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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;	
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
1. [bookmark: _Toc531103501]
Scope
The present document captures the findings of the study item, "Study on UE Power Saving in NR" [2].  The purpose of this TR is to study the UE power saving framework taking into consideration of latency and performance in NR as well as network impact.  The study of UE power saving in NR includes the study of the power saving schemes and the associated procedures.  The power saving schemes are to study the UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving.   The power saving signal/channel/procedure is used for triggering adaptation of UE power consumption characteristic.  The power saving study also considers UE power consumption reduction in RRM measurements.  The associated procedures for the power saving schemes include the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure and the UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode. 
This document is a 'living' document, i.e. it is permanently updated and presented to TSG-RAN meetings.
2. [bookmark: _Toc531103502]References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]. 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]. [bookmark: _Ref523405195]3GPP RP-181463: “New SID: Study on UE Power Saving in NR”.
[3]. 3GPP TR 38.913: “Study on Scenarios and Requirements for Next Generation Access Technologies”.
[4]. [bookmark: _Ref528491698]3GPP TR 38.802: “Study on New Radio Access Technology - Physical Layer Aspects”,

3. [bookmark: _Toc531103503]Definitions, symbols and abbreviations
3.1. [bookmark: _Toc531103504]Definitions
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
1. 
2. 
3. 
3.1. 
3.2. [bookmark: _Toc531103505]Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

3.3. [bookmark: _Toc531103506]Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
PDCCH	Physical Dedicated Control CHannel

1. 
2. 
3. 
4. [bookmark: _Toc531103507] Introduction

UE battery life is an important aspect of the user’s experience, which will influence the adoption of 5G NR handsets and/or services. It is critical to study UE power consumption to ensure that UE power efficiency for 5G NR UEs can be better than that of LTE, and techniques and designs for improvements are identified and adopted.
ITU-R defines energy efficiency as one of the minimum technical performance requirements for IMT-2020. According to ITU-R report – Minimum requirements related to technical performance for IMT-2020 radio interface(s), “energy efficiency of the device can relate to the support for the following two aspects: a) Efficient data transmission in a loaded case; b) Low energy consumption when there is no data. Efficient data transmission in a loaded case is demonstrated by the average spectral efficiency. Low energy consumption when there is no data can be estimated by the sleep ratio”.
Because NR system supports high speed data transport, the bursty user data would be served by network in very short durations.  One efficient UE power saving mechanism is to trigger UE for network access from power efficient mode.     UE would stay in the power efficient mode, such as micro sleep or OFF period in the long DRX cycle, unless it is informed of network access through UE power saving framework.    Alternatively, network can assist the UE to switch from the “network access” mode to the “power efficient” mode when there is no traffic to deliver, e.g. dynamic UE transition to sleep with network assistance signal.  
In addition to minimizing the power consumption with the new wake up/go-to-sleep mechanism, it is equally importance to reduce the power consumption during the network access in RRC_CONNECTED mode.  More than half of the power consumption in LTE is UE in the access mode.   The power saving scheme would focus on minimizing the dominate factor of power consumption during the network access, which includes the processing of aggregated bandwidth, number of active RF chains and active reception/transmission time, and dynamic transition to power efficient mode.   From the field data collected in the LTE network, most of subframes contain no data or small data.   The power saving scheme for the dynamic adaptation to the different data arrival should be studied in RRC_CONNECTED mode.      Dynamic adaptation to traffic in different dimensions, such as carrier, antenna, beamforming, and bandwidth, would be studied in the studied.  Furthermore, methods to enhance the transitions between “network access” mode and power efficient mode should be considered.   Both network-assisted and UE-assisted approaches should be considered for UE power saving mechanism.
UE also consumes a lot of power for RRM measurements.  In particular, UE would need to power up before the DRX ON period to track the channel in preparation for the RRM measurement.  Some of the RRM measurements are not necessary but consumes a lot of UE power, for example, the low mobility UEs does not have to measure as frequent as   high mobility UEs. Network would provide the signalling to assist UE to reduce the power consumption on unnecessary RRM measurements. Additional UE assistance, for example the UE status information, etc, is also useful for the network to enable the UE power consumption reduction on RRM measurements.
The study of UE power saving is to identify the feasibility and benefit of techniques to allow UE implementations which can operate with reduced power consumption.   The study of the UE power saving framework would also take into consideration of latency and performance in NR as well as network impact.  

