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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

Machine Type Communication (MTC) is an important revenue stream for operators and has a huge potential from the operator perspective. There are several industry forum’s working on an efficient M2M system with some industry members developing a new access technology dedicated for MTC. However, it is more efficient for operators to be able to serve MTC UE using already deployed radio access technology. Therefore it is important for operators to understand whether LTE could be a competitive radio access technology for efficient support of MTC. It is envisaged that MTC UE’s will be deployed in huge numbers, large enough to create an eco-system on its own. Lowering the cost of MTC UE’s is an important enabler for implementation of the concept of “internet of things”. MTC UE’s used for many applications will require low operational power consumption and are expected to communicate with infrequent small burst transmissions.

This TR captures various features and their modifications along with various hardware simplifications that will enable production of low cost MTC UE’s. EGPRS multislot class 2 is assumed as a benchmark for cost comparison and minimum data rate capability.

1
Scope

As LTE deployments evolve, operators would like to reduce the cost of overall network maintenance by minimising the number of RATs. Machine-Type Communications (MTC) is a market that is likely to continue expanding in the future. Many MTC UE’s are targeting low-end (low average revenue per user, low data rate) applications that can be handled adequately by GSM/GPRS. Owing to the low cost of these devices and good coverage of GSM/GPRS, there is very little motivation for MTC UE suppliers to use modules supporting the LTE radio interface. As more and more MTC UE’s are deployed in the field, this naturally increases the reliance on GSM/GPRS networks. This will cost operators not only in terms of maintaining multiple RATs, but it will also prevent operators from reaping the maximum benefit out of their spectrum (given the non-optimal spectrum efficiency of GSM/GPRS). Given the likely high number of MTC UE’s, the overall resource they will need for service provision may be correspondingly significant, and inefficiently assigned.

Therefore, it is necessary to find a solution to ensure that there is a clear business benefit to MTC UE vendors and operators for migrating low-end MTC UE’s from GSM/GPRS to LTE networks.    
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 TS 36.306: “User Equipment (UE) radio access capabilities; Release 10”.
3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] 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 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

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

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] 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 [x].

MTC UE/Device: A MTC UE/Device is a UE equipped for Machine Type Communication.

NOTE:
In the scope of current technical report and scope of current study item, A MTC UE communicates with an access network capable of multiple cells with different characteristics (e.g., e-NodeBs, Home e-NodeBs, e-UTRA Relays)
4
Objectives of study
Solutions using, or evolved from, LTE RAN specifications up to and including Rel-10 shall be investigated and evaluated to clearly understand the feasibility of creating a type of terminal that would permit the cost of terminals tailored for the low-end of the MTC market to be competitive with that of GSM/GPRS terminals targeting the same low-end MTC market. Such solutions should: 

The study shall evaluate at least the following aspects:

-
Benefit of developing methods for reducing RF component cost in the devices, including (for example) simplifications and reductions in support of bands/RATs/RF chains/antenna ports, transmission power, maximum channel bandwidth less than the maximum specified for respective frequency band, and support of half-duplex FDD mode.

-
Benefit of developing methods for reducing the processing in the device, additionally considering baseband-RF conversion aspects, significantly lower peak data rate support, no support of spatial processing mode in uplink/downlink, and reduced radio protocol processing.

-
A method to guarantee that any features recommended as part of this study to allow cost reduction, but which also bring a reduction in LTE system performance, shall be restricted to devices which only operate as MTC devices not requiring high data rates and/or low latency, after further careful study.

