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MS energy consumption model Evaluation for RAU
1. Introduction

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 another paper on MS energy consumption model was presented in GERAN#63 [2]. The intention of this paper is to give more details on the sequential energy consumption for doing a RAU procedure.
2. Measuring Energy Consumption Basics
If we consider the modem device to be a black box connected to the supply voltage, the average current consumed during different operational modes like, sleep, reception and transmission can be measured or estimated. 
Typical values of average current at different operational modes are tabulated in Table 1. It has been assumed in the model that the same operating voltage is used in all operational modes and that it is the operating current that is varying based on the specific mode of operation performed. The operating voltage is assumed to be 3.3 V. 
Using the black box model for a modem, any task (or use-case) can be broken down into one or several instances of variable length intervals of the different operational modes:

· Transmission (Tx) -baseband and RF are engaged in data transmission.

· Reception (Rx) - baseband and RF are engaged in data reception.

· Monitoring - RSSI measurements are performed for serving/neighbor cells.

· Light sleep - MS is in wakeup state and waiting to perform impending tasks.  

· Deep sleep - there is no activity for a long duration, modem enters into prolonged sleep (instead of staying in light sleep) by cutting down voltages and clocks to all modem sub-modules excepts RAM memory (for refreshment) and timer management (for interrupt generation). 

Table 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)
	1200,000

	
	Tx (8-PSK) (27 dBm) (1)
	350,000

	Reception (Rx)
	Rx with Baseband processing
	30,000

	
	Monitoring (RSSI with 32 I,Q samples)
	20,000

	Power Saving States
	Light sleep
	1,000(2)

	
	Deep sleep 
	1(3)

	
	Power off(4)
	0.01


Note 1: Since different transmit current is used based on the required transmit power level set by the MS according to the power control command or specific scenarios (use case), the respective average current value should be derived and be used for power consumption computation. The output power level is dependent on the power amplifier efficiency and several other factors. Here, the average current for maximum output power level (GMSK and 8-PSK modulations) are considered. 

Note 2: MS can employ different types of sleep modes for power saving, for more details please refer to [5]. 

Note 3: If the MS estimates that there will be no activity within the next frame (4.615 ms) it will go to deep sleep. 
Note 4: It should be noted that in this state the modem is completely switched off, however some energy is consumed by the application processor running to be able to wake the modem up.
Knowing the average operating voltage, average operating current and the duration of these intervals for any given use-case allows for the total energy consumed for that use-case to be easily computed. 
3. Energy Consumption for RAU procedure

One RAU can be broken down into several basic operations as specified in Table 1. For practical reasons a 33dBM transmit power is assumed in these calculations.
Figure 1 provides a sequence of message exchanges for RAU procedure.
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Figure 1: RAU  procedure
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)
Table 2: Energy Consumption for RAU

	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) 
	53.12
	16.156

	PDCH Idle  
	40.1
	12.117

	RAU Req (1st RLC data block) 
	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

	RAU Req (2nd RLC data block)
	9139.68
	2.308

	PDCH Idle (Light sleep)
	53.312
	16.156

	RAU Req (3rd RLC data block)
	9139.68
	2.308

	PDCH Idle (Light sleep)
	53.312
	16.156

	RAU Req (4th RLC data block)
	9139.68
	2.308

	PDCH Idle (Light sleep)
	53.312
	16.156

	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 after sending the RAU Request until the DL PACCH Assignment) 
	1522.95
	461.5

	DL PACCH DL Assignment (4 bursts Rx)
	228.492
	2.308

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

	RAU Accept (1st RLC data block)
	228.492
	2.308

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

	RAU Accept (2rd RLC data block)
	228.492
	2.308

	PDCH Idle (Light sleep)
	53.312
	16.156

	RAU Accept (3rd RLC data block)
	228.492
	2.308

	PDCH Idle (Light sleep)
	53.312
	16.156

	RAU Accept (4th RLC data block)
	228.492
	2.308

	PDCH Idle (Light sleep including the time for sending UL Ack after RRBP=13)
	250.758
	76.164

	UL PACCH  ACK (4 bursts Tx)
	9139.68
	2.308

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

	RAU Complete (4 bursts TX)
	9139.68
	2.308

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

	DL PACCH  ACK(4 bursts Rx)
	228.492
	2.308

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


Total Energy Consumed for the whole procedure (completed in around 780 ms) is 61.6mJ. The above data is taken from a network log and the configuration is as follows.
1. UE would never move out of Packet transfer state throughout the duration of RAU procedure

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

3. CS1 used for the NAS messages sent and received

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.
4. Conclusion
First of all it is proposed to populate the missing values in table 3 in the TR with the values in table 1 of this discussion paper. It is furthermore proposed to introduce a new section 6.5 in the TR called “Scenario specific energy consumption” and use the content in section 3 above as the “6.5.1 Energy consumption for RAU procedure”.   The above data is to be used to identify the power consumed in sending Routing Area Updates. The overall power consumption of an UPoD device (and therefore battery lifetimes) must be evaluated in conjunction with the power consumption associated with other procedures (like data transfer/PDP context etc).  
5. Abbreviations

	NAS
	Non Access Stratum

	RAU
	Routing Area Update

	MTC
	Machine type communications

	PACCH
	Packet Associated control Channel
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