 or 

Proposal 6: The power off state of main radio should be introduced for power consumption evaluation. 
· The characteristics of power off state, the value of relative power and UE power consumption during the state transition should be defined.   
Proposal 7: For LP-WUS, the relative power of WUR on state, WUR off state and the power consumption of WUR on-off transition state should be defined.
Proposal 8: For LP-WUS, RRM measurement assumptions should be determined. 
Proposal 9: System configurations including paging rate and DRX cycle configuration in TR38.840 can be reused. eDRX configuration(s) can be chosen from existing eDRX configurations.
Proposal 10: For LP-WUS latency evaluation, paging arrival time, position relationship between LP-WUS and corresponding PO, and LP-WUS monitoring mechanism should be determined.
Proposal 11: Regarding network coverage evaluation for LP-WUS, the parameters/simulation assumptions of the deployment scenarios defined in TR38.875 can be used as references.
Proposal 12: Regarding network coverage evaluation for LP-WUS, its coverage performance should be equal or better than that of the limited channel evaluated in NR Rel-15/16/17.
· Whether its coverage performance is consistent with that of paging message needs to be further considered.
Proposal 13: The following aspects need to be considered in LP-WUS design.
· Network resource overhead, network power consumption can be evaluated and compared with NR signal, e.g., SSB.
· Coexistence with non-low-power-WUR UEs can be further analyzed based on the outcome of LP-WUS design
· The system level simulation for NW capacity can be deprioritized.
Proposal 14: Regarding LLS assumptions for LP-WUS receiver, the aspects such as system configuration, LP-WUS transmission configuration, LP-WUS receiver configuration and performance metrics should be considered and studied.
· For system configurations, LLS /link budget parameter in TR38.875 can be used as reference.
· For LP-WUS transmission configuration, LP-WUS receiver configuration and performance metrics, they depend on LP-WUS designs and corresponding LP-WUS receiver architectures.
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