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Introduction
In RAN1#94bis, agreement was reached on the main elements of a power model for an NR UE operating in the FR1 region of the spectrum [1]. Some aspects of the model require further study, but there is already sufficient detail in the agreement to begin modelling of some simple scenarios. The model parameters for the reference configuration are summarised in Table 1 below
	Reference Configuration
	Power State
	Characteristics
	Relative Power 

	Downlink: TDD, FR1, 30 kHz SCS,  1CC, 100 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 56, 36 PDCCH blind decoding, PDSCH of max data rate with 256QAM 4x4 MIMO, #RB for TRS = 52, 4RX, Capability 1
Uplink: TDD, FR1, 30 kHz SCS, 1CC, 100MHz BW, 1TX, 2 power levels 0dBm and 23dBm
Power values are averaged over the operations within a slot.
	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. 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

	
	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. FFS the power scaling for PDSCH-only slot.
	300 

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



	Sleep type
	Additional transition energy:
(Relative power x 1 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


[bookmark: _Ref528660892][bookmark: _Ref528660841]Table 1 - Power model agreements from RAN1 #94bis

Additional agreements were reached on power scaling for configurations other than the reference configuration. These are summarised in Table 2







	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
	


[bookmark: _Ref528660992]Table 2 - Power scaling agreements from RAN#1 94bis
In a subsequent e-mail discussion [2], further consensus was reached on power model parameters for RRM measurement.
	N: Number of cells for intra-frequency measurement
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	150
	FFS
	170
	FFS

	N=4
	120
	FFS
	140
	FFS


Table 3 - RRM measurement power parameters
In sections 2 and 3 of this document we have applied the agreed model to estimate the power consumption of idle and DRX cycles when the bandwidth, antenna configuration and PDCCH-PDSCH scheduling delay (k0) are varied. By examining the relative energy contributions of different components to the average power consumption it is possible to prioritise different power saving measures in terms of their effectiveness in different cycles, and this leads to recommendations on how these cycles can be configured to give good UE power consumption while avoiding unnecessary constraints on network flexibility.
The agreed model uses slot-based averaging for its power parameters, but some of the scaling items currently marked for further study in the model can be resolved using symbol based analysis. In section 4 we present a simple symbol-based model that may provide a basis for further agreement in some of these areas.
In section 5, remaining issue for evaluation methods and simulation assumptions are addressed. Finally. Section 6 wraps up the observations and proposals of this contribution.
Idle mode power modelling
The reference configuration for this idle mode analysis is a UE performing intra-frequency neighbour measurements every DRX cycle based on the SS burst. Inter-frequency measurements are not performed, and SSBs in all cells are frequency-aligned.
SS bursts occur in each cell at intervals of 20ms, and cells may be synchronised or unsynchronised. If they are synchronised a measurement window of 5ms will capture all bursts, but if they are unsynchronised the measurement window is extended to 20ms.
The offset between a paging occasion and the preceding SS burst is randomly distributed between 0 and 20ms. The case where PO and measurement window overlap in a slot is not dealt with in the currently agreed model, but this scenario would result in a shorter wakeup duration and is therefore expected to give lower power consumption than the analysis presented here.
20ms
SSB
SSB
SSB
SleepSB
PO
UE active duration

[bookmark: _Ref528159632]Figure 1- Idle wakeup with synchronised cells
Figure 1 illustrates the active portion of the UE idle cycle for the case where the cells are synchronised. After the SS burst processing has completed the UE will enter light sleep or microsleep until the paging occasion. For this analysis we have used a “typical” case of a 10ms light sleep period between the end of the SSB and the start of the paging occasion. The PO reception period is assumed to occupy 1ms (2 slots).
Calculation of model power for synchronised cells follows Table 4 below, using the example of a 100MHz bandwidth with 4x4 downlink MIMO and a 1280ms paging cycle. The energy for each component of the cycle is calculated, and the total energy is divided by the cycle duration to give the average power.
In this example the sleep and transitional costs (fixed) account for 70% of total power consumption. The remaining 30% comes from the scalable costs (measurement and paging), and for these components changes in configuration can produce savings.

	Power state
	Power
	Duration (ms)
	Energy
	Scaling

	Deep sleep
	1
	1280
	1280
	Fixed

	Deep sleep transition
	
	
	450
	Fixed

	Measurement (RRM Sync)
	150
	5
	750
	With BW, #Rx

	Paging (PDCCH-only)
	100
	1
	100
	With BW, #Rx and cross-slot

	Light sleep
	20
	10
	200
	Fixed

	Light sleep transition
	
	
	100
	Fixed

	Total
	
	
	2880
	

	Average
	2.25
	
	
	


[bookmark: _Ref528160966]Table 4 – Calculation of average idle mode power with synchronised cells
If the cells are not synchronised, the measurement duration increases to 20ms, but the measurement window can be located immediately before the paging occasion which eliminates the period of light sleep from the active duration, as illustrated in Figure 2
20ms
SSB
SSB
SSB
Measurement window
PO
UE active duration
20ms

[bookmark: _Ref528163311]Figure 2 - Idle wakeup with unsynchronised cells
Calculation for the unsynchronised case follows Table 5 below. Power consumption increases by almost 50% over the synchronised case, but the fixed costs now account for only 33% of the total, leaving greater opportunities for scaling savings in the measurement and paging costs.
	Power state
	Power
	Duration (ms)
	Energy
	Scaling

	Deep sleep
	1
	1280
	1280
	Fixed

	Deep sleep transition
	
	
	450
	Fixed

	Measurement (RRM Async)
	170
	20
	3400
	With BW, #Rx

	Paging (PDCCH-only)
	100
	1
	100
	With BW, #Rx and cross-slot

	Total
	
	
	5230
	

	Average
	4.09
	
	
	


