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1 Introduction
In this document, we analyse the battery life impact of optimisations with an aim of determining a base line against which optimisations can be considered and to study the impact that some of the discussed optimisations may make to the overall lifetime of the UE.
2 Discussion
2.1 Protocol Overview
Figure 1 provides an overview of the LTE equivalent protocol flow for sending a 200 octet report and receiving an application acknowledgement which was for power evaluations in TR 45.820[1].
The UE synchronizes with the network and then receives the MIB.  It performs the RACH procedure and transmits the 200 octet report, split into 4 transmissions, receives the application ACK.  It then monitors 4 PDCCHs waiting for the RRC connection to be release.

The 200 octet report has been segmented into 520bit (65 octet) TBs.  If larger TBs are available then the number of transmissions required will be different. When a 50 octet report is transmitted, or an unsegmented 200 octet report, then it can be sent in a single data segment, therefore PDCCH UL grant, uplink transmission and HARQ ack for segments #2, #3 and #4 shown in Figure 1 are not required. 
Each of the UL or DL transmissions are followed by a HARQ acknowledgement. The message flow for 2 different RLC options are shown:

· RLC-AM is used and the RLC-AM entity is assumed to be using polling to request an acknowledgement when the transmission buffer is empty, not for each RLC PDU that is transferred. This results in an acknowledgement per RLC SDU, not every RLC PDU. Note in other traffic scenarios the timing and number of RLC acknowledgements may be different, resulting in higher latency and/or more power consumption.
· RLC does not perform any acknowledgements.

No retransmissions are considered in the protocol flow.
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Figure 1 Protocol Flow
2.2 Power Consumption Assumptions

The power consumption assumptions used in this evaluation are shown in Table 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


2.3 Protocol Transmission and Reception Timings

This section provides details of the transmission and reception times used for the battery life analysis.

Table 2 shows the times for synchronisation and MIB reception, the values copied from [2].
Table 2 Receiver active time for synchronisation and MIB

	
	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
	112
	112
	146
	146
	469
	469

	PBCH (MIB)
	868
	92
	868
	92
	2020
	220


Table 3 shows the times for RACH preamble transmission, the values are copied from [3].
Table 3 RACH Transmission Times
	
	Coupling loss 
= 144 dB
	Coupling loss 
= 154 dB
	Coupling loss 
= 164 dB

	
	Tx
	Idle
	Tx
	Idle
	Tx
	Idle

	Preamble
	4.8
	160
	19.2
	320
	192
	640


Table 4 shows the transmission and reception times for activates outlined in the protocol flow, the values are derived from [4] and [5].
Table 4 Transmission and Reception Times
	Activity
	Activity
	PHY Size
	Coupling loss  144dB duration (ms)
	Coupling loss 154db duration (ms)
	Coupling loss 164db duration (ms)

	PDCCH UL/DL Assignment
	RX
	8
	4
	24
	128

	TX HARQ Ack
	TX
	3
	7
	13
	160

	RX HARQ Ack
	RX
	8
	2
	22
	132

	RAR
	RX
	10
	4
	36
	150

	RRC Connection Request
	TX
	12
	12
	36
	360

	RRC Connection Setup
	RX
	31
	22
	132
	686

	RRC Connection Setup Complete with a segment of the 200 octet report (not last).
	TX
	65
	32
	238
	1960

	RRC Connection Setup Complete with last segment of 200 octet report
	TX
	47
	28
	182
	1426

	RRC Connection Setup Complete with 50 octet report
	TX
	74
	40
	252
	2400

	RRC Connection Setup Complete with 200 octet report (not segmented)
	TX
	224
	72
	820
	6720

	DL RLC-AM Ack
	RX
	5
	2
	24
	132

	UL RLC-AM Ack
	TX
	5
	10
	24
	220

	Application ACK
	RX
	55
	22
	132
	816

	RRC Connection Release
	RX
	13
	5
	32
	192


2.4 Estimated Battery Life Times
The battery life times for the 2 different RLC acknowledgement scenarios are shown in Table 5 and Table 6.
Table 5 Estimated Battery Life with an RLC-AM acknowledgement per RLC SDU

