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1 Introduction
This document presents the current status of results and observations on UE energy consumption.
2 Discussion
2.1 UE energy consumption
2.1.1 Standalone
[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Huawei, HiSilicon

Source 2 = Ericsson
Source 3 = Nokia

Source 4 = China Unicom
]
Table 2.4-1: Comparison of battery life at 164dB coupling loss
	Coupling loss
164dB
	Battery life(years)

	
	Source 1 (R1-157465)
	Source 2 (R1-157634)
	Source 3 (R1-157247)
	Source 4 (R1-157366)

	
	2.5kHz ULFDMA+GMSK
3.75kHz DL
	2.5kHz ULFDMA+GMSK
15kHz DL
	UL(SC-FDMA)
 15kHz DL
	UL(SC-FDMA)
 15kHz DL
	3.75kHz UL(FDMA+GMSK)
3.75kHz DL

	Packet size,
reporting interval
	Integrated PA
	external PA
	Integrated PA
	external PA
	　
	　
	Integrated PA
	external PA

	50 bytes, 2hours
	3.5
	3.7
	3.3
	3.6
	3.7
	2.6 
	3.4 
	3.6 

	200 bytes, 2 hours
	1.9
	2.0
	1.9
	2.0
	1.9
	1.2 
	1.9 
	2.0 

	50 bytes, 1 day
	20.8
	21.4
	20.4
	21.0
	21.3
	18.0 
	20.6 
	21.2 

	200 bytes, 1day
	14.7
	15.4
	14.5
	15.2
	14.9
	11.0 
	14.5 
	15.2 


Table 2.4-2: Comparison of battery life at 154dB coupling loss
	Coupling loss
154dB
	Battery life(years)

	
	Source 1 (R1-157465)
	Source 2 (R1-157634)
	Source 4 (R1-157366)

	
	2.5kHz UL(FDMA+GMSK)
3.75kHz DL
	2.5kHz UL(FDMA+GMSK)
15kHz DL
	UL(SC-FDMA)
 15kHz DL
	3.75kHz UL(FDMA+GMSK)
3.75kHz DL

	Packet size,
reporting interval
	Integrated PA
	external PA
	Integrated PA
	external PA
	　
	Integrated PA
	external PA

	50 bytes, 2hours
	14.9
	15.5
	15.0
	15.5
	14.8
	14.3 
	14.8 

	200 bytes, 2 hours
	9.2
	9.8
	9.2
	9.8
	9.1
	9.2 
	9.7 

	50 bytes, 1 day
	33.7
	33.9
	33.7
	34.0
	33.6
	33.4 
	33.7 

	200 bytes, 1day
	30.2
	30.6
	30.2
	30.7
	30.1
	30.2 
	30.6 


Table 2.4-3: Comparison of battery life at 144dB coupling loss
	Coupling loss
144dB
	Battery life(years)

	
	Source 1 (R1-157465)
	Source 2 (R1-157634)
	Source 4 (R1-157366)

	
	2.5kHz UL(FDMA+GMSK)
3.75kHz DL
	2.5kHz UL(FDMA+GMSK)
15kHz DL
	UL(SC-FDMA)
 15kHz DL
	3.75kHz UL(FDMA+GMSK)
3.75kHz DL

	Packet size,
reporting interval
	Integrated PA
	external PA
	Integrated PA
	external PA
	　
	Integrated PA
	external PA

	50 bytes, 2hours
	28.2
	28.5
	27.6
	27.9
	26.9
	25.3 
	25.6 

	200 bytes, 2 hours
	24.0
	24.6
	23.6
	24.1
	24.1
	21.9 
	22.4 

	50 bytes, 1 day
	37.0
	37.0
	36.9
	36.9
	36.8
	36.5 
	36.6 

	200 bytes, 1day
	36.3
	36.4
	36.2
	36.3
	36.3
	35.9 
	36.0 


2.1.2 Guard-band
[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Huawei, HiSilicon

Source 2 = Ericsson
Source 3 = Nokia

]
Table 2.4-4: Comparison of battery life at 164dB coupling loss
	Coupling loss
164dB
	Battery life(years)

	
	Source 1 (R1-157467)
	Source 2 (R1-157636)
	Source 3 (R1-157251)

	
	2.5kHz UL(FDMA+GMSK)
3.75kHz DL
	UL(SC-FDMA)
 15kHz DL
	UL(SC-FDMA)
 15kHz DL

	Packet size,
reporting interval
	Integrated PA
	external PA
	　
	　

	50 bytes, 2hours
	3.5
	3.7
	3.3
	2.4 

	200 bytes, 2 hours
	1.9
	2.0
	1.8
	1.2 

	50 bytes, 1 day
	20.8
	21.4
	20.4
	17.0 

	200 bytes, 1day
	14.7
	15.4
	14.4
	10.6 


Table 2.4-5: Comparison of battery life at 154dB coupling loss
	Coupling loss
154dB
	Battery life(years)

	
	Source 1 (R1-157467)
	Source 2 (R1-157636)

	
	2.5kHz UL(FDMA+GMSK)
3.75kHz DL
	UL(SC-FDMA)
 15kHz DL

	Packet size,
reporting interval
	Integrated PA
	external PA
	　

	50 bytes, 2hours
	14.9
	15.5
	13.8

	200 bytes, 2 hours
	9.2
	9.8
	8.8

	50 bytes, 1 day
	33.7
	33.9
	33.2

	200 bytes, 1day
	30.2
	30.6
	29.8


Table 2.4-6: Comparison of battery life at 144dB coupling loss
	Coupling loss
144dB
	Battery life(years)

