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Introduction
The contribution discusses remaining issue on evaluation methodology for UE power saving, such as power model for power saving signal.
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Power model for power saving signal
It was agreed in RAN1 Ad Hoc that power model on power saving signal should be stated for each evaluation [1]. 
	Agreements:
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


The principle of above agreements can be illustrated in the following figure.

(1) Power saving signal is not configured (reference)


(2) Power saving signal is configured, but there is no grant



(3) Power saving signal is configured, and there is a grant
Figure 1: Illustration of power model of power saving signal
We use the following variables to denote the values in the agreements:
· P0: The power level (slot-averaged) for power saving signal reception.
· T1: The reduction in transition time, in the case power saving signal indicates NO further activity.
· P1: The reduction in the reference energy overhead for transition, in the case power saving signal indicates NO further activity.
· In our understanding, power assumption of re-sync procedure based on SSB/CSI-RS or additional RS is already absorbed in the reference energy overhead for transition (i.e. 450 units for deep sleep, 100 unit for light sleep). More specifically, in some cases, as a periodic activity UE needs to process SSB/CSI-RS before DRX-ON, and in some other cases, UE needs to process additional RS if triggered by power saving signal. So, re-sync procedure based on SSB/CSI-RS or additional RS seems just a step of transition, and it may not be accounted when the reference energy overhead for transition has been accounted.
· T2: Time gap from the beginning of transition (to active time) to start of full functionality (e.g. DRX ON duration), in the case power saving signal indicates further activity.
· In our understanding, “time gap from power saving signal to start of full functionality” in the agreement may not be accurate, since in some schemes, UE should transit to active time state before receiving power saving signal, and the transition should also be accounted in T2.
· P2: Additional energy for the time gap, in the case power saving signal indicates further activity.
· P0 is not accounted into P2.
· When additional RS is used or CSI-RS is used as power saving signal, energy of processing additional RS or CSI-RS for re-sync may not be accounted into P2 as additional energy, since in the other schemes, UE will use the last SSB/CSI-RS before DRX-ON for re-sync (i.e. periodic activity).
Proposal 1: Re-sync procedure based on SSB/CSI-RS or additional RS seems just a step of transition, and it may not be accounted when the reference energy overhead for transition has been accounted.
Proposal 2: Companies should state their assumptions on time gap from the beginning of transition (to active time) to start of full functionality (e.g. DRX ON duration), instead of time gap from power saving signal to start of full functionality, in the case power saving signal indicates further activity.
The variables above can be illustrated in the following figure. 
· We note power saving scheme without optimization as power saving scheme with MAC-CE, L1 channel and DMRS as WUS, in which the receiver should be completely open for detecting the wakeup signal. 
· We note power saving scheme with optimization as power saving scheme with CSI-RS type RS, SSS-like RS, NB-IoT-WUS-like RS, new waveform signal as WUS, in which the receiver may not be completely open for detecting the wakeup signal.

(1) Power saving scheme without optimization, in the case wakeup signal indicates NO further activity

 (2) Power saving scheme without optimization, in the case wakeup signal indicates further activity

(3) Power saving scheme with optimization, in the case wakeup signal indicates NO further activity

 (4) Power saving scheme with optimization, in the case wakeup signal indicates further activity
Figure 2: Illustration of P0, T1, P1, T2 and P2 
Here, we only discuss power saving signal for wakeup purpose, i.e. WUS, because power saving signal for go-to-sleep purpose, i.e. GTS signaling, may be scheduling DCI and its power consumption can be absorbed into PDCCH monitoring.

Power saving scheme without optimization
The power model for power saving scheme without optimization is shown in the following table.
Table 1: The power model for power saving scheme without optimization
	Power State
	Characteristics
	Relative Power 

	power saving scheme without optimization
	P0
	MAC-CE: Similar to power model of “PDCCH + PDSCH”.
GC-PDCCH: BD/CCE may be reduced due to fixed AL and not mixed with other DCI format
Scheduling PDCCH: similar to power model of “PDCCH-only”
Dedicated PDCCH: BD/CCE may be reduced due to fixed AL and not mixed with other DCI format
DMRS: Frequency domain operation. Higher than power of micro sleep state
	MAC-CE: 300 (units)
GC-PDCCH: 70 (units)
Scheduling PDCCH: 100 (units)
Dedicated PDCCH: 70 (units)
DMRS: 60 (units)

	
	T1, P1
	UE has fully woken up before detecting the power saving signal, so T1 is 0 ms.
	0

