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Introduction
For this meeting, contributions [1-15] contain discussion on evaluation methodology for the UE power saving study item. In this summary, we highlight some discussion points, and suggest potential proposals when views in the contributions appear to be aligned.

Deployment Scenarios and Use cases
Summary of offline draft agreements (as of 10/11 Thurs 2pm):
Offline proposals:
The following DRX scenarios can be considered as reference for evaluation:
1. C-DRX cycle 320msec, inactivity timer {200, 80} msec
· FR1 On duration: 10 msec
· FR2 On duration: 5 msec
2. C-DRX cycle 160msec, inactivity timer {100, 40} msec
· FR1 On duration: 8 msec
· FR2 On duration: 4 msec
3. C-DRX cycle 40msec, inactivity timer {25, 10} msec
· FR1 On duration: 4 msec
· FR2 On duration: 2 msec 
4. 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: Companies may select and report the settings for short DRX cycle, short DRX cycle timer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-HARQ-RTT-TimerDL, and/or drx-HARQ-RTT-TimerUL.

Summary of offline draft agreements (as of 10/10 Wed 2pm):
Offline proposals:
· The baseline for UE power saving evaluation is NR Rel-15 including support for DRX, BWP adaptation, cross-slot scheduling, PDCCH monitoring parameters.
· At least dense urban (with single layer) deployment scenario should be included for evaluation. Indoor hotspot and rural macro can be additionally considered.
· Note: For RRM measurement evaluation, UE power consumption contributed by inter-frequency and/or inter-RAT measurement can be considered.
· The following frequency ranges with the respective carrier frequency and reference sub-carrier spacing should be included for evaluation if a proposed scheme intends to be used for the respective frequency range(s):
· FR1: 4GHz, 30kHz SCS
· FR2: 30GHz, 120kHz SCS
· At least TDD should be included for evaluation. FDD can be optionally considered.
· The following reference configuration should be considered for evaluation:
· Downlink: TDD, FR1, 30 kHz SCS, 100 MHz CC BW, PDCCH region of 2 symbol at beginning of a slot, PDSCH up to 256QAM 4x4 MIMO, #RB for TRS = 52, max 4RX, Capability 1
· Uplink: TDD, FR1, 30 kHz SCS, 100MHz CC BW, 1TX
· Different and/or additional parameter assumptions used for evaluation should be clearly stated.

-------------------------------------------------------------------------------------------------------------
A majority view shared by companies is that the focus of the study is on EMBB use cases.
The baseline for evaluation assumes Rel-15 features including:
· DRX [1][4]
· BWP adaptation [1][3][12]
· WB RS [2]
· Cross-slot scheduling [3]
· PDCCH monitoring parameters [4] 

Possible proposal: The baseline for UE power saving evaluation is NR Rel-15 including support for DRX, BWP adaptation, cross-slot scheduling, PDCCH monitoring parameters.

Three deployment scenarios:
· Dense urban
· Indoor hotspot
· Rural macro

One company suggests to use urban macro (i.e. dense urban with single layer (Macro)) for evaluation, and optionally use indoor hotspot only if needed. [5]
Two companies suggest to down-select to indoor hotspot and dense urban. [7]
One company suggests to limit to rural macro and indoor hotspot scenarios. [14]
Possible proposal: At least dense urban (with single layer) deployment scenario should be included for evaluation. Indoor hotspot and rural macro can be additionally considered.
	Note: For RRM measurement evaluation, UE power consumption contributed by inter-frequency and/or inter-RAT measurement can be considered.

Frequency range:
· FR1: 4GHz, 30kHz SCS
· FR2: 30GHz, 120kHz SCS

One company suggests FR2 is evaluated only if needed. [5]
Possible proposal: The following frequency ranges with the respective carrier frequency and reference sub-carrier spacing should be included for evaluation if a proposed scheme intends to be used for the respective frequency range(s):
· FR1: 4GHz, 30kHz SCS
· FR2: 30GHz, 120kHz SCS

Duplex mode:
· TDD
· FDD

Possible proposal: At least TDD should be included for evaluation. FDD can be optionally considered.

Consistency with power model:
Possible proposal: The following reference configuration should be considered for evaluation:
· Downlink: TDD, FR1, 30 kHz SCS, 100 MHz CC BW, PDCCH region of 2 symbol at beginning of a slot, PDSCH up to 256QAM 4x4 MIMO, #RB for TRS = 52, max 4RX, Capability 1
· Uplink: TDD, FR1, 30 kHz SCS, 100MHz CC BW, 1TX
Different and/or additional parameter assumptions used for evaluation should be clearly stated.

