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Introduction
For this meeting, contributions in the below reference section contain discussion on evaluation results and some remaining issues in methodology for the UE power saving study item. In this summary, we capture the discussions on the remaining issues in evaluation methodology, and provide some comments and recommendation for actions to follow during the meeting. Evaluation results are captured along with power saving scheme discussion in the summaries for the other agenda items (7.2.9.2 and 7.2.9.3).

Power Model
Discussed on 1/24:
Section 2.5.4
Section 2.6

Discussed on 1/23:
Section 2.4:
BWP transition power level is agreed. See agreements in Chairman’s notes.

Section 2.7:
Clarification on power scaling and RRM power model is agreed. See agreements in Chairman’s notes.


Confirmation of FR2 power numbers
See agreements in Chairman’s notes.

CSI-RS processing
Existing agreement for CSI processing power is as follows:
	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.
	100



In [16], the following scaling for processing other configurations of CSI-RS is proposed:
The CSI-RS power consumption model for 2 symbol of CSI-RS configuration is 100, which is derived from 2 symbols of CSI-RS processing and 2 symbols of transition time not in the micro sleep and (240*(2+2) +10*45)/14. The generalized model for the CSI-RS configuration of 1, 2, 4 OFDM symbols would also assume that 2 additional OFDM symbols for transition and not going to micro sleep. The generic power consumption model for N-symbol CSI-RS configuration is (240*(N+2)+(12-N)*45)/14. 
CSI-RS power consumption model
	Case  type
	1OFDM symbol
	2OFDM symbols
	4OFDM symbols

	Power consumption per slot
	  87
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]100,

	129 



In [2], the following scaling for CSI-RS processing is proposed:

Where, ,   
 is the power units for CSI-RS with >=M symbols and >=N CSI-RS ports.  is the power units for CSI-RS with m symbols and n CSI-RS ports.

Recommendation: Discuss further. Identify power saving scheme which requires this modelling support.

Ramp-up/down for sleep transition
In [14], the need to further define the ramp-up / ramp-down details for sleep transition is discussed, and the following is proposed:
Transition energy and time for state transition between active state and sleep state. 
	Sleep type
	Transition energy
	Transition time

	
	Ramp up
	Ramp down
	Ramp up
	Ramp down

	Deep sleep
	380
	70
	16ms
	4ms

	Light sleep
	85
	15
	5ms
	1ms



Consensus is that there is no need to specify the split.

[bookmark: _Ref535884752]BWP and CA transition
In [12], it is proposed that microsleep power (i.e. 45 power units) is used also to model BWP transition power, because during BWP transition, RF is not transmitting nor receiving, which is similar to microsleep.
In [16], it is proposed BWP transition power level should be modeled as 50 power units.
In [1], it is proposed that the transition energy for BWP switching and CA activation/deactivation is modelled as
.
BWP transition power level is agreed. See agreement in Chairman’s notes.

Power scaling
PDCCH candidate reduction for cross-slot scheduling
In RAN1 #95, the following agreement was made:
· 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.

In [16], it is proposed that power scaling for PDCCH candidate reduction for cross-slot scheduling be defined as:
[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]P(α) = α ∙ Pcross-slot + (1 – α) ∙ 50
Where Pcross-slot = 70.

Recommendation: The following agreement is already made:
· 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

For cross-slot scheduling, microsleep starts right after the end of the last PDCCH symbol, so PDCCH candidate reduction generally does not impact microsleep, and the same power number as cross-slot scheduled PDCCH-only can be used.

Scaling for sleep state transition
In [14], it is proposed that the same power scaling agreed in last meeting can be used to scale energy consumption for state transition to-and-from sleep state.
Recommendation: Discuss further. Lower priority.

Power scaling for FR1+FR2 CA
Scaling for CA is agreed for up to 4 carriers for FR1 or FR2.
In [13], power scaling for FR1+FR2 CA is discussed and the following scaling is proposed.
Power scaling for CA (FR1+FR2)
	CA (FR1+FR2) 
	2CC (FR1+FR2) is 0.85 * (1CC for FR1 + 1CC for FR2)
4CC (N1 FR1 + N2 FR2) is 0.85 * (N1 * 1CC for FR1 + N2 *1CC for FR2) where N1 and N2 is the number of cells in FR1 and FR2, respectively.



Recommendation: Discuss further.

[bookmark: _Ref536002508]Power saving signal
In [16], the following is proposed:
For the evaluation purpose, the power consumption of power saving signal could be modeled by reusing the deep sleep power consumption model 1 unit/slot, or 0.1unit/slot, even less than 0.1unit/slot.

