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1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

1.2
Reason for change

One of the objectives for this study is for the CIoT devices to meet a battery lifetime target of ten years. This pCR aims to include the battery lifetime estimation for EC-GSM as described in [2]. 
1.3
Summary of change

The TR should be updated to include the battery lifetime estimation for EC-GSM. The estimated lifetimes are presented for the different packet sizes, the two reporting intervals and at different coverage. It can be seen that EC-GSM reach the battery target of 10 years for almost all evaluation points, i.e. except for GPRS reference cases + 20 dB with more frequent reporting  and GPRS reference cases + 10 dB with packet size of 200 byte.  For these three cases EC-GSM reach a battery lifetimes between 1,2 and 6,6 years.
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6.2.6
EC-GSM Battery Lifetime Estimation

The setup used to estimate the energy consumption during  a Mobile Autonomous Reporting(MAR) interval is based on a device transmitting 50 or 200 bytes of data on top SNDCP layer plus an extra of 10 bytes for SNDCP/LLC headers, This in accordance with sub-clause 5.4.  The reports are transmitted according to two different MAR intervals, once every second hour or once per 24 hours. The assumed transactions needed are illustrated in Figure 6.2-1 where the duration of deep sleep is the MAR interval.
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Figure 6.2-1 Illustration of message transactions with 1 HARQ retransmission

As illustrated in Figure 6.2-1 there are four different energy consuming levels, each with different operating current and active time intervals. The values for the operating currents used in the battery lifetime estimation are presented in Table 6.2-1and the time intervals for the different energy consuming activities are explained in the respective subchapter. The legacy use of PacketControlAck is optional in EC-GSM and not included in the calculations. It is assumed that the BLEP is zero for all transmission except for payload.

Table 6.2-1 Typical values of average current during different Modem operations in an MS.

	Operation
	Specification
	Operating current (µA)

	Transmission (Tx)
	Tx (GMSK) (33 dBm) (1)
	1 393 528

	Reception (Rx)
	Rx with Baseband processing
	30 000

	Power Saving States
	Light sleep
	1000

	
	Deep sleep 
	4.54


The operating voltage used for the calculations is 3.3V and the burst period is 577µs as for legacy GSM.

6.2.6.1
Deep Sleep

Prior to any mobile autonomous reporting the device will be in deep sleep and need to wake up and synch to the BCCH carrier in the cell. It is here assumed that the device will be in the same cell as when the previous report were sent and therefore knows what BCCH carrier to sync to. 

The time in deep sleep mode is taken to be the entire reporting interval. This is somewhat pessimistic since part of the interval is not in deep sleep but used for reporting. The energy added in this estimation when the device is actually in transfer mode is regarded as negligible. The energy consumed is calculated as:
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Where EDS, IDS, V, TDS are the Energy for deep sleep, Current used for deep sleep, operating voltage and time in deep sleep (reporting interval) respectively, see Table 6.2-2.

Table 6.2-2 Deep Sleep

	Mode of Operation
	Number of frames 
	TDS

	Deep Sleep
	The entire reporting interval
	2 h / 24 h


6.2.6.2
Network synchronization
Depending on Coverage Class, CC, of the device the sync process will need more or less time to find the FCCH/SCH and consequently use different amount of energy. All CIoT devices, regardless of CC, are required to read the EC-SCH. In the GPRS reference case the energy evaluation of average network synchronization is done by first reading the FCCH. The FCCH occurs in every 10th or 11th TDMA frame (out of 5 FCCH instances, 4 will be separated by 10 TDMA frames and one by 11) on TS0 and hence the device will on average need to listen to 5.1 TDMA frames ((4*10+11)/(5*2)). 

It is assumed that CC1 devices will then read the SCH on TS0 to quickly acquire the frame structure and therefore know where to start to listen for the EC-SCH. On average, there will approximately 20 TDMA frames ((0+10+20+30+40)/5=20) waiting time after SCH is read until an instance of EC-SCH on TS1 can be read, and the total number of frames needed to sync a CC1 device is 26 TDMA frames (5.1+1+20 = 26.1) or equivalently approximately 120 ms (120.5 ms). During this time the device receives approximately 43 bursts (5.1*8+1+1 = 42.8) and is in light sleep for around 167 bursts, 7 bursts after the received FCCH burst plus ((0+10+20+30+40)*8)/5= 167).

Table 6.2-3 Sync GPRS reference case

	Mode of Operation
	#Burst Rx
	#Burst Light Sleep

	Sync
	43
	167


For a device in +20 dB extended coverage the time to read and synchronize to the FCCH is, see 6.2.6, on average 567 ms. When the FCCH sync is done it will be 11 TDMA frames of light sleep (TDMA frame 40 of the last FCCH instance to TDMA frame 0 in the next 51-multiframe) before the first EC-SCH burst (FCCH synchronization is assumed to be done on full 51-multiframes). 