DRX scenarios:
· DRX parameters including drx-onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-HARQ-RTT-TimerDL, and/or drx-HARQ-RTT-TimerUL need to be defined [2]
· One company suggests the following DRX configuration [5]
· OnDuration timer: 8 msec 
· drxInactivity timer: 60 msec
· Short/Long DRX cycle: 40/160 msec
· drxShortCycle timer: 1
· One company suggests the following DRX scenarios [8]
	DRX configuration
	40ms, 160 ms, 1280 ms

	DRX on-duration
	10ms, 100ms for FDD;20ms,200ms for TDD;

	DRX inactivity timer
	10ms,100ms for TDD;20ms,200ms for FDD;


· One company suggests the following DRX scenarios [6], but some issues are raised by other companies in [11][14]:
· Assumptions on RRC-Idle/Inactivity mode
	eMBB Scenario 
	case1
	case2
	case3

	DRX cycle [s] 
	10.24 
	1.024
	0.32

	Paging rate [%] 
	10
	10
	10


· One company suggests the following DRX scenarios: [13]
· C-DRX cycle 320msec, inactivity timer 100msec
· mmW On duration: 4 msec
· sub6 On duration: 8 msec
· C-DRX cycle 40msec, inactivity timer [25] msec
· mmW On duration: [1] msec 
· sub6 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
· Statistics for the matching case should be based on application use case
· One company suggests the following DRX scenarios: [14]
	DRX cycle
	40ms, 160 ms, 1280 ms

	DRX on-duration
	10ms, 100ms for FDD;20ms,200ms for TDD;

	DRX inactivity timer
	10ms,100ms for TDD;20ms,200ms for FDD;


· Discuss RRC_Connected Mode DRX settings, including a maximum DRX cycle of 320 ms, and whether to group the parameters
· Include DRX retransmissionTimer in RRC_Connected Mode DRX simulation assumptions
· One company suggests the following example scenarios: [15]
	DRX parameters
	Short DRX cycle: 20 ms (optional)
Short DRX cycle timer: 4 (optional)
Long DRX cycle: 160 ms
DRX inactivity timer: 20 ms
On duration timer: 5 ms


· One company suggest evaluating with and without DRX configurations: [8]
· Scenario 1: without DRX configuration and without power saving schemes/signals
· Scenario 2: with DRX configuration and without power saving schemes/signals
· Scenario 3: without DRX configuration and with power saving schemes/signals
· Scenario 4: with DRX and with power saving schemes/signals

Possible proposal: 
The following DRX scenarios can be considered as reference for evaluation:
5. C-DRX cycle 320msec, inactivity timer {200, 80} msec
· FR1 On duration: 10 msec
· FR2 On duration: 5 msec
6. C-DRX cycle 160msec, inactivity timer {100, 40} msec
· FR1 On duration: 8 msec
· FR2 On duration: 4 msec
7. C-DRX cycle 40msec, inactivity timer {25, 10} msec
· FR1 On duration: 4 msec
· FR2 On duration: 2 msec 
8. 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: Companies may select the settings for short DRX cycle, short DRX cycle timer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-HARQ-RTT-TimerDL, and/or drx-HARQ-RTT-TimerUL.

RRM evaluation assumptions
· Introduce SSB and SMTC configuration to the evaluation assumptions at least for RRM measurement purposes [14]

DL / UL priority
At least one company share the view that the scope of the SI should be focused on DL: “It would be good to deprioritize consideration on uplink, i.e., active TX states since power saving in uplink is out of the scope during the SI phase” [8]. Not enough companies explicitly expressed their views on this, but based on the techniques proposed this view is implicitly shared by many companies and may be worth some discussion.
· Should the focus be on DL, or equal priority between DL and UL?


Evaluation Methodology and Metrics
Summary of offline draft agreements (as of 10/11 Thurs 2pm):
Offline proposal:
· [bookmark: _GoBack]Note: User throughput measured from system level simulation does not preclude user perceived throughput taking into account TCP slow start if applicable

Summary of offline draft agreements (as of 10/10 Wed 2pm):
Offline proposals:
· Percentage power consumption reduction from the baseline scheme will be used to express the power saving gain
· FFS: For the case multiple applications are evaluated, whether power consumption is the overall DoU power across the applications
· Latency of packet or 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, sensitivity for reception of the signal/channel, resource overhead should be evaluated. If the new signal is used for detection, false alarm rate and misdetection rate should be evaluated.
· 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: Criteria for selection of the methods

--------------------------------------------------------------------------------------
Evaluation metrics
How to quantify/express power saving gain:
1. Scaled power efficiency  [1]
· where   and   are the energy consumption in the same reference time period for the proposed candidate and the legacy baseline, respectively 
· UEs under different geometries may need to be investigated and the geometries investigated can be obtained based on the system level investigation
· Average and 5-percentile coverage UE can be reported
2. Total power consumption for a given time period comparison [4]
3. Energy-per-bit comparison [5]
4. % of power consumption reduction from the baseline scheme [12]
5. DoU power comparison [13]
6. Comparison of overall UE energy usage for performing a certain operation (e.g. a FTP session)[15]

Possible proposal: Percentage power consumption reduction from the baseline scheme will be used to express the power saving gain
· FFS: For the case multiple applications are evaluated, whether power consumption is the overall DoU power across the applications

Latency:
· Latency of packet: average and worst 5% [4]
· Additional delay incurred: cell average and worst 5% [5]

User throughput:
· Achievable user data rate [8]
· user perceived throughput (considering TCP slow start) [15]

More discussion is needed to consider whether to include the effect of TCP slow start in the evaluation.

