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1. Introduction

This is a document for the IEEE802.15.6 (Body Area Network) channel modeling subcommittee. This document provides recommendations of the channel modeling subcommittee of IEEE802.15.6. The models discussed generally characterize the path loss of BAN devices taking into account possible shadowing due to the human body or obstacles near the human body and postures of human body. 
The channel model is needed to evaluate the performance of different physical layer proposals. The main goal of these channel models is a fair comparison of different proposals. They are not intended to provide information of absolute performance in different environments or body postures. The number of available measurements on which the model can be based, in the frequency range of 
	Description
	Frequency Band
	

	Implant
	402-405 
	Kamran, Kamya

	Implant
	433
	Kamran, Kamya

	On-Body
	400 MHz
	Kamya

	On-Body
	600 MHz
	Kamya

	On-Body
	900GHz
	Kamya

	On-Body
	2.4 GHz
	Kamya, Dino, Noh

	On-Body
	3.1-10.6 GHz
	Kamya, Guido, Noh

	On-Body
	(HBC) 50 MHz
	Jung Hwan


Table 1: List of frequency band
2. Definitions & Overview
An important step in the development of a wireless body area network is the characterization of the electromagnetic wave propagation from devices that are close to or inside the human body. The complexity of the human tissues structure and body shape make it difficult to drive a simple path loss model for BAN. As the antennas for BAN applications are placed on or inside the body, the BAN channel model needs to take into account the influence of the body on the radio propagation.
For the purpose of this document, we define 3 types of nodes as follows:

1) Implant node: A node that is placed inside the human body. This could be immediately below the skin to further deeper inside the body tissue
2) Body Surface node: A node that is placed on the surface of the human skin or at most 2 centimeters away 

3) External node: A node that is not in contact with human skin (between a few centimeters and up to 5 meters away from the body) 

For body surface communication, the distance between the transmitting and receiving nodes shall consider the distance around the body if transmitter and receiver are not placed in the same side rather than straight line through the body. This allows creeping wave diffraction to be also considered. For external node communication, the distance between transmitter and receiver shall be from the body vicinity or inside body to 2 meters away. In some cases, 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. 

Frequency band for implant devices (i.e. MICS) shall be 402-405 MHz as specified in [8]. Frequency band for other devices are TBD.

The structure of the channel model for scenarios involving body surface and implant is not similar. The channel model for implant device is fundamentally different.

3. Scenarios
From [9,6], a list of scenarios can be identified in which IEEE802.15.6 devices will be operating. These scenarios along with their description and frequency band are listed in Table 1. The scenarios are determined based on the location of the communicating nodes (i.e. implant, body surface and external). The scenarios are grouped into classes that can be represented by the same Channel Models (CM). 

	Scenario
	Description
	Frequency Band
	Channel Model

	S1
	Implant to Implant
	TBD
	CM1

	S2
	Implant to Body Surface
	402-405 MHz
	CM2

	S3
	Implant to External
	402-405 MHz
	CM2

	S4
	Body Surface to Body Surface (LOS)
	TBD (f1,… fn)
	CM3

	S5
	Body Surface to Body Surface (NLOS)
	TBD (f1,… fn)
	CM3

	S6
	Body Surface to External (LOS)
	TBD (f1,… fn)
	CM4

	S7
	Body Surface to External (NLOS)
	TBD (f1,… fn)
	CM4


Table 2: List of scenarios and their descriptions
The distance of external devices is considered to be a maximum of 5 meters.
Possible channel models described above are graphically displayed in Fig. 1. 
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Fig. 1: Possible communication links for Body Area Networking

4. Antenna Effect 

An antenna placed on the surface 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 which has been designed with respect to the body tissues (or considered the effect of human body) shall be used for the channel model measurements [4].

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

· Electrical antennas, such as dipole 

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 antennas, such as loop
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 overheat 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 be noted 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. Electrical properties of body tissues
The human body is not an ideal medium for radio frequency wave transmission. It is partially conductive and consists of materials of different dielectric constants, thickness, and characteristic impedance. Therefore depending on the frequency of operation, the human body can lead to high losses caused by power absorption, central frequency shift, and radiation pattern destruction. The absorption effects vary in magnitude with both frequency of applied field and the characteristics of the tissue [10, 11, 12, 13].
6. Channel characterization

6.1. 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.

6.2. 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 [14, 15]:
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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 dependent path loss is negligible if device placed near to the body surface and only frequency dependent path loss with respect to the type of tissues (amount of absorption) shall be modeled. 
6.3. Shadowing 

Due to the variation in the surrounding of human body or even movement of body parts, the received power will be different from the mean value for a given distance as shown in equation (1). This phenomenon is called shadowing, reflects the path loss variation around the mean. The shadowing should be considered for stationary position of human as well as for the body movements.
When considering shadowing, the total path loss PL can be expressed by:
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where PL(d) is expressed by the equation (1) and S represents the shadowing component.
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