	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	50 bytes, 2 hours
	21.3
	9.9
	1.5

	200 bytes, 2 hours
	19.5
	5.7
	0.8

	200 bytes (segmented), 2 hours
	17.1
	5.3
	0.8

	50 bytes, 1 day
	35.7
	30.8
	12.7

	200 bytes, 1 day
	35.3
	25.8
	7.9

	200 bytes (segmented), 1 day
	34.5
	25.1
	7.4


Table 6 Estimated Battery Life without RLC acknowledgements

	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	50 bytes, 2 hours
	21.8
	10.3
	1.6

	200 bytes, 2 hours
	20.0
	5.8
	0.8

	200 bytes (segmented), 2 hours
	17.4
	5.4
	0.8

	50 bytes, 1 day
	35.8
	31.1
	13.1

	200 bytes, 1 day
	35.4
	26.0
	8.0

	200 bytes (segmented), 1 day
	34.6
	25.3
	7.6


As can be seen from Table 5 and Table 6 there is a measurable increase in battery life by not using RLC-AM acknowledgments per RLC SDU.  The battery life increase from removing RLC-AM acknowledgements per RLC SDU compared is shown in Table 7.
Table 7 Battery life increase from removing RLC-AM acknowledgements
	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	50 bytes, 2 hours
	2.3%
	4.0%
	6.7%

	200 bytes, 2 hours
	2.6%
	1.8%
	0%

	200 bytes (segmented), 2 hours
	1.8%
	1.9%
	0%

	50 bytes, 1 day
	0.3%
	1.0%
	3.1%

	200 bytes, 1 day
	0.3%
	0.8%
	1.3%

	200 bytes (segmented), 1 day
	0.3%
	0.8%
	2.7%


It should be noted the calculations do not include any retransmissions.

2.5 Other Optimizations

Other optimizations to RRC procedures have been discussed, including implicit RRC connection release.  Here we calculate the battery life if the RRC Connection Release procedure is not used, and the RRC connections are implicitly released, therefore the section marked “Connection Release” in the protocol flow is not considered.
Table 8 is the estimated battery life if RRC connections are implicitly released and no RLC acknowledgements are used.
Table 8 Estimated Battery Life without RLC acknowledgments and implicit RRC Connection Release

	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	50 bytes, 2 hours
	22.3
	10.5
	1.6

	200 bytes, 2 hours
	20.4
	5.9
	0.8

	200 bytes (segmented), 2 hours
	17.7
	5.4
	0.8

	50 bytes, 1 day
	35.9
	31.2
	13.4

	200 bytes, 1 day
	35.5
	26.1
	8.2

	200 bytes (segmented), 1 day
	34.7
	25.4
	7.7


This battery life (Table 8) estimation could be considered the best case and the estimated battery life with RLC-AM acknowledgements (Table 5) could be considered worst case estimated battery life.  Table 9  shows the percentage battery life increase from the worst case using these optimisations.

Table 9 Battery life increase using implicit release and not RLC-AM acknowledgements
	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	50 bytes, 2 hours
	4.7%
	6.1%
	6.7%

	200 bytes, 2 hours
	4.6%
	3.5%
	0%

	200 bytes (segmented), 2 hours
	3.5%
	1.9%
	0%

	50 bytes, 1 day
	0.6%
	1.3%
	5.5%

	200 bytes, 1 day
	0.6%
	1.2%
	3.8%

	200 bytes (segmented), 1 day
	0.6%
	1.2%
	4.1%


As can be seen from Table 9 once the optimisations are added together, they combine to make significant improvements to the battery life.
3 Conclusion

Battery life estimations for RLC acknowledgment and other optimizations have been shown.  While each optimization alone may not make a significant difference, the optimizations together will make a more significant impact.

With this in mind all small improvements should be considered, as together they will make a difference, and single optimizations should not be discounted, if they only make a small difference.
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