Network resources:
· System overhead: additional resource and signaling usage
· Cell throughput: average and worst 5% [4]
· Throughput loss incurred: cell average and worst 5% user throughput [5]
· System throughput and resource utilization/overhead [6]
· Spectral efficiency [12]
· Served traffic per cell for different loads [15]

Additional information
· For PDCCH blind decoding reduction or aggregation level selection, company should provide how to handle blocking between multiple PDCCH for a given CORESET and the number of PDCCH candidates [2]
· For adaptation of PDCCH monitoring, analysis of blocking rate or additional scheduling delay is needed [8]

Possible proposal: Latency of packet or 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.

Performance and impact of new signal/channel:
· Sensitivity (e.g., SNR-BLER curve) and coverage area
· For detection: False alarm rate and mis-detection rate
· System overhead

[bookmark: _Hlk526891069]Possible proposal: If a new signal/channel is introduced, sensitivity for reception of the signal/channel, resource overhead should be evaluated. If the new signal is used for detection, false alarm rate and misdetection rate should be evaluated.

RRM measurement power saving
· Power saving gain
· RRM measurement accuracy (e.g., RSRP, RSRQ) [4]
· If additional RS or measurement reduction are introduced, link level evaluation is needed. Refer to simulation assumption in Appendix 7.1
· RSRP/RSRQ measurement performance [5]

Possible proposal: For power consumption reduction in RRM measurements, RRM measurement accuracy (e.g. RSRP, RSRQ) [FFS: latency], resource usage should be reported as the result of the evaluation, in addition to power saving gain.

Evaluation method
Possible proposal: 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: Criteria for selection of the methods

Possible proposal: Consider below tables as the evaluation method selection guideline.

Evaluation Metric and the relevant evaluation method[4]
	Objective
	Evaluation Metric
	Evaluation method

	1-a
	Power saving gain
	· Numerical analysis, or
· System level simulation if necessary

	
	Latency of packets/user throughput 
	· Numerical analysis
· System level simulation if necessary

	1-b
	Quality of power saving signal/channel
	· Link level simulation

	
	System overhead of power saving signals/channels
	· Numerical analysis

	2
	Power saving gain
	· Numerical analysis

	
	RRM measurements accuracy
	· Link level simulation



summary on simulation methodology of UE power saving scheme [6]
	Item
	Evaluation  methodology
	Performance metric

	Frequency/Time adaption
	Numerical analysis
	UE power consumption,
UE transmission latency

	Antenna adaptation
	LLS/SLS
	UE power consumption,
UE transmission latency,
System throughput.

	Power saving signal
	Numerical analysis, LLS
	UE power consumption,
UE transmission latency

	DRX configuration
	Numerical analysis
	UE power consumption,
UE transmission latency

	PDCCH reduction
	LLS, SLS
	UE power consumption,
UE transmission latency

	RRM measurement
	LLS, numerical analysis
	Measurement accuracy, 
UE power consumption




Traffic Modelling / Applications

Summary of offline draft agreements (as of 10/10 Wed 2pm):
Offline proposals:
· FTP model 3 should be included in the evaluation for at least FTP application. Modification to the parameters is not precluded. Other bursty traffic arrival models can be considered.
· Applications including FTP, web-browsing, video streaming, instant messaging, VoIP, gaming, background app sync can be considered for traffic modelling for power saving proposal evaluation.


----------------------------------------------------------------------------------
Most companies suggest FTP models already defined in in 3GPP TR 36.814 [16] can be at least a starting point for traffic modelling.
Many companies share the view that additionally, some representative applications can be selected. The following applications have been mentioned:

	Application 
	Characteristics
	Supported by

	FTP
	
	Model 3: LG, vivo, CATT, Intel, Samsung, E//
Model 1: CATT, Samsung, E//, Nokia 
Model 2: LG
For Model 3, companies have different assumptions for parameter settings. 

	Web-browsing
	Session inter-arrival time, Number of objects per session, Object inter-arrival time, Object size
	QC, Samsung, CATT

	Video streaming
	Initial burst size, throttled data rate and chunk size.
	MTK, QC

	Instant messaging
	The size of the instant message is determined by the Pareto distribution.
The inter-arrival time between two messages is modelled as the Lognormal distribution
	MTK, QC, CATT

	VoIP
	Small packets size, e.g., tens of bytes
Shorter and fixed packet arrival, e.g., tens of ms
Asymmetric in UL and DL traffic
	vivo, MTK (+video conferencing), Samsung, CATT

	Gaming
	Smaller packets size, e.g., hundreds of bytes
Frequent and random packet arrival, e.g., tens of ms
	Vivo, MTK, CATT, Samsung

	Background app sync
	RRC connections every few minutes. May be modelled as a fixed power cost relative to I-DRX
	QC



One company (QC) suggests new models for web-browsing, video streaming, instant messaging.
One company (vivo) suggests new model for gaming. See Appendix.

Discussion points:
· Any down-selection of applications
· Whether to model the traffic by parametrizing or modifying existing FTP models, or adopt new models

Possible proposal: Applications including FTP, web-browsing, video streaming, instant messaging, VoIP, gaming, background app sync can be considered for traffic modelling for power saving proposal evaluation.