[bookmark: _Ref528163564]Table 5 - Calculation of average idle mode power with unsynchronised cells
Table 6 below lists the average UE power from this simple model against bandwidth for 4 DRX cycles (320ms, 640ms, 1280ms, 2560ms) using synchronised and unsynchronised cells, and with 2 or 4 antennas active in the downlink. The results are plotted graphically in Figure 3.
	DRX
	Config
	100MHz
	80MHz
	40MHz
	20MHz
	10MHz

	320ms
	Async 4Rx
	13.34
	11.70
	8.42
	6.78
	5.96

	
	Async 2Rx
	10.06
	8.91
	6.62
	5.47
	4.89

	
	Sync 4Rx
	6.00
	5.60
	4.80
	4.41
	4.21

	
	Sync 2Rx
	5.20
	4.92
	4.37
	4.09
	3.95

	640ms
	Async 4Rx
	7.17
	6.35
	4.71
	3.89
	3.48

	
	Async 2Rx
	5.53
	4.96
	3.81
	3.23
	2.95

	
	Sync 4Rx
	3.50
	3.30
	2.90
	2.70
	2.60

	
	Sync 2Rx
	3.10
	2.96
	2.68
	2.54
	2.47

	1280ms
	Async 4Rx
	4.09
	3.68
	2.86
	2.45
	2.24

	
	Async 2Rx
	3.27
	2.98
	2.40
	2.12
	1.97

	
	Sync 4Rx
	2.25
	2.15
	1.95
	1.85
	1.80

	
	Sync 2Rx
	2.05
	1.98
	1.84
	1.77
	1.74

	2560ms
	Async 4Rx
	2.54
	2.34
	1.93
	1.72
	1.62

	
	Async 2Rx
	2.13
	1.99
	1.70
	1.56
	1.49

	
	Sync 4Rx
	1.63
	1.58
	1.48
	1.43
	1.40

	
	Sync 2Rx
	1.53
	1.49
	1.42
	1.39
	1.37


[bookmark: _Ref528665914]Table 6 – Variation in Idle mode power consumption with bandwidth and configuration
There is almost an order of magnitude difference in power consumption between the best case (2560ms, Sync, 2Rx, 10MHz) and the worst (320ms, Async, 4Rx, 100MHz). It is instructive to examine the relative contributions of different elements of the model as the configuration changes.
The fixed costs (sleep and transition) make a contribution to the average power which increases as the DRX cycle becomes shorter and the frequency of wakeups increases. This relationship is listed in Table 7 (extended to shorter DRX cycles for use in future sections). The difference between the synchronised and unsynchronised cases is due to the period of light sleep in the synchronised case.



	Fixed costs
	Synchronised cells
	Unsynchronised cells

	DRX cycle (ms)
	Energy/cycle
	Power
	Energy/cycle
	Power

	40
	790
	19.75
	490
	12.25

	160
	910
	5.69
	610
	3.81

	320
	1070
	3.34
	770
	2.41

	640
	1390
	2.17
	1090
	1.70

	1280
	2030
	1.59
	1730
	1.35

	2560
	3310
	1.29
	3010
	1.18


[bookmark: _Ref528668231]Table 7 - Fixed energy costs of wakeup and average power consumption.
Observation 1 – The fixed wakeup costs (sleep and transition) set a lower limit on the power consumption that can be achieved in a given DRX cycle. Grouping activities into a single wakeup occasion is desirable, and closely spacing grouped activities in time reduces the wakeup duration and the need for intervening periods of light sleep and microsleep.

The variable costs (measurement and paging processing) scale with bandwidth, Rx and (for PDCCH-only) cross-slot scheduling. Table 8 below shows the energy requirement for each operation as the bandwidth varies, using 4 Rx paths and same slot scheduling. 2Rx and cross-slot scaling each have the same scaling factor of 0.7, which would simply act as multipliers to the associated Table 8 values.
	Energy required
	100MHz
	80MHz
	40Mhz
	20MHz
	10MHz

	Measurement (Sync)
	750
	638
	413
	300
	244

	Measurement (Async)
	3400
	2890
	1870
	1360
	1105

	Paging (PDCCH-only)
	100
	85
	55
	40
	33


[bookmark: _Ref528751475]Table 8 - Variable energy costs of wakeup
Observation 2 – In idle mode, measurements consume more energy than paging detection. The duration of the measurement window is a significant factor in this. Reducing the duration and frequency of measurements will be beneficial in reducing  average UE power consumption in idle mode.

Observation 3 – Reducing the downlink bandwidth used for measurements and PDCCH monitoring leads to substantial reductions in UE energy consumption.


[bookmark: _Ref528666051]Figure 3 – Variation in Idle mode power consumption with bandwidth and configuration
An SSB requires 20 PRBs, which at 30kHz subcarrier spacing occupies 7.2MHz bandwidth, and a CORESET of 48PRBs occupies 18MHz. Reducing the downlink bandwidth to 20 or 40MHz in idle mode would give significant power reduction in the UE. 

If this approach is adopted for idle mode power saving then for synchronised cells the additional reduction going from 4Rx to 2Rx becomes very small, and could be decided by the UE based on Rx quality. For unsynchronised cells 2Rx can still give worthwhile power reductions.

In idle mode, savings from cross-slot scheuling only affect the paging TTIs, so the saving on average power consumption, although beneficial, is very small (around 0.02 units).

