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1 Introduction
This document provides an evaluation of UE energy consumption for NB-IoT in standalone operation using an OFDMA downlink with 3.75 kHz subcarrier spacing and an FDMA uplink using 3.75 kHz base symbol rate and 5 kHz subcarrier spacing (i.e. as described in section 7.3 of [1]).

2 Energy consumption evaluation
2.1 Assumptions

The instantaneous power consumption assumptions for the major operating modes of the NB-IoT UE are shown in Table 1, based on the physical layer design in section 7.3 of [1].

Table 1: Power consumption assumptions for energy consumption analysis

	Operating mode
	
	Power (mW)
	Notes

	Transmit
(+23 dBm)
	External PA
	460
	+23 dBm with 50% PA efficiency for GMSK uplink (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	Receive
	Synchronization (PSCH)
	80
	Accounts for more complex digital processing during synchronization, using FFT based cross-correlation for PSS detection.

	
	Normal
(PBCH, PDCCH, PDSCH)
	70
	Includes FFT based OFDM demodulation, based on sampling rate of 240 kHz.

	Sleep
	
	3
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	Standby
	
	0.015
	Common assumption.


The protocol flow that is assumed for the energy consumption analysis is illustrated in Figure 1, based on the Gb core network architecture, and according to the design described in section 7.3 of [1]. 
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Figure 1: Protocol flow assumptions for energy consumption analysis

The PDCCH interval depends on the coverage class, and follows the typical configuration described in section 7.3.2 of [1]. Potential re-transmissions of the uplink report are shown, including an additional PDCCH reception for the MAC layer ACK associated with the uplink re-transmission.

The average time taken for network synchronization and for system information reading is shown in Table 2, which is based on the link level simulation results in section 7.3.6.1 of [1]. The latency values indicate the total elapsed time for PSCH detection or PBCH reading, while the Rx active times indicate the time for which the radio receiver is active. It is assumed that the UE has not moved to a different cell sector, and that only the Primary System Information (PSI) needs to be read (so the Secondary System Information is assumed to be unchanged since the previous reception). No PSD boosting has been assumed for PSCH or PBCH. 

Table 2: Receiver active time for synchronization and SI reading

	
	Coupling loss 
= 144 dB
	Coupling loss 
= 154 dB
	Coupling loss 
= 164 dB

	
	Latency
(ms)
	Rx active time (ms)
	Latency
(ms)
	Rx active time (ms)
	Latency
(ms)
	Rx active time (ms)

	PSCH
	278
	278
	291
	291
	445
	445

	PBCH (PSI)
	10
	10
	10
	10
	650
	30


The selection of MCS and CBS for each PDCCH, PDSCH and PUSCH burst type at each coupling loss is shown in Table 3, including the resulting burst durations. The corresponding link level simulation results can be found in section 7.3.6.1 of [1].

Data bursts include a 15 byte overhead in addition to the packet size above SNDCP (4 bytes for SNDCP, 6 bytes for LLC, 2 bytes for MAC header, and 3 bytes for CRC), and the first uplink burst after RACH uses an additional 5 bytes for TLLI. 
For the uplink transmission, we assume using 3.75kHz symbol rate GMSK for 164dB MCL, 15kHz GMSK for MCL 154dB and 60kHz GMSK for 144dB MCL.

No PSD boosting or adaptive power allocation has been assumed for PDCCH or PDSCH. 

Table 3: Time duration for each burst type

	
	
	Coupling loss = 144 dB
	Coupling loss = 154 dB
	Coupling loss = 164 dB

	Burst 
type
	PHY burst
size
	Duration
(ms)
	Duration
(ms)
	Duration
(ms)

	PDCCH
	9 bytes
	5
	30
	220

	PDSCH
(29 bytes)
	App ACK
(29+15 = 
44 bytes)
	50
	100
	800

	PUSCH Random
Access
	5 bytes
	40
	40
	320

	PUSCH Short Data
(50 bytes)
	Short report
(50+15+5 = 
70 bytes)
	20
	200
	1120

	PUSCH Long Data (200 bytes)
	Long report
(200+15+5 = 220 bytes)
	70
	520
	3120

	PUSCH
ACK 
of DL data
	MAC layer
ACK
(5 bytes)
	10
	40
	320


The impact of re-transmissions of the uplink reports is included in the energy consumption analysis by taking account of the simulated BLER for the initial transmission of the uplink report for each scenario, as given in section 7.3.6.1 of [1]. The analysis allows for an additional uplink transmission plus an additional reception of PDCCH containing the MAC layer ACK, as illustrated in Figure 1. This means that the energy consumption analysis takes account of the average number of retransmissions of the uplink report. The effect of BLER on channels other than PUSCH is not considered.

2.2 Results
The achievable battery life in years has been estimated as a function of reporting frequency and coupling loss, based on the previously stated assumptions. The results for an integrated PA are summarized in Table 4 and for an external PA in Table 5. In both cases, the transmit power from the UE is constrained to be +23 dBm (200 mW) to ensure compatibility in terms of peak current with a wider range of battery technologies. 

Table 4: Battery life estimates with integrated PA

	
	Battery life (years)

	Packet size,
 reporting interval
	Coupling loss
= 144 dB
	Coupling loss
= 154 dB
	Coupling loss
= 164 dB

	50 bytes, 2 hours
	25.3
	14.3
	3.4

	200 bytes, 2 hours
	21.9
	9.2
	1.9

	50 bytes, 1 day
	36.5
	33.4
	20.6

	200 bytes, 1 day
	35.9
	30.2
	14.5


Table 5: Battery life estimates with external PA

	
	Battery life (years)

	Packet size, 
reporting interval
	Coupling loss
= 144 dB
	Coupling loss
= 154 dB
	Coupling loss
= 164 dB

	50 bytes, 2 hours
	25.6
	14.8
	3.6

	200 bytes, 2 hours
	22.4
	9.7
	2.0

	50 bytes, 1 day
	36.6
	33.7
	21.2

	200 bytes, 1 day
	36.0
	30.6
	15.2


2.3 Conclusions
The achievable battery life for a NB-IoT UE using OFDMA downlink with 3.75 kHz subcarrier spacing and FDMA uplink using 3.75 kHz base symbol rate and 5 kHz subcarrier spacing has been estimated as a function of reporting frequency and coupling loss. The main conclusions are

· For all coupling losses, a 10 year battery life is achievable with a reporting interval of one day for both 50 bytes and 200 bytes application payloads.
· For reporting interval of two hours, a 10 year battery life is achievable for a coupling loss of 144 dB with 200 bytes application payload, and for 144 dB and 154 dB with 50 bytes application payload.
Observation: The NB-IoT design using an OFDMA downlink with 3.75 kHz subcarrier spacing and an FDMA uplink using 3.75 kHz base symbol rate and 5 kHz subcarrier spacing (i.e. as described in section 7.3 of [1]) meets the energy consumption requirement as described in [1] in standalone operation. 
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