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1 Introduction
During RAN2#91bis, battery lifetime based on a user plane solution for data transmission in NB-IoT has been evaluated [1]. During SA2#111, control plane based data transmission has been agreed as a mandatory solution for NB-IoT. In this paper we further provide the battery lifetime evaluation based on the control plane based data transmission solution and considering different alternatives for the RACH procedure.
2 Energy consumption evaluation
The battery lifetime evaluation in this paper follows the methodology described in [2].

The assumed transactions for a  control plane based solution during an uplink reporting event are shown in Figure 1 - Figure 3, assuming three different cases: 1) UL data transmitted in message 5 (as in legacy LTE) and a preamble-based RACH design (as in [3]); 2) UL data transmitted in message 3 and a preamble-based RACH design (as in [3]); and 3) UL data transmitted in message 3 and a message-based RACH (contention-based PUSCH).
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Figure 1: Message exchange – UL data in message 5 and preamble-based RACH
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Figure 2: Message exchange – UL data in message 3 and preamble-based RACH
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Figure 3: Message exchange – UL data in message 3 and message-based RACH (CB-PUSCH)
As illustrated in Figures 1-3, there are four different operating states (Tx, Rx, Idle, Standby), each with different power requirement.  The details of these states are presented in Table 1, which refer to the assumptions in [1].

Table 1. Power consumption assumptions
	Operation
	Specification
	Power (mW)

	Transmission (Tx)
	Transmitter active at +23 dBm, assuming 44% PA efficiency and 90 mW for other analog and baseband circuitry.
	545

	Reception (Rx)
	Rx with Baseband processing
	90

	Idle
	Frame and frequency synchronization maintained
	3

	Standby
	Common assumption
	0.015


Protocol analysis

Synch and MIB acquisition
We assume that different RACH solutions should not impact synch and MIB acquisition; therefore we reuse the evaluation for synch and MIB acquisition in [1], illustrated as Table 2.
Table 2. Average PSS/SSS and PBCH reception (Rx) times (ms)

	
	 144 dB
	154 dB
	164 dB

	
	Rx
	Idle
	Rx
	Idle
	Rx
	Idle

	Synch
	142
	0
	148
	0
	215
	0

	MIB
	8
	103
	8
	103
	38
	445


Preamble-based RACH and Uplink report
The average RACH transmission time at each coverage level is shown in Table 3, which refers to table 3 in [1].

Table 3. Average PRACH transmission (Tx) time (ms)

	
	 144 dB
	154 dB
	164 dB

	
	Tx
	Idle
	Tx
	Idle
	Tx
	Idle

	Preamble
	4
	160
	48
	320
	160
	640


UL data in message 5 and preamble-based RACH

Table 4 shows the duration for an UL report which is delivered through message 5. A preamble-based RACH as designed in [3] is considered.
Table 4. Size, direction and transmission times for UL data in msg5 and preamble-based RACH
	
	
	
	Duration (ms)

	Message
	State
	Bytes (L1)
	144 dB
	154 dB
	164 dB

	DL assignment
	Rx
	8
	1
	4
	40

	RA msg2: RAR
	Rx
	10
	1
	4
	40

	Message 3 (RRC CON REQ, BSR)
	Tx
	12
	18
	42
	348

	DL assignment
	Rx
	8
	1
	4
	40

	Message 4 (RRC CON SETUP, contention resolution id)
	Rx
	49
	3
	19
	111

	DL assignment
	Rx
	8
	1
	4
	40

	Message 5 (RRC CON SETUP COMP, NAS message)

IP Data (200 Bytes)
	Tx
	207
	54
	798
	3942

	DL assignment
	Rx
	8
	1
	4
	40

	Message: DL Info Delivery with IP ack
	Rx
	72
	5
	27
	164

	HARQ ACK
	Tx
	3
	7
	13
	224

	PDCCH monitoring
	Rx
	8
	39
	156
	1560


UL data in message 3 and preamble-based RACH
Table 5-1 shows the duration for an UL report which is delivered through message 3 and where message 5 (RRC Connection Setup Complete) is still assumed to be used in this case. A preamble-based RACH as designed in [3] is considered.
Table 5-1. Size, direction and transmission times for UL data in msg3 and preamble-based RACH (with msg5)
	
	
	
	Duration (ms)

	Message
	State
	Bytes (L1)
	144 dB
	154 dB
	164 dB

	DL assignment
	Rx
	8
	1
	4
	40

	RA msg2: RAR
	Rx
	10
	1
	4
	40

	Message 3 (RRC CON REQ, NAS message)

IP Data (200 Bytes)
	Tx
	211
	54
	816
	4020

	DL assignment
	Rx
	8
	1
	4
	40

	Message 4 (RRC CON SETUP, contention resolution id)
	Rx
	49
	3
	19
	111

	DL assignment
	Rx
	8
	1
	4
	40

	Message 5 (RRC CON SETUP COMP)
	Tx
	7
	12
	24
	204

	DL assignment
	Rx
	8
	1
	4
	40

	Message: DL Info Delivery with IP ack
	Rx
	72
	5
	27
	164

	HARQ ACK
	Tx
	3
	7
	13
	224

	PDCCH monitoring
	Rx
	8
	39
	156
	1560


Table 5-2 shows the duration for an UL report which is delivered through message 3 and where message 5 is not assumed to be used. A preamble-based RACH as designed in [3] is considered.
Table 5-2. Size, direction and transmission times for UL data in msg3 and preamble-based RACH (without msg5)
	