	
	Source 1 (R1-157467)
	Source 2 (R1-157636)

	
	2.5kHz UL(FDMA+GMSK)
3.75kHz DL
	UL(SC-FDMA)
 15kHz DL

	Packet size,
reporting interval
	Integrated PA
	external PA
	　

	50 bytes, 2hours
	28.2
	28.5
	26.9

	200 bytes, 2 hours
	24.0
	24.6
	24.0

	50 bytes, 1 day
	37.0
	37
	36.8

	200 bytes, 1day
	36.3
	36.4
	36.3


2.1.3 In-band
[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Huawei, HiSilicon

Source 2 = Ericsson
Source 3 = Nokia]
Table 2.4-7: Comparison of battery life at 164dB coupling loss
	Coupling loss
164dB
	Battery life(years)

	
	Source 1 (R1-157468)
	Source 2 (R1-157637)
	Source 3 (R1-157251)

	
	2.5kHz UL(FDMA+GMSK)
15kHz DL
	UL(SC-FDMA)
 15kHz DL
	UL(SC-FDMA)
 15kHz DL

	Packet size,
reporting interval
	Integrated PA
	external PA
	　
	　

	50 bytes, 2hours
	3.1
	3.3
	3.2
	2.4 

	200 bytes, 2 hours
	1.8
	1.9
	1.8
	1.2 

	50 bytes, 1 day
	19.8
	20.3
	20.0
	16.8 

	200 bytes, 1day
	14.2
	14.8
	14.2
	10.5 


Table 2.4-8: Comparison of battery life at 154dB coupling loss
	Coupling loss
154dB
	Battery life(years)

	
	Source 1 (R1-157468)
	Source 2 (R1-157637)

	
	2.5kHz UL(FDMA+GMSK)
15kHz DL
	UL(SC-FDMA)
 15kHz DL

	Packet size,
reporting interval
	Integrated PA
	external PA
	　

	50 bytes, 2hours
	13.8
	14.3
	13.6

	200 bytes, 2 hours
	8.8
	9.3
	8.7

	50 bytes, 1 day
	33.2
	33.4
	33.1

	200 bytes, 1day
	29.8
	30.2
	29.7


Table 2.4-9: Comparison of battery life at 144dB coupling loss
	Coupling loss
144dB
	Battery life(years)

	
	Source 1 (R1-157468)
	Source 2 (R1-157637)

	
	2.5kHz UL(FDMA+GMSK)
15kHz DL
	UL(SC-FDMA)
 15kHz DL

	Packet size,
reporting interval
	Integrated PA
	external PA
	　

	50 bytes, 2hours
	26.3
	26.6
	26.7

	200 bytes, 2 hours
	22.7
	23.1
	23.9

	50 bytes, 1 day
	36.7
	36.7
	36.7

	200 bytes, 1day
	36.0
	36.1
	36.3


2.1.4 Observations
Four {packet size, reporting interval} traffic models were considered. (a) 50 bytes per 2 hours; (b) 200 bytes per 2 hours; (c) 50 bytes per 1 day; and (d) 200 bytes per 1 day.

1. DL 15kHz OFDMA/UL 2.5 kHz SC-FDMA can meet the 10-year battery life target for all the traffic models and deployment scenarios at MCL 144 dB. At 154 dB MCL, it can  meet the target except for 200 bytes per 2 hours traffic. At 164 dB MCL, it can  meet the target only for 50 bytes or 200 bytes per day.
2. For in-band operation mode, DL 15kHz OFDMA/UL 2.5 kHz FDMA can meet the 10-year battery life target for all the traffic models at MCL 144 dB. At 154 dB MCL, it can meet the target except for 200 bytes per 2 hours traffic. At 164 dB MCL, it can meet the target for 50 bytes or 200 bytes per day.
3. For standalone and guard-band operation mode, DL 3.75kHz OFDMA/UL 2.5 kHz FDMA can meet the 10-year battery life target for all the traffic models at MCL 144 dB. At 154 dB MCL, it can meet the target except for 200 bytes per 2 hours traffic. At 164 dB MCL, it can meet the target for 50 bytes or 200 bytes per day.
4. For standalone deployment, UL 2.5 kHz FDMA has up to 7% longer battery life than UL 2.5 kHz SC-FDMA for 144 dB, 154 dB and 164 dB MCL. 

5. For in-band deployment, UL 2.5 kHz FDMA has similar battery life as UL 2.5 kHz SC-FDMA for 144dB, 154 dB and 164 dB MCL

6. For FDMA+GMSK UL, using an external PA typically extends the battery life by 0.1 - 0.5 years, for all the deployment scenarios, target MCLs and traffic models.
7. For FDMA 2.5 kHz UL in standalone operation mode, the 3.75 kHz DL has similar battery life to 15 kHz DL, for all target MCLs. 
8. UL 2.5 kHz FDMA based uplink meets the battery life requirement for both integrated and external PA.

9. UL 2.5 kHz SC-FDMA based uplink meets the battery life requirement for at least external PA, integrated PA is not evaluated
10. The impact of realistic battery current consumption model (non-linearity) is not considered in the energy consumption.
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