In [14], the following power assumption for PDCCH-based power saving signal is proposed:
Power saving signal power consumption assumption
	Receiver design
	Power saving signal
	Detection
approach
	BW
	Power consumption

	Independent wake-up radio
	PDCCH-based
	Time-domain correlation
	--
	0.1 unit

	
	
	Frequency domain decoding
	1MHz
	3 unit

	
	
	
	10 MHz
	9 unit

	
	
	
	20 MHz
	15 unit



In [13], the following power model for power saving signal is proposed:
Power model for PoSS
	PoSS structure
	Relative power
	Note

	Sequence-based
	55 – 70
	The minimum power 55 is obtained by adding 10 more power to the power for micro sleep (45). Depending on the configurations of the sequences, it can be scaled up to 70.

	PDCCH-based
	70 – 100
	Same as PDCCH-only state. Depending on the number of BDs, the power level can be varied from 70 to 100.

	PDSCH-based
	300
	Same as PDCCH+PDSCH state




In [12], it is proposed that PDCCH-WUS power consumption can be modelled as roughly 1/3 of PDCCH-only power for WUS and 1/3 of deep sleep transition overhead. More specifically:
· For PDCCH-WUS, the slot-averaged power can be assumed to be at most 30 units
· Deep sleep transition overhead for waking up for PDCCH-WUS, detecting nothing, and going back to deep sleep can be modeled as 1/3 of the baseline, i.e. 150 power units * msec. For the case UE detects PDCCH-WUS, the full baseline overhead should be assumed; BWP transition can be assumed to model the transition from the end of PDCCH-WUS to UE being ready to receive PDSCH.

CSI-RS-based WUS should follow similar power model assumption as PDCCH-WUS.

In [18], the following power model for WUS is proposed:
The power for detecting wake-up signal is assumed as 20 and a 3 slots gap between wake-up signal and the beginning of DRX On-duration was assumed.

[bookmark: _Hlk529622941]The following was agreed on 1/23:
Companies should state their assumptions for power modelling of power saving signal/channel reception in their evaluation results:
· The power level (slot-averaged) for power saving signal reception
· Also whether it is incremental to sleep power or not
· In the case power saving signal indicates no further activity, any reduction in the reference energy overhead for transition (when applicable, e.g. from/to deep/light sleep)
· Also any reduction in transition time (if assumed)
· In the case power saving signal indicates further activity, time gap from power saving signal to start of full functionality (e.g. DRX ON duration)
· The reference energy overhead for transition (when applicable) from deep/light sleep should be accounted for fully
· Any additional power for the time gap, e.g. microsleep power, or energy overhead










[bookmark: _Ref535884821]Mini-slot power modeling
During RAN1#95 there was extensive offline discussion on UE power modelling for same-slot scheduling of mini-slot transmission of PDSCH. One of the most promising modelling schemes discussed is the following scheme based on interpolation of two already defined power states.
The following scaling model is proposed for modelling the slot-averaged power as a function of the number of PDSCH symbols for two cases: (i) with PDCCH, (ii) without PDCCH, for FR1 only.
Case (i): with PDCCH:



Linear interpolation between above two endpoints:
P(x) = x∙300 + (1-x)∙Y
Where 
x = min((N+m),12)/12. 
N is the number of PDSCH symbols.
m is the overhead (in number of symbols) for transition into/out-of microsleep. m>=[2].
[70] < Y <= [100]. 
FFS: minimum value of N
Assume TDRA is configured such that UE can potentially go into lower power state during symbols not schedulable for PDSCH.

No consensus was reached last meeting. Several companies have concern about the overhead for microsleep for small gap, and the overall feasibility for employing microsleep to achieve power saving for such scenarios.

For the contributions submitted to AH1901, above scheme is discussed in [11] and the following parameter values are proposed: Y=90 and m=[1~3]
An alternate scheme is proposed in [6]: (2*240 +β*280 + γ*45)/14, with the following assumptions:
· The number of symbols for PDCCH decoding is assumed to be 2.  .
· β is the number of symbol for  PDSCH reception.
· γ is symbol the number of OFDM symbol for UE micro sleep and γ >7 (the gap is large enough to allow UE micro sleep.
· (2+β+ γ)=14

Recommendation: Continue discussion
Possible proposal	Comment by Qualcomm: Continue discussion
The following power consumption model for the slot-averaged power for a slot with N-symbol PDSCH aligned to the end of the slot and PDCCH at the beginning of the slot can be used for evaluation, for FR1 only:
P(x) = x∙300 + (1-x)∙Y
Where 
x = min((N+m),12)/12. 
N is the number of PDSCH symbols.
m is the overhead (in number of symbols) for transition into/out-of microsleep. m=4.
Y = 90. 
minimum value of N is 2
Assume TDRA is configured such that UE can potentially go into lower power state during the gap between PDCCH and PDSCH.

