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1 Introduction
The Study Item of Provision of low-cost MTC UEs based on LTE was approved at RAN#53 meeting. Methodology for performance evaluation and cost analysis is needed as a start point for moving this SI forward. In the following, a text proposal on evaluation methodology is presented.
---------------------------------------------Start text proposal----------------------------------------------------------

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
· Cat-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 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 .
---------------------------------------------------End text proposal-----------------------------------------------------