Proposal 1 – Bandwidth reduction to 20MHz or 40MHz should be considered for UEs in idle mode

Proposal 2 – Locating a wakeup signal (whether PDCCH based or a new signal) close in time and frequency to the SSB resources used for measurement should be considered as a means of reducing time the UE spends in light sleep during wakeup occasions.
DRX power modelling with and without data
Similar modelling can be applied to the DRX cycle when no data is present. Three sets of reference parameters of connected DRX cycles have been agreed [3] for the evaluation, and the FR1 values for these are listed in Table 9  below
	DRX Cycle
	DRX period (ms)
	On duration (ms)
	Inactivity timer (ms)

	1
	320
	10
	{200, 80}

	2
	160
	8
	{100, 40}

	3
	40
	4
	{25, 10}


[bookmark: _Ref528676232]Table 9 - Reference DRX cycles for FR1
In this section the synchronised measurement configuration is assumed throughout. This reduces the measurement overhead, and makes it easier to see the effect of configuration changes on the PDCCH monitoring part of the DRX cycle. In this analysis we also consider the effect of cross-slot scheduling (k0>0) on UE power consumption.

The analysis presented here does not include the cost of reporting measurement results – this can be modelled as an increase in the measurement energy, with the size of the increase dependent on the frequency of reporting. This would add an extra dimension to the modelling, but would not change any of the conclusions from this analysis.
DRX when no data is present
When there is no data present the UE eventually enters the long DRX cycle, and is active for the On duration once every DRX cycle. In this evaluation measurements are assumed to occur before the OnDuration timer becomes active, using the same parameters as for the idle case. This extends the period for which the UE downlink is receiving signals.

	Power state
	Power
	Duration (ms)
	Energy
	Scaling

	Deep sleep
	1
	DRX cycle
	1 * DRX cycle
	Fixed

	Deep sleep transition
	
	
	450
	Fixed

	Measurement (RRM Sync)
	150
	5
	750
	With BW, #Rx

	PDCCH-only monitoring
	100
	On duration 
	100* On duration
	With BW, #Rx and cross-slot

	Light sleep
	20
	10
	200
	Fixed

	Light sleep transition
	
	
	100
	Fixed


[bookmark: _Ref528680150]Table 10 - Calculation of average DRX cycle power with no data present
For each of the three reference cycles UE energy consumption is calculated according to the parameters in Table 10. The fixed costs are as calculated in Table 7. The variable costs are scaled for bandwidth, number of Rx paths and whether or not cross-slot scheduling is enabled. 

It is not instructive to compare average power consumption for the three cycles directly, because the On duration and measurements occupy different percentages of the DRX cycle duration in each case. As with the idle mode modelling, comparing the energy consumed by each component is more informative.
The fixed and variable energy costs per cycle for each configuration are listed in 
	
	
	Cycle1 (DRX320, On 10)
	Cycle2  (DRX160, On 8)
	Cycle3  (DRX40, On 4)

	
	
	4Rx
	4Rx
xSlot
	2Rx
	2Rx
xSlot
	4Rx
	4Rx
xSlot
	2Rx
	2Rx
xSlot
	4Rx
	4Rx
xSlot
	2Rx
	2Rx
xSlot

	Bandwidth
	Fixed energy
	1070
	1070
	1070
	1070
	910
	910
	910
	910
	790
	790
	790
	790

	100
	Measurement energy
	750
	750
	525
	525
	750
	750
	525
	525
	750
	750
	525
	525

	
	PDCCH-only energy
	1000
	700
	700
	490
	800
	560
	560
	392
	400
	280
	280
	196

	
	Average power
	8.81
	7.88
	7.17
	6.52
	15.38
	13.88
	12.47
	11.42
	48.50
	45.50
	39.88
	37.78

	80
	Measurement energy
	638
	638
	446
	446
	638
	638
	446
	446
	638
	638
	446
	446

	
	PDCCH-only energy
	850
	595
	595
	417
	680
	476
	476
	333
	340
	238
	238
	167

	
	Average power
	7.99
	7.20
	6.60
	6.04
	13.92
	12.65
	11.45
	10.56
	44.19
	41.64
	36.86
	35.07

	40
	Measurement energy
	413
	413
	289
	289
	413
	413
	289
	289
	413
	413
	289
	289

	
	PDCCH-only energy
	550
	385
	385
	270
	440
	308
	308
	216
	220
	154
	154
	108

	
	Average power 
	6.35
	5.84
	5.45
	5.09
	11.02
	10.19
	9.42
	8.84
	35.56
	33.91
	30.82
	29.66

	20
	Measurement energy
	300
	300
	210
	210
	300
	300
	210
	210
	300
	300
	210
	210

	
	PDCCH-only energy
	400
	280
	280
	196
	320
	224
	224
	157
	160
	112
	112
	78

	
	Average power 
	5.53
	5.16
	4.88
	4.61
	9.56
	8.96
	8.40
	7.98
	31.25
	30.05
	27.80
	26.96

	10
	Measurement energy
	244
	244
	171
	171
	244
	244
	171
	171
	244
	244
	171
	171

	
	PDCCH-only energy
	325
	228
	228
	159
	260
	182
	182
	127
	130
	91
	91
	64

	
	Average power
	5.12
	4.82
	4.59
	4.37
	8.84
	8.35
	7.89
	7.55
	29.09
	28.12
	26.29
	25.61


Table 11. 

The average power consumption is calculated as


[bookmark: _Ref528680951]Depending on the configuration, Cycle 2 (160,8) power consumption is approximately 1.7-1.75 times the power consumption of Cycle 1(320,10), and Cycle 3 (40,4) power consumption is 3.1-3.5 times the power consumption of Cycle 2.
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	Cycle1 (DRX320, On 10)
	Cycle2  (DRX160, On 8)
	Cycle3  (DRX40, On 4)

	
	
	4Rx
	4Rx
xSlot
	2Rx
	2Rx
xSlot
	4Rx
	4Rx
xSlot
	2Rx
	2Rx
xSlot
	4Rx
	4Rx
xSlot
	2Rx
	2Rx
xSlot

	Bandwidth
	Fixed energy
	1070
	1070
	1070
	1070
	910
	910
	910
	910
	790
	790
	790
	790