One company (MTK) suggests different parameter settings for FTP model 3 to model the traffic for various applications:
· Traffic model 1 is a mixture of
· FTP-3 with 4Mbytes file size and per 2 sec arrival per UE, and
· FTP-3 with 256bits file size and per 200 msec arrival per UE 
· Traffic model 2 is a mixture of
· FTP-3 with 2Kbytes file size per 5 sec arrival per UE, and
· FTP-3 with 256bits file size and per 200 msec arrival per UE 
· Traffic model 3 is a VoIP traffic model

Several companies suggests to further study additional models for other applications:
· CATT: FFS bursty traffic arrival model (e.g., Pareto) for gaming, web browsing, messaging, VoIP
· Intel: Studies on the other bursty traffic models with heavy-tailed distributions and long-range dependency such as Pareto and Weibull distributions can be further considered if it is proved that existing FTP model can not adequately capture the burstiness of typical NR application in a real 5G network.
· Samsung: Study additional bursty UE traffic model
· Interdigital: On top of existing FTP models, a burst traffic arrival model could be also added
· E//: FTP as baseline
· At least 3GPP FTP models 1, 3 should be used for the evaluations. Different parameter value sets should be simulated with these models so that different traffic characteristics can be captured at least at a high level
· FFS other traffic models

One company (Huawei) mentions bursty traffic and did not provide specific models.

[bookmark: _Hlk526891176]Possible proposal: FTP model 3 should be included in the evaluation for at least FTP applications. Modification to the parameters is not precluded. Other bursty traffic arrival models can be considered. 
Modelling details and potential alignment of the introduced models can be further discussed. Suggest more offline discussion and possibly email discussion after #94bis.

DoU methodology: [13][15]
· DoU usage model defines the types of applications and amount of usage for a typical user throughout a day
· Representative application use cases are selected
· Traffic models are defined
· Maps to low-level modem operations, with power model
 use case average power () can be calculated
· Time weight for each use case is defined
· DoU power is the time-weighted-sum across the use case power:
[image: ]
· Result can be used as one of the factors for prioritizing power saving proposals


Discussion point:
· Can the time weights be determined for DoU profile?

Possible proposal: DoU methodology can be considered for evaluation. DoU power can be used as a reference for prioritization of proposals.

Usage of LLS/SLS Simulation / Evaluation

Summary of offline draft agreements (as of 10/11 Thurs 2pm):
Offline proposal:
· 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. Companies may justify if DRX is not applied in the simulation.


Summary of offline draft agreements (as of 10/10 Wed 2pm):
Offline proposals:
· Simulation assumptions as specified in Table A1.5-1 in TR38.802 should be the basis for link-level simulation evaluation.
· Antenna configuration may use IMT-2020 as reference. Companies may state any needed assumptions for evaluation.
· Simulation assumptions as specified in Table A2.1-1 in TR38.802 should be the basis for system-level simulation evaluation.
· Antenna configuration may use IMT-2020 as reference. Companies may state any needed assumptions for evaluation.

----------------------------------------------------------------------------------------
Link-Level Simulation Assumptions
· Used if power saving signal/channel is introduced
· miss-detection probability, false-alarm probability, signalling overhead, and power consumption metrics can be determined
· Based on Table A1.5-1 in TR38.802, simulation assumptions for synchronization signals/channels could be a starting point [4][5]
· For the frequency offset, the value of 0 is supported for the link-level evaluation assumption for power saving signal/channel.

Possible proposal: Simulation assumptions as specified in Table A1.5-1 in TR38.802 should be the basis for link-level simulation evaluation.
· Antenna configuration may use IMT-2020 as reference. Companies may state any needed assumptions for evaluation.

System-Level Simulation Assumptions
· TR38.802 is a starting point for system-level evaluation assumption [2]
· Paging and/or DRX operation should be defined [2]
· FTP model
· 2, 3 [2]
· System load
· Low, medium, high [4]
· 10%, 50%, 80% [7]
· extreme ligth:1e-6;  light load:0.1,0.2; medium load:0.4; high load: 0.8 [8]
· The following assumptions are suggested in [4]
· Indoor scenario with 12 cells is the starting point.
· Both FR1 and FR2 should be considered.
· Different system load with low, medium and high resource utilization should be considered. 
· The scheduling methods used should be reported by companies.
· IMT-2020: [13]
· Use IMT-2020 Dense Urban-eMBB in evaluating RRM measurement enhancements
· Use IMT-2020 Indoor Hotspot-eMBB and IMT-2020 Dense Urban-eMBB in evaluating beam magement enhancements.
· Use carrier frequency of 4GHz for FR1 and 30GHz for FR2.

Discussion points:
· Should paging and/or DRX operation be defined as part of SLS?
· For multi-user simulation, would all users use the same applications or can be different?
· Is it necessary to simulate CA?
· Whether to consider TCP slow start

Possible proposal: Simulation assumptions as specified in Table A2.1-1 in TR38.802 should be the basis for system-level simulation evaluation.
· Antenna configuration may use IMT-2020 as reference. Companies may state any needed assumptions 

Possible proposal:
· For system level impact evaluation, follow IMT-2020 simulation assumptions.
· For system level simulation, whether to apply DRX depends on the particular power saving proposal being evaluated and the purpose of the simulation. Companies may justify if DRX is not applied in the simulation.

