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Power Saving Signal/channel triggering adaptation of UE power consumption characteristics
R1-1901325	Summary of AI 7.2.9.2.2 Power saving signal trigger	CATT
Agreements:
· DL power saving signal and/or channel is beneficial at least in some use cases and is thus supported for UE power consumption savings
· Detailed FFS, e.g., detailed mechanisms (including reusing existing signal/channel, or a new one), purpose(s) (wake-up and/or go-to-sleep, etc.), etc.

Discuss further offline for power saving signal/channel especially regarding:
· Processing at the UE side (e.g., single-stage, multi-stage, etc.)
· Use cases
· Multiplexing mechanisms
· Requirements (including evaluation assumptions)
· Overhead

R1-1901363
Agreements:
The performance evaluation of the power saving signal/channel should target the miss detection at X% and the false alarm rate at Y% with the following aspects identified for the proposed power saving signal/channel
· The target of miss detection X% and the false alarm rate at Y% as baseline for evaluation
· For power saving signal/channel for wake-up purpose, X=[0.1] and Y=[1]
· For power saving signal/channel for go-to-sleep purpose, X=[1] and Y=[0.1]
· Additional X and Y values are not precluded for the proposed power saving signal/channel based on the use cases and scenarios
· For any other purpose(s) of power saving signal/channel, companies to report X & Y values
· The target of miss detection would be different depending on the behaviour of miss detection of power saving signal/channel.
· If miss detection behaviour is defined as no subsequnt PDCCH reception, low miss detection rate is required in order to avoid increased latency of missed chance of the scheduling.
· If miss detection behaviour is defined as subsequent PDCCH reception, low miss detection rate is not required. If the network is congested and power saving signal is not transmitted, UE behaves as if power saving signal is not configured. 
· The miss detection performance when multiple power saving signal/channel are multiplexed on the same resource, when applicable
· The performance of the power saving signal/channel should assume realistic implementation limitations, e.g., by using realistic channel estimation and time/frequency offset estimation, etc.

Proposals:
· The power consumption model of the power saving signal/channel should be reported for the proposed power saving scheme and include the power consumption of the following aspects
· The power consumption model of the proposed power saving signal/channel if it is not specified
· The power consumption of signal pre-processing, such as channel tracking and estimation, for the detection/demodulation of the power saving signal/channel

Offline Proposal
· Companies are encouraged to consider the following aspects for the purpose of the power saving signal/channel design,
· The multiplexing capability
· Include total number of UEs supported
· The resource overhead in achieving the power saving
· The behaviour when miss detection/false alarm happens
· Multiplexing with other signals/channels
· Number of information bits
· Complexity
· Power consumption





R1-1901325 Summary of Power Saving Signal/channel 


The candidates of the power saving signal/channel for UE adaptation include the existing signal/channel and new sequence based signals.  The existing signal/channel based power saving signal/channel considers PDCCH channel, RS type signals (e.g., TRS, CSI-RS type  RS, SSS-like and DMRS) and PDSCH channel carried MAC CE and/or RRC signalling.  The power saving signal is a new s sequence based signal targeting low power consumption, low complexity, good performance in detection and multiplexing capability.   
	Companies
	Proposed Power Saving Signals/Channel
	Performance

	Huawei [1]
	· RS based wake-up signalling in DRX OFF 
· DCI based wake-up signalling in DRX OFF transmitted before or at the very beginning of the corresponding C-DRX cycle
	· 1‰ miss-detection rate is used as the link level performance target for wake-up signal evaluation.
· 1‰ false alarm rate is used as the link level performance target for go-to-sleep signal evaluation

	vivo[2]

	· PDCCH based power saving signal 
· Sequence based power saving signal: deliver few bits, compared with PDCCH-like channel.
· MAC layer signaling
	· Sequence based signaling can achieve better performance, PDCCH based signaling can deliver more bits.
· About 20% power is saved by UE can skip the unnecessary monitoring occasions for SPS retransmissions


	MTK[3]

	· DCI sequence is a good candidate of power saving signal. Because the design of R15 NR-PDCCH can be reused and the spec effort for power saving signal will be small.
· The power saving signal should be around SSB burst and period activities.
· Considering the resource overhead and the detection performance, GC-PDCCH is a good candidate of power saving signal when the gNB needs to wake up a group of UEs at a time.
	From the miss detection rates for TRS, SSS-like and DCI sequences at 10% of false alarm rate, the sequence detection performance has significant degradation because the power split and interference from co-existed sequences.


	ZTE[4]

	· A new sequence based PS signal (WUS) should be considered and designed to meet the following requirement
· The signal can be used to identify UEs 
· Low power consumption should be guaranteed to detect this signal.
· A new PS channel (WUP, Wake-Up PDCCH) or DCI format can be considered for new PS function.
· Two-Level PS signal/channel: WUS+WUP
	· 

	OPPO[5]

	· Power saving signal considers the detection performance and power saving signaling delivery. 
· Less efforts on coexistence/multiplexing with existed signal/channel of Rel-15 are preferred for the power saving signal design.
· Both Sequence based and PDCCH/PDSCH based power saving signals can be supported for different power saving control scenario.
· Group-specific power saving signal/channel is preferred for power saving control. Issues on group-specific power saving signal/channel configuration and UE grouping are for further study.
· For UE-specific power saving signal/channel, enhancement is needed for signaling overhead reduction. 
	· 

	CATT[6]
	· New UE specific power saving signal or enhanced existing UE specific signal with low system overhead /detection energy 
· Enhanced NB-IoT WUS sequence and Multi-stages sequences 
· Binary OOK signal for low power consumption power saving signals
	· Lower-power consumption power saving signal has good detection performance
· Multi-stage power saving signal provides satisfied detection performance with large multiplexing capability

	Sony[7]

	· RAN1 further considers use of a WUS that supports a low power receiver architecture.
· Power consumption to decode WUS = 1 unit
	· The power saving gain is greatest with a WUS that supports a low power receiver architecture, where a power saving of 11-20% is possible.
· For a PDCCH-based WUS, a power saving of 7-11% is achieved.