	100
	Measurement energy
	750
	750
	525
	525
	750
	750
	525
	525
	750
	750
	525
	525

	
	PDCCH-only energy
	1000
	700
	700
	490
	800
	560
	560
	392
	400
	280
	280
	196

	
	Average power
	8.81
	7.88
	7.17
	6.52
	15.38
	13.88
	12.47
	11.42
	48.50
	45.50
	39.88
	37.78

	80
	Measurement energy
	638
	638
	446
	446
	638
	638
	446
	446
	638
	638
	446
	446

	
	PDCCH-only energy
	850
	595
	595
	417
	680
	476
	476
	333
	340
	238
	238
	167

	
	Average power
	7.99
	7.20
	6.60
	6.04
	13.92
	12.65
	11.45
	10.56
	44.19
	41.64
	36.86
	35.07

	40
	Measurement energy
	413
	413
	289
	289
	413
	413
	289
	289
	413
	413
	289
	289

	
	PDCCH-only energy
	550
	385
	385
	270
	440
	308
	308
	216
	220
	154
	154
	108

	
	Average power 
	6.35
	5.84
	5.45
	5.09
	11.02
	10.19
	9.42
	8.84
	35.56
	33.91
	30.82
	29.66

	20
	Measurement energy
	300
	300
	210
	210
	300
	300
	210
	210
	300
	300
	210
	210

	
	PDCCH-only energy
	400
	280
	280
	196
	320
	224
	224
	157
	160
	112
	112
	78

	
	Average power 
	5.53
	5.16
	4.88
	4.61
	9.56
	8.96
	8.40
	7.98
	31.25
	30.05
	27.80
	26.96

	10
	Measurement energy
	244
	244
	171
	171
	244
	244
	171
	171
	244
	244
	171
	171

	
	PDCCH-only energy
	325
	228
	228
	159
	260
	182
	182
	127
	130
	91
	91
	64

	
	Average power
	5.12
	4.82
	4.59
	4.37
	8.84
	8.35
	7.89
	7.55
	29.09
	28.12
	26.29
	25.61


Table 11 – Variation in On Timer DRX cycle energy with bandwidth and configuration
For cycles 1 and 2, the On timer duration is longer than the 5ms measurement window, and if same-slot scheduling is applied more energy is consumed in PDCCH monitoring than in measurement. However, when cross-slot scheduling is enabled the resulting energy reduction means that PDCCH energy drops below the measurement energy.

Observation 4 – Cross-slot scheduling delivers significant additional savings in the cost of PDCCH monitoring.
Observation 5 – Reducing the number of receive paths reduces power consumption, but can also reduce decode performance and channel capacity.
Observation 6 – The measurement energy in a DRX cycle is fixed by the configuration, but the PDCCH monitoring energy scales with the OnDuration timer setting.

Proposal 3 – Cross-slot scheduling should be enabled in connected DRX

Proposal 4 – The OnDuration timer setting should not exceed [5%] of the DRX cycle
DRX when data is present
When PDCCH signals that data is present, this starts the inactivity timer. Subsequent TTIs are a mixture of PDCCH-only, downlink data (with or without PDCCH) and uplink acknowledgement/reporting (not modelled here), but the last data TTI of the active period will restart the inactivity timer, and if the network does not terminate the DRX cycle PDCCH monitoring will continue until the inactivity timer expires. This section considers the contribution of the timer expiry period to UE power consumption when data is present. It repeats the analysis of the previous section using the longer of the two inactivity timer settings. The results are listed in Table 12.

	
	
	Cycle1 (DRX320, On 200)
	Cycle2  (DRX160, On 100)
	Cycle3  (DRX40, On 25)

	
	
	4x4
	4x4
xSlot
	2x2
	2x2
xSlot
	4x4
	4x4
xSlot
	2x2
	2x2
xSlot
	4x4
	4x4
xSlot
	2x2
	2x2
xslot

	Bandwidth
	Fixed
	1070
	1070
	1070
	1070
	910
	910
	910
	910
	790
	790
	790
	790

	100
	Measure
	750
	750
	525
	525
	750
	750
	525
	525
	750
	750
	525
	525

	
	PDCCH
	20000
	14000
	14000
	9800
	10000
	7000
	7000
	4900
	2500
	1750
	1750
	1225

	
	Average 
	68.19
	49.44
	48.73
	35.61
	72.88
	54.13
	52.72
	39.59
	101.00
	82.25
	76.63
	63.50

	80
	Measure
	638
	638
	446
	446
	638
	638
	446
	446
	638
	638
	446
	446

	
	PDCCH
	17000
	11900
	11900
	8330
	8500
	5950
	5950
	4165
	2125
	1488
	1488
	1041

	
	Average 
	58.46
	42.52
	41.93
	30.77
	62.80
	46.86
	45.66
	34.51
	88.81
	72.88
	68.09
	56.94

	40
	Measure
	413
	413
	289
	289
	413
	413
	289
	289
	413
	413
	289
	289

	
	PDCCH
	11000
	7700
	7700
	5390
	5500
	3850
	3850
	2695
	1375
	963
	963
	674

	
	Average 
	39.01
	28.70
	28.31
	21.09
	42.64
	32.33
	31.55
	24.34
	64.44
	54.13
	51.03
	43.81

	20
	Measure
	300
	300
	210
	210
	300
	300
	210
	210
	300
	300
	210
	210

	
	PDCCH
	8000
	5600
	5600
	3920
	4000
	2800
	2800
	1960
	1000
	700
	700
	490

	
	Average 
	29.28
	21.78
	21.50
	16.25
	32.56
	25.06
	24.50
	19.25
	52.25
	44.75
	42.50
	37.25

	10
	Measure
	244
	244
	171
	171
	244
	244
	171
	171
	244
	244
	171
	171

	
	PDCCH
	6500
	4550
	4550
	3185
	3250
	2275
	2275
	1593
	813
	569
	569
	398

	
	Average 
	24.42
	18.32
	18.10
	13.83
	27.52
	21.43
	20.97
	16.71
	46.16
	40.06
	38.23
	33.97


[bookmark: _Ref528832110]Table 12 – Variation in Inactivity timer DRX cycle energy with bandwidth and configuration
With the higher duty cycle on DRX, the variable costs are now dominated by the PDCCH monitoring energy, and the benefits of cross-slot scheduling are more apparent. These benefits would also be present during gaps between data packets in a period of active data transfer.

