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[bookmark: OLE_LINK8][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK6]Energy efficiency is even more critical for UEs with more and more vertical applications in 5G systems, In this SID[1], low power wake-up signal and receiver will be studied for further power saving of  NR UE. In this contribution, the evaluation assumption for the design of the wake-up signal is discussed.
Discussions
[bookmark: OLE_LINK11][bookmark: OLE_LINK138]In NR Rel-15/16/17, a number of power-saving solutions have been studied and evaluated, including DCI-based DRX active indication for connected UEs, DCI-based paging monitor indication and TRS configuration in SIB for idle and inactive UEs, eDRX with long sleep time,cross-slot scheduling, etc. All of them provide power saving gains in different scenarios and no new types of signals are introduced in these solutions. Compared to these standardized solutions, the low-power WUS signal may provide a solution with less power consumption, higher sensitivity and lower latency than DCI-based solutions. The evaluation may explore the benefits of adopting a new WUS design compared to the existing Rel-15/16/17 UE energy-saving mechanism.
Evaluation methodology
[bookmark: OLE_LINK13]Principally, the methodology for R16 power saving evaluation in TR 38.840[2] can be reused to evaluate of low-power WUS without major modifications. we can check the details one by one.
UE power consumption model
[bookmark: OLE_LINK14]As shown in the table1 and table2 copied from TR 38.840, three sleep states and some channels/signals with relative power consumption are defined for evaluation. These models are still practicable for LP-WUS evaluation.
able 1: UE power consumption model for FR1
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	The 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 
(Optional: 0.5)

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

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

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)



Table 2: UE power consumption model for FR2
	Power State
	Characteristics
	Relative Power

	
	
	FR1
	FR2 

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot.
	100
	175

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell.. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
(Note 2 SSBs in a slot for the ref. config.)
	100
	175

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300
	350

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)
	350
(FFS Tx power level)



Similarly, the models on UE power consumption during the state transition can also be reused without modification.
Observation 1: The power consumption models for R16 power saving can be reused for LP-WUS evaluation.
According to the preliminary study for the LP-WUS, in addition to the main receiver, an assistant receiver with ultra-low power consumption can be introduced for LP-WUS monitoring. The sleep model of the assistant receiver may be different from the main receiver as it only has two tasks: WUS monitoring or sleep. We think both states should be basically included, and the details of the model may require more research into the receiver architecture, depending on whether the receiver needs to monitor the SSB for frame synchronization.
Table 3: UE power consumption model for LP-WUS receiver
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	
	[0.1] 

	WUS monitoring
	
	TBD



Observation 2: The power consumption model for LP-WUS receive can include two states at least, and the details need more study.

Simulation assumptions
· Deployment scenarios
[bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK18]As stated in the justification of the SID, the primary target use case for the study is power-sensitive and small factor devices. A major use case is wearables including smart watches, rings, eHealth-related devices, and medical monitoring devices, which are primarily used in homes, offices and hospitals. Another major use case is power-sensitive with small form-factor devices including IoT use cases such as industrial sensors, and controllers deploying in factors and buildings. Based on the main operation circumstance of these devices, at least dense urban and indoor hotspot should be included for the evaluation. In addition, urban macro can be considered an optional scenario for system-level evaluation.
	Mandatory:
-	Dense urban
-	Indoor hotspot
Optional: 
-	Urban macro



· System configurations
[bookmark: OLE_LINK19]In R17, the introduction of RedCap further reduces the cost and complexity reduction of NR devices, whose main applications covers the main target of this study, including wearable devices and IoT sensors, etc. RedCap devices only support a maximum UE bandwidth of 20MHz in FR1 and 100MHz in FR2. Since the system bandwidth for the evaluation is set to 100MHz both for FR1 and FR2 in TR38.840, we can extend the reference configuration of FR1 with 20MHz system bandwidth to cover some deployment cases for RedCap devices.
	reference Configuration for FR1
-	Downlink: TDD 
-	Subcarrier spacing (SCS): 30 kHz 
-	Number of carrier:  1CC, 
	-	System Bandwidth: 100 MHz
-	PDCCH region of 2 symbol at beginning of a slot, 
-	k0 = 0, 
-	maximum number of CCEs = 56, 
-	36 PDCCH blind decoding, 
-	PDSCH of max data rate
-	Modulation:  256QAM 
-	MIMO configuration: 4x4 MIMO, 
-	Number of RBs for TRS = 52, 
-	4RX UE Capability =1
	-	System Bandwidth: 20 MHz
-	PDCCH region of 3 symbol at beginning of a slot, 
-	k0 = 0, 
-	maximum number of CCEs = 24, 
-	36 PDCCH blind decoding, 
-	PDSCH of max data rate
-	Modulation:  64QAM 
-	MIMO configuration: 1x1 MIMO, 
-	Number of RBs for TRS = 25, 
-	4RX UE Capability =0



-	Uplink: TDD
-	Subcarrier spacing (SCS): 30 kHz SCS, 
-	Number of carrier: 1CC, 
-	System Bandwidth: 100MHz and 20MHz
-	Tx antenna configuration: 1TX, 
-	Power levels: 0dBm and 23dBm



[bookmark: OLE_LINK7][bookmark: OLE_LINK22]Observation 3: The system configurations used to evaluate R16 power saving can be reused and should be extended with the configuration with 20MHz system bandwidth extended. 
· Traffic model
[bookmark: OLE_LINK23]In the R16/R17 UE power saving study, the mandatory traffic model is FTP model 3 with 0.5Mbyte payload and mean inter-arrival time of 200 milliseconds. Other traffic models are not precluded. In the study, The target device is not expected to have a high data rate, so the same assumptions can be reused. 
[bookmark: OLE_LINK24]Observation 4: The traffic model can use the same assumptions as the R16 power savings study. 
· UE behaviour
[bookmark: OLE_LINK28]In the released UE power saving solutions for NR or LTE, UE monitors the WUS/DCI, then detect or skips PDCCH occasions in one or more DRX periods. In this study, UE will either follow the process or UE will apply a new procedure with lower latency, which may depend on the company's assumptions and will be reported along with the results.
Performance metrics
The key Performance metric for system-level and link-level evaluation has been listed in TR38.840 for R16 power-saving study, and we can apply them as a reference for this study. 
System-level performance
-	UE power saving gain, compared to the existing Rel-15/16/17 UE power saving mechanisms
-	Latency, 
-  system throughput
-	system overhead for WUS signal with different capacity requirement 
Link-level performance 
-	False alarm rate 
-	Miss-detection rate

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: The power consumption models for R16 power saving can be reused for LP-WUS evaluation.
Observation 2: The power consumption model for LP-WUS receive can include two states at least, and the details need more study.
Observation 3: The system configurations used to evaluate R16 power saving can be reused and should be extended with the configuration with 20MHz system bandwidth extended. 
Observation 4: The traffic model can use the same assumptions as the R16 power savings study. 
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