1. 
2. 
3. 
4. 
5. [bookmark: _Toc531103508] UE Power Saving Schemes
5.1. [bookmark: _Toc531103509]UE adaptation to the traffic and power consumption characteristic
5.1.1. [bookmark: _Toc531103510]Adaptation to the variation in frequency

The UE BWP adaptation to the traffic arrival is to dynamically switch the BWP based on the traffic arrival to support efficient operation of BWP switching in reducing the UE power consumption.  

The UE adaptation to the CA/DC is to fast activation/deactivation of the SCell based on the traffic arrival to support efficient operation for fast SCell activation in achieving UE power saving.  

The UE power saving schemes for the UE adaptation in frequency domain for further study are as follows, 

· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX configuration
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Power adaptation based on the operation in a group of cell in power efficient way
· CSI/RRM measurements and beam management at non-active SCell

Other power saving schemes with UE adaptation in frequency domain are not precluded.


5.1.2. [bookmark: _Toc531103511]Adaptation to the variation in time 
The UE power saving schemes with UE adaptation to the traffic arrival in the time domain includes cross slot scheduling, single slot scheduling with a gap between PDCCH and PDSCH reception, and multi-slot scheduling.  For both cross-slot scheduling and single slot scheduling, the UE may achieve power consumption by switching to micro sleep after PDCCH reception.  For multi-slot scheduling, the UE may achieve power consumption by skipping the PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.
It is to study further following:
· UE switching to micro sleep after PDCCH reception 
· Cross-slot scheduling    
·  Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep right away after PDCCH reception – no addition PDSCH and CSI-RS signals reception within the given duration (e.g. the same slot)
· It is known to the UE at PDCCH decoding
· Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption 
· FFS: whether minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing 
· Same slot scheduling 
· Adaptation of TDRA configurations to achieve UE power saving – ensure the gap between PDCCH reception and PDSCH transmission known to the UE
· Adjustment of TDRA configuration
· Selection of TDRA entry in the TDRA table (e.g. K0 > 0)
· Note: cross-slot scheduling could be incorporated in the TDRA configuration
· FFS: Power model for TDRA power saving scheme
· Multi-slot scheduling – PDCCH decoding in one slot (e.g., one DCI, multiple DCI) supports scheduled PDSCH/PUSCH transmission over multiple slots.     
· Achieving UE power consumption reduction by potentially skipping PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.     
· Other approach(es) not precluded

5.1.3. [bookmark: _Toc531103512]Adaptation to number of antenna 
The UE power saving schemes with UE adaptation to the traffic is to reduce the number of antenna/panels or MIMO layers indicated by the network semi-statically or dynamically to achieve the UE power saving. 

5.1.4. [bookmark: _Toc531103513]Adaptation to DRX operation
The power saving scheme of power saving signal triggering UE adaptation to DRX operation is to configure the power saving signal before or at the beginning of the DRX ON duration to trigger UE waking up only when there is DL data arrival.   UE is not required to wake up at the DRX ON at least for PDCCH monitoring.  if the power saving signal is not detected.   The go-to-sleep signaling is used as the indication allowing UE going back to sleep state after completion of PDSCH reception during the DRX ON period to further reduce the UE power consumption.   

For power saving scheme with UE adaptation to the DRX operation for further study
·  UE adaptation of its behavior to the DRX operation for UE power consumption reduction
· Power saving signal as the signal for the indication whether to wakeup or not before or at the beginning of DRX ON duration
· At least for the indication of PDCCH monitoring

· Preparation period in advance of DRX ON, e.g., to perform channel tracking, CSI measurements, beam tracking, in preparation for the PDCCH decoding 
· Go-to-sleep signaling as the indication allowing UE going back to sleep state
· Constraints on scheduling DCI during DRX_ON

· Dynamic DRX configuration – parameters could be dynamic adapted to the traffic arrival
· Dynamic selection of DRX configuration from multiple DRX configurations to adapt to the traffic arrival
· Adaptive parameters setting of one DRX configuration 

Other power saving schemes with UE adaptation to the DRX operation are not precluded.

5.1.5. [bookmark: _Toc531103514]Adaptation to UE processing timeline
It is to further study the following, 
· The power saving schemes of indicated processing time of K0, K1, K2 and aperiodic CSI-RS offset in advance allows the UE in staying low power consumption state for the UE power saving.  