As part of the analysis of the different solutions, any impacts on backwards compatibility with existing LTE network shall be evaluated and justified, as well as impact on the operation of legacy LTE Release 8-10 UEs and Release 8-10 LTE system performance.
Note2: 
This study item is to assess, from a 3GPP standpoint, the technical feasibility of low-cost LTE devices for MTC. Given that factors outside 3GPP responsibility influence the cost of a modem/device, this study item (and the text above) cannot guarantee, or be used as a guarantee, that such modem/device will be low-cost in the market.
5
Requirements and methodology
5.1 
Requirements
Solution’s studied for provisioning of low cost MTCUE based on LTE should support below as a minimum requirement.
-
Support data rates equivalent to that supported by [R’99 E-GPRS] with an EGPRS multi-slot class 2 device (2 downlink timeslots (118.4 Kbps), 1 uplink timeslots (59.2 Kbps), and a maximum of 3 active timeslots) as a minimum. This does not preclude the support of higher data rates provided the cost targets are not compromised.  

-
Enable significantly improved average spectrum efficiency for low data rate MTC traffic compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today, and  ideally comparable with that of LTE. Optimisations for low-cost MTC UEs should minimise impact on the spectrum efficiency achievable for other terminals (normal LTE terminals) in LTE Release 8-10 networks.

-
Ensure that service coverage footprint of low cost MTC UE based on LTE is not any worse than the service coverage footprint of GSM/EGPRS MTC device (in an GSM/EGPRS network) or that of “normal LTE UEs” (in an LTE network) assuming  on the same spectrum band.

-
Ensure that overall power consumption is no worse than existing GSM/GPRS based MTC devices. 

-
Ensure good radio frequency coexistence with legacy (Release 8-10) LTE radio interface and networks. 

-
Target operation of low-cost MTC UEs and legacy LTE UEs on the same carrier.

-
Re-use the existing LTE/SAE network architecture.

-
Solutions should be specified in terms of changes to the Rel 10 version of the specifications

-
The study item shall consider optimizations for both FDD and TDD mode.

-
The initial phase of the study shall focus on solutions that do not necessarily require changes to the LTE base station hardware.

-
Low cost MTC device support limited mobility (i.e. no support of seamless handover; ability to operate in networks in different countries) and are low power consumption modules
[Editor’s Note: This sub-clause describes generic application level and MTC UE requirements/characteristics]
5.2 
Evaluation methodology
Based on the possibility that candidate solutions recommended as part of this study to allow cost reduction may also bring a reduction in LTE system performance, methodology for both performance evaluation and cost analysis is needed.

In order to achieve objective comparison of diverse analysis results for performance and cost from different companies, it is important to align the basic assumption for a reference LTE modem. The following is assumed:

•
System bandwidth is 20MHz

•
Category-1 LTE UE

•
Single RAT

•
Single band

•
[TDD/Full duplex FDD]

•
[Direct DL and UL wide-area-network access from MTC devices to eNB]
5.2.1
Methodology for performance
 evaluation

[Editor’s Note: An common evaluation methodology is to be agreed for Qualitative/Quantitative analysis or evaluation of different requirements and performance metrics e.g. Link budget for coverage, number of operations for baseband complexity, Relative % cost saving against cost of module etc]

An evaluation methodology is provided for performance analysis of power consumption, coverage, and cell spectral efficiency.
5.2.1.1
Power consumption analysis
Power consumption is a function of many factors, such as active transmission time, transmit power level and PA efficiency, sleep mode duration, active reception time, receiver processing time/complexity. Some factors, like sleep mode duration, may depend on network configuration and traffic/signalling patterns, and some other factors, such as PA efficiency and receiver processing may be implementation specific.

Power consumption of the RF module can be estimated by:

· Reception time

· Transmission time and total UE transmit power during the transmitting time
· DC power consumption of power amplifier / PA efficiency
Power estimation for most baseband integrated circuits is usually implemented by commercial power estimation tools. In order to obtain the baseband power consumption conveniently, it is recommended to use the following method instead: 

· Baseband complexity evaluation or comparison
5.2.1.2
Coverage analysis
A link budget is a reasonable method for coverage analysis.

The values of some of the parameters of the link budget need to be common to all candidate solutions, and any solution-specific parameter values have to be determined by analysis or by simulation.