	
	T2, P2
	Slots number of micro sleep between the end of transition and the beginning of DRX-ON needs to be modeled, it can be denoted as N_gap.
	From/to deep sleep: 450+40*N_gap
From/to deep sleep: 100+40*N_gap



Power saving scheme with optimization
In our understanding, if CSI-RS is used as power saving signal, due to its non-contiguous in frequency domain, whether UE can detect it without opening the receiver completely is questionable. Here we just assume that UE can open partial receiver to detect CSI-RS. If CSI-RS is used as power saving signal, processing CSI-RS may be divided into two parts, i.e. detection part and tracking part, so CSI-RS may play role of additional RS.
Observation 1: Whether UE can detect CSI-RS without opening the receiver completely needs further study.
The power model for power saving scheme with optimization is shown in the following table.	
Table 2: The power model for power saving scheme with optimization
	Power State
	Characteristics
	Relative Power 

	power saving scheme with optimization
	P0
	CSI-RS type RS: Frequency domain operation. Higher than power of micro sleep state
SSS-like RS or NB-IoT-WUS-like RS: Time domain operation. Slightly higher than power of micro sleep state
New waveform signal: Separate receiver
	CSI-RS type RS: 60 (units)
SSS-like RS or NB-IoT-WUS-like RS: 45 (units)
New waveform signal: 1 (units)*

	
	T1, P1
	CSI-RS type RS or SSS-like RS or NB-IoT-WUS-like RS: 2/3*20=14 ms for from/to deep sleep, and 2/3*6=4 ms for from to light sleep
	2/3*450=300 units for from/to deep sleep, and 2/3*100=67 units for from to light sleep**

	
	
	New waveform signal: 20 ms for from/to deep sleep, and 6 ms for from/to light sleep
	450 units for from/to deep sleep, and 100 units for from to light sleep

	
	T2, P2
	Slots number of micro sleep between the end of transition and the beginning of DRX-ON needs to be modeled, it can be denoted as N_gap.
	From/to deep sleep: 450+40*N_gap
From/to deep sleep: 100+40*N_gap


* Note: Refer to [2] [3].
** Note: 1/3 of transition power is used [4], in the case power saving signal indicates NO further activity.
We have the following proposal.
Proposal 3: Consider Table 1/2 as the power model of WUS. 

[bookmark: _GoBack]Numerical evaluation for power saving signal
Assumptions:
· Scenario: UE adaptation to DRX operation.
· In the case wakeup signal indicates NO further activity = in the case “empty DRX-ON”
· In the case wakeup signal indicates further activity = in the case “non-empty DRX-ON”
· UE behavior within DRX in the case “non-empty DRX-ON” is the same for different schemes, i.e. assuming that PDCCH+PDSCH is applied in each slot.
· Processing time of different power saving scheme is 1 slot.
· Inactivity timer is not assumed for simplicity.
The model of the simple numerical evaluation for different schemes is shown as follows:
Table 3: The model of the simple numerical evaluation for different schemes
	
	Power consumption for “empty DRX-ON”
	Power consumption for “non-empty DRX-ON”
	Power consumption for deep/light sleep in the case “empty DRX-ON”
	Power consumption for deep/light sleep in the case “non-empty DRX-ON”

	Reference (power saving signal is not configured)
	(K+45*N_gap+100*N_drxon)*a1
	(K+45*N_gap+300*N_drxon)*a2
	Q*(N_cycle-N_drxon–N_gap-N_trans)*a1
	Q*(N_cycle-N_drxon–N_gap-N_trans)*a2

	Power saving schemes without optimization
	(P0*1+K+45*N_gap)*a1
	(P0*1+K+45*N_gap+300*N_drxon)*a2
	Q*(N_cycle–N_gap-N_trans)*a1
	Q*(N_cycle-N_drxon–N_gap-N_trans)*a2

	Power saving schemes with optimization
	(P0*1+K-P1)*a1, where no micro sleep assumed
	(P0*1+K+45*N_gap+300*N_drxon)*a2
	Q*(N_cycle-N_trans+N_T1)*a1
	Q*(N_cycle-N_drxon–N_gap-N_trans)*a2


where K is transition power (i.e. 450 units*ms for deep sleep, 100 units*ms for light sleep), N_gap is micro sleep after transition completed before DRX-ON in slot, N_cycle is DRX cycle in slot, N_slot is total slot number, N_drxon is DRX-ON in slot, Q is power of deep/light sleep (i.e. 1 unit for deep sleep, 20 units for light sleep), N_trans is transition time in slot. Further, a1=a*N_slot/N_cycle, a2=(1-a)*N_slot/N_cycle, a is probability of “empty DRX-ON”.

