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MS energy consumption model Evaluation for Data Transfer
With a primary objective of exploring different possible options for power saving in case of MTC devices, a new study item on “Power Saving for MTC Devices” was agreed in GERAN #60 [1].  Also a paper on MS energy consumption model was presented in GERAN#63 [2] and another paper on Energy consumption for RAU is also presented for GERAN#64[4]. The intention of this paper is to give more details on the sequential energy consumption for doing the data transfer mainly intended to cover the following 2 use cases defined in [6]

1> Network triggered Traffic model

2> Autonomous Reporting Traffic model.
1. Measuring Energy Consumption Basics
The Energy Consumption calculation uses the same assumptions and premise as explained in the Energy Consumption for RAU [4]. 
2. Energy Consumption for Network triggered Traffic model
As explained in [6] it is agreed to have the following assumptions on the data traffic for network triggered Traffic model
Table 1:Network Triggered Traffic model evaluation

	Attribute
	Value
	Comment

	RA update periodic reporting interval
	1 day
	Time between periodic RA updates (for the stationary case). If other values are needed is FFS

	MT triggering frequency:
	5 min
1 hour 

10 hours

1 day
	The frequency at which triggers are sent for a mobile station that operates according to use case 1 (Network triggered reporting)

	Mobility
	Stationary
	No cell change while in power saving state (i.e. only periodic RAU).

	
	Medium mobility
	FFS

	
	High mobility
	FFS

	Uplink data size 
	120 byte (radio interface)
	Report  to server 

	Downlink data size
	50 byte (radio interface)
	Report Ack (TCP or application Ack)

	Ready timer
	20 sec 
	Used in the MS and the network to control the cell updating procedure. While Ready timer is running the MS will monitor the CCCH as well as do necessary cell and/or routing area updates (T3314)

	Non-DRX timer
	2 sec
	Time duration where MS needs to continuously monitor CCCH’s (part of ready timer period)

	Active timer
	0
	If other values are needed is FFS


So to transmit one Report, we would assume 120 bytes of UL and 80 bytes DL Data(80 bytes is because of 40 bytes for IPv6+20 bytes for TCP+ 20 bytes for Application acknowledgment data). In addition to this there would be small amount of application data in DL which would activate the network triggered report. For the sake of completeness, we can assume it to be 60 bytes (For ex 40 bytes for IPv6 +8 bytes for UDP + 12 bytes for trigger payload 
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Figure 1: Data exchanges for a network triggered Report
Figure 1 provides a sequence of message exchanges for network triggered Report.
Details of the Energy Consumed for individual sub process with time taken for each is depicted in Table 2 below.  The below table assumes the max TX power for transmission (33 dBm) and MCS-1 being used throughout
Table 2: Energy Consumption for Data Transmission Network triggered USE Case
	Sub Procedure
	Energy Consumed (uJ)
	Time taken(ms)

	PAGE
	228.492
	2.308

	Idle Light sleep(for 20 ms)
	105.984
	32.117

	RACH
	2284.92
	0.577

	AGCH Idle(Full CCCH) (light sleep for 80 bursts)
	148.5
	45

	Immediate Assignment(4 bursts)
	228.492
	2.308

	AGCH Idle (Light sleep for 7 bursts after each of 4 AGCH bursts = 28 bursts +USF monitoring 
	114.24 
	34.62

	Page Response (Dummy LLC)
	9139.68
	2.308

	PDCH Idle (Light sleep Light sleep for 7 bursts after each of 4 PDCH bursts = 28 bursts)
	53.312
	16.156

	Packet TS Reconfigure
	228.492
	2.308

	PDCH Idle (Light sleep)
	53.312
	16.156

	Trigger Packet DL (3 RLC PDU’s)
	685.476
	6.924

	PDCH Idle (Light sleep)
	159.936
	48.468

	UL PACCH  ACK (4 bursts Tx)
	9139.68
	2.308

	PDCH Idle  (Light sleep for 7 bursts after each of 4 DL PACCH bursts = 28 bursts)
	53.312
	16.156

	UL PDU (6 PDU’s)
	54838.08
	13.8848

	PDCH Idle (Light sleep)
	319.872
	96.936

	DL PACCH  ACK (4 bursts Rx)
	228.492
	2.308

	PDCH Idle  (Light sleep for 7 bursts after each of 4 DL PACCH bursts = 28 bursts)
	53.312
	16.156

	Idle (light sleep for 100 TDMA frames till getting Application/TCP Acks) 
	1522.95
	461.5

	DL TCP /Application Acks 4 PDU’s)
	913.968
	9.232

	PDCH Idle (Light sleep for 7 bursts after each of 4 PACCH bursts = 28 bursts) * 4 occurrences
	213.248
	64.624

	UL PACCH  ACK (4 bursts Tx)
	9139.68
	2.308

	PDCH Idle  (Light sleep for 7 bursts after each of 4 DL PACCH bursts = 28 bursts)
	53.312
	16.156


Total Energy Consumed for the sending a network triggered report (completed in around 900  ms) is 89.8mJ. The configuration assumption for the figure assumes the following as follows.
1. The UL transfer rate is 120 bytes and DL is 80 bytes per report in addition to 60 bytes of trigger.
2. UE would never move out of Packet transfer state throughout the duration of procedure

3. No UL or DL dummy control block sent or received

4. MCS1 used for all data transfer UL and DL.
5. The DL trigger uses UDP or similar connectionless protocol

The resources assigned by an Immediate Assignment message are only sufficient for sending a page response and as such a subsequent Packet Timeslot Reconfigure message is sent to provide DL TBF resources appropriate for sending a trigger to a MTC device and UL TBF resources appropriate for receiving a report from a MTC device.