Other schemes are not precluded


5.1.6. [bookmark: _Toc531103515]Adaptation to achieve reducing PDCCH monitoring/decoding

The UE power consumption can be reduced when the number of UE PDCCH monitoring occasions and/or the number of PDCCH blind decoding is reduced.  

The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,
· Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling
· Power saving signal triggering PDCCH monitoring
· Go-to-sleep signaling to skip PDCCH monitoring
· PDCCH skipping - 
· DCI based indication  for PDCCH skipping (e.g., indication in DCI content, new SFI state).
· L1 signal/signaling (other than DCI) based triggering  -
· Multiple CORESET/search space configurations 
· Configuration of different PDCCH periodicities with dynamic signaling
· Adaptation of CORESET/search space configuration – DCI/timer/HARQ-ACK based indication 
· Dynamic/semi-persistent CORESET/search space ON/OFF
· Adaptation between DRX ONduration timer and inactivitytimer
· Separated PDCCH monitoring of DL and UL
· L1 signaling triggering to assist  UE in reducing the number of PDCCH blind decoding 
· Reduced PDCCH monitoring on SCell (including cross carrier scheduling)
· Network assistance –  RS is dynamically transmitted based on the need to assist UE performing synchronization, channel tracking, measurements and  channel estimations before PDCCH decoding 

Other power saving schemes for the reduction of PDCCH monitoring and blind decoding are not precluded.

5.1.7. [bookmark: _Toc531103516]UE assistance Information
The UE assistance information for any UE power saving scheme is for UE to provide the assistance information to the network in configuration for UE adaptation to achieve power saving gain. UE assistance information reported by UE for power saving is a UE recommendation and the network shall make the final decision on whether and how to use that information.

The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation
· UE preferred processing timeline parameters, e.g., K0, K1, K2 values
· UE preferred BWP information/configuration
· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information
· UE assistance/feedback on the DRX configurations/parameters
· UE preferred BWP provided to assist network in BWP switching
· UE request on SCell/SCG activation/de-activation/configuration
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding

Other UE assistance information for the power saving schemes is not precluded.



5.2. [bookmark: _Toc531103517]Power saving signal/channel/procedure for triggering adaptation to UE power Consumption

5.2.1. [bookmark: _Toc531103518]Power saving signal/channel
The power saving signal/channel for UE adaptation includes the following signals/channels for further study
· Existing signal/channel based power saving signal/channel
·  PDCCH channel
· TRS, CSI-RS type  RS, SSS-like and DMRS
· PDSCH channel carried MAC CE and/or RRC signaling
· New power saving signal/channel – sequence based 

The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  
· Network resource overhead  
· Resource and/or periodicity of power saving signal/channel
· Multiplexing capability
· Usage of resource
· Coexistence/multiplexing with existed signal/channel of Rel-15
· UE-specific, group-specific, cell-specific power saving signal/channel
· Detection performance
· Complexity
· Power consumption of the power saving signal/channel



5.2.2. [bookmark: _Toc531103519]Power saving procedure
The power saving signal/channel in trigger UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.
· Other schemes are not precluded

The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring for further study  is that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time.
· Other schemes are not precluded

The power saving signal/channel in trigger UE frequency domain processing adaptation for further study is the power saving signal/channel can be used to trigger the indication of RS configuration for channel tracking, CSI measurements, and beam management for the additional assistance of dynamic switching of BWP or activation of SCell in achieving the power saving gain.  The power saving signal/channel can be used for BWP switching, activation/deactivation of SCell or adaptation of PDCCH monitoring and/or CORESET/search space of PCell/SCell.
· Other schemes are not precluded

For further study, the power saving signal/channel in triggering adaption to the UE processing, such as MIMO configuration/layers, antenna configuration, UE processing time, and background processing can be used as the indication for UE adaptation.  The power saving signal/channel in triggering UE adaptation to the processing is to allow UE in reducing the power consumption by indication of the processing time, such as PDCCH/PDSCH/PUSCH/PUCCH processing or the essential background processing, such as periodic CSI and RRM measurements.  
· Other schemes are not precluded

5.3. [bookmark: _Toc531103520]Power consumption reduction in RRM measurements 
The RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.   The deployment scenarios for further studies of RRM power saving focus on the stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios when considering UE power saving techniques for RRM measurements,

· It is observed that the following  
· [bookmark: _Hlk529974035]For certain conditions (e.g., low mobility deployment/UE speed/favorable RSRP conditions), the number of RSRP measurement samples for a given duration (e.g., measurement period / evaluation period) can be relaxed with negligible impact on accuracy achieved by existing Rel-15 measurement.