UE Power Consumption Modelling
Baseline Model
· Please refer to Mediatek’s summary [19]

Model Extensions

FR1 Modelling
Offline proposal:
Power scaling scheme for at least FR1 power states:
	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.
	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
	

	CA (DL)
	2CC is 1.7x1CC
	Higher CA is FFS
Activation/deactivation delay follows RAN4 specification; FFS transition energy

	CA (UL)
	As downlink at 0dBm. No scaling at 23dBm
	

	Antenna scaling (DL)
	2Rx power is 0.7x 4Rx power
	Other antenna counts are FFS

	Antenna scaling (UL)
	2Tx power is 1.4x 1Tx power at 0dBm. [No scaling] at 23dBm
	Other antenna counts are FFS

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

	SSB
	FFS for #SSB to be processed in one slot (Note 2 SSBs in a slot for the ref. config.)
FFS for neighbor cell measurement including cell detection
FFS for #measured cells/SSBs
	

	PDSCH-only slot
	[280]
	

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

	Short PUCCH
	Short PUCCH power = [0.6] x uplink power
	

	SRS
	SRS power = [0.6] x uplink power
	



Note: Scaling applies only to non-sleep power states.
FFS: Rule for generating the power values for combination of more than one power states within one slot.

FR2 Modelling
Offline proposal
Reference configuration:
· Downlink: TDD, FR2, 120 kHz SCS,  1CC, 100 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 32, 20 PDCCH blind decoding, PDSCH of max data rate with [64QAM] 2x2 MIMO, #RB for TRS = TBD, 2RX, UE Capability 1
· Uplink: TDD, FR2, 120 kHz SCS, 1CC, 100MHz BW, 1TX, power levels [FFS dBm]
· Power values are averaged over the operations within a slot.

	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. FFS the power scaling for RRM of neighbor cells . 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 
	300

	UL
	Long PUCCH or PUSCH. FFS the power scaling for short PUCCH and SRS.
	250 (  0 dBm)
700 (23 dBm)
	[300]
(FFS Tx power level)




Sleep states power level, energy overhead, and transitions are same as FR1.
Other scaling relationships for FR2: FFS


Figure 1: Illustration for higher power consumption for FR2 PDCCH-only
a
Other Extensions

Offline proposal:
Power scaling scheme for PDCCH candidates processing reduction:
· Scaling for the power reduction due to PDDCH candidates processing (e.g. AL/CCE/BD) reduction is modelled solely based on its effect on microsleep portion of the PDDCH-only slot
· It is assumed that for PDCCH-only state baseline agreed for FR1, some portion of the slot is in microsleep
· For scaling determination, companies can report the portion that is assumed
· Companies may state their assumption on how much portion of PDCCH processing time can scale in accordance to PDCCH candidates (e.g. AL/CCE/BD) reduction
· Note: In the reference configuration, the first two symbols are PDCCH symbols.
· Note: the following figure illustrates conceptually how the scaling can be modeled



Figure 2: Conceptual illustration of how PDCCH candidates processing reduction can be modeled

To be discussed:
· Scaling w.r.t. #SSB to be processed in a slot is FFS
· FDD modelling is FFS

Idle mode specific
Paging reception
· Including PDCCH and PDSCH reception related to page information
· At least one company considers this as an explicit state
· Is reuse of existing states feasible?
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Appendix
[bookmark: _Ref526814767]Simulation Assumptions
Consideration on link level simulation and link budget [1]
	Case
	case1
	case2
	case3

	Scenario
	Indoor hotspot
	Dense Urban
	Rural macro

	UE dropping
	100%indoor UE
	20%outdoor UE
80%indoor UE
	50%outdoor UE
50%indoor UE

	UE speed
	3km/h
	3km/h for indoor;
30km/h for outdoor
	3km/h for indoor;
120km/h for outdoor

	channel model
	TDL(LOS/NLOS)

	carrier frequency (FR1)
	4G
	4G
	700M

	carrier frequency (FR2)
	26G
	26G
	N/A

	System bandwidth
	10MHz, 80MHz

	total transmission power per TRxP
	21dBm
	26dBm
	26dBm

	UE noise figure
	7 dB

	antenna configuration 
	1TX4RX, 2TX2RX, 2TX4RX

	Numerology 
	30kHz for FR1, 120kHz for FR2



Simulation assumptions for evaluation the quality of power saving signal/channel[4]
	Technical configuration Parameters
	Values

	Carrier frequency for evaluation
	4 GHz

	Waveform
	CP-OFDM

	Numerology
	15 kHz SCS

	CORESET RB
	48

	CORESET time duration
	2 symbols

	CCE-to-REG 
Mapping
	Non-interleaved

	REG bundle size
	6

	Propagation condition
	TDL-C, 300ns, 100Hz

	Antenna configuration
	2x2 Low and 2x4 Low

	Aggregation level 
	[1,2,4,8,16]

	Power saving channel payload
	Depends on design; Company need to report the value