Observation 7 – If there is a long inactivity timer setting, the energy consumed during timer expiry is equivalent to the energy from many TTIs of active data transfer. This will result in inefficient use of energy when data traffic consists predominantly of frequent small data packets.

Proposal 5 – The Inactivity timer setting should not exceed [10%] of the DRX cycle. If this is not possible then the network should terminate the DRX cycle when it has no more data to deliver.

It should be noted that cycle 3 in this example is an extreme case, and while it is operating the UE cannot return to the deep sleep state. PDCCH monitoring occupies 25ms of the cycle and measurement 5ms, with the remaining 10ms being spent in light sleep. More precise modelling would need to account for monitoring and measurement occupying the same TTI, but this is not a part of the currently agreed model.
Towards more efficient DRX
It is clear from the preceding analysis that bandwidth reduction, cross slot scheduling and antenna path reduction are all important tools for reducing UE power consumption when performing background monitoring. However, efficient transfer of data in large volumes requires the full channel bandwidth and the highest order modulation to minimise the duration and energy consumption of the transfer, and so rapid switching between BWPs with minimal signalling overhead is necessary to achieve both objectives in an optimal manner.

Observation 8 – The signalling energy required to switch BWP, and the additional latency incurred, must be taken into account when making the decision to switch to higher or lower bandwidth. Switching to a higher bandwidth is only justified if the energy saved in the data transfer is greater than the energy expended in signalling.
Observation 9 – The UE can assist the network to configure it for low power consumption by informing the network of its latency constraints and expected data traffic patterns.

Proposal 6 – DCI based switching of BWP should be considered as a means of reducing the signalling overhead for BWP switching.

Proposal 7 – The UE should revert to low bandwidth BWP monitoring whenever On timer or Inactivity timer expiry marks the end of a DRX period.


Symbol-based modelling as a basis for slot-averaged scaling
In a previous submission [4], we proposed a symbol based power model as a basis for estimating UE power consumption. The model that was finally agreed uses parameters which are averaged over 1 slot, but the symbol based model (suitably rescaled) provides some insight into issues which are currently FFS in the agreed model, and may provide a basis for further consensus to be reached.

Rescaling the symbol based model to match the agreed model
In the symbol based model, the sleep state within 1 symbol of an active TTI is always microsleep, which has a power level of 45 units in the agreed model. For active symbols the UE may be receiving and processing, or just processing. For the PDCCH-only case it is further assumed that processing time extends for 5 symbols after the last PDCCH symbol has been received.

The reference configuration of 2 symbol PDCCH with same-slot scheduling has a power level of 100 units. With same slot scheduling Rx is active until decoding completes, so there are no “processing only” symbols, and 1 TTI consists of 7 symbols of “Rx+processing” and 7 symbols of microsleep. This means that the power in the “Rx + processing” state must be 155 to give a TTI average power of 100 units.

If cross-slot scheduling is enabled, the agreed model gives a TTI average power of 70 units. Under the symbol based model, one PDCCH-only TTI now contains 2 symbols of “Rx + processing”, 5 symbols of “Processing only” and 7 symbols of microsleep. A “Processing only” power of 71 units results in a TTI average power of 70 units, as calculated in Table 13













	NR100MHz, 4Rx
	
	
	Same-slot scheduling
	Cross-slot scheduling

	PDCCH-only
	
	PDCCH symbols
	1
	2
	3
	1
	2
	3

	Power state
	Power
	Processing time
	6
	7
	8
	6
	7
	8

	PDCCH (Rx + proc)
	155
	Rx+Proc symbols
	6
	7
	8
	1
	2
	3

	 
	 
	Duration (μsec)
	214
	250
	286
	36
	71
	107

	 
	 
	Energy/TTI (unit.ms)
	33.21
	38.75
	44.29
	5.54
	11.07
	16.61

	PDCCH (Proc only)
	71
	Proc only symbols
	0
	0
	0
	5
	5
	5

	 
	 
	Duration (μsec)
	0.00
	0.00
	0.00
	178.57
	178.57
	178.57

	 
	 
	Energy/TTI (unit.ms)
	0.00
	0.00
	0.00
	12.68
	12.68
	12.68

	Microsleep
	45
	Microsleep symbols
	8
	7
	6
	8
	7
	6

	 
	 
	Duration (μsec)
	285.71
	250.00
	214.29
	285.71
	250.00
	214.29

	 
	 
	Energy/TTI (unit.ms)
	12.86
	11.25
	9.64
	12.86
	11.25
	9.64

	
	
	Total duration (μsec)
	500
	500
	500
	500
	500
	500

	
	
	Energy/TTI (unit.ms)
	46.07
	50.00
	53.93
	31.07
	35.00
	38.93

	
	
	Average power
	92.14
	100.00
	107.86
	62.14
	70.00
	77.86


[bookmark: _Ref528843987]Table 13 - Scaling for PDCCH-only slots with varying numbers of PDCCH symbols
Based on this modelling, increasing or decreasing the number of PDCCH symbols by 1 increases or reduces average PDCCH-only power by ~7.5% with same slot scheduling, and by ~11% with cross-slot scheduling.