The time to read the EC-SCH is 58 TDMA frames, see reference 6.2-2 implying a total network synchronization time of approximately 0.9 seconds ((11+58)*4.615+567 = 885). During the FCCH synchronization it is assumed that the device reads all bursts on all timeslots but during the EC-SCH sync it only needs to read the timeslot where EC-SCH is present and can be in light sleep in between. The device will use light sleep mode during all burst between EC-SCH allocations.
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Figure 6.2-2 EC-SCH mapping

Table 6.2-4 Sync GPRS reference case +20 dB

	Mode of Operation
	#Burst Rx
	#Burst Light Sleep

	Sync
	997
	537


For the GPRS reference case +10 dB the FCCH sync time is approximately one MF in time, see reference in 6.2.6. When the FCCH sync is done it will on average be 25.5 TDMA frames of light sleep before the first EC-SCH burst. The EC-SCH sync can be acquired by reading seven EC-SCH burst.

Table 6.2-5 Sync GPRS reference case +10 dB

	Mode of Operation
	Burst Rx
	Burst Light Sleep

	Sync
	408
	253


Note, the values in Table 6.2-3, 6.2-4 and 6.2-5 should be regarded as approximate.

For all three coverage cases the energy consumed for synchronization is calculated according to:
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Where IRx and ILS are currents used for receiving and in light sleep and T is the time used in each mode. 

The current used for deep sleep, light sleep and reception can be found in Table 6.2-1.

6.2.6.3 Light Sleep

Between expected reception and transmission opportunities the device will use the power saving mode of light sleep to save energy. In some parts it will be in light sleep the entire duration and in some part it needs to receive on some timeslots and use light sleep in the others. The estimated duration of the reception versus light sleep sections according to Figure 6.2-1 can be found in Table 6.2-6 and some explanation to each section can be found in the bullet list below: 

· The number of TDMA frames between sync complete to the start of an access attempt will for the +20 dB case be approximately 44 TDMA frames. The sync procedure will always end by reading the 7 EC-SCH burst in an odd 51-MF, see 6.2-2. Therefore, the first access opportunity for a +20 dB device will be the first burst in the next even 51-MF. Note that between sync and access request the device will not listen to any DL TS

· EC-RACH allocations for CC6 devices (GPRS reference case +20 dB) are time separated with the EC-AGCH allocations with approximately three TDMA frames. On average, a CC6 user will need to wait 89 TDMA frames before the first EC-AGCH opportunity occurs. The average is calculated by using the six different EC-RACH opportunities, (pairs of 16 burst segments over two 51-MF), that occurs during one CC6 EC-AGCH period, (4 51-MF, see Figure 6.2-4). Using the first EC-RACH pair, (TDMA frame 0-15) in #51-MF equal to 0 and 1 mod(#51-MF,4) it will be 35 TDMA frames until the end of the second 51-MF in the pair, plus to full 51-MF, (MF 2 and 3 mod(#51-MF,4) plus 19 TDMA frames before the start of the first burst in the first EC-AGCH allocation, see Figure 6.2-3 and Figure 6.2-4 below. Doing this for all six available EC-RACH pairs the average can be calculated as ((35+2*51+19)+(19+2*51+19)+(3+2*51+19)+(35+19)+(19+19)+(3+19))/6  = 89 TDMA frames. It is here assumed that the first possible EC-AGCH allocation is allocated to EC-AGCH and not EC-PCH. -Due to the EC-AGCH allocations, the device does not need listen on TS1 for the entire duration since this is the first possible EC-AGCH.

· The alignment between the 51-MF EC-AGCH allocations and 52-MF EC-PDCH allocations indicates that a fixed allocation could be assigned to the devices within a few TDMA frames. However it is assumed that an average time of 80ms between the assignment received on the EC-AGCH to the first allocated resource of the fixed uplink allocation is needed. Between the assignment message and the start of the fixed allocation, the device will not listen to any DL TS.

· The logical channels EC-PACCH and EC-PDTCH are mapped in the same way and it is assumed that one CC6 EC-PDTCH/EC-PACCH block is elapsed between the last data transmission of a fixed uplink allocation to the reception of the first corresponding DL EC-PACCH block (PUAN), i.e. 17 TDMA frames or equivalently 80ms is the time in light sleep. After each fixed uplink transmission the device will listen for PUAN on the assigned resources.

· Due to the aligned mapping between EC-PACCH and EC-PDTCH the time between the assignment received in the PUAN message to the first allocated resource of the new fixed uplink allocation (i.e. the PUAN identifies the uplink resources to be used to resend missing RLC data blocks) is taken to be the same as the time between the last data transmission to the reception of the PUAN. For each PUAN, (except the last including FAI), the device will need to wait for its allocated resources, no reception during this time.