	Power saving signals and the time and frequency resources
	[x] RBs and [y] OFDM symbols, depends on design of companies

	Frequency stability
	[x] ppm



Simulation assumptions for RSRP accuracy evaluation[4]
	Simulation parameters
	values

	bandwidth
	10 MHz; 20 MHz

	Es/N0
	0dB

	Channel model
	TDL-A Low 100ns 10Hz
1X2

	Subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period(paging cycle)
	320ms

	Number of measurement samples per measurement period (MP)
	1,2

	Subcarrier spacing
	15 kHz

	Number of SS blocks per SS burst set/ SS burst periodicity
	1/20ms

	New measurement RS
	CSI-RS:
1) Density: 3RE/RB
2) 1 port
3) 2 symbols per slot
4)  Whole bandwidth

	L3 filter
	Defined in section 5.5.3.2 in TS 38.331
[image: ]
Where a = 1/2(ki/4)   and k=1

	Evaluation metric
	Delta RSRP(dB) = measured RSRP – ideal RSRP



	System level evaluation assumptions for UE power saving study [5]

	Parameters
	Dense urban
	Indoor hotspot (optional)

	Layout
	Single layer
Macro layer: Hex. Grid
	Single layer
Indoor floor: (12BSs per 120m x 50m)

	Inter-BS distance 
	200m
	20m

	Carrier frequency 
	FR1: 4GHz
FR2: 30GHz (optional)

	Aggregated system 
bandwidth
	Up to 200 MHz (DL+UL)
	

	Simulation bandwidth
	100MHz per CC
Note: For FDD, simulation BW is split equally between UL and DL

	Subcarrier spacing
	FR1: 30kHz
FR2: 120kHz

	Channel model
	FR1: 3D UMa
FR2: 5GCM UMa
	FR1: ITU InH
FR2: 5GCM office

	BS Tx power 
	FR1: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
FR2: 40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm
EIRP should not exceed 73 dBm(*)
	FR1: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
FR2: 23dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm
EIRP should not exceed 58 dBm(*)

	UE Tx power 
	23dBm
EIRP should not exceed 43dBm (*)

	BS antenna configurations
	FR1 
	TXRE mapping: reuse models in TR 36.897
Number of antenna elements: 128
(M, N, P, Mg, Ng): (8, 8, 2, 1, 1) for dense urban, (4, 4, 2, 1, 1) for Indoor hotspot	
(dH,dV): (0.5, 0.8)l for dense urban, (0.5, 0.8)l for Indoor hotspot

	
	FR2
	TXRE mapping: a single TXRU is mapped per panel per subarray per polarization
Number of antenna elements: 256
(M, N, P, Mg, Ng): (4, 8, 2, 2, 2) for dense urban, (4, 8, 2, 1, 1) for Indoor hotspot
(dH,dV): (0.5, 0.5) for dense urban, (0.5, 0.5) for Indoor hotspot
(dH,g,dV,g): (4.0, 2.0)l for dense urban

	BS antenna height 
	25 m
	3 m

	BS antenna element gain + connector loss
	FR1: Follow TR36.873
FR2: Follow Table A.2.1-6 and Table A.2.1-7 of TR38.802

	BS receiver noise figure
	FR1: 5dB
FR2: 7dB

	UE antenna configuration
	FR1
	Number of antenna elements: 2 or 4
(Mg, Ng, P, dH): (1, 1, 2, 0.5)

	
	FR2
	Number of antenna elements: 8 or 16
(Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0); 
(M, N, P) = (2, 4, 2), the polarization angles are 0 and 90

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	FR1: Omni directional
FR2: Follow Table A.2.1-8 of TR38.802

	UE receiver noise figure
	FR1: 9dB
FR2: 13dB

	Traffic model
	Model 1: Mixture of
FTP-3 with 4Mbytes file size and per 2 sec arrival per UE, and
FTP-3 with 256bits file size and per 200 msec arrival per UE 
Model 2: Mixture of
FTP-3 with 2Kbytes file size per 5 sec arrival per UE, and
FTP-3 with 256bits file size and per 200 msec arrival per UE 
Model 3: VoIP traffic model

	DRX 
	OnDuration timer: 8 msec 
drxInactivity timer: 60 msec
Short/Long DRX cycle: 40/160 msec
drxShortCycle timer: 1 

	Traffic load (Resource utilization)
	25% and 50%

	UE distribution
	Follow Table A.2.1-1 of TR38.802 
	100% Indoor, 3km/h

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	(*): See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP




Assumptions on system level simulation, link level simulation, and link budget[6]
	Case
	case1
	case2
	case3

	Scenario
	Indoor hotspot
	Dense Urban
	Rural macro

	UE dropping
	100%indoor UE
	20%outdoor UE
80%indoor UE
	50%outdoor UE
50%indoor UE

	UE speed
	3km/h
	3km/h for indoor;
30km/h for outdoor
	3km/h for indoor;
120km/h for outdoor

