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Introduction
In RAN1 #94bis, the following power consumption models and power scaling models have been agreed as a progress [1]:
Agreements:
· The following power states and relative power values for the reference configuration are adopted as working assumption for power saving SI.
· FFS: Power modeling/scaling for the case more than one power states in a slot.
· FFS: Power saving signal processing power and transition energy.
· FFS: Power scaling for other configurations from the reference configuration
	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)



Agreements:
· Power scaling scheme for at least FR1 power states:
	Scaling for FR1
	Proposal
	Comment

	BWP Bandwidth (DL)
	[bookmark: _Hlk528933839]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
	



In this contribution, we discuss further on details of the power scaling models and evaluation models.
Discussions
Power scaling models
Maximum modulation order restriction
The UE receiver (Rx) RF front-end is known to have several regimes of operation. For weak received signals, the signal to noise and distortion ratio (SNDR) delivered by the Rx RF front-end is primarily limited by noise. For moderate strength received signals, the Rx RF front-end SNDR is limited primarily by the receiver’s EVM (caused by e.g. IQ gain and phase imbalance) in the absence of strong harmonic blockers (out-of-band interferers appearing at multiples of the RX carrier frequency). For moderate strength received signals in the presence of strong harmonic blockers, the Rx SNDR delivered by the Rx RF front-end is limited by both the receiver’s EVM and its blocker immunity level. Recently published literature [2, 3] demonstrates that harmonic recombination receivers employing 8 LO phases more effectively reduce the impact of harmonic blockers when compared to a receiver employing only a 4-phase LO. 
[bookmark: _Hlk528852745]The UE receiver (Rx) RF front-end power consumption for various modulation orders is summarized in table 1 below. It is assumed that the received signal RF bandwidth is 20MHz. Several factors are considered when calculating the required ADC resolution or effective number of bits (ENOBs). This includes the required SNDR for the modulation type. This also includes headroom for fading, received signal peak-to-average ratio (PAR) and analog lowpass (anti-aliasing) filter selectivity inadequacies.
   
[bookmark: _Hlk528857021]Table 1: Receiver RF front-end power consumption vs modulation order
	Modulation Order
	Required SNDR 
(10-3 BER)
	Receiver Implementation Details
	Relative Power

	
	
	# of LO Phases
	EVM Calibration Circuitry
	ADC Resolution (ENOBS)
	

	QPSK
	9dB
	4
	Off
	7.5
	0.3

	16QAM
	16dB
	4
	Off
	8.7
	0.4

	64QAM
	23dB
	8
	Off
	9.8
	0.65

	256QAM
	30dB
	8
	On
	11
	1

	1024QAM
	37dB
	8
	On
	12.2
	1.6



For lower modulation orders (QPSK and QAM16) the power consumed by the Rx RF front-end is dominated by the RF components. Whereas, for higher modulation orders (QAM 256, QAM 1024) the Rx RF front-end power is dominated by the ADCs.
The table 2 shows power scaling scheme based on the maximum modulation restricted for a slot based on the table 1.
Table 2: Power scaling scheme for maximum modulation order restriction
	Scaling for FR1
	Proposal
	Comment

	Maximum modulation order restricted in DL for a slot
	Power for a PDSCH with up to M-QAM is Mp * PDCCH+PDSCH power

Mp is {0.3, 0.4, 0.65, 1} for {4, 16, 64, 256}-QAM
	Based on 20MHz bandwidth, and a single layer transmission



Proposal 1: support the power scaling scheme for maximum modulation order restriction in Table 2

Maximum rank and modulation order restriction without receiver RF turn-off
The power scaling scheme should also consider when multiple power states are used in the same slot. For example, the maximum modulation order and maximum rank could be restricted together for a slot without receiver RF turn-off.
The results summarized in table 1 are used to determine the relative power consumption of the Rx RF front-end based on maximum modulation order and maximum rank summarized in table 3 below. Considering that higher SNDR requires as the number of layer becomes higher, the power consumption at the receiver goes higher as the maximum rank and/or modulation gets increased. In addition, higher power consumption at the baseband also required to perform MIMO receiver to decouple multiple layers additionally.
[bookmark: _Hlk528859514]Table 3: Receiver RF front-end relative power consumption vs maximum rank
	Max Rank
	Max Modulation Order

	
	QPSK
	16QAM
	64QAM
	256QAM

	1
	0.16
	0.18
	0.3
	0.46

	2
	0.16
	0.21
	0.35
	0.57

	3
	0.18
	0.3
	0.46
	0.75

	4
	0.21
	0.35
	0.57
	1



Proposal 2: support the power scaling values in Table 3 for maximum modulation order and rank restriction 