Continue discussion offline.

Case (ii): without PDCCH
	FFS
Recommendation: Define Case (i) first.

[bookmark: _Ref535884872]RRM power modelling
In [12], the following clarification is proposed:
· The scaling factors for BWP adaptation and number of antenna reduction are intended to be applicable to active power states except for the states corresponding to RRM.

Clarification on power scaling and RRM power model is agreed. See agreement in Chairman’s notes.

In [5], the following power model for partial cell search is proposed:
the following power consumption model for partial cell search is proposed:
P_FR1 = 90+60*N/1008 
P_FR2 = 210+60*N/1008
Where N is number of cells needs to be detected.


Traffic Modelling
Model Proposals
Web-browsing / interactive content-pull model
Web-browsing is a bursty traffic model that makes good use of the DRX inactivity timer. With FTP traffic model, DRX inactivity timer is not beneficial and not really needed, potentially leading to biased gain for some of the power saving proposals. To mitigate this effect, short inactivity timer setting should be used and Rel-15 DRX command (e.g. sent during DRX inactivity timer duration when queue is emptied) should be supported in the baseline.
[image: ]
	Parameter
	Statistical Characterization

	Main Object Size SM
	Truncated Lognormal Distribution
Mean=10710 Bytes, Standard Deviation=25032 Bytes, Minimum=100 Bytes, Maximum=2 Mbytes (Before Truncation)


PDF:  , 

	Embedded Object Size SE
	Truncated Lognormal Distribution
Mean=7758 Bytes, Standard Deviation=126168 Bytes, Minimum=50 Bytes, Maximum=2 Mbytes (Before Truncation)


PDF:  , 

	Number of Embedded Objects per Page =ND
	Truncated Pareto Distribution
Mean=5.64, Maximum=53 (Before Truncation)



PDF:  , , 
Note: Subtract k from the generated random value to obtain ND

	Reading Time D
	Exponential Distribution
Mean=30 seconds (updated to 4 seconds for our evaluation)


PDF: , 

	Parsing Time TP
	Exponential Distribution
Mean=0.13 seconds


PDF: , 



In [12], the following is proposed:
For the recommended web-browsing traffic model based on R1-070674, the reading time parameter should be adjusted.
It is further discussed that the reading time of 4 sec is used in the evaluation.

In addition, the following should be discussed:
Mean parsing time is 130 msec. But the reference is from more than ten years ago. Parsing time consists of the time taken by the CPU to parse the main page for links to the embedded objects. Given 10 years of Moore’s law it would be reasonable to assume the parsing time can be reduced, e.g. to 65 msec.
After the main page is parsed, embedded objects can be requested together, it would be acceptable to assume zero time gap in between embedded objects transmission.

Recommendation: Discuss and confirm web-browsing traffic model parameter values.

Evaluation
Discussed on 1/24:
Section 4.1

Discussed on 1/23:
Section 4.4:
Remove the square brackets in the below table in TR 38.840. 
Agreed. See Chairman’s notes.

Discussed the proposal to add short DRX in the reference DRX configuration, this requires changing an agreement made in RAN1#94bis. Unless there is a strong reason we do not want to change earlier agreement.

[bookmark: _Ref536001418]Periodic activities
In [14], it is proposed that assumption on the sync condition in deep sleep state should be clarified.
In [3], the following proposal is made:
· Support of periodic activity such as periodic beam acquisition/reporting is necessary in order not to degrade system reliability

The periodic activites are further elaborated as:
These activities include CSI-RS acquisition, beam management reporting using PUCCH, CSI reporting using PUCCH, and Periodic SRS transmission. These periodic background activities are required for several functionalities that guarantee reliable connection between the gNodeB and the UE, such as control link maintenance by the gNodeB, CSI acquisition by the gNodeB, beam management, and power control loop.
In [17], the following rule is proposed:
Periodic CSI-RS acquisition and PUCCH reporting are still maintained for beam management with
Period = max(DRX, 160ms)
This is not cancelled even if power saving signal cancels PDCCH monitoring for an DRX ON duration.

