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Introduction
GP-150574 describes how the energy consumption and the corresponding battery life analysis is done the scenarios defined in the TR. This document contains text to be added to TR 45.820 v1.2.1.
First Change

7.2.4.2 
Battery life evaluation

7.2.4.2.1
General

Battery life evaluation is done as per §5.4 but results are provided for 90% reliability (no retransmissions) and 99% reliability (1 retransmission for 10% of MAC data blocks). NB-OFDMA physical layer design allows 100 bytes per MAC data block. For 200-byte report one of the two MAC blocks need to be retransmitted but for 50 bytes only one MAC block is transmitted hence same block re-transmitted.

7.2.4.2.2
Assumptions

The mobile station will operate in one of four states each with an associated power consumption.  These states are given in the Table 7.2.4.2-1 below:

Table 7.2.4.2-1 Power consumption assumptions

	Activity
	Power consumption

(mW)
	Comments

	TX active
	545
	Transmitter active at +23 dBm, assuming 44% PA efficiency and 90 mW for other analog and baseband circuitry

	RX active
	90
	Analog RF and digital baseband processing for active receiver

	Idle 

(light sleep)
	3
	Maintenance of precision oscillator reference for RF synthesizers

	Deep Sleep
	0.015
	Low power crystal, sleep counters and state machine


7.2.4.2.3
Protocol analysis

To accomplish an uplink transmission the mobile station must wake from deep sleep and establish synchronization with its serving cell. This is accomplished by searching for the primary synch channel (PSS) and then decoding the secondary synch channel and broadcast channel to verify cell parameters.  Once synchronization is established the mobile station will transmit an access channel burst (PRACH) to request uplink transmission slot and monitor the control channel (PDCCH) for the assignment.  The UE will then transmit data in the assigned slot, receive the PDCCH for acknowledgement and downlink assignment, receive the downlink data packet and acknowledge the downlink data. 
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Figure 7.2.4.2-1 Protocol diagram for uplink transmission

After the transaction is complete mobile station enters normal idle mode, monitoring primary system information for a paging indication. This indication is carried in slots 0 and 1 of the PBCH and requires receiving for 11.9ms once every second (fastest normal paging DRx.)
7.2.4.2.4 
PSS search time

Time to search and identify the PSS channel is based on the uncertainty introduced by the accuracy of the low power sleep crystal and the mean time to detect the PSS channel. The sleep crystal oscillator is assumed to have an accuracy of +20ppm which translates into an ambiguity of 144 msec for the two hour sleep interval and 1728 msec for the 24 sleep interval. Because the PSS channel is repeated at 125 msec intervals the search time to the first PSS segment is less than the crystal ambiguity and it can be assumed the search time to first PSS is uniformly distributed in the range 0 to 125 msec, with a mean of 62.5 msec.

Figure 7.2.4.2-2 below shows the CDF of time to detection of PSS channel for different MCL values. 
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Figure 7.2.4.2-2: Synchronization Latency CDF

The mean PSS search time is computed as the sum of the PDF of period times the latency to each period and increased to the next integer period.  The mean PSS detection time is given in Table 7.2.4.2-2 below.

Table 7.2.4.2-2. Mean time to sync

	Coupling Loss
(dB)
	# Periods
	Time

(msec)
	Time with Ambiguity (ms)

	144
	1
	125
	187.5

	154
	2
	250
	312.5

	164
	4
	500
	562.5


The PSS and SSS segments occupy a total of 3.5 msec to receive. To account for the start of frame ambiguity there may be an idle period of between 0 and 7 PSS segment periods between detection of the PSS segment and the PBCH segment. For the 2 hours periodicity case it is assumed to be an average of 1 PSS segment period and for the 24 periodicity an average of 4 PSS segment period.

7.2.4.2.5 
Protocol times

Once the start of the frame is established the other channels have a known relationship and the RX or TX timing depends on the channel segment duration.  Table 7.2.4.2-3 below lists the channel durations and idle times between channel segments.  These times are based on the segment sizes and slot structures as defined in [1], section 7.2.1.

Table 7.2.4.2-3 Activity times for protocol elements

	Activity
	Duration (msec)
	State

	
	144 dB
	154 dB
	164 dB
	

	PSCH  
	187.5
	312.5
	562.5
	RX

	PBCH – Primary System Information
	11.925
	11.925
	11.925
	RX

	PRACH 
	25.55
	38.325
	76.65
	TX

	Mean IDLE PRACH to PDCCH  
	940.4
	934
	914.8
	IDLE

	PDCCH (assignment/ack for initial Tx)  
	13.416
	26.831
	80.494
	RX

	PDCCH (assignment/ack for retransmission)
	13.416
	26.831
	80.494
	RX

	Mean IDLE PDCCH to PUSCH to PDSCH 

50 bytes.
	1447.8
	1029
	666.5
	IDLE

	Mean IDLE PDCCH to PUSCH to PDSCH 

200 bytes
	1340.5
	1134.6
	1089
	IDLE

	50 Byte PUSCH (initial Tx)
	47.7
	453.15
	1788.75
	TX

	50 Byte PUSCH (retransmission)
	47.7
	453.15
	1788.75
	TX

	200 Byte PUSCH (initial Tx)
	155.025
	1347.525
	5366.25
	TX

	100 Byte PUSCH (1 MAC block retransmission)
	77.51
	673.76
	2683.13
	TX

	Mean IDLE PDCCH to PDSCH to PUCCH
	1429
	1370.9
	1201
	IDLE

	50 Byte PDSCH
	83.3
	154.7
	297.5
	RX

	PUCCH (ACK)
	5.9625
	5.9625
	5.9625
	TX


7.2.4.2.6 
Results

Assembling the modelled transaction from the times above for the uses cases defined in this TR we get the results for battery lifetime in years for a 5 W-hr battery as shown in Table 7.2.4.2-4 and Table 7.2.4.2-5.
Table 7.2.4.2-4 Battery life without re-transmission

	Battery Life in Years for 5 W-hr cell

	Packet size, report interval 
	Maximum Coupling Loss

	
	GPRS + 0dB (144dB)
	GPRS + 10dB (154 dB)
	GPRS +20 dB (164 dB)

	
	
	
	

	50 Bytes, 2 hours
	19.6
	9.1
	3.3

	200 Bytes, 2 hours
	15.3
	4.4
	1.3

	50 Bytes, 1 day
	35.3
	30.1
	20.4

	200 Bytes, 1 day
	33.9
	23.2
	11.3


Table 7.2.4.2-5 Battery life with re-transmission for 10% of the reports

	Battery Life in Years for 5 W-hr cell

	Packet size, report interval 
	Maximum Coupling Loss

	
	GPRS + 0dB (144dB)
	GPRS + 10dB (154 dB)
	GPRS +20 dB (164 dB)

	
	
	
	

	50 Bytes, 2 hours
	19.4
	8.6
	3.1

	200 Bytes, 2 hours
	15.0
	4.2
	1.2

	50 Bytes, 1 day
	35.2
	29.6
	19.6

	200 Bytes, 1 day
	33.7
	22.8
	10.9


End of Change
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