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Pseudo CR 43.869 – pCR - MS Energy Consumption Evaluation for data transfer
[bookmark: _Ref177802497]1	Introduction
1.1	Background Information
A study on “Power Saving for MTC Devices” was agreed in GERAN #60 [1]. In order to compare different solution proposals the individual contributions from various activities such as data transfer, Routing Area update etc. needs to evaluated and agreed. 
1.2	Reason for change
The energy consumption for the transfer of data in the Network triggered and Mobile Autonomous case have been evaluated and needs to be included in the TR.
1.3	Summary of change
The TR is updated to include the Energy consumption evaluation for the Network triggered reporting and Mobile autonomous reporting traffic models [2].
1.4	References
[1]	GP-131136, “New SI Proposal: Study of Power Saving for MTC Devices”, China Mobile Communication Corporation, GERAN #60
[2]	GP-150163, “MS energy consumption model Evaluation for Data Transfer”, source Ericsson LM, GERAN#65

pCR to 3GPP TR 43.869-v0.3.0
	First modification (modified sub-clause)


6.1	Traffic model Attributes and Scenarios
Editor’s notes: this section is to describe the traffic model attributes used to identify use case scenarios of interest and to help for the evaluation of candidate GERAN enhancements applicable to use case scenarios of interest.
For traffic model definitions the following attributes are to be used to identify specific use case scenarios of interest:
· Mobility: this attribute defines the mobility behaviour of the MS which may have no mobility (stationary), medium mobility or high mobility (use case 1 and 2).
· MO Data frequency: the frequency at which mobile originated packet data transmissions are to be made for a mobile station (use case 2).
· MT triggering frequency: the frequency at which triggers are sent for a mobile station that operates according to use case 1 (i.e. page reception triggers the transmission of a report, a downlink TBF is not established). This may occur less frequently than allowed for by the periodicity of paging group monitoring.
· Latency: determines the minimum time length required from the point where uplink data becomes available in a MTC device to the point where uplink data transmission begins (use case 2), or how much time it takes for a MTC device to receive a page (trigger) from the point where a SGSN first determines a report is to be triggered (use case 1)
· UL/DL data size: Uplink or downlink packet data size transmitted or received by MTC devices where it is assumed the packet data is to be transmitted/received in consecutive radio blocks with MCS-2 (use case 1 and 2).
· Ready timer: 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) (use case 1 and 2)..
· Non-DRX timer: Time duration where MS needs to continuously monitor AGCH/PCH blocks immediately after completing the transmission of a report (part of ready timer period) (use case 1 and 2).
Based on the use cases defined in section 5, and the above considered attributes, traffic model specific attributes are shown in Table 1 for the Network Triggered Traffic Model and in Table 2 for the Autonomous Reporting traffic model:
Table 1: Network Triggered traffic model
	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)

	Packet trigger size
	60 byte
	Size of the application payload used to trigger report

	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



Table 2: 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




	Second modification (modified sub-clause)


[bookmark: _Toc404299801]6.5.2	Energy Consumption for Data Transfer
6.5.2.1 Energy Consumption for Network triggered Traffic model
In table 6.5-x the assumptions on the data traffic for the network triggered reporting Traffic model are summarized
Table 6.5-x : 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



To transmit one UL 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 (i.e. the trigger) which would activate the network triggered report. For the sake of completeness, we can assume it to be 60 bytes (For example 40 bytes for IPv6 + 8 bytes for UDP + 12 bytes for the trigger payload). 


Figure 6.5-x: Data exchanges for a 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 6.5-y: Energy Consumption for Data Transmission Network triggered USE Case 
	
	Sub Procedure
	Energy Consumed (uJ)
	Time taken(ms)

	1
	PAGE
	228.492
	2.308

	2
	Idle time in between monitoring page(28 bursts)
	53.312
	16.156

	3
	Idle Light sleep(for 15.96 ms) 
	52.67
	15.96

	4
	RACH
	2653.417
	0.577

	5
	AGCH Idle(Full CCCH) (light sleep for 80 bursts). Note: practical BSS response time is no faster than 50ms.
	148.5
	45