The link budget for GSM/EGPRS as benchmark should be assessed. Further details are TBD.
5.2.1.3
Cell spectral efficiency
Two approaches can be used to compute the average spectral efficiency:

(1) Cell spectral efficiency is determined through system simulation.

(2) Relative spectral efficiency reduction to Rel -8-10 LTE or increase to R99 GSM/EGPRS is determined analytically.

The benchmark spectral efficiency is TBD.

The cell spectrum efficiency is expected to have a range that depends on the ratio of MTC and non-MTC devices, ranging from at least that achieved by R99 GSM/EGPRS to that achieved by Rel-10 LTE. Potential cost reduction techniques captured in the TR that will have any impact to spectral efficiency should present spectrum efficiency as well as cost analysis. The average spectral efficiency for MTC and non-MTC UEs can be computed separately, so as to capture the different impact on MTC and non-MTC UEs.
5.2.2
Methodology for cost analysis

The cost drivers are broadly categorized into two parts, RF components and processing, which may need different analysis methodology. The ADC/DAC and L2/L3 protocol support are included within the processing category. The cost analysis methodology should identify the percentage cost of each of the two parts, and, for each cost reduction technique, the relative percentage cost reduction to that of the reference LTE modem.
5.2.2.1
Baseband cost/complexity analysis

Baseband cost can be represented to some extent by the required baseband operations. In addition, resource occupied on chip can also be considered. A baseband cost/complexity metric relevant to the analyzed cost reduction technique should be used. It should be noted that the impact of complexity reduction on cost and/or performance is dependent on various factors including implementation. 

Examples of possible metrics include:
(1) Complexity (in absolute or relative terms)
Although the complexity of the baseband module is implementation dependent, it can be estimated according to 

· Elapsed time 
· Number of LLR values
· Number of baseband signal operations/sec
· Number of higher layer radio protocol processing operations/sec
· Number of basic baseband operations per information bit
(2) Resource occupied on chip (in absolute or relative terms)
· Buffer size 
· Number of ASIC/FPGA gates
5.2.2.2
RF
cost
analysis

Under the basic assumption for LTE modem, it is recommended to use the following RF cost metric:

· Number of RF chains/antenna ports
· [Replacing or degrading quality requirement of  some components by less expensive components
· Replacing duplexer with switch
· Degrading quality requirement of  PA or removing PA ]
Instead of an absolute cost in terms of number of components, the cost can be expressed as a relative cost compared to the reference LTE modem.
5.3 
Cost drivers of reference LTE modem

[Editor’s Note: This sub-clause lists the major cost contributors in an LTE UE specifically RF and baseband. A possible representation is a relative cost in a scale of 1 to 10]  
6

Concepts for provisioning of low cost MTC UE and cost analysis
[Editor’s Note: Cost analysis and performance (Coverage, Spectral efficiency, capacity) analysis/evaluation to be performed as per sub-clause 5.2 and Annex A, evaluation methodology for each of the techniques if an impact is identified as applicable. Significant impacts to specification (RAN1/RAN2/RAN3) also to be captured in this section for each technique if specification impact is identified] 
6.1 
Introduction
Section 6 describes concepts for provisioning of low cost MTC UEs and cost analysis. The baseline for cost analysis is a single-band, single RAT, 20MHz bandwidth Category 1 UE [2]. Concepts that may provide significant cost savings include:

•
Reduction of maximum bandwidth

•
Single receive RF chain

•
Reduction of peak rate

•
Reduction of transmit power

•
Half duplex operation
6.2 
Reduction of maximum bandwidth
6.2.1
Description
6.2.2
Analysis/evaluation of performance against requirements 
	Metric
	Impact (Yes/No)

	Coverage same as GSM/EGPRS
	[Yes]

	Minimum Data rate
	[No]

	Power consumption
	[Yes]

	Impact to non-MTC UE
	…

	eNB Hardware impact
	…

	Impact on specification
	[Yes]

	Cell spectral efficiency
	[Yes]

	…..
	