The plot of Power consumed Vs Time is depicted in Figure 2 below.
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The Energy Consumption for Measurements are ignored as per 3GPP TS45.002. Measurements are done only when MS is doing some activity (TX or RX). The rationale is that the energy/power consumed for measurements during this procedure in Packet transfer mode is not that significant.
3. Energy Consumption for Mobile Autonomous Reporting

As explained in [6] it is agreed to have the following assumptions on the data traffic for Mobile Autonomous Reporting Traffic model

	Attribute
	Value
	Comment

	RA update periodic reporting interval
	N/A
	Not applicable to this traffic model with the assumption of periodic reporting and corresponding reporting interval shorter than Periodic RAU timer. 

	MO Data frequency:
	5 min
1 hour 

10 hours

1 day
	Periodic reporting is assumed and defines the time between reports to the network

	Mobility
	Stationary
	No cell change while in power saving state

	
	Medium mobility
	FFS

	
	High mobility
	FFS

	Uplink data size 
	120 byte (radio interface)
	Report  to server 

	Downlink data size
	50 byte (radio interface)
	Report Ack (TCP or application Ack

	Ready timer
	20 sec 
	Used in the MS and the network to control the cell updating procedure. While Ready timer is running the MS will monitor the CCCH as well as do necessary cell and/or routing area updates (T3314)

	Non-DRX timer
	2 sec
	Time duration where MS needs to continuously monitor CCCH’s (part of ready timer period)

	Active timer
	0
	If other values are need is FFS


For Mobile Autonomous report, Report gets reported either periodically or based on an internal trigger.
The sequence of steps is explained in figure below.
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Figure 3: Mobile Autonomous reporting procedure
Based on the premise  used in [4] energy consumption in mobile autonomous report is explained in table 3 below with the assumption of 120 bytes UL data and 80 Bytes DL data(For TCP ACK or application level Acks)
Table 3: Energy Consumption for Mobile Autonomous Reporting

	Sub Procedure
	Energy Consumed (uJ)
	Time taken(ms)

	RACH
	2284.92
	0.577

	AGCH Idle(Full CCCH) (light sleep for 80 bursts)
	148.5
	45

	Immediate Assignment(4 bursts)
	228.492
	2.308

	AGCH Idle (Light sleep for 7 bursts after each of 4 AGCH bursts = 28 bursts +USF monitoring < 
	114.24 
	34.62

	Packet TS Reconfigure 
	228.492
	2.308

	PDCH Idle (Light sleep) 
	53.312
	16.156

	UL PDU (6 PDU’s)
	54838.08
	13.8848

	PDCH Idle (Light sleep)
	319.872
	96.936

	DL PACCH  ACK (4 bursts Rx)
	228.492
	2.308

	PDCH Idle  (Light sleep for 7 bursts after each of 4 DL PACCH bursts = 28 bursts)* 3 Occurances
	53.312
	16.156

	Idle (light sleep for 100 TDMA frames till getting Application/TCP Acks) 
	1522.95
	461.5

	DL TCP /Application Acks 4 PDU’s)
	913.968
	9.232

	PDCH Idle (Light sleep for 7 bursts after each of 4 PACCH bursts = 28 bursts) * 4 occurrences
	213.248
	64.624

	UL PACCH  ACK (4 bursts Tx)
	9139.68
	2.308

	PDCH Idle  (Light sleep for 7 bursts after each of 4 DL PACCH bursts = 28 bursts)
	53.312
	16.156


Total Energy Consumed for the sending a network triggered report (completed in around 775 ms) is 70.3 mJ. The configuration assumption for the figure below is same as that reported for Network triggered reporting.
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4. Conclusion
The above data is to be used to identify the power consumed in sending data reports for both use cases. The overall power consumption (and therefore battery lifetimes) must be evaluated in conjunction with the power consumption associated with other procedures (like RAU/PDP context etc). It is furthermore proposed to introduce a new section 6.5.4 in the TR called  “6.5.4 Energy consumption for Data Transfer” and include the  content in section 2 and  3 in this new section. Finally, it is also proposed to update the Network triggering use case in the TR to also include the Packet Trigger of 60 bytes.  
5. Abbreviations

	NAS
	Non Access Stratum

	RAU
	Routing Area Update

	MTC
	Machine type communications

	PACCH
	Packet Associated control Channel
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Figure � SEQ Figure \* ARABIC �2�: Power Consumption sequence for Data Transfer (Network triggered use case) 





Figure � SEQ Figure \* ARABIC �4�: Power Consumption for Mobile Autonomous Reporting 
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