· For certain conditions (e.g., favorable RSRP conditions, etc.), reducing RRM measurement activities (e.g., measurement, reporting) for a given time period is beneficial from UE power saving perspective for RRC IDLE/INACTIVE/CONNECTED states.

· [bookmark: _Hlk530059834]For intra frequency and/or inter frequency measurement, the following approaches are to be studied for UE power saving in time domain, including impact on mobility performance
· Increasing measurement period
· Reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window)
· Confining RRM measurements within a measurement window and increasing the periodicity of the measurement window for intra frequency and/or inter frequency measurement
· Other approaches are not precluded
· Note: this does not necessarily mean that the techniques studied will have spec impact

To further study the following adaption mechanism of RRM measurement activities for UE power saving:
· gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)
· channel condition (e.g. change in serving RS/signal)
· gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,
· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
· Other mechanisms/approaches are not precluded

It is observed that the following mechanisms can be beneficial in achieving the UE power saving,
· Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving, 
· Assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· Assuming number of neighbouring cells to be measured is reduced.
· For UE power saving perspective, reducing the need in neighbour cell intra-frequency measurement can be beneficial.

While it is observed under certain conditions and deployment scenarios, additional resource for RRM measurement can be beneficial for UE power saving, including at least the following aspects: 
· Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.) 
· Additional resource around the measurement occasion, e.g., for AGC assistance
· Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy.


6. [bookmark: _Toc531103521]Higher Layer Procedure for UE Power Saving
6.1. [bookmark: _Toc531103522]UE paging procedure based on power saving signal/channel/procedure
6.2. [bookmark: _Toc531103523]UE power saving procedure in transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE state 

7. [bookmark: _Toc531103524]Conclusions


8. [bookmark: _Toc531103525]Appendix – Evaluation Methodology

8.1. [bookmark: _Toc531103526]UE power consumption model

The following power states and relative power consumption values for the reference configuration are adopted for the study of UE power saving.

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
8.1. 
8.1.1. [bookmark: _Toc531103527]UE power consumption model for FR1

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
· Uplink: TDD
· Subcarrier spacing (SCS): 30 kHz SCS, 
· Number of carrier: 1CC, 
· System Bandwidth: 100MHz, 
· Tx antenna configuration: 1TX, 
· Power levels: 0dBm and 23dBm
· Power values are averaged over the operations within a slot.

· Different and/or additional parameter assumptions used for evaluation should be clearly stated.



	Power State
	Characteristics
	Relative Power 

	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 
(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 1: UE power consumption model for FR1

· FFS: Power saving signal processing power and transition energy.


· The following additional transition energy and total transition time for the three sleep types are adopted as working assumption for power saving SI:
· Both ramp down and ramp up transitions are included.
· Additional processing time for acquiring synchronization is not included in total transition time.
· There is always a non-sleep power state between adjacent sleeps.
· FFS: Specify the times and relative power values for the ramp down and ramp up transitions separately.


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

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

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


Table 2:  UE power consumption during the state transistion

[image: ]
Figure 1:  Illustration of UE power consumption at state transition


8.1.2. [bookmark: _Toc531103528]UE power consumption model for FR2


Reference configuration for FR2:
· Downlink: TDD, FR2, 
· Subcarrier spacing (SCS): 120 kHz
· Number of carriers: 1CC, 
· System Bandwidth: 100 MHz 
· PDCCH region of 2 symbol at beginning of a slot
· k0 = 0
· maximum number of CCEs = 32
· 20 PDCCH blind decoding
· PDSCH of max data rate with
· Modulation: 64QAM
· MIMO configuration: 2x2
· Number of RBs for TRS = TBD 
· 2RX UE Capability = 1
· Uplink: TDD, FR2,
· Subcarrier Spacing (SCS): 120 kHz 
· Number of carrier = 1CC, 
· System Bandwidth = 100MHz 
· Tx antenna configuration: 1TX chain
· Power levels: [FFS dBm]
· Power values are averaged over the operations within a slot
· Different and/or additional parameter assumptions used for evaluation should be clearly stated.