(1) Power saving scheme without optimization, in the case wakeup signal indicates NO further activity

(2) Power saving scheme without optimization, in the case wakeup signal indicates further activity

(3) Power saving scheme with optimization, in the case wakeup signal indicates NO further activity

 (4) Power saving scheme with optimization, in the case wakeup signal indicates further activity
Figure 3: Illustration of the model of the simple numerical evaluation 
The simple numerical evaluation results for different schemes is shown as follows.
Table 4: The simple numerical evaluation results for FTP traffic for different schemes 
	
	Power consumption for “empty DRX-ON”
	Power consumption for “non-empty DRX-ON”
	Power consumption for deep/light sleep in the case “empty DRX-ON”
	Power consumption for deep/light sleep in the case “non-empty DRX-ON”
	Total power consumption

	Reference
	(K+45*N_gap+100*N_drxon)*a1
(450+45*40+100*8)*5=15250
	(K+45*N_gap+300*N_drxon)*a2
(450+45*40+300*8)*5=23250
	Q*(N_cycle-N_drxon–N_gap-N_trans)*a1
1*(160-8-40-20)*5=460
	Q*(N_cycle-N_drxon–N_gap-N_trans)*a2
1*(160-8-40-20)*5=460
	39420

	Power saving schemes without optimization 
	(P0*1+K+45*N_gap)*a1
MAC-CE: (300+450+45*40)*5=12750
L1 channel:
(100+450+45*40)*5=11750
DMRS:
(60+450+45*40)*5=11550
	(P0*1+K+45*N_gap+300*N_drxon)*a2
MAC-CE: (300+450+45*40+300*8)*5=24750
L1 channel: (100+450+45*40+300*8)*5=23750
DMRS: (60+450+45*40+300*8)*5=23550
	Q*(N_cycle–N_gap-N_trans)*a1
1*(160-40-20)*5=500
	Q*(N_cycle-N_drxon–N_gap-N_trans)*a2
1*(160-8-40-20)*5=460
	MAC-CE:
38460 (gain=2.4%)
L1 channel:
36460 (gain=7.5%)
DMRS:
36060 (gain=8.5%)

	Power saving schemes with optimization
	(P0*1+K-P1)*a1
CSI-RS type RS:
(60+450-300)*5=1050
SSS-like RS or NB-IoT-WUS-like RS:
(45+450-300)*5=975
New waveform signal:
(1+450-450)*5=5
	(P0*1+K+45*N_gap+300*N_drxon)*a2
CSI-RS type RS:
(60+450+45*20+300*8)*5=19050
SSS-like RS or NB-IoT-WUS-like RS:
(45+450+45*20+300*8)*5=18975
New waveform signal:
(1+450+45*20+300*8)*5=18755
	Q*(N_cycle-N_trans+N_T1)*a1
CSI-RS type RS:
1*(160-20+14)*5=770
SSS-like RS or NB-IoT-WUS-like RS:
1*(160-20+14)*5=770
New waveform signal:
1*(160-20+20)*5=800
	Q*(N_cycle-N_drxon–N_gap-N_trans)*a2
1*(160-8-20-20)*5=560

	CSI-RS type RS:
21430 (gain=45.6%)
SSS-like RS or NB-IoT-WUS-like RS:
21280 (gain=46.0%)
New waveform signal:
20120 (gain=49.0%)


	Parameters
	FTP traffic, 15kHz SCS, N_cycle=160, N_drxon=8, N_slot=1600, from/to deep sleep, K=450, N_gap=40 for MAC-CE/L1 channel/DMRS, N_gap=20 for CSI-RS type RS/SSS-like RS/NB-IoT-WUS-like RS/new waveform signal, N_T1=14 for CSI-RS type RS/SSS-like RS/NB-IoT-WUS-like RS, N_T1=20 for new waveform signal, Q=1, N_trans=20, a=0.5, a1=0.5*1600/160=5, a1=0.5*1600/160=5


Table 5: The simple numerical evaluation results for instant messaging for different schemes 
	
	Total power consumption

	Reference
	22500

	Power saving schemes without optimization 
	MAC-CE:
21525 (gain=4.3%)
L1 channel:
20525 (gain=8.8%)
DMRS:
20325 (gain=9.7%)

	Power saving schemes with optimization
	CSI-RS type RS:
13010 (gain=42.2%)
SSS-like RS or NB-IoT-WUS-like RS:
12935 (gain=42.5%)
New waveform signal:
12355 (gain=45.1%)