	……
	


[Editor’s Note: Whilst the Low cost MTC UE based on LTE is required to meet all the requirements, a particular requirement may not be applicable to an identified technique. Evaluation/analysis of impact (positive/negative) to be provided below for only for the requirement’s that has an impact (indicated by “Yes” above in the table). Below shown are example placeholders for some analysis/evaluation of some of the requirements]

6.2.2.1
Coverage analysis
6.2.2.2
Power consumption

6.2.2.3
Impact on specification
6.2.2.3
Cell spectral efficiency

6.2.3
Analysis/evaluation of cost  reduction 

6.3 
Single receive RF chain
6.3 
Single receive RF chain
6.4 
Reduction of peak rate

6.5 
Reduction of transmit power

6.6 
Half duplex operation
7
Cost reduction evaluation summary 
[Editor’s Note: Summary of above discussed concepts for provisioning of low cost MTC UE based on LTE and the resulting relative cost reduction]

Table 8.1: Summary of techniques for cost reduction
	
	Baseline/Typical Rel-8 Category 1 LTE UE
	Low Cost MTC UE based on LTE
	Relative % (to cat 1 LTE) Cost reduction contribution

	Bandwidth Supported
	1.4,3,5,15,20 MHz
	[ ]
	[ ]%

	Number Receive antennas
	[ ]
	[ ]
	[ ]%

	Soft buffer size
	[ ]
	[ ]
	[ ]%

	Number of HARQ process’s
	[ ]
	[ ]
	[ ]%

	target BLER
	[ ]
	[ ]
	[ ]%

	Target BER
	[ ]
	[ ]
	[ ]%

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


8
Specification aspects to restrict techniques to only low performance MTC UE.

[Editor’s Note: This clause captures how to ensure in specification, the techniques discussed in clause 6 are restricted to only low cost MTC UE’s with low data rate and/or high latency tolerance]
9
Conclusion and recommendations
Annex A:
Traffic model for Machine-Type Communications

[Editor’s note: Whilst the MTC applications are diverse, this annex describes relevant traffic model and characteristics to facilitate impact analysis (if and where applicable) for MTC devices, Non MTC devices and system impacts for proposed features]
Traffic characteristics may be required for cost analysis for comparing features of an MTC UE set against the environment in which the device is expected to work. A traffic model is valuable when it comes to other aspects of the analysis that are within the scope of the study item, particularly relating to the quantification of spectrum efficiency.  

Some of the typical MTC type Traffic are characterised by small packets in downlink and uplink. Certain applications are in addition characterised by heavy access load in uplink. Below sub-clause A.1 is based on traffic characteristics specified in TR 37.868.

End to End latency achievable should be determined from analysis/evaluation and should be no worse than (E)GPRS and preferably comparable to LTE The analysis/evaluation shall determine the number of UE’s that can report.

A.1

MTC Traffic model/characteristics regular reporting

Table A.1: UL regular reporting traffic characteristics for low cost MTC

	Use cases
	UL interval
	Packet (bits)
	Mobility

	
	
	
	

	No mobility
	1min (optional)
5min, 30min,

1hour
	[1000], optional [10000]
	Static,

Pedestrian (optional, no seamless handover requirement)



	Limited mobility
	5s (optional)
10s,30s
	[1000]
	Vehicular (no seamless handover requirement)


A.2

MTC Traffic model/characteristics triggered reporting

Below is a generic traffic model modeling both UL and DL. 

Table A.2 – MTC traffic model

	Traffic model parameter (UL and DL)
	Value

	Traffic volume size distribution (Triggered)
	[256 bits],[1000 bits]

	Traffic inter-arrival time (Triggered)
	[Exponential: Mean = 30secs]*


* It should be noted from Table A.2.1 that the values for ‘Traffic transmission time’ and ‘Traffic inter-arrival time’ result in a tractable simulation run time but may not represent the behavior of all traffic types.
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