	Power State
	Characteristics
	Relative Power

	
	
	FR1
	FR2 (for reference only)

	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. FFS the power scaling for PDSCH-only slot.
	300
	[350]

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



Table 3: UE power consumption model for FR2
· Sleep states power level, energy overhead, and transitions are same as FR1.

8.1.3. [bookmark: _Toc531103529]UE power consumption scaling for adaptation

The power scaling scheme for FR1 and FR2 power states are in Table 4


	Scaling for FR1
	Proposal
	Comment

	BWP Bandwidth (DL)
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100.
Above scaling is applicable for FR1 only.
In case scaling is needed for FR2, companies can report the assumed scaling factor.
	For 10MHz BW, only AL up to 8 can be used for PDCCH
The transition time is the same as DCI-based BWP switching delay for Rel-15.
FFS: transition energy for BWP switching

	BWP Bandwidth (UL)
	No scaling at 0dBm or 23dBm
Above scaling is applicable for FR1 only.
In case scaling is needed for FR2, companies can report the assumed scaling factor.
	

	CA (DL)
	2CC is 1.7x1CC
4CC is 3.4x1CC (i.e. 2x 2CC)
Above refers to the worst case CA configuration in terms of power consumption.
	Activation/deactivation delay follows RAN4 specification; FFS transition energy
Applicable for FR1 and FR2

	CA (UL)
	Same as downlink at 0dBm. No scaling at 23dBm
2CC is 1.2x1CC at 23dBm
Limit scaling up to 2CC.
	Applicable for FR1 and FR2

	Antenna scaling (DL)
	2Rx power is 0.7x 4Rx power for FR1
1Rx power is 0.7x 2Rx power for FR2
	
Assume same number of antenna elements per Rx chain

	Antenna scaling (UL)
	2Tx power is 1.4x 1Tx power at 0dBm. 1.2x.at 23dBm FR1 only
	
2Tx support is not considered for FR2.


	PDCCH-only
	Power of cross-slot scheduling is 0.7x same-slot scheduling
FFS for the scaling w.r.t. # of blinding decoding
	Applicable for FR1 and FR2

	SSB
	
One SSB power is 0.75 of two SSB power, i.e. 75 power units

	

	PDSCH-only slot
	280 for FR1
[325] for FR2
	This assumes the same number of PDSCH symbols as in the PDCCH+PDSCH case.

	CSI-RS
	FFS for scaling w.r.t. # of symbols for CSI-RS
FFS for neighbor cell measurement
FFS for #measured cells
	

	Short PUCCH
	Short PUCCH power = 0.3 x uplink power
Reference config consists of 1-symbol PUCCH
	Applicable for FR1 and FR2.

	SRS
	SRS power = 0.3 x uplink power
	Applicable for FR1 and FR2.


[bookmark: _Ref528491787]Table 4: UE power consumption scaling for adaptation

· Note: Scaling applies only to non-sleep power states.
· Note: latency involved in antenna scaling is FFS
Power scaling scheme for PDCCH candidates processing reduction:
· Scaling for the power reduction due to PDCCH candidates processing (e.g. AL/CCE/BD) reduction is modelled solely based on its effect on micro sleep portion of the PDCCH-only slot
· The UE power scheme should include the portion of PDCCH processing time reduction in accordance to PDCCH candidates (e.g. AL/CCE/BD) reduction
· Note: In the reference configuration, the first two symbols are PDCCH symbols
· For power scaling for PDCCH candidate reduction (for same slot scheduling only):

P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt
where α is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference configuration (α>0). Pt is the PDCCH-only power for same-slot scheduling.
· 

For UE power modelling, the following power scaling relationship is assumed:
· For simplicity, 
· The slot-averaged power for “PDCCH+PDSCH+PUCCH” is same as “PDCCH+PDSCH”
· The slot-averaged power for “PDSCH+PUCCH” is same as “PDSCH-only”
· The slot-averaged power for “PDCCH+PUCCH” is the sum of “PDCCH-only” power and “short PUCCH” power.
· Note: PDCCH-only with cross-slot scheduling scaling is also applicable
· Note: it is observed via evaluations (where 0dBm PUCCH Tx power is assumed) that the difference is not significant 
· For non-RRM evaluation, for “PDCCH+PDSCH” concurrent in the same slot as “SSB or CSI-RS processing”, assume “PDCCH+PDSCH” power
· For non-RRM evaluation, for “PDSCH only” concurrent in the same slot as “SSB or CSI-RS processing”, assume “PDSCH only” power
· For “PDCCH-only” and “SSB or CSI-RS processing” concurrent in a slot, the slot-averaged power is 0.85x the sum of the respective power, at least for FR1
· For FR1, 0.85*(100+100) = 170
· For FR2, 0.85*(175+175) = [300]
· For “SSB processing” and “CSI-RS processing” concurrent in a slot, the slot-averaged power is 0.85x the sum of the respective power, at least for FR1
· For FR1, 0.85*(100+100) = 170
· For FR2, 0.85*(175+175) = [300]
· 2-SSB within a slot is assumed