Proposal 8 – A change of +/- 1 symbol in the PDCCH-only reference configuration of the agreed power model changes the PDCCH-only power by +/- 10% of the reference configuration power.
Scaling for SSB blocks
In the reference SSB TTI (100 units in the agreed model for sync-only), 8 symbols are occupied by SSB (Rx + processing), and the remaining 6 symbols in the TTI are assumed to be processing-only. If only a single SSB is processed in a TTI, we assume 4 symbols of (Rx + processing) and 3 symbols of (Processing only), with the remaining 7 symbols in microsleep. Applying the parameters of the previous section predicts an average TTI power slightly higher than the agreed model (Table 14).

	NR100MHz, 4Rx
	
	
	2SSB/Slot
	1SSB/slot

	SSB processing
	
	SSB symbols/slot
	8
	4

	Power state
	Power
	Processing time
	14
	7

	SSB (Rx + proc)
	155
	Rx+Proc symbols
	8
	4

	 
	
	Duration (sec)
	0.000286
	0.000143

	 
	 
	Energy/TTI
	0.0443
	0.0221

	SSB (Proc only)
	71
	Proc only symbols
	6
	3

	 
	
	Duration (sec)
	0.000000
	0.000000

	 
	 
	Energy/TTI
	0.0000
	0.0000

	Microsleep
	45
	Microsleep symbols
	0
	7

	 
	
	Duration (sec)
	0.000214
	0.000357

	 
	 
	Energy/TTI
	0.0096
	0.0161

	
	1
	Total duration
	0.000500
	0.000500

	
	
	Total energy
	0.054
	0.038

	
	
	Average power
	107.86
	76.43


[bookmark: _Ref528913730]Table 14 - SSB processing power using PDCCH-only parameters
Using these parameters, processing a single SSB requires 71% of the average power of the 2 SSB case. However, it is reasonable to suppose that the processing overhead for synchronisation is less than that for PDCCH-only decode. By reducing the processing component but keeping the Rx component fixed, the parameters can be adjusted to match the agreed model (Table 15)

	NR100MHz, 4Rx
	
	
	2SSB/Slot
	1SSB/slot

	SSB processing
	
	SSB symbols/slot
	8
	4

	Power state
	Power
	Processing time
	14
	7

	SSB (Rx + proc)
	141.25
	Rx+Proc symbols
	8
	4

	 
	
	Duration (sec)
	0.000286
	0.000143

	 
	 
	Energy/TTI
	0.0404
	0.0202

	SSB (Proc only)
	57.25
	Proc only symbols
	6
	3

	 
	
	Duration (sec)
	0.000000
	0.000000

	 
	 
	Energy/TTI
	0.0000
	0.0000

	Microsleep
	45
	Microsleep symbols
	0
	7

	 
	
	Duration (sec)
	0.000214
	0.000357

	 
	 
	Energy/TTI
	0.0096
	0.0161

	
	1
	Total duration
	0.000500
	0.000500

	
	
	Total energy
	0.050
	0.036

	
	
	Average power
	100.00
	72.50


[bookmark: _Ref528914705]Table 15 - SSB processing using adjusted parameters
The adjusted parameters do not change the scaling significantly (72.5% vs 71%).

Proposal 9 – If only a single SS block is processed in a TTI, this reduces the SSB power in the agreed model to 70% of the reference configuration.

Scaling for CSI-RS symbols
The reference configuration for CSI-RS processing in the agreed model (100 units average TTI power) assumes 2 CSI-RS symbols within a TTI. However, the symbol-based allocation for this case is actually the same as for the 2 symbol PDCCH-only configuration with cross slot scheduling enabled (Table 13), which has an average TTI power of only 70 units. Since the processing overhead for CSI-RS symbols is expected to be lower than for PDCCH decode, this seems a more reasonable value to use for the average TTI power in the CSI-RS reference case.

Using this model the power scaling with more or fewer symbols would be the same as for the PDCCH-only case

Proposal 10 – Average TTI power for CSI-RS processing should be reduced to 70 units in the agreed model

Proposal 11 – Each CSI-RS symbol added or removed from the reference configuration increases or decreases the CSI-RS processing power in the agreed model by 10% of the reference configuration power.


Evaluation methods and simulation assumptions
Traffic models
In RAN1 #94-Bis, there provide the following agreements related to the traffic models for UE power saving study:

	Agreements:
· 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.



	Agreements:
· 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 to state assumptions different from the reference if any
· 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 to state assumptions different from the reference if any



	Agreements:
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.



For evaluating the power saving gain for a given proposal, there will require simulations of all combinations of traffic models and DRX settings. For more efficient analysis, defining a compact set of combination settings will be necessary. In particular, three traffic models corresponding to the three agreed C-DRX setting are suggested below:

Proposal 12 – At least the three traffic models in Table 16 corresponding to the three agreed C-DRX settings are adopted for UE power saving study.

	

	Real-time video (FTP model 3)
	Instant messaging (FTP model 3)
	VoIP

	Packet size
	0.5 Mbytes
	0.05 Mbytes
	As defined in R1-070674

	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: 
	20Mbps for 2K/4K real-time video streaming
	200 Kbps for IM-like application
	~20Kbps for low-rate yet delay sensitive services


Table 16 – Suggested traffic models corresponding to the three agreed C-DRX settings

The first traffic model targets 2K/4K real-time video streaming which represents one of the most challenging traffic for NR. The bitrate reaches ~20Mbps for 2K/4K resolution. To capture the real-time characteristics, a short mean inter-arrival time of 200 ms is also modelled. Accordingly, the DRX period of 160 ms is applied to the model.

Instant message applications, including WeChat, LINE, FB massager, WhatsAPP etc., are very popular nowadays. The message sizes are typically small, including text, small icons, and short video clips. Also, the data arrival period is at the level of second(s), reflecting user texting behavior. For DRX, the longest agreed period, i.e., 320 ms, is applied.