	Channel model
	LLS: TDL(LOS/NLOS)
SLS: ITU indoor hotspot
	LLS: TDL(LOS/NLOS)
SLS: ITU dense urban
	LLS: TDL(LOS/NLOS)
SLS: ITU rural macro

	carrier frequency (FR1) 
	4G
	4G
	700M

	carrier frequency (FR2) 
	26G 
	26G 
	N/A 

	System bandwidth
	10M/24 RB (FR1)
100M/66RB (FR2) 
	10M/24 RB (FR1)
100M/66RB  (FR2) 
	10M/24 RB (FR1)
100M/66RB (FR2) 

	Subcarrier Spacing 
	30 kHz (FR1)
120 kHz (FR2) 
	30 kHz (FR1)
120 kHz (FR2) 
	30 kHz (FR1)
120 kHz (FR2) 

	Total transmission power per TRxP
	21dBm
	41dBm
	46dBm

	UE noise figure
	7 dB
	7 dB
	7 dB

	Antenna configuration 
	2TX4RX (FR1/FR2) 
	 2TX4RX (FR1/FR2) 
	2TX4RX (FR1/FR2) 

	Frequency stability 
	0.1 ppm 
	0.1 ppm 
	0.1 ppm 



Assumptions on RRC-Connected mode [6]
	Item
	parameters 

	scenario
	NR [indoor hotspot, dense urban, rural], 12TRPs, 10UEs per TRP

	Bandwidth
	FR1,10MHz, FR2 100 MHz 

	Duplex
	TDD,FDD; DL only

	TDD configuration
	DSUUD

	Traffic type
	FTP model 1 or 3, 
0.5Mbytes and FFS: bursty traffic arrival model (e.g., Pareto) for gaming[3], web browsing, messaging, VoIP 

	traffic load
	light load: λ=0.1; medium load: λ=0.4; high load: λ=0.8 (for 0.5Mbytes)

	DRX cycle
	 40ms,  160 ms,   1280 ms 

	DRX on-duration
	10ms, 100ms for FDD;20ms,200ms for TDD;

	DRX inactivity timer
	10ms,100ms for TDD;20ms,200ms for FDD;

	Power Saving signals scheme
	Periodic/Aperiodic 



Evaluation assumption for LLS [8]
	Parameters
	Values

	UE speed
	3km/h

	channel model
	TDL(LOS/NLOS)

	carrier frequency (FR1)
	4G

	carrier frequency (FR2)
	26G

	System bandwidth
	10M/52 RB (FR1)
100M/132RB (FR2)

	Subcarrier Spacing 
	15 kHz (FR1)
120 kHz (FR2)

	antenna configuration 
	2TX/4RX (FR1/FR2)

	Frequency stability
	0.1 ppm




Parameters for system level simulation [8]
	Item
	Parameters

	Performance metric
	Through, network energy consumption, energy efficiency

	simulation
	Monte Carlo, 10000samples

	scenario
	NR indoor hotspot, dense urban, 12TRPs, 10UEs per TRP

	Bandwidth
	FR1,10MHz, FR2 100 MHz

	Duplex
	TDD,FDD; DL only

	TDD configuration
	FFS

	Traffic type
	FTP model 1 or 3, 
0.5Mbytes and λ: [0.5, 1, 1.5, 2, 2.5]  as the starting point
 and FFS: bursty traffic arrival model (e.g., Pareto) for gaming, web browsing, messaging, VoIP

	traffic load
	[bookmark: _Hlk526852563]extreme ligth:1e-6;  light load:0.1,0.2; medium load:0.4; high load: 0.8

	[bookmark: _Hlk526852609]DRX configuration
	40ms, 160 ms, 1280 ms

	DRX on-duration
	10ms, 100ms for FDD;20ms,200ms for TDD;

	DRX inactivity timer
	10ms,100ms for TDD;20ms,200ms for FDD;

	Power saving scheme
	Network-assisted schemes and FFS for UE-assisted schemes



Link-level simulation parameters based on TR38.802 [13]
	Parameters
	FR1 
	FR2 

	Carrier frequency (GHz)
	4
	30

	Sub-carrier spacing (kHz)
	30
	120

	Channel model
	CDL-C
	CDL-C (NLOS)/CDL-E (LOS)

	Delay Scaling (ns)
	100
	100

	UE speed (km/h)
	3, 120
	3

	Antenna Configuration at BS
	(1,1,2) with omni-directional antenna element
	(M,N,P) = (32,8,2) with directional antenna element (based on IMT2020)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(M,N,P) = (4,4,2) with directional antenna element, 2 panels
(based on IMT2020)




Traffic Model Proposals
Parameter for VoIP [4]
	Parameter
	Characterization

	Codec
	RTP AMR 12.2, Source rate 12.2 kbps

	Encoder frame length
	20 ms

	Voice activity factor (VAF)
	50% (c=0.01, d=0.99)

	SID payload
	Modelled
15 bytes (5Bytes + header)
SID packet every 160ms during silence

	Total voice payload on air interface
	40bytes (AMR 12.2)



