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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref523752768][bookmark: _Ref129681832]During the last meeting RAN1 #94bis [1], there were a lot of discussions on evaluation methodology for UE power saving. The following agreements on relative power values are adopted as working assumption for future evaluation:
	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)






In this paper, initial system-level simulation results under the above assumptions (1 is assumed to be the relative power value of deep sleep) are provided for the power saving gain by ON duration skipping.

Simulation results
Power consumption percentage of different states
In our simulations, 210 UEs are distributed within the 21 cells, which means 10 UEs per cell on average. According to the agreements, traffic model of VoIP model and FTP model 3 are simulated under the DRX configurations in Table 1. Other simulation parameters are listed in Table 7 in the Appendix. Note that some more trivial parameters e.g. RetransmissionTimerDL are not considered because it doesn’t have any impact on the simulation results. All HARQ processes with maximum 3 retransmissions are assumed to be scheduled within the length of the InactivityTimer.
[bookmark: _Ref528933227][bookmark: _Ref528933202]Table 1. DRX parameters for evaluation
	
	DRX cycle (ms)
	onDurationTimer (ms)
	InactivityTimer (ms)

	VoIP
	40
	4
	10

	FTP
	160
	8
	100



[bookmark: _GoBack]The simulation results of time percentage of PDCCH-only, PDCCH+PDSCH and 3 sleep states for VoIP and FTP are given in Table 2. Note that the criterion to distinguish different sleep state is the gap between two sequential “non-sleep” states, as suggested in [2], which is: gap>=20ms for deep sleep, 6ms<=gap<20ms for light sleep, and gap<6ms  for micro sleep (minimum gap is set to be 1 TTI for micro sleep, which is 0.5ms for 30kHz SCS). 
[bookmark: _Ref528933893]Table 2. Time distribution percentage of different power states
	
	PDCCH-only
	PDCCH+PDSCH
	Sleep

	VoIP
	22.03%
	1.07%
	76.90%

	
	
	
	Deep sleep
75.57%
	Light sleep
1.32%
	Micro sleep
0%

	FTP
	34.70%
	2.85%
	62.45%

	
	
	
	Deep sleep
62.26%
	Light sleep
0.17%
	Micro sleep
0.02%



From Table 2, it is observed that deep sleep and PDCCH-only states occupy the two largest percentage of time – this does not differ too much from the results for calibration of single UE in [3] since the same DRX parameters are configured. Taking the relative power value as agreed in RAN1 94bis meeting into consideration, we have the power consumption percentage of each state in Table 3.
[bookmark: _Ref528960422]Table 3. Power consumption percentage of different power states
	
	PDCCH-only
	PDCCH+PDSCH
	Sleep

	VoIP
	69.34%
	10.11%
	20.55%

	
	
	
	Deep sleep
19.61%
	Light sleep
0.94%
	Micro sleep
0%

	FTP
	76.89%
	18.94%
	4.17%

	
	
	
	Deep sleep
4.06%
	Light sleep
0.09%
	Micro sleep
0.02%



From the results in Table 3, it is observed that PDCCH-only state contributes the most to UE power consumption, which suggests the need for reducing the corresponding PDCCH-only monitoring.  This is also one of the most important motivations of this SI,
Observation 1: PDCCH-only state contributes the most of UE power consumption.
Initial analysis on power saving gain of ON duration skipping
Wake-up signal (WUS) or power saving signal is one of the techniques to indicate to the UE to skip ON duration of a DRX cycle. In order to understand the necessity of WUS, the DRX cycle percentage with/without scheduling is listed in Table 4, where half of the cycle has no data scheduled for FTP, while that number is near 40% for VoIP – still considerably high.
[bookmark: _Ref528964827]Table 4. DRX cycle percentage with/without scheduling
	
	DRX cycle without scheduling
	DRX cycle with scheduling

	VoIP
	37.91%
	62.09%

	FTP
	50.89%
	49.11%



To dig deeper into the PDCCH-only states, they can be classified into the following two types: 
(a) PDCCH-only within ON duration without scheduling (which only corresponds to the first column of Table 4); and 
(b) PDCCH-only within ON duration with scheduling or when InactivityTimer is running. 
The time percentages of type-(a) and type-(b) PDCCH-only are listed in Table 5. 
We assumed the type-(a) PDCCH-only can be skipped by using WUS, then based on the agreed relative power values in RAN1#94bis [3], the overall average power consumption is calculated with and without type-(a) PDCCH-only to get the power saving gain of skipping the PDCCH monitoring in ON duration. The power saving of this skipping is listed in Table 6, where an impressive nearly 20% power saving gain can be achieved by VoIP service. Note that the power consumption on WUS detection is not calculated.
[bookmark: _Ref528964409]Table 5. Time distribution percentage of PDCCH-only state
	
	Type-(a)
(can be skipped by WUS)
	Type-(b)
(others)
	PDCCH-only
(total)

	VoIP
	3.79%
	18.24%
	22.03%

	FTP
	2.54%
	32.16%
	34.70%



[bookmark: _Ref528965707]Table 6. Power saving gain by skipping Type-(a) PDCCH-only state
	
	Power saving gain

	VoIP
	18.49%

	FTP
	7.13%



[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Observation 2: Considerable power saving gain can be achieved by skipping PDCCH monitoring in ON duration due to no scheduling for the C-DRX cycle.
Conclusion
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Based on the calibration results, we have the following observation:
Observation 1: PDCCH-only state contributes the most of UE power consumption.
Observation 2: Considerable power saving gain can be achieved by skipping PDCCH monitoring in ON duration due to no scheduling for the C-DRX cycle.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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Appendix
[bookmark: _Ref528933622]Table 7. Simulation assumptions for calibration
	Parameters 
	Value

	Carrier frequency
	4 GHz (FR1)

	Subcarrier spacing
	30kHz

	CC number
	1

	Bandwidth of BWP
	100MHz

	Antenna configuration
	4Tx at gNB and 4Rx at UE

	Modulation of PDSCH
	256QAM

	PDCCH time region
	2 symbols at beginning of a slot

	PDSCH time region
	10 symbols (one symbol occupied by DMRS)

	Value of K0
	0

	Traffic model
	FTP model 3 and VoIP

	Packet size
	40bytes for VoIP
0.1Mbytes for FTP model 3

	Information bits per slot
	868584



Note: All HARQ retransmissions with maximum 3 retransmission times are short enough to be covered by InactivityTimer. No UL slot. 21 cells with 10 UEs in average. Short DRX is not configured.
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