	6
	Immediate Assignment(4 bursts)
	228.492
	2.308

	7
	AGCH Idle (Light sleep for 7 bursts after each of 4 AGCH bursts = 28 bursts 
	53.301
	16.152

	8
	PDCH Idle  (light sleep for 28 bursts of TS not used to receive 1st USF) 
	53.301
	16.152

	9
	USF Monitoring for sending  page Response using 4 bursts
	228.492
	2.308

	10
	Page Response (Dummy LLC)
	10613.667
	2.308

	11
	PDCH Idle (Light sleep Light sleep for 7 bursts after each of 4 PDCH bursts = 28 bursts)
	53.312
	16.156

	12
	Idle for 10 ms
	33
	10

	12
	Packet TS Reconfigure
	228.492
	2.308

	13
	PDCH Idle (Light sleep for 28 bursts of TS not used for the reception of PTR)
	53.312
	16.156

	14
	Trigger Packet DL (3 RLC PDU’s)
	685.476
	6.924

	15
	PDCH Idle (Light sleep in between receiving these 3 RLC PDU’s)
	159.936
	48.468

	
	PDCH Idle (Light sleep while waiting to send UL L2 Ack after RRBP=13). Note:  MS in light sleep for 7 of 8 DL TS over 12 TDMA frames and for all 8 TS on the 13th TDMA frame)
	175.1739
	53.083

	16
	TFI monitoring during this time. 
	685.476
	6.924

	17
	UL L2  ACK (4 bursts Tx). 
Note: PDAN sent according to RRBP.
	10613.667
	2.308

	18

	PDCH Idle  (Light sleep for 6 bursts after each of 4 UL PACCH bursts = 24 bursts). 1 TS used for USF decoding and 1 TS used for MS transmission per TDMA frame
	45.7
	13.848

	19

	 TFI monitoring . TFI/USF monitoring during UL L2 ack transmission
	228.492
	2.308

	20
	UL RLC PDUs (6 RLC PDU’s for entire report)
	63682
	13.8848

	21
	PDCH Idle (Light sleep for 6 bursts after each of 4 PDCH burst transmissions = 24 bursts for each UL RLC PDU, applies to each of the 6 UL RLC PDUs)
	274.19
	83.088

	22
	DL TFI/USF monitoring during the transmission of 6 UL PDU’s (1 slot per frame)
	1370.95
	13.848

	23
	PDCH Idle for around 10 TDMA frames after transmission of 6th RL PDU (until reception of PUAN excluding the time for TFI/USF monitoring)  
	133.254
	40.38

	24
	TFI/USF monitoring till the reception of DL L2 ACK on PACCH
	571.23
	5.77

	25
	DL L2  ACK (4 bursts Rx)
	228.492
	2.308

	26
	PDCH Idle  (Light sleep for 7 bursts after each of 4 DL PACCH bursts = 28 bursts)
	53.312
	16.156

	27
	Idle (light sleep 7 of 8 TS for 100 TDMA frames until the DL Application Ack/TCP Ack) 
	1332.54
	403.8

	28
	All USF/TFI monitoring for 1 of 8 TS for 100 TDMA frames until the DL Application Ack/TCP Ack
	5712.3
	57.7

	29
	DL TCP Ack/Application Ack (4 DL RLC PDU’s)
	913.968
	9.232

	30
	PDCH Idle (Light sleep for 7 bursts after each of 4 PDCH burst receptions for each DL RLC PDU = 28 bursts) * 4 occurrences
	213.248
	64.624

	31
	PDCH Idle (Light sleep while waiting to send UL L2 Ack after RRBP=13). Note:  MS in light sleep for 7 of 8 DL TS over 12 TDMA frames and for all 8 TS on the 13th TDMA frame)
	175.1739
	53.083

	32
	TFI monitoring during this time. 
	685.476
	6.924

	33
	UL L2  ACK (4 bursts Tx)
Note: PDAN sent according to RRBP.
	10613.667
	2.308

	34
	PDCH Idle  (Light sleep for 7 bursts after each of 4 UL PACCH bursts = 28 bursts)
	53.312
	16.156



Total Energy Consumed for the sending a network triggered report (completed in around1.1 s) is113.2 mJ. The configuration assumption for the energy consumption assumes the following: 
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 and T3192 value=0.
3. No UL or DL dummy control block sent or received
4. MCS-1 used for all data transfer UL and DL.
5. The DL trigger uses UDP or similar connectionless protocol
6. During the Idle time of 100 TDMA frames after sending the TCP Packets ,it is assumed that DL PACCH is monitored every frame, but for practical simplicity the power consumption is shown at the end of sleep period continuously
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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Figure 6.5-y: Power Consumption sequence for Data Transfer (Network triggered use case)