8.1.4. [bookmark: _Toc531103530]UE power consumption model for RRM measurements


Reference configuration and assumptions for RRM measurements:  
· SSB periodicity is 20msec 
· 2 SSBs per slot are measured 
· SMTC periodicity is 20msec 
· For inter-band
· Up to [2] frequency layers and 
· Gap pattern ID = 0 defined in TS 38.133 (i.e., measurement gap length of 6msec and measurement gap periodicity of 40msec)

Use the following as a reference for RRM power evaluation:
· Assume SMTC window duration of 2ms (corresponding to 30kHz SCS) for synchronised FR1 scenario.
· Assume SMTC window duration of 5ms for all other cases for all other cases
· Note: other values are not precluded
[bookmark: _GoBack]


8.1.4.1. [bookmark: _Hlk527471708][bookmark: _Toc531103531]For intra-frequency measurements:
	N: Number of cells for intra-frequency measurement
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	150
	[225]
	170
	[285]

	N=4
	120
	[195]
	140
	[255]


Table 5: UE power consumption for the RRM measurements

· All above values are slot-averaged power (Pfr1 or Pfr2 for FR1 or FR2 respectively).
· Synchronous case means actual SSB transmissions from cells are time-aligned e.g., timing of SSBi from celli is aligned with timing of SSBi from cellj.
· Asynchronous case means actual SSB transmissions from cells are not time-aligned e.g., timing of SSBi from celli is not aligned with timing of SSBi from cellj
· The following maximum number of cells for intra-frequency measurement within a slot:
	FR1
	FR2

	Nmax = 19
	Nmax = 9


Table 6:  Maximun numer of cells for intra-frequency measurements
For combined measurement and search:
To obtain combined neighbor cell measurement and search power, add the difference between full neighbor cell search state power and SSB/CSI-RS proc. state power to the neighbor cell measurement power, as shown below:
	N: Number of cells for intra-frequency measurement & search
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	200
	[320]
	220
	[380]

	N=4
	170
	[290]
	190
	[350]


Table 7: UE power consumption of the combined neighbor cell measurements and cell search

8.1.4.2. [bookmark: _Toc531103532]For inter-frequency measurement

 The inter-frequency measurement is represented as function of the number of frequency layers:
UE needs to monitor Nf frequency layers within a measurement gap.

Where 
· Ei is either Pfr1*Ns (for FR1) or Pfr2*Ns (for FR2) for each frequency layer i
· Ns is the number of slot over which measurements (for each frequency layer i) are carried out 
· Nf is the number of frequency layers measured
· Et = Pt * Tt, where 
· Pt is the switching power consumption 
· [Assume micro sleep power for Pt]
· Tt is 0.5ms for FR1 and 0.25ms for FR2 (from RAN4)

It can be simplified to the following if Ei is same across frequency layers (i.e. Ei = E for all i).
E3 = E*Nf + Et*(Nf+1)

Note: RAN4 requirement assumes only one frequency layer per measurement gap.

For full neighboring cell search:
The baseline neighbor cell search power is independent of the number of cells on the first order and can be approximated as:
	FR1
	FR2

	 150
	[270]


Table 8: UE power consumption of neighboring cell search
· It is expressed as the power averaged over a slot during which search is performed.
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8.2. [bookmark: _Toc531103533]Simulation Assumptions
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Deployment scenarios
· Dense urban  
· Single layer
· Additional deployment scenarios to be considered
· Indoor hotspot
·  Rural macro
· Note: For RRM measurement evaluation, UE power consumption contributed by inter-frequency and/or inter-RAT measurement can be considered.