· It is agreed, see 5.4, that a 1000ms period should be used as the time between the last allocated UL data resource to the start of the reception of the application layer acknowledgment. It is assumed in this paper that a device is listening on its allocated time slots during the entire time period, first for the DL assignment and then for the application acknowledgment. Optimizations whereby the device knows where to start listen for an expected assignment message or PUAN could be supported.

· It is also agreed, see 5.4, that a ready state timer of 20 seconds shall be applied in the calculations of the battery lifetime estimation. 

It should be noted that these duration are estimated for the GPRS reference case + 20dB but are also used for the battery lifetime estimations for + 10dB and + 0dB. 

Table 6.2-6 Light sleep durations for +20 dB case

	Transaction mode
	#TDMA Frames
	Time in Rx mode(ms)
	Time in light sleep (ms)

	Between Synch and access request on EC-RACH
	44
	0
	200

	Between last EC-RACH burst to the start of receiving Immediate Assignment
	89
	0
	410

	Between assignment to the start of first transmission opportunity
	17
	0
	80

	Between last data transmission to the start of receiving PUAN
	17
	40
	40

	Between PUAN and HARQ retransmission
	17
	0
	80

	Idle time for application ACK
	215
	500
	500


6.2.6.4 Random Access

The access request will transmit the number of burst according to the device coverage class. In the GPRS reference case it will use one EC-RACH burst and in the GPRS reference case + 20dB it will need to transmit 32 EC-RACH bursts. The device will be in light sleep during the time slots that does not belong to the EC-RACH and hence not transmitting, see Figure 6.2-3. For the GPRS reference case + 10 dB, four repetitions are needed to meet a BLER of 10%. The energy consumption for the RACH is calculated according to:
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Where ITx is the transmission current and TTx is the time needed to transmit the required number of burst depending on coverage class. For the GPRS reference case + 20dB case the light sleep contribution is the non EC-RACH TS and also all TS and all TDMA frames between two consecutive EC-RACH opportunities in two adjacent 51-MF’s, see Figure 6.2-3. The burst activity is summarized in Table 6.2-7.

Table 6.2-7 Summary of EC-RACH activities.

	GPRS reference case
	#Transmitted bursts
	#Light sleep burst

	+ 10dB
	4
	4*7 = 28

	+ 20dB
	32
	32*7 + 35*8 = 504
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Figure 6.2-3 EC-RACH mapping. CC1 (top), …, CC6 (bottom)

6.2.6.5
Immediate Assignment
The energy consumed for receiving the Immediate Assignment message will be calculated according to the EC-AGCH mapping, see Figure 6.2-4. This implies that in the GPRS reference case the device needs to listen to two EC-AGCH bursts and be in light sleep in between these two bursts. For the GPRS reference case + 20dB it will need to listen to a total of 64 burst over four 51 multi-frames while being in light sleep in between i.e. it will be in light sleep in between consecutive allocated EC-AGCH bursts and also in light sleep between EC-AGCH blocks in two consecutive 51-MF as indicated in Figure 6.2-4. 
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Figure 6.2-4 EC-AGCH mapping. CC1 (top), …, CC6 (bottom)

For the GPRS reference case + 10 dB four repetitions, (eight bursts), are needed to meet a BLER of 10%. The EC-AGCH active and light sleep bursts are summarized in Table 6.2-8 and the energy consumed by receiving the immediate assignment message is calculated by:
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The definitions of the different contributions are similar as the above equations

Table 6.2-8 Summary of EC-AGCH activities.

	GPRS reference case
	#Received bursts
	#Light sleep burst

	+ 10dB
	8
	8*7=56

	+ 20dB
	64
	64*7 + (35*8)*3 = 1288


6.2.6.6
Data Transmission with HARQ retransmissions

Data transmissions in EC-GSM rely on HARQ retransmissions for devices in extended coverage. For the uplink GPRS reference case + 20dB we allow for up to three HARQ retransmissions to complement the original transmission. With 16 blind repetitions for each transmission, will at that point have a residual BLER of less than one percent but at the expense of sending each UL data block on average 1.6 times. A report of 50 bytes plus lower layer headers needs three MCS-1 blocks and with HARQ retransmission this implies that we will on average need to send 5 MCS-1 blocks in total, where each block is blindly transmitted 16 times. Similarly, for the report size of 200 bytes we will need 10 MCS-1 blocks which results in 16 blocks when using HARQ retransmissions. In total we will use 16*16 blind radio block transmissions in this case. The device will be allocated resources according to Figure 6.2-5. 
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Figure 6.2-5 EC-PDTCH mapping. CC1, CC2 (top), CC3, …, CC6 (bottom). Each row of TS combinations constitutes different mapping alternatives.

