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1 Introduction

The email discussion "[90#20][LTE/C-IoT] Data transmission targets for security-related procedures" was agreed to establish a common view on the context, background and possible common assumptions of the incoming SA3 LS [1] aiming to provide RAN2 inputs to its three questions. During this discussion, it was highlighted the importance to also better understand whether Rel-13 LC/EC design could meet the ultra-long battery life time target required by some of the MTC/CIoT use cases. This contribution provides exemplary simulation assumptions and results aiming to address the concerns raised in this regard. 
2 Discussion
2.1 Simulation assumption
Figure 1 depicts the assumed LTE message flow and their corresponding power consumption level, keeping in mind that this figure is not in scale. The 'Y' axis represents the different power consumption levels based on the current numbers described in Table 1. The power consumption model is based on [2] [3], although different levels are considered for the power consumption of the deep sleep (used while UE is in PSM) to also compare with the relative power consumption values proposed during Rel-12 MTCe UEPCOP discussion [3] (in this regard, further details are shown Table 5 within the Annex A). It is important to highlight that the UE battery lifetime depends on a lot of factors, such as, the LTE configuration parameters, Rel-13 LC/EC system designed, as well as, other aspects that are out of 3GPP scope/control (e.g. battery size, device requirements of having or not display, etc); therefore the following evaluation is based on certain assumptions described in the document. 
The impact of the enhanced coverage (EC) mode is simulated by taking into account the repetitions required for each physical channel in relation to every message transmitted or received. The number of repetitions required to retransmit each message varies depending on the physical channels (i.e. PRACH, M-PDCCH, unicast/broadcast PDSCH, PUCCH or PUSCH), the EC level (5dB, 10dB and 15 dB) and in some case the TBS, as it is shown in Table 2. The assumed repetitions numbers and their corresponding periodicity are based on previous RAN1 LSs [4]-[6] and internal RAN1 simulation inputs; however, for some cases, estimations have been required, such as, for the PUSCH, in which, for TBS size larger than 72 bits, EC repetition is estimated by the linear interpolation. In addition, Annex A could be referred for further simulation assumptions, parameters and other details.
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Figure 1. LTE-based message flow for MTC/CIoT (assuming that PSM is configured)
Table 1. Power consumption model used (P1)
	Parameter
	Consumed current (mA)

	Psleep_deep
	0.454

0.0454

0.00454

	Psleep_light
	0.909

	PTx (max)
	165.15

	PRx
	27.27


Table 2. EC related parameters (number of repetitions and periodicity of the repetitions)

for the EC levels of 0 dB, 5 dB, 10 dB and 15 dB 

	Physical channel
	TBS size

(bits)
	Number of 

EC repetitions
	EC periodicity

(ms)

	PRACH
	N/A
	0,4,10,40
	5

	PDCCH
	N/A
	0,4,16,100
	1

	PUCCH
	N/A
	0,6,24,24
	5

	PSS/SSS
	N/A
	35,40,45,50 (*1)
	N/A

	PBCH
	N/A
	4,8,8,12 (*1)
	N/A

	PDSCH

Broadcast
	328,504,1000
	0,18,25,40
0,200,260,360

0,200,260,360
	1

	PDSCH

Unicast
	152,328,504,1000
	0,8,26,61
0,18,38,106
0,23,46,140
0,33,68,264
	1

	PUSCH
	72 (*2)
	0,4,16,64 (*2)
	1


(*1) Time values in ms; (*2) The number of repetitions for other TBS are lineally extrapolated.
2.2 Simulation results

The UE battery lifetime is analyzed, as explained in section 2.1, for the power model P1 (that assumes different levels of power consumption during the PSM sleep period), and for an UL data activity traffic of 200Bytes with inter-arrival times (IAT) of 24hours and 2hours; and the corresponding results are shown in Figure 2.
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Figure 2 Battery lifetime for IAT 24 h vs 2 h with power consumption model P1
Observation 1. The power consumption assumed for the sleep periods while the UE is in PSM (PSleep) has a significant impact on the UE battery lifetime.

Observation 2. The UE battery lifetime meets the target of 10 years when PSleep is 104 times smaller than the power assumed for the reception period (PRx), which are GERAN power consumption assumptions [2]
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Additional results are shown in Table 3 for different UL data IATs and sizes for the same power consumption mode (P1), but only assuming the PSleep that is 104 times smaller than the PRx. For further reference, results for different values of the power consumption models are shown in Annex B and summary of GERAN's analysis is in Annex C .
Table 3. UE battery lifetime analysis for different data IAT and size assuming 

power consumption model P1 (with the smaller PSleep)
	Data size and IAT
	EC level

	
	0 dB
	5 dB
	10 dB
	15 dB

	50B,   2h
	19.7
	14.0
	7.6
	3.8

	200B, 2h 
	19.6
	12.4
	6.0
	2.5

	50B,   6h
	29.0
	24.2
	16.3
	9.5

	200B, 6h 
	29.0
	22.5
	13.6
	6.5

	50B,   12h
	33.0
	29.6
	22.8
	15.2

	200B, 12h 
	32.9
	28.3
	20.1
	11.2

	50B,   24h
	35.3
	33.3
	28.5
	21.8

	200B, 24h 
	35.3
	32.5
	26.3
	17.3


Observation 3. When the data size increases to 200Bytes from 50Bytes, it is observed that the larger the EC level, the larger the impact on UE battery lifetime.
Observation 4. UE battery lifetime decreases with the increased frequency of the IAT.
Observation 5. The UE power consumption depends on diverse factors, such as the number of subframes assumed active due to the scheduling, the time that the UE is in connected, the configuration parameters used for DRX cycles, and other assumptions, such as the power consumption levels, whether a device has a display, etc.