Performance metrics
· UE power saving gain - percentage of  power consumption reduction of the proposed power saving scheme from the baseline scheme
· FFS: For the case multiple applications are evaluated, whether power consumption is the overall DoU power across the applications

· System performance
· Latency  
· Scheduling delay,
·  User throughput, 
· System throughput and/or resource utilization/overhead (if applicable) should be reported as the result of the evaluation, in addition to power saving gain.

· If a new signal/channel is introduced, the performance metrics include
· Performance 
· Complexity
· Overhead for reception of the signal/channel 

· If the new signal is used for detection,  the performance metrics include
· False alarm rate 
· Miss-detection rate


.
Link level simulation assumptions: 
· Simulation assumptions as specified in Table A1.5-1 in TR38.802 [4] should be the basis for link-level simulation evaluation.
· Antenna configuration may use IMT-2020 as reference.  The evaluation results should also include the antenna configuration if it is different from the reference antenna configuration, 
· For LLS simulation on power saving signal detection performance, at least the following SINR values should be evaluated: -6dB, 3dB, 20dB.


System level simulation assumptions: 

· Simulation assumptions as specified in Table A2.1-1 in TR38.802 [4] should be the basis for system-level simulation evaluation.
· Antenna configuration may use IMT-2020 as reference. The evaluation results should also include the antenna configuration if it is different from the reference antenna configuration, 

· It is clarified that user throughput measured from system level simulation does not preclude user perceived throughput taking into account TCP slow start if applicable

· For system level impact evaluation, IMT-2020 simulation assumptions can be adopted.
· For system level simulation, whether to apply DRX depends on the particular power saving proposal being evaluated and the purpose of the simulation.  Whether DRX is not applied in the simulation should be identified along with the evaluation results 

· For reducing simulation time for system level simulation, scaling of the bandwidth and packet size of the traffic model can be considered (e.g. factor of 1/5). Companies to report the scale factor used, if any.

· For system level simulation, at least assume that the traffic model is FTP model 3 with 0.5Mbyte payload and mean inter-arrival time of 200 milliseconds
· The mean inter-arrival time can be adjusted to achieve different cell loading scenarios. 
· Note: Other variations including different traffic models are not precluded
· The same traffic model settings should be used across all users.

System Configurations:

Reference DRX configurations:
· C-DRX cycle 320msec, inactivity timer {200, 80} msec
· FR1 On duration: 10 msec
· FR2 On duration: 5 msec
· C-DRX cycle 160msec, inactivity timer {100, 40} msec
· FR1 On duration: 8 msec
· FR2 On duration: 4 msec
· C-DRX cycle 40msec, inactivity timer {25, 10} msec
· FR1 On duration: 4 msec
· FR2 On duration: 2 msec 
· I-DRX cycle 1.28 sec
· Group paging rate (for a PO): [10%]
· P-RNTI is detected but PDSCH decoding results in no match
· Note: Statistics for the matching case may be further considered based on use case
· Note: The selection and reporting of the settings for short DRX cycle, short DRX cycle timer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-HARQ-RTT-TimerDL, and/or drx-HARQ-RTT-TimerUL should be included in the results of the UE power saving scheme


Traffic model used for the UE power saving scheme evaluation

· Applications with the traffic model for the evaluation of the UE power saving scheme 
· FTP - FTP model 3 
· Other bursty traffic arrival models can be considered
· Web-browsing 
· Video streaming
· Instant messaging 
· VoIP 
· Gaming
· Background app sync 

For FTP, instant messaging, and VoIP application, the following traffic models and DRX configuration should be included for evaluation:
	

	FTP traffic
	Instant messaging
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX setting
	Period = 160 ms
Inactivity timer = [100] ms
	Period = 320 ms
Inactivity timer = 80 ms

	Period = 40 ms
Inactivity timer = 10 ms


Note: For ON duration setting, following reference DRX configurations as previously agreed.

· For web-browsing, video streaming, and gaming applications, the traffic models and the delay requirements defined in R1-070674 can be used in the evaluation. The parameters (e.g. packet size) may be updated to be in line with EMBB traffic requirements.
· For background app sync application, for power consumption evaluation purpose, it can be assumed that idle mode operations (inclusive of page detection, RRM, deep sleep and transition overhead) contributes to X% of the use case power. The remaining portion is contributed by intermittent RRC connections due to background activities (FFS: value of X)
· Companies should report the assumptions made in the evaluation

Evaluation methodology of the UE power saving schemes:
· Numerical analysis, system level simulation, and link level simulation are included as evaluation methods for power saving proposals. At least one of the methods should be selected and used for evaluation of a specific power saving proposal.
· FFS: The criteria for selection of the methods

For power evaluation,
· For evaluation of DRX scenarios, the RRC release timer is set to infinity to ensure C-DRX and I-DRX cases are treated separately.
· Power consumption for channel/time/frequency and beam tracking operations should be taken into account.