For the 3rd model, VoIP is considered as a representative delay sensitive application with lower data rate. The smallest agreed DRX period is utilized, and more detailed settings can be referred in R1-070674.

In response to the calibration agreement for FTP model 3 and VoIP with DRX, our results can be checked in Appendix.

Evaluation for power saving gain
In the agreed power model, there define the power states and their power values. To generate the final average power consumption, it requires to take into account the time distribution. Table 17 illustrates the process to calculate the average power:


	Power state
	Power relative to sleep
	Time distribution (%)

	Deep sleep
	1
	52.79

	Light sleep
	20
	3.41

	Micro sleep
	45
	0.55

	SSB processing (RRM)
	150
	2.36

	PDCCH-only
	100
	29.62

	PDSCH
	300
	9.02

	UL (0 dBm)
	250
	2.25

	 Partial average power
	 67.30

	Sleep transition type
	Transition energy
	Average count per ms

	Deep sleep transition
	450
	0.004739

	Light sleep transition
	100
	0.002889

	Transition power
	 2.42

	Average power
	67.30 + 2.42 = 69.72


Table 17 – Average power calculation based on the time information

To generate the time distribution, the following factors should be considered:
· Time distribution is different for each traffic model (with its corresponding DRX setting) 
· Time distribution should be averaged over random UE geometry (different SINR conditions)
· Periodic UE activities, including at least synchronization, RRM and DRX monitoring, should be simulated. In particular, SSB processing of 4 ms is assumed prior to each DRX on-duration for synchronization and/or RRM.
By the above, we have:

Proposal 13 – Time distribution should be generated per traffic model by averaging over random UE geometry and taking into account periodic UE activities (including at least SSB processing of 4 ms prior to each DRX on-duration for FR1).

To average random UE geometry, system-level simulations are required. For efficient evaluation on the power saving gain, reference time distributions for the agreed traffic models are useful. For example, to analysis the power saving gain with cross-slot scheduling, one can scale the value of PDCCH-only power state, weight the agreed reference time distributions, and come the average power values for different traffic models. The calculation can be simple and saves the time-consuming system level simulations. Therefore, the following is suggested:

Proposal 14 – Reference time distributions for the agreed traffic models are generated to enable efficient and common evaluation for different power saving proposals.

To initiate the discussion, Table 18 provides the time distributions for the three suggested traffic models from Table 16. For the evaluation of time-domain power saving schemes, the reference time distributions should provide finer partition on PDCCH-only time. In Table 18, PDCCH-only time is factored into: 1) DRX ON duration without data, 2) PDCCH monitoring after a time threshold (10 ms or 20 ms) since inactivity timer starts/restarts, and 3) the remaining PDCCH monitoring. Time portion 1) can be reduced by wake-up mechanism, and time portion 2) can be reduced by enlarging PDCCH monitoring period after a time threshold (10 ms or 20 ms) since inactivity timer starts/restarts [5]. By adjusting the time portion affected by a time-domain power saving proposal, estimation on the average power can be calculated efficiently.

	Power state
	Relative power
	Real-time video
	IM
	VoIP

	
	
	Time distribution (%)

	Deep sleep
	1
	52.79
	90.21
	33.59

	Light sleep
	20
	3.41
	2.00
	32.72

	Micro sleep
	45
	0.55
	0.31
	2.77

	SSB processing (RRM)
	150
	2.36
	1.24
	9.86

	PDCCH-only: 
DRX ON w/o data
	100
	1.69
	2.63
	3.43

	PDCCH-only: 
After 10 ms (or 20 ms) after inactivity timer
	100
	17.54 (or 14.89)
	3.00 (or 2.56)
	0

	PDCCH-only:
Remaining time
	100
	10.39 (or 13.04)
	0.51 (or 0.95)
	15.53

	PDSCH
	300
	9.02
	0.06
	1.05

	UL (0 dBm)
	250
	2.25
	0.03
	1.05

	Sleep transition type
	Transition energy
	Average count per ms

	Deep sleep transition
	450
	0.004739
	0.003200
	0.012747

	Light sleep transition
	100
	0.002889
	0.001662
	0.024635

	Average power
	69.72
	11.303
	55.851


Table 18 – Suggested time distribution for the three traffic models from Table 16

Simulation assumptions for SLS and/or LLS
In Table 19, there summarized the simulator type requirements for the potential power saving schemes captured in [1]:

	Adaptation dimension
	Schemes
	Power saving analysis
	Performance/impact analysis

	Frequency
	BW adaptation,
Fast SCC access switching
	SLS or by reference time distribution
	SLS

	Space/MIMO
	#MIMO layer adaptation
	
	SLS

	Time
	Cross-slot scheduling, 
Saving DRX ON w/o data,
Saving PDCCH during data inactivity,
Saving background activity  (CSI/BM/SRS) processing time
	
	SLS

LLS: Power saving signal detection

	Processing capability
	Modulation order, MSC, TBS
	
	SLS


Table 19 – Simulator type requirements for different power saving schemes

For SLS simulations with (long) DRX, reaching 50% or higher RU will require a huge number of UEs, compared with SLS simulations without DRX. If the necessity of DRX is justified, assuming a reasonable UE number for each of the agreed traffic model can ensure practical simulation time. Also, for the case UL transmission occasions cannot be ignored, there should also specify the TDD configuration for the reference configuration so as to align analyses. Consequently, we have

Proposal 15 – For SLS simulations, the following specifications are further adopted:
· Set UE number to 10 for high data rate traffic model and 40 for lower data rate ones (e.g. VoIP)
· TDD configuration of [D D D D U] is applied to FR1 and short PUCCH for UL is applied to FR2.
The major application for LLS simulation is to check detection performance of a power saving signal. The SINR condition is the major factor to specify. Since dense urban scenario is regarded mandatory, the corresponding SINR distribution should be considered. In Figure 4, there show the SINR distribution for dense urban. According, the following proposal is suggested for the performance simulation:

Proposal 16 – For LLS simulation on power saving signal detection performance, at least the following SINR values should be testified for dense urban scenario: -5.6 dB (5% CDF; cell edge), 2.6 dB (50% CDF), and 19.7 dB (95% CDF)

[image: ]
Figure 4: SINR distribution for dense urban

Conclusions
Observation 2 – The fixed wakeup costs (sleep and transition) set a lower limit on the power consumption that can be achieved in a given DRX cycle. Grouping activities into a single wakeup occasion is desirable, and closely spacing grouped activities in time reduces the wakeup duration and the need for intervening periods of light sleep and microsleep.