The energy consumed by the access attempt is:
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The time TLs is the non-allocated TS’s in light sleep burst time as seen in Figure 6.2-5. 

A summary of the number of transmitting burst and burst in sleep mode is given in Table 6.2-9 for transmitting one radio block. To calculate the total energy consumed the number of radio blocks need to be taken into account.

Table 6.2-9 Summary of EC-PDTCH activities.

	GPRS reference case
	#Transmitted bursts
	#Light sleep burst

	+ 10dB
	 1.45*2*4 = 11.6
	 1,45*6*4 = 35

	+ 20dB
	 1.6*16*4 = 102,4
	 1.6*16*4 = 102,4


6.2.6.7 PACCH Signaling

For the GPRS reference case, EC-PACCH signaling is mapped as legacy PACCH. For the GPRS reference case + 20dB, each EC-PACCH block is mapped onto four PDCHs and repeated in total 16 times, see Figure 6.2-5 for more information.

A PUAN will be received after each fixed uplink allocation and will include both the ACK/NACK bitmap and the allocation bitmap (i.e. an additional fixed uplink allocation if Nack is present). The number of bursts used for receiving the PUAN is the same as the number of bursts needed to transmit one radio block, this is also valid for the number of bursts in light sleep. The energy consumed for EC-PACCH is calculated as:

[image: image17.png]Epaccn





Joules
To calculate the energy consumption for receiving the PUAN message for the extended coverage case, repetitions needs to be taken into account.

Table 6.2-10 Summary of PUAN activities.

	GPRS reference case
	#Received bursts
	#Light sleep burst

	+ 10dB
	8
	6*4 = 16

	+ 20dB
	64
	16*4 + 8 = 72


It is assumed here that the DL assignment for receiving the application acknowledgment is not included in the PUAN carrying the FAI. Instead a separate assignment message is used in the energy calculation that assigns the DL resources. The energy consumption is the same as in Table 6.2-10.

6.2.6.8 Application Acknowledgment

It is agreed in, see 5.4, that the size of the application acknowledgment is zero i.e. for the energy evaluation it is only the header size of either 29 or 65 bytes that should be used. In this evaluation a header size of 65 bytes is used which will be equivalent of three MCS-1 radio blocks. The number of receiving burst and burst in light sleep is the same as for receiving PUAN but with three radio blocks plus repetitions see Table 6.2-10. The energy consumed for receiving the application ack is calculated as:
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6.2.6.9 Packet Downlink Ack/Nack

The energy consumed by transmitting the layer two acknowledgment is the same as for transmitting one radio block, see Table 6.2-9.

6.2.6.10 Ready State

At the end of each transmission the device will be in ready state. It is here assumed that the non-DRX timer is set to zero, the ready timer set to 20 seconds, each device looks for ten paging opportunities according to its coverage class while the ready timer is running and the rest of the time is spent in light sleep. At the expiration of the ready state timer the device enters deep sleep (i.e. the current reporting interval ends and a new timer is started according to the MAR interval in use).

Over 20 seconds we have 20 / 0,000577 ~= 34 662 bursts. CC1 devices read 20 of 34662 bursts, CC4 devices read 80 of 34662 and CC6 devices read 640 of 34662.

Table 6.2-11 Summary of Ready state activities for 20 seconds.

	GPRS reference case
	#Bursts read
	#Light sleep burst

	0dB
	2*10 = 20
	34 662 - 20 = 34 642 

	+ 10dB
	8*10 = 80
	34 662 - 800 = 34 582 

	+ 20dB
	64*10 = 640
	34 662 - 640 = 34 022 


The energy consumed in Ready State is calculated as:
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6.2.3
Battery lifetime 

As illustrated in Figure 6.2-1 there are four different energy consuming levels, each with different operating current and active time intervals. The legacy use of PacketControlAck is optional in EC-GSM and not included in the calculations. It is assumed that the BLEP is zero for all transmissions except for payload.

In Table 6.2-12 the estimated lifetime in years are presented for the different packet sizes, the two reporting intervals and at different coverage. It can be seen that EC-GSM reaches the battery target of 10 years for almost all evaluation points. For GPRS reference cases + 20 dB with more frequent reporting  and GPRS reference cases + 10 dB with packet size of 200 byte.  For these three cases EC-GSM reach a battery lifetime between 1,2 and 6,6 years.

Table 6.2-12 Results in years

	Packet size, reporting interval
	Loss = GPRS reference MCL +0dB
	Loss = GPRS reference MCL +10 dB
	Loss = GPRS reference MCL +20 dB

	50 bytes, 2 hours
	16,6
	11,5
	2,8

	200bytes, 2 hours
	12,7
	7,2
	1,2

	50 bytes, 1 day
	34,4
	31,9
	18,6

	200 bytes, 1 day
	32,7
	28,1
	10,9


	End of modifications
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