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.
6.5.2.2 	Energy Consumption for Mobile Autonomous Reporting
In table 6.5-z the assumptions on the data traffic for the Mobile Autonomous Traffic model are summarized. 
Table 6.5-z : Mobile Autonomous Traffic model evaluation
	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.


Figure 6.5-z: Mobile Autonomous reporting procedure
One data transfer procedure using Mobile Autonomous reporting can be broken down into several basic operations as specified in Table 6.5-d with with the assumption of 120 bytes UL data and 80 Bytes DL data (For TCP ACK or application level Acks).  Details of the Energy Consumed for individual sub process with time taken for each are also included in the table. The below table assumes the max TX power for transmission (33 dBm) and MCS-1 being used throughout.

Table 6.5-d: Energy Consumption for Mobile Autonomous Reporting
	
	Sub Procedure
	Energy Consumed (µJ)
	Time taken(ms)

	1
	RACH
	2653.417
	0.577

	2
	AGCH Idle(Full CCCH) (light sleep for 80 bursts)
	148.5
	45

	3
	Immediate Assignment(4 bursts)
	228.492
	2.308

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

	5
	PDCH Idle  (light sleep for 1 frame 28in between monitoring 1st USF)
	53.312
	16.152

	6
	USF Monitoring for sending  1st UL PDU
	228.492
	2.308

	7
	Packet TS Reconfigure(establishing 1 TS in both UL and DL TBF) 
	228.492
	2.308

	8
	PDCH Idle (Light sleep in between reception of PTR) 
	53.312
	16.156

	9
	UL PDU (6 PDU’s)
	63682
	13.8848

	`0
	PDCH Idle (Lightsleep for 6 bursts after each of 4 PDCH burst transmissions = 24 bursts for each UL RLC PDU, applies to each of the 6 UL RLC PDUs)
	274.19
	83.088

	11
	DL TFI monitoring during the transmission of 6 UL PDU’s
	1370.95
	13.848

	12
	PDCH Idle for around 10 TDMA frames after transmission of 6th RLC PDU (until reception of PUAN excluding the time for TFI/USF monitoring)  
	133.254
	40.38

	13
	TFI/USF monitoring till the reception of DL L2 ACK on PACCH
	571.23
	5.77

	14
	DL PACCH  ACK (4 bursts Rx)
	228.492
	2.308

	15
	PDCH Idle  (Light sleep for 7 bursts after each of 4 DL PACCH bursts = 28 bursts)* 3 Occurances
	53.312
	16.156

	16
	Idle (light sleep for 100 TDMA frames till getting Application/TCP Acks) 
	1332.54
	403.8

	17
	All USF/TFI monitoring till the DL Application/TCP acks
	5712.3
	57.7

	18
	DL TCP ACK /Application Acks 4 RLC PDU’s)
	913.968
	9.232

	19
	PDCH Idle (Light sleep for 7 bursts after each of 4 PACCH bursts = 28 bursts) * 4 occurrences
	213.248
	64.624

	20
	PDCH Idle (Light sleep while waiting to send UL L2 Ack after RRBP=13). Note:  MS in light sleep for 7 of 8 DL TS over 12 TDMA frames and for all 8 TS on the 13th TDMA frame)
	175.1739
	53.083

	21
	TFI monitoring for 12 frames
	685.476
	6.924

	22
	UL L2ACK (4 bursts Tx)
Note: PDAN sent according to RRBP?.
	10613.417
	2.308

	23
	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 Mobile Autonomous report (completed in around 880 ms) is 89.6 mJ. The configuration assumption for the figure below is same as that reported for Network triggered reporting.
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Figure 6.5-e.  Power Consumption for Mobile Autonomous Reporting

	End of modifications
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