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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 meeting, a study item was approved to study NR UE power saving framework, taking into consideration latency and performance as well as the network impact[1]. In RAN1#94bis, power saving signal or channel that is used by network to trigger the adaptation on UE power consumption characteristics are discussed and the following were agreed.
Agreements:
· Study further the following for Triggering adaptation of UE power consumption characteristics  
· Existing signal/channel based approach
· Signals based on PDCCH channel
· Signals based on RS
· MAC signalling
· RRC signalling
· New power saving signal/channel
· Performance metrics based on the agreements in the evaluation methodology
In the companion paper [2], the details on the power saving signal to indicate wake-up/go-to-sleep information is discussed and analysed. Detailed considerations are also provided on how to perform link level evaluation and how to evaluate power consumption gain. This contribution provides initial results as the link level performance for the proposed TRS based power saving signal and PDCCH based power saving signal. Some further discussion is also provided on how the link level performance metric would impact the design of the power saving signal.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: _Ref129681832]Power saving signal for evaluation
Two candidate solutions are proposed as power saving signal to indicate wake-up or go-to-sleep information to inform UE to sleep in the whole or partial C-DRX cycle where there is no data to be scheduled.
[bookmark: _GoBack]Figure 1 and Figure 2 show the design principle of the TRS based power saving signal and DCI based power saving signal respectively. Initial link level evaluation of these two power saving signals are provided in Sec.2. More details on the two schemes can be found in [2].

 
[bookmark: _Ref525317284]Figure 1 Illustration CSI-RS/TRS based power saving signal


[bookmark: _Ref525317300]Figure 2 Illustration of DCI based power saving signal
Evaluation of PDCCH based and DCI based power saving signal
Performance metric for link level evaluation
The miss-detection rate and false alarm performance are the two metric to evaluate the link level performance of the power saving signal. 
For the power saving signal that is designed to convey ‘wake-up’ information, if the wake-up indication is miss-detected, the UE would skip the whole C-DRX cycle and the scheduling of data would be lost. This would impact the service QoS. Therefore, the performance of miss-detection rate is a more critical metric. For the power saving signal to indicate wake-up, a false alarm shall not impact the scheduling of data and a false detection would just falsely wake up the UE to process unnecessary PDCCHs. Therefore, the false alarm rate requirement for the power saving signal can be relaxed and taken into consideration in the evaluation of power saving gains. 
Observation 1: For power saving signal that is designed to convey wake-up information:
· Miss-detection rate is a more critical metric to avoid impact on QoS of the service;
· False alarm rate can be relaxed.
For the power saving signal that is designed to convey ‘go-to-sleep’ information, the false alarm detection is a more critical metric as when the false alarm happens the UE shall stop the related processing and go to sleep mode. On the other hand, the miss-detection would just impact the power consumption and therefore can be relaxed under certain conditions. The impact of miss-detection needs to be considered in the power gain evaluations.
Observation 2: For power saving signal that is designed to convey go-to-sleep information:
· False alarm detection is a more critical metric to avoid impact on QoS of the service;
· Miss-detection rate or BLER can be relaxed.
Typically, the physical layer control channel for scheduling data is designed to achieve BLER target of 1% for eMBB service, which is the intended service type of the power saving study. Considering this, the miss-detection rate target should at least can achieve 1% target for the power saving signal that is designed to carry wake-up information. Similarly, for the power saving signal that is designed to carry ‘go-to-sleep’ information, the false alarm rate should be at least targeted as low as 1%.
Proposal 1: Target miss-detection rate/BLER is set at 1% in evaluation for power saving signal that is designed to carry wake-up information.
Proposal 2: Target false detection rate is set at 1% in evaluation for power saving signal that is designed to carry go-to-sleep information.
Initial link level simulation evaluation
The link level evaluation assumptions are summarized in Table 1. 
[bookmark: _Ref528945231]Table 1 link level simulation assumptions
	
	Below 6GHz

	Carrier Frequency
	4 GHz

	Channel Model
	TDL-C Channel

	Subcarrier Spacing(s)
	30kHz SCS

	SNR range
	> -6dB

	UE speed
	3 km/h

	Antenna Configuration
	1T2R

	Frequency Offset
	Ideal frequency/time offset



As an initial evaluation, the link level performance on TRS based power saving signal detection is provided in Table 2. In the simulation, 24 RBs bandwidth TRS is transmitted when the power saving signal carrying ‘wake-up’ information is transmitted. To simulate the false alarm rate, the random data is sent through PDSCH in the slots. Ideal frequency/time tracking is assumed as an initial investigation on the TRS based power saving signal.
[bookmark: _Ref528945350]Table 2 Detection performance for TRS based power saving signal
(Ideal frequency/time tracking)
	TRS of 24RBs
	False alarm rate
	Miss-detection rate

