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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

The present document captures the results of the feasibility study on MTC power saving for GERAN.

1
Scope

The present document contains the results from the feasibility study on power saving for Machine Type Communication (MTC) devices in GERAN. 
The study should cover the following aspects:

-
Identification of use cases and traffic models that the study should target.
-
Identification of a set of attributes to be used for identifying specific use case scenarios of prime interest.
-
Identification of candidate GERAN enhancements to reduce the energy consumption of MTC devices for use case scenarios of prime interest
-
Energy consumption evaluation of the identified candidate GERAN enhancements for scenarios of prime interest.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TR 41.001: "GSM Release specifications".
[3]
GP-131136 New SI proposal: Study of Power saving for MTC Devices (uPoD)
[4]
GP-140361, “MS energy consumption model”, source Ericsson, GERAN#62.

[5]
3GPP TSG GERAN Telco#2 on uPod, “Reference case definition”, Huawei Technologies Co., Ltd. , HiSilicon Technologies Co., Ltd.

[6]
GP-140324, “Proposed Working Assumptions on power consumption evaluation in idle mode for MTC devices”, Huawei Technologies Co., Ltd. , HiSilicon Technologies Co., Ltd., GERAN#62.
[7]
3GPP TS 23.682 Architecture enhancements to facilitate communications with packet data networks and applications
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

FFS
3.2
Symbols

For the purposes of the present document, the following symbols apply:

FFS
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

FFS
4
Objectives
Editor’s notes: This chapter describes the objectives of the study item, including performance objectives and compatibility objectives. And give detail description if necessary.
4.1
General
The general objectives of the study, is summarized in the following [3]

· Identify MTC scenarios of prime interest and traffic models where MTC devices would benefit from power savings

· Identify a set of traffic model attributes required for analysing use case scenarios of prime interest
· Investigate possible GERAN enhancements to reduce the power consumption of MTC devices for the use case scenarios of prime interest.
· Evaluate the possible gains of GERAN enhancements in terms of energy savings
· Evaluate the possible impacts of GERAN enhancements on device performance

· Avoid any negative impact on legacy voice and data services

· Avoid any hardware impact on infrastructure equipment.

· Avoid any hardware impact on BTS and MTC devices
4.2
Performance Objectives
4.3
Compatibility Objectives
5
Use Cases
Editor’s notes: This chapter list the possible use cases that the study item targets, to help evaluations and the proposal of candidate GERAN enhancements.
The study is targeting MTC devices and services that are expected to be widely used in GSM networks, and which could benefit from power saving studies. Smart gas meter is one important example for this kind of MTC device. To facilitate the study and to make the candidate GERAN enhancements general enough and future proof, general use cases are summarized.
5.1
Use Case 1 - Network triggered reporting
For this use case, the MTC device is triggered to send a report to the network entity, e.g. metering devices (sensors) that are monitored and controlled by entities outside or inside the operator’s network wherein a device normally only sends a report when triggered to do so by the network. Such use case requires MTC device that can be reached (triggered) as a result of network paging. After sending a report a device will remain reachable at least during a time interval determined by the Ready timer (i.e. during the first part of this interval it continuously monitors AGCH/PCH blocks according to the Non-DRX timer and it then monitors its nominal paging block according to legacy DRX operation for the remainder of this interval). After expiration of the Ready timer, reachability will be supported based on monitoring the nominal PCH block within the context of a power savings state.
Depending on the actual frequency of triggers sent by the network this class of device would benefit from being allowed to go into a power saving state between each triggered report - the longer the device remains in the power saving state the larger the power savings.

5.2
Use Case 2 - Mobile originated autonomous reporting
For this use case, the MTC device will autonomously detect the need to send a report, e.g. in a periodic manner or the report is sent in specified time period. The network may want to dynamically adjust the periodicity based on the actual network traffic load at a specific time. Reachability will be possible using either paging or reporting events as opportunities to send messages to these types of devices (determined based on use case attribute settings). After sending a report a device will remain reachable at least during a time interval determined by the Ready timer (i.e. during the first part of this interval it continuously monitors AGCH/PCH blocks according to the Non-DRX timer and it then monitors its nominal paging block according to legacy DRX operation for the remainder of this interval). After expiration of the Ready timer, reachability will not be possible until the next reporting event.
The class of devices operate according to this use case would benefit from being able to go into a power saving state between each report transmission – the longer time between the mobile originated reports the larger the power savings.
For both use cases the reachability of devices will therefore be possible during actual reporting events (i.e. while transmitting a report) and while the Ready timer is running. Whether or not the option of using an Active timer (started immediately following expiration of the Ready timer) is also needed for a period of additional reachability is FFS.
6
Common Assumptions
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)

