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Introduction

In considering the spectral efficiency of low cost MTC applications it is proposed to adopt spectral efficiencies from GSM/EGPRS and/or from LTE as bench marks. The cell spectral efficiency of GSM/EGPRS is specified as 0.33 bits/Hz/site for downlink and 0.106 bits/s/site for uplink [1] while the spectral efficiency of LTE is specified as 1.5 bits/s/Hz/site and 1.04 bits/s/Hz/site for downlink and uplink respectively [2]. However these numbers either derived from analytical analysis or through system simulation are based on some assumptions such as: 1) without limit to any UE category (while it was agreed to use only Cat -1 UE for low cost MTC), 2) with MIMO spatial multiplexing (while it was limited to single port transmission mode with 2 RX in UE in MTC), 3) the availability of full system bandwidth (while bandwidth for MTC can be as narrow as 1.4 MHz) etc. From these considerations when using simulation in the determination of spectrum efficiency for MTC applications it was proposed of using the following system characteristics [3]:
1) Simulation scenario is 3GPP UE category 1 

2) Full duplex FDD

3) 10 MHz system bandwidth

4) UEs are uniformly distributed with average 10 UEs per sector

5) Traffic model is full buffer

6) Channel model is SCM

7) Scheduling algorithm is Proportional Fairness (PF)

8) Single port transmission mode with 2 RX in UE.

However in considering traffic model in MTC applications it needs not only consider the traffic generated from normal and periodic reporting situation with pre-determined fixed packet size (bits) and period between sessions in different applications, but also it needs to consider the situation when MTC devices are triggered by an emergency event or a command such as control information. In this triggered reporting it has the traffic characteristic as proposed in [4] with exponential inter-arrival time between traffic sessions and though the packet size as proposed in [4] is fixed it in reality may not be a deterministic value but with certain statistical distribution. Furthermore in the triggered reporting multiple MTC devices may be triggered simultaneously and they are not reporting the same traffic application but with many different traffic mixes. Consequently in the spectrum efficiency determination it needs to have different traffic reporting scenarios in the steady state (i.e. regular normal) reporting and in the triggered reporting situation.

System parameters characteristics in spectrum efficiency determination for MTC in steady state traffic reporting
The basic system parameters used in the system simulation in the determination of spectral efficiency for steady state traffic reporting for MTC applications are proposed in the following:
1) Simulation scenario is 3GPP UE category 1 

2) Full duplex FDD

3) System bandwidth (from 1.4 MHz and up to 10 MHz)

4) UEs are uniformly distributed with average 10 UEs per sector

5) Traffic model is full buffer

6) Channel model is SCM

7) Scheduling algorithm is Proportional Fairness (PF)

8) Single port transmission mode with 2 RX in UE.

System parameters characteristics in spectrum efficiency determination for MTC in triggered one application reporting
The basic system parameters used in the system simulation in the determination of spectral efficiency for triggered reporting for one MTC application are based on:
1) Simulation scenario is 3GPP UE category 1 

2) Full duplex FDD

3) System bandwidth (from 1.4 MHz and up to 10 MHz)

4) UEs are uniformly distributed with average 10 UEs per sector

5) Traffic model is characterized with proper statistical distributions in the packet size (bits, e.g. log-normal) and the inter-arrival time (e.g. Poisson) between traffic sessions

6) Channel model is SCM

7) Scheduling algorithm is Proportional Fairness (PF)

8) Single port transmission mode with 2 RX in UE

System parameters characteristics in spectrum efficiency determination for MTC in triggered mixed-traffic reporting

The basic system parameters used in the system simulation in the determination of spectral efficiency for triggered reporting for mixed MTC applications are based on:
1) Simulation scenario is 3GPP UE category 1 

2) Full duplex FDD

3) System bandwidth (from 1.4 MHz and up to 10 MHz)

4) UEs are uniformly distributed with average 10 UEs per sector

5) Traffic model is based on the percentage and the traffic model of each possible MTC application in traffic-mix in triggered reporting. Each traffic application in the traffic- mix may be characterized with its individual statistical distributions in the packet size (bits, e.g. log-normal) and the inter-arrival time (e.g. Poisson) between traffic sessions

6) Channel model is SCM

7) Scheduling algorithm is Proportional Fairness (PF)

8) Single port transmission mode with 2 RX in UE.

Conclusion

This contribution has discussed and summarized the proposed basic system parameters characteristics will be based on in the evaluation of spectrum efficiency in MTC applications. 

Proposal 1: The proposed basic system parameters characteristics for spectrum efficiency determination for MTC in steady state (normal periodic) traffic reporting would be:
1) Simulation scenario is 3GPP UE category 1 

2) Full duplex FDD

3) System bandwidth (from 1.4 MHz and up to 10 MHz)

4) UEs are uniformly distributed with average 10 UEs per sector

5) Traffic model is full buffer

6) Channel model is SCM

7) Scheduling algorithm is Proportional Fairness (PF)

8) Single port transmission mode with 2 RX in UE.

Proposal 2: The proposed basic system parameters characteristics for spectrum efficiency determination for MTC in triggered traffic reporting for a particular application would be:
1) Simulation scenario is 3GPP UE category 1

2) Full duplex FDD

3) System bandwidth (from 1.4 MHz and up to 10 MHz)

4) UEs are uniformly distributed with average 10 UEs per sector

5) Traffic model is characterized with proper statistical distributions in the packet size (bits, e.g. log-normal) and the inter-arrival time (e.g. Poisson) between traffic sessions

6) Channel model is SCM

7) Scheduling algorithm is Proportional Fairness (PF)

8) Single port transmission mode with 2 RX in UE.

Proposal 3: The proposed basic system parameters characteristics for spectrum efficiency determination for MTC in triggered mixed-traffic reporting would be:
1) Simulation scenario is 3GPP UE category 1 

2) Full duplex FDD

3) System bandwidth (from 1.4 MHz and up to 10 MHz)

4) UEs are uniformly distributed with average 10 UEs per sector

5) Traffic model is based on the percentage and the traffic model of each possible MTC application in traffic -mix in triggered reporting. Each traffic application in the traffic- mix may be characterized with its individual statistical distributions in the packet size (bits, e.g. log-normal) and the inter-arrival time (e.g. Poisson) between traffic sessions

6) Channel model is SCM

7) Scheduling algorithm is Proportional Fairness (PF)

8) Single port transmission mode with 2 RX in UE.
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