Parameter for gaming[4]
	Parameter
	Statistical Characterization

	Packet arrival
	· For packet arrival of <60ms,  fixed probability of 0.4%, i.e., packet arrival for any value from 0 to 59ms has fixed 0.4% probability;
· For packet arrival of >= 60ms, Largest Extreme Value Distribution (also known as Fisher-Tippett distribution),
[image: ] ,x is the packet sarrival (in ms) and fx is the probability of x.
a= 66 and b= 3.
Without loss of generality, a= [30-80] and b= [2-5] can be considered.
Values for Fisher-Tippett distribution can be generated by the following procedure:
x = a – b ln (− ln y ), where y is drawn from a uniform distribution in the range [0,1]

	Packet size
	Largest Extreme Value Distribution (also known as Fisher-Tippett distribution):
[image: ], x is the packet size (in Bytes) and fx is the probability of x.
a= 220 and b= 25.
Without loss of generality, a= [200-300] and b=[20-30]
Values for Fisher-Tippett distribution can be generated by the following procedure:
x = a – b ln (− ln y ), where y is drawn from a uniform distribution in the range [0,1]



Web Browsing traffic modeling parameters [13]
	Model Parameters
	Description
	Distribution

	Session inter-arrival time
	Gaps between sessions (User reading time)
	Weibull

	Number of Objects per session
	Number of object per session
	Gamma

	Object inter-arrival time
	Delay between the arrival of two objects
	Gamma

	Object size
	Size of each object
	Weibull



The typical modelling parameters can be expressed as initial burst size, throttled data rate and chunk size. [13]
· The initial burst size is calculated by the initial burst period multiply by video encoding rate.
· Usually the throttling factor sets to 2 (i.e. YouTube)[6], and the throttled data rate is calculated as video encoding rate multiply by the throttling factor.
· The inter-arrival time between two chunks can be gotten from chunk size divide by throttled data rate.

Characteristics of three types of traffic[8]
	
	VoIP
	Web browsing
	Gaming

	Data arrival rate
	low
	high
	middle

	Data size
	small
	big
	middle

	DRX configuration
	short DRX
	long DRX
	short DRX



Others
Background Activity Tasks [5]
Given the high flexibility of the NR network configuration, it would be impossible to take in account all possible network deployment scenarios. But for the purpose of the analysis, a fundamental number of tasks necessary for normal functioning of the system need to be taken in account. In the following, we propose to take in account the following tasks for the purpose of the C-DRX processing timeline analysis.
A.1	Synchronisation/Tracking
UE need to maintain synchronisation and track the channel properties. The synchronisation/tracking is performed using the SSB and the Tracking Reference Signal (TRS). Synchronisation/Tracking would need to be performed every DRX cycle in case of a long enough DRX cycle (DRX ≥40ms).
A.2	RRM Measurement
RRM measurement is required to support mobility and is based on the SMTC (SSB Measurement Timing Configuration). The requirement on the RRM measurement periodicity depends on a number of parameters [TS 38.133] such as the DRX length, the SMTC period, measurement gap,… For simplicity, we can assume that the RRM is performed every DRX.
A.3	CSI-RS Acquisition/Processing
CSI-RS need to be acquired and processed for the purpose of Beam Management (BM) and CSI reporting. Therefore, there should be in principle at least two CSI-RS sets used for each of the tasks of BM and CSI-reporting. For simplicity of the analysis we can assume that the CSI-RS configuration is periodic and transmitted every DRX.
A.4	BM/CSI reporting using PUCCH
Both the BM report and the CSI report are needed for maintaining a good connection between the gNodeB and the UE. The BM report is needed to optimize the beam usage and avoid beam/link failure, while the CSI report is required in order to avoid PDSCH/PDCCH decoding failures and improve network efficiency. In order to provide the Network with up-to-date BM and CSI information, both the CSI acquisition and the BM/CSI reporting are to be performed at the start of DRX OnDuration. Therefore we can assume that the BM/CSI-RS reporting is periodic and transmitted every DRX using the PUCCH.
A.5	SRS Transmission
Similar to the CSI-RS on the DL, in the UL the SRS is used to allow the network to measure the CSI, perform beam management on the UL and adapt the power control loop.  For the analysis, we can assume that the SRS configuration is periodic and transmitted every DRX.

Comparison between system level simulation and numerical analysis on UE power saving evaluation [6]
	Item
	System level simulation
	Numerical analysis
	Note

	[bookmark: _Hlk523472951]Traffic impact
	√
	[bookmark: OLE_LINK100]√
	Both SLS and numerical analysis can reflect the impact of the traffic arrival when traffic type and traffic packet size vary.

	Interference impact
	√
	[bookmark: OLE_LINK101][bookmark: OLE_LINK102]×
	Numerical analysis did not impact the interference from other transmission node because only single link is modeled.

	[bookmark: OLE_LINK103][bookmark: OLE_LINK104]Scheduler impact
	√
	×
	Scheduler will determine the transmission opportunity of the specific UE. Numerical analysis did not model gNB scheduling. 

	[bookmark: _Hlk523473164]Link adaptation
	√
	×
	[bookmark: OLE_LINK112][bookmark: OLE_LINK113]Numerical analysis is used fixed MCS and transmission scheme.

	Performance on UE power consumption
	√
	√
	

	Performance on latency
	√
	√
	Numerical analysis could be only reflected variable traffic on latency performance, but scheduling link quality and variable interference could not be reflected.

	System Throughput 
	√
	×
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