Possible proposal:
· For evaluation purpose, it is assumed that a periodicity of max(DRX cycle, [160 msec]) is the baseline for periodic activities, e.g. time/frequency, channel or beam tracking (if applicable)
· Other periodicity values are not precluded – companies to report if other values are assumed
· Companies to report detailed assumptions, e.g. the resources used, the relative timing relationship between DRX cycle and periodic activity, whether and how UL reporting is done, etc.


DoU power metric
In [12], the following is proposed:
· Time weights can be assigned to the applications based on real-life typical usage. The weighted-average of DoU power contribution across the applications is the overall DoU power for the UE.
· Overall DoU power has a direct relationship to UE battery life and can be considered as a comprehensive evaluation metric for power saving gain.

RRM
In [10], the following proposals are discussed:
· It is necessary to investigate the negative impact of RRM measurement relaxation (e.g. reduction of measured cell and/or SSB slots) together with UE power consumption reduction.
· For evaluation UE power consumption reduction in RRM measurement, UEs in motion are modelled. UE dropping and mobility modelling in TR37.885 is considered as a baseline.


[bookmark: _Ref535885187]DRX assumptions
In TR 38.840, the following DRX configurations 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



Confirm the inactivity timer number for FTP model 3 and remove the square brackets.  Please see agreement in Chairman’s notes.


In [15], analysis based on the calibration assumptions with some modifications shows that short DRX results in lower UE energy consumption and similar latency when combined with longer DRX cycles (>100 ms) as compared to using only long DRX cycles. Hence, the following is proposed:
RAN1 should include short DRX in benchmark evaluations. Short DRX cycles of 5, 10 and 20ms could be considered.

In Nokia’s contribution for RAN1#95, it was proposed to define the group paging rate (for PO) as 20%. If desired some other value could be evaluated in addition.


In [8], DRX configurations for new traffic models such as Gaming, Web browsing and Video streaming, are used:
					  DRX configurations for Gaming, Web browsing and Video streaming
	Traffic model
	DRX cycle, ms
	On duration, ms
	Inactivity timer, ms

	Gaming
	40
	4
	10

	Web browsing
	320
	10
	80

	Video streaming
	40
	4
	10



In [2], the same DRX configuration for gaming as above is used.

The following agreement were made in #95:
· 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

For discussion:
For evaluation, the following DRX configuration is recommended to be used with web-browsing, gaming, and video streaming traffic models:
	Traffic model
	DRX cycle, ms
	Inactivity timer, ms

	Gaming
	40
	10

	Web browsing
	320
	200

	Video streaming
	40
	10




In TR 38.840, the following C-DRX configurations are included as reference:
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

Discussed during online and consensus is not to mandate short-DRX for reference DRX configuration, but companies are encouraged to model short-DRX in their baseline if the proposal being evaluated is highly relevant to short-DRX (e.g. go-to-sleep / PDCCH-skipping schemes).

UE Power Metric
In [17], the following UE energy efficiency metric based on the agreed UE power consumption model is proposed:
Define UE energy efficiency by weighted average over the component metric:


Note that optimization of UE energy efficiency is to improve user experience with NR UEs.

Simulation Assumptions

[12] has the following proposal:
Baseline assumption is to run system-level simulation without DRX. In the case DRX needs to be modelled, simplifications in the DRX configuration such as aligning DRX cycles across users can be considered. The DRX cycle’s offset to other periodic signals (e.g. SSB) can be randomized over multiple runs to avoid biasing effects.

Evaluation Results
Evaluation results submitted to 7.2.9.1 are captured in respective summaries in 7.2.9.2 and 7.2.9.3 along with discussion of the power saving schemes.
Result Reporting
The following was agreed on 1/23:
Evaluation results (including power saving gain, UPT/latency, overhead, etc) may be categorized to facilitate alignment across companies according to the following configurations / assumptions:
· FR1, FR2
· DRX configuration 
· (if enabled) DRX cycle, ON duration, inactivity timer
· Any adjustments to recommended DRX configuration
· Traffic model
· Evaluation method: SLS, numerical simulation, numerical analysis
· In case of SLS, any other traffic load assumptions, e.g. number of UEs
· For simulation approach, any additional simulation assumptions
· UE SINR assumption
· Average, and/or 95/50/5 percentile
· High, medium, low SINR and/or physical layer throughput
· Whether and how UL is modelled
· Periodic activity modelling assumptions
· Including synchronization/channel tracking, beam management
· Power saving signal/channel power model assumption (if applicable)

Conclusion:
In addition to reporting the power saving gain as a percentage, companies are encouraged to report how the gain is calculated, at least including the absolute average power for the proposed scheme and the absolute average power for the baseline. This may facilitate adjustment of results for alignment across different companies. 
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