Proposal 1.
RAN2 is asked to take into consideration these UE battery lifetime evaluation results as an informative reference for Rel-13 LC/EC UE.
3 Conclusion

The observations and proposals on the UE battery lifetime exemplary evaluation for MTC/C-IOT use cases are the following:

Observation 1. The power consumption assumed for the sleep periods while the UE is in PSM (PSleep) has a significant impact on the UE battery lifetime.

Observation 2. The UE battery lifetime meets the target of 10 years when PSleep is 104 times smaller than the power assumed for the reception period (PRx), which are GERAN power consumption assumptions [2]

 REF _Ref427310400 \r \h 
 \* MERGEFORMAT [7].
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Observation 5. The UE power consumption depends on diverse factors, such as the number of subframes assumed active due to the scheduling, the time that the UE is in connected, the configuration parameters used for DRX cycles, and other assumptions, such as the power consumption levels, whether a device has a display, etc.
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5 Annex A

Main simulation parameters and assumptions
	Parameters
	Values

	Conn. long DRX
	2.56 sec.

	Conn. DRX inactivity timer
	20 ms

	Conn. DRX ON duration
	5 ms

	RRC connection release timer
	2.5 sec.

	PSM active period T3324
	17.5 sec.

	Idle DRX cycle
	2.56 sec.

	Periodic TAU T3412
	3 days


Table 4 Size and direction of messages in LTE
	Direction
	Messages
	Bytes (DL)
	Bytes (UL)

	DL
	SIB1
	34
	

	DL
	SIB2
	37
	

	UL
	Preamble
	 
	X

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete (NAS Service Request) + BSR
	 
	22

	DL
	Security Mode Command + RLC Status Report
	14
	 

	UL
	Security Mode Complete + BSR
	 
	12

	DL
	RRC Connection Reconfiguration (SRB2 & DRB configuration) + RLC Status Report
	61
	 

	UL
	RRC Connection Reconfiguration Complete + BSR
	 
	12

	UL
	Data Packet + RLC Status Report
	 
	66/216

	DL
	Data Packet + RLC Status Report
	45
	 

	DL
	RRC Connection Release + RLC Status Report
	13
	 

	UL/DL
	RLC Status Report
	3
	3


(*) Traffic assumptions are based on [7]
Table 5. Power consumption models based on Rel-12 MTCe UEPCOP [3] and GERAN [2]
	Power consumption parameter
	Relative value (unit/ms) [3]
	(P3) Absolute values (mA) assuming PRx
	(P2) Absolute values (mA) assuming PRx
	(P1) Absolute values (mA) from [2]

	Psleep_deep
	0.01

0.001

0.0001
	0.8

0.08

0.008
	0.4

0.04

0.004
	0.454

0.0454

0.00454

	Psleep_light
	0.1
	0.8
	0.4
	0.909

	PTx (max)
	4
	320
	160
	165.15

	PRx
	1
	80
	40
	27.27


(*) The battery lifetime methodology, battery capacity (5Wh) and voltage (3.3v) are based on is based on [7].
6 Annex B
For further reference, results for different values of the power consumption models relative power consumption values proposed during Rel-12 MTCe UEPCOP discussion [3] 
	Table 6. UE battery lifetime for P3

Power model P3 (PRx 80mA)

Data size and IAT 
EC level
0 dB
5 dB
10 dB
15 dB
50B, 2h
11.9
7.6
3.7
1.8
200B, 2h 
11.8
6.7
3.0
1.2
50B, 24h
20.2
18.8
15.4
11.2
200B, 24h 
20.2
18.2
14.2
8.9

	Table 7. UE battery lifetime for P2

Power model P2 (PRx 40mA)

Data size and IAT 
EC level
0 dB
5 dB
10 dB
15 dB
50B, 2h
23.7
15.3
7.5
3.6
200B, 2h 
23.6
13.4
5.9
2.4
50B, 24h
40.5
37.5
30.9
22.5
200B, 24h 
40.4
36.5
28.3
17.8



7 Annex C
For reference UE battery lifetime for GERAN solutions (i.e. EC-GSM, NB-M2M, NB-OFDMA, NB-CIoT and NB-LTE) are shown in in Figure 3 [2]
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Figure 3 Battery lifetime comparison with Tx power 23 dBm
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