	Parameters
	Instant messaging, 15kHz SCS, N_cycle=320, N_drxon=10, N_slot=1600, from/to deep sleep, K=450, N_gap=40 for MAC-CE/L1 channel/DMRS, N_gap=20 for CSI-RS type RS/SSS-like RS/NB-IoT-WUS-like RS/new waveform signal, N_T1=14 for CSI-RS type RS/SSS-like RS/NB-IoT-WUS-like RS, N_T1=20 for new waveform signal, Q=1, N_trans=20, a=0.5, a1= a1=0.5*1600/320=2.5, a2=0.5*1600/320=2.5


Table 6: The simple numerical evaluation results for VoIP for different schemes 
	
	Total power consumption

	Reference
	80000

	Power saving schemes without optimization 
	MAC-CE:
85600 (gain=-7.0%)
L1 channel:
77600 (gain=3.0%)
DMRS:
76000 (gain=5.0%)

	Power saving schemes with optimization
	CSI-RS type RS:
56600 (gain=29.3%)
SSS-like RS or NB-IoT-WUS-like RS:
56000 (gain=30.0%)
New waveform signal:
52040 (gain=35.0%)

	Parameters
	VoIP, 15kHz SCS, N_cycle=40, N_drxon=4, N_slot=1600, from/to llight sleep, K=100, N_gap=20 for MAC-CE/L1 channel/DMRS, N_gap=10 for CSI-RS type RS/SSS-like RS/NB-IoT-WUS-like RS/new waveform signal, N_T1=4 for CSI-RS type RS/SSS-like RS/NB-IoT-WUS-like RS, N_T1=6 for new waveform signal, Q=20, N_trans=6, a=0.5, a1=0.5*1600/40=20, a2=0.5*1600/40=20



It can be observed that:
· For all schemes, power saving gain mainly comes from the case “empty DRX-ON”.
· For power saving schemes without optimization, due to large value of P0 and small value of P1 and large value to T2 (large value of N_gap), power saving gain is small.
· For power saving schemes with optimization, due to small value of P0 and large value of P1 and small value of T2 (small value of N_gap), power saving gain is large. P1 and T2 contributes a large portion of gain.
Proposal 4: In design of power saving signal, strive to 
· reduce the power level (slot-averaged) for power saving signal reception, i.e. P0, and
· enlarge the reduction in the reference energy overhead for transition, in the case power saving signal indicates NO further activity, i.e. P1, and 
· reduce time gap from the beginning of transition (to active time) to start of full functionality (e.g. DRX ON duration), in the case power saving signal indicates further activity, i.e. T2.

Conclusion
As conclusions, we have the following proposals.
Proposal 1: Re-sync procedure based on SSB/CSI-RS or additional RS seems just a step of transition, and it may not be accounted when the reference energy overhead for transition has been accounted.
Proposal 2: Companies should state their assumptions on time gap from the beginning of transition (to active time) to start of full functionality (e.g. DRX ON duration), instead of time gap from power saving signal to start of full functionality, in the case power saving signal indicates further activity.
Proposal 3: Consider Table 1/2 as the power model of WUS. 
Proposal 4: In design of power saving signal, strive to 
· reduce the power level (slot-averaged) for power saving signal reception, i.e. P0, and
· enlarge the reduction in the reference energy overhead for transition, in the case power saving signal indicates NO further activity, i.e. P1, and 
· reduce time gap from the beginning of transition (to active time) to start of full functionality (e.g. DRX ON duration), in the case power saving signal indicates further activity, i.e. T2.

Reference
[1] [bookmark: _Ref498525609]	3GPP RAN1, “Chairman’s notes of RAN1 Ad Hoc 1901”, Jan. 21st – 25th, 2019.
[2] R1-1900343, “Evaluation results of UE Power Saving Schemes”, CATT, RAN1 AH 1901, Jan. 21st – 25th, 2019.
[3] R1-1901165, “Evaluations and modeling of UE power consumption”, Ericsson, RAN1 AH 1901, Jan. 21st – 25th, 2019.
[4] R1-1900910, “Evaluation Methodology and Results for UE Power Saving”, QC, RAN1 AH 1901, Jan. 21st – 25th, 2019.
oleObject1.bin
Text


On duration


….


On duration


DRX cycle


No DL grant


……..


….



image2.emf
On 

duration

DRX cycle

Optimized WUS:

No DL grant

Pre-

wakeup 

gap

……..

……..


oleObject2.bin
Text


On duration


DRX cycle


Optimized WUS:
No DL grant


Pre-wakeup gap


……..


……..



image3.emf
1 instance of 

DL grant

WUS detected

……..