Calibrations:

For the purpose of basic calibration of traffic modeling, FTP model 3 (use 0.1 Mbytes packet size, mean inter-arrival time 200msec) and VoIP model (as defined in R1-070674) should be used to generate time distribution for different power states, for the following scenarios
1. No C-DRX configured
· For both VoIP and FTP
2. C-DRX cycle 40msec for VoIP
· 10 msec inactivity timer
· Assume max two packets bundled
3. C-DRX cycle 160msec for FTP
· 100 msec inactivity timer

The time distribution for different power states shall be reported (e.g. x% in PDCCH-only, y% in PDCCH+PDSCH, z% in micro sleep, etc), as a result of the calibration exercise.
The following simplifying assumptions can be made: 
· Power modelling reference configuration for FR1
· Peak throughput. 100MHz 
· DL BWP. 10-symbol PDSCH (one symbol occupied by DMRS)
·  Capable of carrying 868584 information bits per slot (Note: a packet can fit within a PDSCH transmission)
· All packets can be successfully decoded on the first transmission
· No HARQ retransmission
· No UL slot 
· Single user
· Short DRX is not configured.
Calibration results
	 
	Power States
	HW [1]
	Vivo [2]
	MTK [3]
	ZTE [10]
	Intel [9]
	LGE [4]
	CATT [5]
	SS [6]
	E/// [7]
	QCOM [8]

	FTP, w/o C-DRX
	PDCCH only
	 
	99.75%
	99.75%
	99.73%
	99.75%
	99.75%
	99.71%
	99.75%
	99.80%
	99.75%

	
	PDCCH+PDSCH
	 
	0.25%
	0.25%
	0.27%
	0.25%
	0.25%
	0.29%
	0.25%
	0.20%
	0.25%

	
	Micro sleep
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	
	Light sleep
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	
	Deep sleep
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	FTP, w/ C-DRX
	PDCCH only
	34.96%
	34.68%
	34.62%
	35%
	34.96%
	35.27%
	37.92%
	32.85%
	38.20%
	35.01%

	
	PDCCH+PDSCH
	0.21%
	0.25%
	0.20%
	0.27%
	0.25%
	0.26%
	0.29%
	0.20%
	0.20%
	0.25%

	
	Micro sleep
	0.02%
	0.01%
	0.02%
	0.03%
	0.02%
	0.02%
	0.00%
	0.01%
	0%
	0.01%

	
	Light sleep
	0.15%
	0.13%
	0.17%
	0%
	0.15%
	0.17%
	0.00%
	0.14%
	0%
	0.15%

	
	Deep sleep
	64.66%
	64.94%
	64.99%
	65%
	64.62%
	64.28%
	61.85%
	66.80%
	61.60%
	64.58%

	VoIP, w/o C-DRX
	PDCCH only
	 
	98.59%
	98.56%
	98.43%
	98.75%
	 
	98.70%
	98.46%
	98.50%
	98.60%

	
	PDCCH+PDSCH
	 
	1.41%
	1.44%
	1.57%
	1.25%
	 
	1.31%
	1.54%
	1.50%
	1.40%

	
	Micro sleep
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	0.00%
	0.00%

	
	Light sleep
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	0.00%
	0.00%

	
	Deep sleep
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	0.00%
	0.00%

	VoIP, w/ C-DRX
	PDCCH only
	22.09%
	22.40%
	21.46%
	19.31%
	18.72%
	 
	14.43%
	20.16%
	32.40%
	22.31%

	
	PDCCH+PDSCH
	1.08%
	1.09%
	1.09%
	0.78%
	1.25%
	 
	0.40%
	1.96%
	1.50%
	1.08%

	
	Micro sleep
	0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	0.00%
	0.00%

	
	Light sleep
	1.37%
	0.61%
	0.41%
	 0.00%
	0.00%
	 
	0.00%
	0.34%
	26.50%
	0.54%

	
	Deep sleep
	75.45%
	75.90%
	77.04%
	79.92%
	80.03%
	 
	85.16%
	77.54%
	39.60%
	76.07%
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