	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


6.2
Evaluation Assumptions
Editor’s notes: this section is to provide the assumptions that used for power consumption evaluation e.g. idle mode procedures, corresponding parameters, energy consumptions etc. 
6.2.1 

Operating voltage and current
Typical values of average current at different operational modes (procedures) are tabulated in Table 3. It has been assumed 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 in effect. The operating voltage is assumed to be 3.3 V.
Any 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/neighbour cells.

· Light sleep - MS is in wakeup state and waiting to perform impending tasks. This mode may be employed by applying Dynamic Voltage and Frequency Scaling (DVFS) schemes. 

· 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 3 Typical values of average current during different Modem operations in an MS.
	Operation
	Specification
	Operating current (µA)

	Transmission (Tx)
	Tx (GMSK) (33 dBm)
	xx

	
	Tx (8-PSK) (27 dBm)
	xx

	Reception (Rx)
	Rx with Baseband processing
	xx

	
	Monitoring (RSSI with 32 I,Q samples)
	xx

	Power Saving States
	Light sleep
	xx

	
	Deep sleep 
	xx

	
	Power off(1)
	xx


Note 1: It should be noted that in this state the modem is completely switched off, however some energy is consumed by the application running that is able to wake the modem up.
6.2.2 

Operating time
The typical time values for different operations are provided in Table 4. 
Table 4 Typical time values of energy consumption during different MS operations [4] 
	Operation
	Operation time

	RACH access
	1 burst transmitted 

	Rx - One radio block 
	4 bursts received + 28 bursts (in light sleep or BCCH measurement)
 (Applies also to for example BCCH, PCH blocks)

	Tx - One radio block (@ 33 dBm output power, GMSK)
	4 bursts transmitted (in Tx GMSK) + 28 bursts (in light sleep or BCCH measurement)

	Monitor BCCH carrier - one BCCH carrier measurement 
	0.5 bursts received.
(In case X neighbours are monitored the figure need to be multiplied by X)

	BSIC Reconfirmation (Rx) - One BSIC reconfirmation 
	a single SCH burst is read

	BSIC Identification (Rx + Idle) – One BSIC identification 
	an average of 32 bursts in light sleep + 1 FCH burst read + 1 SCH burst read

	Deep sleep 
	1000 bursts


6.2.3 

Default parameters
The default parameters defined here should be applied in the evaluation of any candidate solutions, except the ones impacted in the optimization, where the proposed values will be applied instead. [6]
Table 5 Typical value for common parameters
	Parameters
	Value

	The number of RF channels or BCCH carriers searching for cell selection
	124[note1] or 8 [note2]

	The number of RF channels or BCCH carriers to be identified before a suitable cell is selected
	10

	The number of full set of System Information to be read
	4[note3]

	the number of non‑serving cell BCCH carriers maintained in BA list
	16

	The number of new BCCH carriers which become one of the 6 strongest non‑serving cell BCCH carriers (performed as part the task of maintaining the BA list)
	1

	NOTE 1: for frequency scanning, only 900M band is considered.
NOTE 2: for stored list
NOTE 3: SI1, SI2, SI3 and SI 13 are included and only one radio block is assumed to be occupied by each SI.


6.3
Evaluation Metrics

Editor’s notes: this section is to provide the metrics that collected from the evaluation, e.g. total energy consumption, time duration etc.
Energy consumption is the primary issue in the uPod evaluation, which is calculated by Voltage * Current * Operating Time. In order to evaluate the benefit brought by any candidate solutions on GERAN network, both the energy consumption of reference case and candidate solution should be provided for comparison. 