	0dB
	0.1%
	0%

	-2dB
	0.2%
	0.1%

	-4dB
	0.2%
	1%

	-6dB
	3.3%
	1%



The link level performance of DCI based power saving signal is also evaluated. Link level simulation assumption in Table 1 is also used. DCI payload is assumed as 40bits for the evaluation. Table 3 shows the DCI based power saving signal performance. In this initial evaluation, ideal frequency/time tracking is also assumed.
[bookmark: _Ref528945514]Table 3 Performance for DCI based power saving signal (DCI payload = 40bits including CRC) 
	PDCCH
(24RB CORESET)
	AL2
	AL4
	AL8

	0dB
	2.4%
	0.2%
	0.0%

	-2dB
	8.8%
	1.5%
	0.1%

	-4dB
	25.8%
	7.4%
	0.9%

	-6dB
	54.7%
	22.4%
	5.9%



Based on the evaluation results in Table 1, it can be observed that the TRS based power saving signal can fulfil the 1% miss-detection rate target with low false alarm rate, which would only slightly impact power saving gains. 
For the DCI based power saving signal, the low false alarm rate can be guaranteed by CRC. Therefore, according to Observation 2, DCI based power saving signal can be used to indicate go-to-sleep. The BLER performance can be relaxed and shall just impact the power saving gains.
If the DCI based power saving signal is used to indicate wake-up information before or at the very beginning of the C-DRX on-duration, as observed in Observation 1, the miss-detection rate/BLER is a critical metric. The network needs to schedule larger number of aggregation levels to guarantee the BLER performance targeting as low as 1%. For example use aggregation level 16.
Use of link level results in power consumption and resource overhead evaluation
The link level results can be used/inserted in the evaluation on other metrics, e.g. the metric on power saving gains and resource overhead. 
For example, while fulfilling the miss-detection target of 1%, the false alarm rate would be different depending on the channel condition and also on how much resource is used to transmit the wake-up signal. The false alarm rate of power saving signal intended for wake-up indication needs to be taken into account in the power consumption evaluation. Higher false alarm rate would reduce the power saving gain introduced by wake-up indication. Similarly, the miss-detection rate/BLER would also impact power saving gain introduced by go-to-sleep indication.
Proposal 3: False alarm rate from link level evaluation can be used to estimate the power consumption in the evaluation of power saving signal carrying wake-up signal.
Proposal 4: Miss-detection rate from link level evaluation can be used to estimate power consumption in the evaluation of r power saving signal carrying go-to-sleep signal.
It can be also observed that the resource used for the transmission of power saving signal would impact the miss-detection rate performance for wake-up indication and the required false alarm rate performance for go-to-sleep indication. Therefore, the resource used in link level evaluation needs to be considered into the evaluation on network resource overhead into the introduction of power saving signal.
Proposal 5: The resource overhead in link level evaluation under different SNR condition can be used in the evaluation on system level resource overhead due to the introduction of power saving signal.
Conclusion
This contribution provides initial results as the link level performance for the proposed TRS based power saving signal and PDCCH based power saving signal. Some further discussion is also provided on how the link level performance metric would impact the design of the power saving signal.
Observation 1: For power saving signal that is designed to convey wake-up information:
· Miss-detection rate is a more critical metric to avoid impact on QoS of the service;
· False alarm rate can be relaxed.
Observation 2: For power saving signal that is designed to convey go-to-sleep information:
· False alarm detection is a more critical metric to avoid impact on QoS of the service;
· Miss-detection rate or BLER can be relaxed.
Proposal 1: Target miss-detection rate/BLER is set at 1% in evaluation for power saving signal that is designed to carry wake-up information.
Proposal 2:  Target false detection rate is set at 1% in evaluation for power saving signal that is designed to carry go-to-sleep information.
Proposal 3: False alarm rate from link level evaluation can be used to estimate the power consumption in the evaluation of power saving signal carrying wake-up signal.
Proposal 4: Miss-detection rate from link level evaluation can be used to estimate power consumption in the evaluation of r power saving signal carrying go-to-sleep signal.
Proposal 5: The resource overhead in link level evaluation under different SNR condition can be used in the evaluation on system level resource overhead due to the introduction of power saving signal.
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    Figure  1   Illustration CSI - RS/TRS based power saving signal  