	Intel [8]
	· L1 signal as the triggering signal
	

	LG[9]

	· DCI based WUS and WUS occasion in the beginning of ‘On Duration  
· Multiple WUS occasion on ON duration for reducing latency.
	

	Spreadtrum [10]

	· New design of signal with small bit payload can be starting point to introduce L1 signal as wakeup signal
	

	Apple [11]
	· Go-to-sleep signal
	

	InterDigital [12]
	· Mechnism in ignore WUS when WUS signal quality is below threshold
	

	ASUSTeK[13]

	· Adaptation of UE power consumption in RRC connected mode is triggered by an existing channel(s) or signal(s)
	

	Qualcomm[14]

	· PDCCH can be studied as a candidate WUS waveform in Rel-16. Two strategies of introducing PDCCH-WUS in Rel-16 can be considered:
· Design of new dedicated PDCCH-WUS
· UE-specific WUS occasion and offset configuration
· PDCCH structure, CORESET/search space, BWP configuration specific for the WUS occasion
· DCI fields for PDCCH-WUS that help UE prepare for the transition to C-DRX ON duration
· Flexible time-domain location of a search space can be considered as a Rel-16 enhancement for PDCCH-WUS configuration. i.e., the WUS occasion, to span any consecutive OFDM symbols of a slot

· CSI-RS can be studied as a candidate WUS waveform in Rel-16.
· For FR2, CSI-RS-WUS with beam-sweeping may be more well-suited than PDCCH-WUS.
	· Using 3 or more beams to seep for PDCCH-WUS can drop the misdetection probability below 0.1%, for up to 160ms C-DRX cycle.
· If PDCCH-based or CSI-RS-based WUS can deliver significant awake energy reduction compared to normalized baseline of ON duration, the gain for further overall DoU power saving may diminish even if another WUS scheme can achieve much lower awake energy.
· 

	DOCOMO[15]

	· The power saving signal/channel should be studied based on the existing signal/channel. Impact on resource efficiency should be considered

	

	Samsung[16]

	· Study new sequence based PoSS with dense mapping in the frequency domain if strict constraint on false-alarm probability, e.g. 1%, is necessary.
· Sequence-based PoSS with denser mapping in both time and frequency domain reduces miss detection rate.
· The increase of density in time domain is more beneficial in reducing miss detection rate than the increase of density in frequency domain for non-coherent sequence detection.
· Study DCI format-based power saving signal for UE-group based power saving signalling design for triggering adaptation
	· The MDR for SSS-based PoSS based on non-coherent detection is determined by FA and is stable for SNR>-6dB. 
· 

	Panasonic[17]
	· PDCCH-based design principle should be utilized for power saving signal/channel.
	

	Ericsson[18]

	· [bookmark: _Toc535010461]WUS should be based on PDCCH. 
· WUS design should allow low power receiver, e.g. UE can use a sequence detector to identify whether WUS was transmitted or not.
· Instead of WUS-DCI, sequences can be assigned on a UE-specific basis, and UE can use a sequence detector to identify whether WUS was transmitted or not. 
· [bookmark: _Toc535010462][bookmark: _Toc528961514][bookmark: _Toc528269411]DCI based GTS mechanisms that can effectively complement the Rel-15 MAC Command CE-based mechanism should be considered. 
	· Detection performance of PDCCH decoding of DCI-WUS is dependent upon the effective code-rate. For a given aggregation level, smaller DCI sizes provide better detection performance compared to larger DCI sizes because of the associated lower code-rate.
· Performance of DCI-WUS can be further improved by trading off false-alarm performance vs missed detection performance in PDCCH decoding.
· DCI-WUS and sequence-based WUS can provide similar detection and false-alarm performance assuming similar complexity receiver.
· DCI-WUS and sequence-based WUS allow for the realization of low-powered wake-up receivers, whereby the detection of the wake-up signals is done using simple time-domain correlators

	Nokia[19]

	· Prioritize Rel-15 PDCCH as multi-triggering power saving signal for Rel-16
· Lightly prefer DCI + DMRS based Sequence where DCI and DMRS is TDM and not regular PDCCH.
	· When the probability of detection performance is considered, the time domain detection of DCI+DMRS sequence outperforms other candidates at low SNR values. By increasing SNR operation point, regular PDCCH transmission outperforms other candidates.
· 




Proposal 1: Power saving signal/channel is supported for the triggering UE power adaptation 

For further study of the power saving signal/channel, 
Proposal 2:  The study of the power saving signal/channel includes both single stage and multi-stage power saving signal/channel for the triggering UE adaptation.

Proposal 3:  The performance evaluation of the power saving signal/channel should target the miss detection at 1% with the following aspects identified for the proposed power saving signal/channel
· The miss detection performance when multiple power saving signal/channel are multiplexed on the same resource
· The performance of the power saving signal/channel should include the radio channel effect, such as errors from channel estimation and time/frequency offset estimation. 
	
Proposal 4:  The power consumption model of the power saving signal/channel should be specified for the proposed power saving scheme and include the power consumption of the following aspects
· The power consumption model of the proposed power saving signal/channel if it is not specified
· The power consumption of the signal pre-processing, such as channel tracking and estimation, for the detection/demodulation of the power saving signal/channel, 

Proposal 5:  The proposed power saving signal/channel should include the analysis of the following aspects,
· The multiplexing capability
· The resource overhead in achieving the power saving
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