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1. Introduction

This is a document for the IEEE802.15.BAN, Body Area Network, channel modeling subcommittee. It provides models for the following frequency ranges TBD, it covers indoor residential, indoor office, indoor hospital, implanted device, TBD. This document provides recommendations of the channel modeling subcommittee of IEEE802.15.BAN. This document will provide guidance on how to respond to a call for proposals for Body Area Network. 

2. Model summary

An important step in the development of a wireless body area network is the characterization of the electromagnetic wave propagation and antenna behavior close to the human body. The complexity of the human tissues structure and body shape make it impossible to drive a simple path loss model for BAN. 
As the antennas for BAN applications are placed on the body or very close to the body or inside the body, the BAN channel model needs to take into account the influence of the body on the radio propagation.
The distance between transmitter and receiver on the body, shall consider as the distance around the body if transmitter and receiver are not placed in the same side, rather than straight line through the body.
Distance between transmitter and receiver shall be from the body vicinity or inside body to 2 meters far from body. In some case the maximum range for medical device shall be 5 meters. 
The maximum power limitation for on-body medical device shall be TBD.
The maximum power limitation for MICS is [1], [2]:

· ETSI (European Telecommunications Standards Institute): The output power is set to a maximum of 25 uW ERP. 

· FCC & ITU-R: The output power is set to a maximum of 25 uW EIRP, which is ≈ 2.2 dB lower than the ERP level. 

· The 25 uW limit applies to the signal level outside of the body (total radiating system), which allows for implant power levels to be increased to compensate for body losses. 

3. Frequency
Frequency band for devices placed on the body surface shall be TBD.
Frequency band for devices placed inside the human body (MICS) shall be 402-405 MHz with respect to the regulations.
4. Antenna 

An antenna placed on or inside a body will be heavily influenced by its surroundings [3].  The consequent changes in antenna pattern and other characteristics needs to be understood and accounted for during any propagation measurement campaign.

The form factor of an antenna will be highly dependent on the requirements of the application. For MICS applications, for example, a circular antenna may be suitable for a pacemaker implant, while a helix antenna may be required for a stent or urinary implant.  The form factor will affect the performance of the antenna and, the antenna performance will be very important to the overall system performance.
Therefore an antenna shall be used for the channel model measurements, which has been designed with respect to the body tissues or considered the effect of human body on antenna performance [4].

The BAN antennas may be classified in to two main groups [5]: 

· Electrical antennas, such as dipole antennas

· Magnetic antenna, for instance loop antennas.

Electrical antenna- typically generates large components of E-field normal to the tissues interface, which overheat the fat tissue. This is because boundary conditions require the normal E-field at the interface to be discontinuous by the ratio of the permittivities, and since fat has a lower permittivity than muscle, the E-field in the fat tissue is higher.

Magnetic antenna- produces an E-field mostly tangential to the tissues, which seem not to couple as strongly to the body as electrical antennas. Therefore, does not over heat the fat. 

There are antennas same as helical-coil, which is similar to a magnetic antenna in some respect, but its heating characteristics appear to be more like an electrical antenna. The strong E-field generated between the turns of coil is mainly responsible for tissue heating.

It should keep in mind that, SAR in the near field of the transmitting antenna depends mainly on the H-field, however, SAR in the far field of the transmitting antenna depends mainly on the E-field. 

5. Channel characterization

5.1. Propagation paths

We can anticipate the following categories of propagation paths [6]:

· External LOS- between two antennas, at least one of which is placed on or near the surface of the body and one is either on the body or some distance away (maximum 5 meters) from the body.

· External NLOS- this is a LOS but with the antennas shadowed from each other by the body.

· External creeping wave- between two antennas when both of them are placed on the surface of the body.

· Internal to external or external to internal- between an antenna inside the body and one placed on or off the surface of the body.

· Internal to internal- between two or more antennas inside the body.
Over the short distances, we might expect the LOS to be dominant. In the internal case, all paths will be severely attenuated.
5.2. Model types
In all cases, two types of model may be generated:

· A theoretical or mathematical model

· An empirical model

A theoretical model may be traceable back to first principles and will permit precise modeling of a specific situation at radio link level.  It is intended for detailed exploration of, for example, the influence of body structures on antenna patterns.  It will require a detailed description of the propagation environment and is therefore probably not suitable for modeling of macro environments.

An empirical model may be traceable to an agreed set of propagation measurements and is intended to provide a convenient basis for statistical modeling of networks.  Compared to the theoretical model, the empirical model will use a greatly simplified description of the environment and, although statistically accurate at network level, will not be precise at link level.

Appropriate efforts will be made to ensure that the two sets of models are consistent with each other.

5.3. Path loss 

Unlike traditional wireless communications, the path loss for body area network system (on body applications), is both distance and frequency dependent. The frequency dependence of body tissues shall be considered.

The path loss model in dB between the transmitting and the receiving antenna as a function of the distance d based on the Friis formula in free space is described by:
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where PL0 is the path loss at a reference distance d0 which is set to TBD, and n is the path-loss exponent, TBD.  

The reference path loss near the antenna depends on the separation between the antenna and the body due to antenna mismatch. This mismatch indicates that a body-aware antenna design could improve system performance. 
The frequency dependent path loss is given by [7]:
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where Pr is received power, PTX is transmitted power, ηTX and ηRX are the efficiency of transmitting and receiving antennas, fc is the central frequency, and k is the frequency dependence coefficients.
In case of MICS, for only inside the body cavity, it is assumed that distance dependence path loss is negligible and only frequency dependence path loss with respect to the type of tissues (amount of absorption) shall be modeled. 
5.4. Shadowing 

Due to the variation in the surrounding of human body, the received power will be different from the mean value for a given distance. The shadowing should be considered for stationary position of human as well as for the body movements.
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