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Abstract: This contribution provides a scenario for deployment of meters within metallic enclosures and/or behind thick concrete walls and a less typical radio deployment approach.
Introduction

The building penetration loss is an important factor for defining the technology to be used for accessing the information from the utility meters. This contribution provides a description of the actual indoors location of such meters and a description of the radio deployment approach.
Utility meters deployment in high-rise buildings
Existing approach
In high rise buildings the utility meters reporting electricity, water, gas consumption are frequently positioned in a metallic enclosure installed on an interior concrete wall, part of the interior infrastructure enforcement.
There are two possibilities for connecting these meters:

1. Wirelessly;

2. Over power line.

The figures below show the deployment approach for both electricity/water/gas meters; it can be observed a metallic door protecting the enclosure, having a width of 2..4 mm.
In many buildings the enclosure of the meters is located within the interior resistance walls, which have a width of 20-30cm. In addition the exterior walls may have a similar width. 
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Figure 1    Example of utility meter enclosure within building interior hall
A basic assumption is that if a GSM radio will not work within the elevator (typical case), it will not work also within the metallic enclosure protecting the meters.

The meters are however fully accessible through the power distribution lines, which cross the walls across the building. The distance between a meter and a window, if the propagation takes place over the power line, can be as low as 10m.The distance between a meter in the first floor and the roof of the building is of course given by the number of floors, with 3m inter-floor distance in residential multi-dwell and up to 4m in industrial multi-floor buildings.

The frequencies used for power line communication (in license-exempt mode) are below 100MHz. In addition, many operators already own 700MHz spectrum and will own 400MHz frequencies.
Overview of radio deployment with IF approach

In many base stations or fixed UEs is used an Intermediate Frequency (IF), to connect the radio modem to the remote antenna mounted on a pole. The radio approach is shown below:
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Figure 2  Tx radio with IF design
IF over power line

Same approach can be used in case of the power line; in this case the “IF over cable” will become “IF over power indoor distribution line”. The RF amplifier may be optional, such that in some deployments only a frequency converter may be needed.
The IF frequency can be:

1.  Frequency allocated for power line communication, below 100MHz, for which ITU will recommend high powers allowance in national regulations. An issue to address is the cognitive determination of a free channel or free time resource, for example by using LBT.
2. Operator licensed spectrum, preferably below 1GHz.

The use of licenses spectrum for power line communication seems that is already allowed in Europe (OPERA) as long as is not creating interference to radio operators! So why a radio operator cannot use it, as long as will resolve the interference issues inside its own spectrum? 
The RAT for operation over the IF frequency should be the same as one of the 3GPP RATs used for lower frequencies; in support of this let’s note that standards for power line communication, like IEEE 1901.2 use narrow-band OFDM.

The channel model should take into account the combined indoor power distribution lines and the air segments of propagation.
Proposed deployment scenario

The combined use of 3GPP-defined RAN lower layers protocols over the power line distribution network within buildings and over the wireless medium will increase drastically the indoor penetration for communicating with utility meters. An operator can use the spectrum allocated for power line communications or its licensed spectrum, preferably in under 1GHz bands. 
Figure 3 provides an example of using power lines for transmitting a cellular RAT.

The power, water, etc. meters are located in metal enclosures. In multi-dwell buildings, they are placed also within concrete walls. The best way to access them is by using power lines, as shown in this figure. A frequency adapter, which may include also a power amplifier, can be placed in a convenient location, such to have good propagation to the cellular or small base station or both. Given the target of wireless transmission, the RAT used over power distribution lines should be the same with the RAT used for cellular communication.

The home appliances, such as refrigerators, washing machines, TV, etc. can be connected over the power line directly to the small base station or can be connected to it over the air. However in case that there is no small base station, the same frequency adaptor can allow the direct connection to the cellular base station.

Another important aspect is the energy-efficient connection of wearables. With a frequency adapter plugged into a power socket and placed in every room, the distance between the wearable device and the frequency adaptor will be of only several meters, strongly reducing the RF energy needed for transmission.  In turn, this will conduct to significantly lower battery consumption.
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Figure 3   Base station connection through LTE/5G over power lines
The benefits of this deployment scenario are:
· Much better coverage;
· Lower consumed energy for both infrastructure and user equipment.
Conclusion

In this contribution was presented a deployment scenario for mMTC, taking advantage of both power line and cellular connectivity while using a cellular RAT. Each transmission medium is used for its optimal connectivity characteristics.
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