Inactivity 

timer

On 

duration

……..


oleObject3.bin
Text


1 instance of 
DL grant


WUS detected


……..


Inactivity timer


On duration


……..



image4.emf
PDCCH-only

WUS Rx

Deep/Light sleep

PDCCH+PDSCH

Microsleep sleep

Sleep transition overhead


oleObject4.bin
Sleep transition overhead


PDCCH-only


WUS Rx


Deep/Light sleep


PDCCH+PDSCH


Microsleep sleep



image5.emf
MAC-CE or 

PDCCH or 

DMRS

Time

Power

DRX-ON

SSB or 

P-TRS

Trans

Re-sync

P1=0 P0

Micro sleep

Deep sleep or light sleep

T1=0


oleObject5.bin
Trans


MAC-CE or PDCCH or DMRS


Time


Power


Deep sleep or light sleep


DRX-ON


SSB or P-TRS


Re-sync


P1=0


T1=0


P0


Micro sleep



image6.emf
PDCCH + 

PDSCH

Time

Power

DRX-ON

SSB or 

P-TRS

Micro sleep

Trans

Re-sync

T2

P2

Deep sleep or light sleep

N_gap


oleObject6.bin
Trans


PDCCH + PDSCH


Time


Power


Deep sleep or light sleep


DRX-ON


SSB or P-TRS


Micro sleep


Re-sync


T2


P2


N_gap



image7.emf
Time

Power

DRX-ON

Re-sync

wakeup signal

Trans

P0

P1

T1

Deep sleep or light sleep


oleObject7.bin
Time


Power


DRX-ON


Re-sync


wakeup signal


Trans


P0


P1


T1


Deep sleep or light sleep



image8.emf
PDCCH+

PDSCH

Time

Power

DRX-ON

Additional RS

Micro 

sleep

Re-sync

wakeup signal

Trans

P0

P2

T2

Deep sleep or light sleep

N_gap


oleObject8.bin
T2


PDCCH+PDSCH


Time


Power


Deep sleep or light sleep


DRX-ON


Additional RS


Micro sleep


Re-sync


wakeup signal


Trans


P0


P2


N_gap



image9.emf
PDCCH

Time

Power

N_drxon

SSB or 

P-TRS

45*N_gap

N_trans

Re-sync

K P0*1

N_gap

Q*(N_cycle–N_gap-N_trans)

N_cycle–N_gap-N_trans


oleObject9.bin
N_trans


PDCCH


Time


Power


N_cycle–N_gap-N_trans


N_drxon


SSB or P-TRS


45*N_gap


Re-sync


K


P0*1


N_gap


Q*(N_cycle–N_gap-N_trans)



image10.emf
PDCCH + 

PDSCH

Time

Power

N_drxon

SSB or 

P-TRS

N_gap

N_trans

Re-sync

45*N_gap

K

Q*(N_cycle-N_drxon–N_gap-N_trans) P0*1+300*N_drxon

N_cycle-N_drxon–N_gap-N_trans


oleObject10.bin
N_trans


PDCCH + PDSCH


Time


Power


N_cycle-N_drxon–N_gap-N_trans


N_drxon


SSB or P-TRS


N_gap


Q*(N_cycle-N_drxon–N_gap-N_trans)


Re-sync


45*N_gap


K


P0*1+300*N_drxon



image11.emf
Time

Power

N_drxon

Re-sync

wakeup signal

Trans

P0*1 K-P1 Q*(N_cycle-N_trans+N_T1)

N_trans-

N_T1

N_cycle-N_trans+N_T1


oleObject11.bin
Time


Power


N_drxon


Re-sync


wakeup signal


Trans


P0*1


K-P1


Q*(N_cycle-N_trans+N_T1)


N_trans-N_T1


N_cycle-N_trans+N_T1



image12.emf
PDCCH+

PDSCH

Time

Power

N_drxon

Additional RS

N_gap

Re-sync

wakeup signal

Trans

300*N_drxon

P0*1

45*N_gap

K

Q*(N_cycle-N_drxon–N_gap-N_trans)

N_cycle-N_drxon–N_gap-N_trans


oleObject12.bin
K


Q*(N_cycle-N_drxon–N_gap-N_trans)


PDCCH+PDSCH


Time


Power


N_cycle-N_drxon–N_gap-N_trans


N_drxon


Additional RS


N_gap


Re-sync


wakeup signal


Trans


300*N_drxon


P0*1


45*N_gap



image1.emf
On 

duration

DRX cycle

No DL grant

……..

….

On 

duration

….