The reference case in 6.4 is defined to be used for the calculation as a baseline in the evaluation. 
In the evaluation, the network configuration based on different scenarios should be the same for both candidate solution and reference case, except the optimization part which should be highlighted.
6.4
Reference Case Assumptions

Editor’s notes: this section is to provide reference case and typical value assumptions to has a baseline to compare the power consumption performance between candidate solutions and reference cases.
In this section, reference case and corresponding typical values are defined. For clarification, the reference case will be used for calculation the energy consumption for the typical MS today. That’s the baseline to evaluate energy consumption. When developing the solutions, the reference case will be rebuilt [5]. The same reference case should be used when evaluating both use cases defined in Section 5.
6.4.1 

Packet Idle Mode
6.4.1.1 

Typical procedures and sub procedures
The procedures and sub-procedures of idle mode tasks are described as following:
· Measurements for cell selection: Measurement for cell selection can be based on either frequency scanning or stored list. It’s depending on if the MS has prior knowledge of BCCH carriers.

· Frequency scanning: 

· Receive RF signal and calculate the average receive level for each frequency in the operation bands supported.

· Identify the BCCH carrier by reading frequency correction bursts.

· Read full set of BCCH data of the cell selected 

· Stored list: 

· Receive RF signal and calculate the signal level for each frequency in the stored BCCH carrier information (BCCH list) 

· Identify the BCCH carrier by reading frequency correction bursts.

· Read full set of BCCH data of the cell selected 

· If stored list cell selection is not successful, the MS shall perform the frequency scanning.

· Measurements for cell re-selection

· measurements and data reading of servicing cell

· Monitor of received signal level of serving cell

· Monitor BCCH data of the serving cell at least every 30 seconds

· measurements and data reading of neighbour cells

· Monitor all BCCH carriers as indicated by the BA list

· Identify BSIC for 6 strongest neighbor cells

· Reconfirmation BSIC for 6 strongest neighbor cells at least every 30 seconds

· Identify new 6 strongest cells BSIC and BCCH data.

· Read BCCH data for 6 strongest neighbor cells at least every 5 minutes

· PCH reading

· PCH data reading in every DRX cycle

6.4.1.2 

Energy consumptions as per procedure
The calculation for total reference case energy consumption is based on different MS operations. The energy consumption for every procedure listed in Table 6 can be calculated as follows based on section 6.2.
Table 6 Energy consumptions for MS in idle mode
	Procedure
	sub-procedure
	operation
	occurrence
	Energy consumption for each sub-procedure 
(uJ)
	Energy consumption for procedure (uJ)

	Measurements for cell selection
	RF signal receiving
	Monitor BCCH carrier
	switch on or from non-service area into the service area
	TBD
	TBD

	
	Identify BCCH carriers in the list
	BSIC Identification
	
	TBD
	

	
	decode the full set of BCCH data of the serving cell
	Rx - 4 radio block
	
	TBD
	

	Measurements for cell re-selection
	Monitor of received signal level of serving cell
	Monitor BCCH carrier
	DRX cycle
	TBD
	TBD

	
	Monitor BCCH data of the serving cell
	Rx - One radio block
	once every 30s
	TBD
	

	
	Monitor all BCCH carriers as indicated by the BA list
	Monitor BCCH carrier
	DRX cycle
	TBD
	

	
	identify BSIC of 6 strongest
	BSIC Identification
	once
	TBD
	

	
	reconfirm BSIC of 6 strongest
	BSIC Reconfirmation
	once every 30s
	TBD
	

	
	identify BSIC and decode BCCH data ( only SI3) for the new BCCH carrier which become one of the 6 strongest
	BSIC Identification and Rx - One radio block
	once every 1h
	TBD
	

	
	decode BCCH data of 6 strongest ( only SI3)
	Rx - One radio block
	once every 5min
	TBD
	

	PCH reading
	read PCH
	Rx - One radio block in serving cell
	DRX cycle
	TBD
	TBD


6.4.2 

Packet Transfer Mode
Editor’s notes: this chapter is to provide the procedures and energy consumptions when MS is entering the packet transfer mode such as Attach, RAU and normal data transmission. 
7
Candidate Technologies
Editor’s notes: this chapter is to provide the candidate technologies list that proposed target for the scenarios and traffic models that in chapter 5 and 6. 
7.1
Candidate Technology 1
7.1
Candidate Technology 2
8
Evaluation Results and Comparison
Editor’s notes: this chapter is to provide the evaluation results according to the assumptions in chapter 6 and candidate technologies that provided in chapter 7. And also the comparison of different candidate technologies based on the evaluation results.
9
Conclusions

Editor’s notes: conclusion of the study item.
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