Observation 2 – In idle mode, measurements consume more energy than paging detection. The duration of the measurement window is a significant factor in this. Reducing the duration and frequency of measurements will be beneficial in reducing  average UE power consumption in idle mode.

Observation 3 – Reducing the downlink bandwidth used for measurements and PDCCH monitoring leads to substantial reductions in UE energy consumption.

Observation 4 – Cross-slot scheduling delivers significant additional savings in the cost of PDCCH monitoring.

Observation 5 – Reducing the number of receive paths reduces power consumption, but can also reduce decode performance and channel capacity.

Observation 6 – The measurement energy in a DRX cycle is fixed by the configuration, but the PDCCH monitoring energy scales with the OnDuration timer setting.

Observation 7 – If there is a long inactivity timer setting, the energy consumed during timer expiry is equivalent to the energy from many TTIs of active data transfer. This will result in inefficient use of energy when data traffic consists predominantly of frequent small data packets.

Observation 8 – The signalling energy required to switch BWP, and the additional latency incurred, must be taken into account when making the decision to switch to higher or lower bandwidth. Switching to a higher bandwidth is only justified if the energy saved in the data transfer is greater than the energy expended in signalling.

Observation 9 – The UE can assist the network to configure it for low power consumption by informing the network of its latency constraints and expected data traffic patterns.

Proposal 1 – Bandwidth reduction to 20MHz or 40MHz should be considered for UEs in idle mode

Proposal 2 – Locating a wakeup signal (whether PDCCH based or a new signal) close in time and frequency to the SSB resources used for measurement should be considered as a means of reducing time the UE spends in light sleep during wakeup occasions.

Proposal 3 – Cross-slot scheduling should be enabled in connected DRX

Proposal 4 – The OnDuration timer setting should not exceed [5%] of the DRX cycle

Proposal 5 – The Inactivity timer setting should not exceed [10%] of the DRX cycle. If this is not possible then the network should terminate the DRX cycle when it has no more data to deliver.

Proposal 6 – DCI based switching of BWP should be considered as a means of reducing the signalling overhead for BWP switching.

Proposal 7 – The UE should revert to low bandwidth BWP monitoring whenever On timer or Inactivity timer expiry marks the end of a DRX period.

Proposal 8 – A change of +/- 1 symbol in the PDCCH-only reference configuration of the agreed power model changes the PDCCH-only power by +/- 10% of the reference configuration power.

Proposal 9 – If only a single SS block is processed in a TTI, this reduces the SSB power in the agreed model to 70% of the reference configuration.

Proposal 10 – Average TTI power for CSI-RS processing should be reduced to 70 units in the agreed model

Proposal 11 – Each CSI-RS symbol added or removed from the reference configuration increases or decreases the CSI-RS processing power in the agreed model by 10% of the reference configuration power.

Proposal 12 – At least the three traffic models in Table 16 corresponding to the three agreed C-DRX settings are adopted for UE power saving study.

Proposal 13 – Time distribution should be generated per traffic model by averaging over random UE geometry and taking into account periodic UE activities (including at least SSB processing of 4 ms prior to each DRX on-duration for FR1).

Proposal 14 – Reference time distributions for the agreed traffic models are generated to enable efficient and common evaluation for different power saving proposals.

Proposal 15 – For SLS simulations, the following specifications are further adopted:
· Set UE number to 10 for high data rate traffic model and 40 for lower data rate ones (e.g. VoIP)
· TDD configuration of [D D D D U] is applied to FR1 and short PUCCH for UL is applied to FR2.
Proposal 16 – For LLS simulation on power saving signal detection performance, at least the following SINR values should be testified for dense urban scenario: -5.6 dB (5% CDF; cell edge), 2.6 dB (50% CDF), and 19.7 dB (95% CDF)
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[bookmark: _Ref525740412]: Time distribution calibration results
According to the following agreement in RAN1 #94bis [1]:
	Agreements:
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 microsleep, 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.



The following are the results for calibration:
·  FTP model 3:
	Power state
	Relative power
	No DRX
	160-ms DRX

	
	
	Time distribution (%)

	Deep sleep
	1
	0
	64.99

	Light sleep
	20
	0
	0.17

	Micro sleep
	45
	0
	0.02

	PDCCH-only
	100
	99.75
	34.62

	PDSCH
	300
	0.25
	0.2

	Sleep transition type
	Transition energy
	Average count per ms

	Deep sleep transition
	450
	0
	0.005513

	Light sleep transition
	100
	0
	0.000125

	Average power
	100.5
	35.913



· VoIP:
	Power state
	Relative power
	No DRX
	40-ms DRX

	
	
	Time distribution (%)

	Deep sleep
	1
	0
	77.04

	Light sleep
	20
	0
	0.41

	Micro sleep
	45
	0
	0

	PDCCH-only
	100
	98.56
	21.46

	PDSCH
	300
	1.44
	1.09

	Sleep transition type
	Transition energy
	Average count per ms

	Deep sleep transition
	450
	0
	0.029750

	Light sleep transition
	100
	0
	0.000249

	Average power
	102.88
	38.995
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Relative power (deep sleep = 1)
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