RF bandwidth and maximum modulation order
The power scaling scheme based on the BWP bandwidth has been agreed in the previous RAN1 meeting based on the reference configuration in which 256QAM is assumed. However, the power scaling scheme based on RF bandwidth should be also dependent on the maximum modulation order as the relative portion of power consumption component at the receiver which affected by the RF bandwidth is different based on the maximum modulation order as shown in the table 1. For example, ADC power consumption becomes dominant as the maximum modulation goes higher which is also affected by the RF bandwidth. On the other hand, the portion of ADC power consumption for a receiver configuration with QPSK as a maximum modulation order is relatively marginal, therefore reducing bandwidth would not provide such high-power saving gain as 256QAM case.  
The Rx RF front-end relative power consumption for various combinations of received signal RF bandwidth (BW) and modulation order is summarized in table 4 below. 
Table 4: Receiver RF relative power consumption for bandwidth and modulation order combinations
	[bookmark: _Hlk528933811]Signal RF BW
	Max Modulation Order

	
	QPSK
	16QAM
	64QAM
	256QAM

	20MHz
	0.11
	0.13
	0.21
	0.32

	40MHz
	0.13
	0.16
	0.29
	0.49

	80MHz
	0.17
	0.24
	0.48
	0.83

	100MHz
	0.2
	0.28
	0.57
	1



Based on the table 4, the power scaling scheme for RF bandwidth can be changed to as shown the table 5 with maximum modulation order restriction level. 
Table 5: Power scaling scheme for maximum modulation order and RF bandwidth restriction
	Scaling for FR1
	Proposal
	Comment

	BWP Bandwidth (DL) with maximum modulation order
	Scaling of X MHz with maximum modulation order M = 0.4 + 0.6 * f(M,X) * (X - 20) / 80. 

	    M
X
	f(M,X)

	
	QPSK
	16QAM
	64QAM
	256QAM

	40
	0.87
	0.95
	1.03
	1.13

	80
	0.75
	0.92
	1.09
	1.23

	100
	0.72
	0.9
	1.29
	1.27



	



Proposal 3: support the power scaling scheme in Table 5 for RF bandwidth and maximum modulation order restriction

Evaluation assumptions
Assumptions for switching time of CA activation and deactivation based on MAC-CE
The evaluation model currently states the following regarding carrier aggregation:
	CA (DL)
	2CC is 1.7x1CC
	Higher CA is FFS
Activation/deactivation delay follows RAN4 specification; FFS transition energy



According to TS 38.133 section 8.3.2, the activation delay is the sum of 3 components:
· THARQ 
· Tactivation_time 
· TCSI_reporting

Each of the 3 components is dependent on several assumptions. It is very desirable to align these assumptions to avoid that different companies end up assuming widely different values for this parameter.
The parameter THARQ is the timing between DL data transmission and acknowledgement. A reasonable assumption for this parameter is 4 slots or 2 ms at 30 kHz. For the PDCCH-to-PDSCH latency k0 (not included in THARQ), it is proposed to use 0 ms. The same assumption should be used to determine the deactivation delay.
The parameter Tactivation_time depends on the frequency range, the SCell measurement cycle, the SMTC periodicity of the SCell, and whether the SCell is known. TS 38.133 specification is currently complete only in FR1 case. In the context of the power consumption study focusing on eMBB, it is reasonable to assume that the SCell is known and that it transmits SSB with a small periodicity, i.e. 5 ms. The SCell measurement cycle can be assumed to be equal to or smaller than 160 ms.
The parameter TCSI_reporting is the delay uncertainty in acquiring the first available CSI reporting resources. This should take into account the time when a CSI measurement resource is available and the time when a CSI reporting resource is available. Assuming periodicity of 4 slots for both measurement and reporting resources, the applicable delay uncertainty should be 4 slots (2 ms with SCS of 30 kHz).
Proposal 4: For the SCell activation/deactivation delays based on RAN4 specification, use the following assumptions:
· k0 = 0
· THARQ = 2 ms
· SCell is known
· TSMTC_SCell = 5 ms
· SCell measurement cycle <= 160 ms
· TCSI_reporting = 2 ms

Conclusion
In this contribution, we discussed on evaluation methodology for power saving, and propose the following: 
Proposal 1: support the power scaling scheme for maximum modulation order restriction in Table 2
Proposal 2: support the power scaling values in Table 3 for maximum modulation order and rank restriction 
Proposal 3: support the power scaling scheme in Table 5 for RF bandwidth and maximum modulation order restriction
Proposal 4: For the SCell activation/deactivation delays based on RAN4 specification, use the following assumptions:
· k0 = 0
· THARQ = 2 ms
· SCell is known
· TSMTC_SCell = 5 ms
· SCell measurement cycle <= 160 ms
TCSI_reporting = 2 ms
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