	
	
	Duration (ms)

	Message
	State
	Bytes (L1)
	144 dB
	154 dB
	164 dB

	DL assignment
	Rx
	8
	1
	4
	40

	RA msg2: RAR
	Rx
	10
	1
	4
	40

	Message 3 (RRC CON REQ, NAS message)

IP Data (200 Bytes)
	Tx
	211
	54
	816
	4020

	DL assignment
	Rx
	8
	1
	4
	40

	Message 4 (RRC CON SETUP, contention resolution id)
	Rx
	49
	3
	19
	111

	DL assignment
	Rx
	8
	1
	4
	40

	Message: DL Info Delivery with IP ack
	Rx
	72
	5
	27
	164

	HARQ ACK
	Tx
	3
	7
	13
	224

	PDCCH monitoring
	Rx
	8
	39
	156
	1560


The idle time per report is assumed to be as shown in Table 6, which refers to [1]. 

Table 6. Idle time per report (ms)

	
	 144 dB
	154 dB
	164 dB

	Waiting for IP Ack
	1000
	1000
	1000

	Ready timer
	20000
	20000
	20000

	Scheduling delay
	1000
	1000
	1000


Message-based RACH and Uplink report

Table 7 shows the duration for an UL report which is delivered through message 3 and where a message-based RACH is considered. In this case RA message 1 is assumed to be sent on a CB-PUSCH. It should be noted that the impact of collisions (that clearly needs to be addressed for this approach) is not considered at all in this evaluation.
Table 7. Size, direction and transmission times for UL data in msg3 and on message-based RACH
	
	
	
	Duration (ms)

	Message
	State
	Bytes (L1)
	144 dB
	154 dB
	164 dB

	RA msg 1: RA Request (RRC CON REQ, random num, BSR)
	Tx
	11
	12
	36
	300

	DL assignment
	Rx
	8
	1
	4
	40

	RA msg2:  RA Response (RRC CON SETUP, random num, T-CRNTI, UL Grant)
	Rx
	52
	4
	20
	118

	Message 3 (RRC CON SETUP COMP (NAS message), S-TMSI)

IP Data (200 Bytes)
	Tx
	211
	54
	816
	4020

	DL assignment
	Rx
	8
	1
	4
	40

	Message 4 (S-TMSI)
	Rx
	9
	1
	4
	40

	DL assignment
	Rx
	8
	1
	4
	40

	Message: DL Info Delivery with IP ack
	Rx
	72
	5
	27
	164

	HARQ ACK
	Tx
	3
	7
	13
	224

	PDCCH monitoring
	Rx
	8
	39
	156
	1560


Furthermore, the idle time per report is assumed to be the same as in Table 6.
Results

The overall reception, transmission and idle times per report at different coverage levels and for the different RACH solutions are shown in the following Tables.
Table 8. TX, RX and Idle time per report (ms) – UL data in msg 5 and preamble-based RACH
	
	 144 dB
	154 dB
	164 dB

	Tx (200 bytes)
	83
	901
	4674

	Rx
	202
	378
	2288

	Idle
	22263
	22423
	23085


Table 9-1. TX, RX and Idle time per report (ms) – UL data in msg 3 and preamble-based RACH
	
	 144 dB
	154 dB
	164 dB

	Tx (200 bytes)
	77
	901
	4608

	Rx
	202
	378
	2288

	Idle
	22263
	22423
	23085


Table 9-2. TX, RX and Idle time per report (ms) – UL data in msg 3 and preamble-based RACH (without msg 5)
	
	 144 dB
	154 dB
	164 dB

	Tx (200 bytes)
	65
	877
	4404

	Rx
	201
	374
	2248

	Idle
	22263
	22423
	23085


Table 10. TX, RX and Idle time per report (ms) – UL data in msg 3 and message-based RACH
	
	 144 dB
	154 dB
	164 dB

	Tx (200 bytes)
	73
	865
	4544

	Rx
	202
	375
	2255

	Idle
	22103
	22103
	22445


The estimated lifetime in years is shown in the followings Tables.
Table 11. Estimated battery lifetime in years – data in msg 5 and preamble-based RACH
	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	200 bytes, 2 hours
	17.28
	5.87
	1.40

	200 bytes, 1 day
	34.59
	26.12
	11.8


Table 12-1. Estimated battery lifetime in years – data in msg 3 and preamble-based RACH
	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	200 bytes, 2 hours
	17.52
	5.87
	1.42

	200 bytes, 1 day
	34.67
	26.12
	12.08


Table 12-2. Estimated battery lifetime in years –data in msg 3 and preamble-based RACH (without msg5)
	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	200 bytes, 2 hours
	18.03
	5.99
	1.48

	200 bytes, 1 day
	34.83
	26.31
	12.43


Table 13. Estimated battery lifetime in years –data in msg 3 and message-based RACH
	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	200 bytes, 2 hours
	17.72
	6.05
	1.44

	200 bytes, 1 day
	34.73
	26.41
	12.2


3 Conclusions
Based on the above analysis, the estimated battery lifetime when adopting the considered different alternatives for the RACH procedure is always very similar. Considering this, there seems to be no real justification to deviate from an LTE-like solution, i.e. transmitting UL data in message 5 and adopting a preamble-based RACH design.
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