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2. Introduction

This document summarizes the activities and recommendations of the channel modeling subgroup of IEEE802.15.6 (Body Area Network). The Task Group TG6 is intended to develop Body Area Network for medical and non-medical devices that could be placed inside or on the surface of human body.

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 list of frequency band and number of available measurements on which the model can be based is shown in Table 1. 
	Description
	Frequency Band

	Implant
	402-405 

	On-Body
	13.5 MHz

	On-Body
	5-50 MHz (HBC)

	On-Body
	400 MHz

	On-Body
	600 MHz

	On-Body
	900 MHz

	On-Body
	2.4 GHz

	On-Body
	3.1-10.6 GHz


Table 1: List of frequency band

Since the subgroup was formed, a large number of documents has been submitted to the channel modeling subgroup or presented and discussed at IEEE802.15.6 meetings and teleconference calls. They can be found on the https://mentor.ieee.org/802.15/documents, and are cited where appropriate in this document. The channel model subgroup started its activities at the meeting in (Date and Location), and is submitting this final report in November 2008 (Dallas). Appreciation is extended to all the participants from academia and industry, whose efforts made this model possible.

Despite of significant efforts have been carried out to make models as realistic as possible, the number of available measurements on which the model can be based for wide range of frequencies (see Table 1) are insufficient.

To facilitate the use of the model, this document also includes a MATLAB program for the generation of each channel model.

The reminder of the document is organized in the following way: section 3 gives an overview as well as definition. Section 4 describes different scenarios and range of frequencies. Section 5 gives a short discussion of antenna. Section 6 gives an overview of medium. Section 7 provides channel characterization.  Section 8 gives full detail on models and scenarios.

3. 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]. 

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. 
4. 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 2. 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
	402-405 MHz
	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)
	13.5, 50, 400, 600, 900 MHz

2.4, 3.1-10.6 GHZ
	CM3

	S5
	Body Surface to Body Surface (NLOS)
	13.5, 50, 400, 600, 900 MHz

2.4, 3.1-10.6 GHZ
	CM3

	S6
	Body Surface to External (LOS)
	13.5, 50, 400, 600, 900 MHz

2.4, 3.1-10.6 GHZ
	CM4

	S7
	Body Surface to External (NLOS)
	13.5, 50, 400, 600, 900 MHz

2.4, 3.1-10.6 GHZ
	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
5. 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. 

6. 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].
7. Channel Characterization

7.1. 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.

7.2. 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. 
7.3. 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.

7.4. Power Delay Profile 
Because of multipath reflections, the channel response of a wireless body area network channel looks likes a series of pulses. In practice the number of pulses that can be distinguished is very large, and depends on the time resolution of the measurement system. The power delay profile of channel is an average power of the channel as a function of an excess delay with respect to the first arrival path.
7.5. Fading



TBA
7.5.1. Small Scale Fading

Small scale fading refers to the rapid changes of the amplitude and phase of the received signals within a small local area due to small changes in location of the on body device or body positions, in a given short period of time. The small scale fading based on multipath time delay spread can be divided to the flat fading and frequency selective fading.
7.5.2 Large Scale Fading
Large scale fading refers to the fading due to motion over large areas; this is referring to the distance between antenna position on the body and at location in the room (home, office, or hospital). 
Averaging the attenuation between each antenna position on the body and each antenna location in the room will removes the effect of small scale fading due to small changes in the user position around the room.

8. Models and Scenarios 

8.1. In-Body

Since physical measurement and experimental study inside human body is not feasible, a 3D simulation & visualization scheme was used to study the propagation characteristics of MICS. The human body model used in this study includes (frequency dependent) dielectric properties of 300+ parts in a male human body with a maximum resolution of 2mm. The implant antenna used in this study is a multi-thread loop antenna with the following characteristics [17]:
· Size: 8.2 x 8.1 x 1 mm

·  Metallic Layer: Copper, t=0.036 mm

·  Substrate: D51 (NTK), 
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·  The metallic layer is covered by RH-5, 
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Parameters of a statistical path loss model have been extracted that fits the following equation.
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The parameters corresponding to CM1 and CM2 are expressed in the tables in section 8.1.1 and 8.1.2. Details of the model derivation can be found in [19,20]. 

8.1.1. Implant to Implant CM1 (Scenario S1) for 402-405 MHz

	Implant to Implant
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	Deep Tissue
	35.04
	6.26
	8.18

	Near Surface
	40.94
	4.99
	9.05


8.1.2. Implant to body surface CM2 (Scenario S2 ) for 402-405 MHz

	Implant to Body Surface
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	Deep Tissue
	47.14
	4.26
	7.85

	Near Surface
	49.81
	4.22
	6.81


Remark: A distance of up to 20mm directly from the body surface has been considered in the derivation of the above parameters. One should keep in mind that layers of clothing could cause additional loss to the signal.

8.1.3. Implant to external CM2 (Scenario S3) for 402-405 MHz

The scenario S3 for CM2 can be approximated by considering a combination of scenarios S2 and S6 (or S7). In the simple case of an environment where there are no objects or obstacles, a free space path loss can be added to CM2 to account for the additional loss that the implant signal will go through once it leaves the body. This usually occurs after around 10 cm away from the body surface.
On the other hand, if there are objects within the 5 meter distance of the human body, a channel model for scenarios S6 or S7 (at 400 MHz) can account for the impact of these objects; and therefore, such model can be added to CM2 to emulate scenario S3. (Remark: the path loss model for S6 (or S7) in this case should not include the on-body TX antenna gain pattern.)
8.2. On-body

8.2.1. Body surface to body surface CM3 (Scenarios S4 & S5) for 13.5 MHz

Measurement for frequency range of 13.550-13.571 MHz has been performed in [21]. The important observation at these frequencies is that the body channel exhibits path loss that is nearly similar to free space. However, the available bandwidth is quite small (21 KHz). The following table summarizes the measurement results. Further detail on set-up, derivation and data analysis can also be found in [21].
	Description
	Signal amplitude reduction
	dB loss in relation to air

	Through the hand
	3.3%
	-0.15

	Through the wrist
	2.8%
	-0.12

	Torso, front to back
	3.4%
	-0.15

	Through the thigh
	1.9%
	-0.08

	Through the ankle
	2.8%
	-0.12

	Left ear to right ear 
	2.0%
	-0.09

	Left ear to right ear, wearing metal glasses
	1.5%
	-0.07

	Distance through body (cm)
	7.6
	10.2
	12.7
	15.2
	17.8
	20.3
	22.9


	25.4
	27.9
	30.5



	Received signal 
P-P (mV)
	6.93
	4.74
	2.93
	1.86
	1.25
	0.837
	0.633
	0.471
	0.384
	0.305


8.2.2. Body surface to body surface CM3 (Scenario S4 & S5) for 5-50 MHz

Human body can also be used as a communication media over the range of frequencies 5-50MHz. No modulation is needed in this form of communication which is referred to as Human Body Communication (HBC). The channel model for HBC is composed of the frequency response and the noise characteristics. Measurement process to obtain this frequency response has been outlined in [22].
The following table and transfer function summarizes the result of this measurement that corresponds to fingertips of one hand to the other. Since, this scenario causes the most amplitude attenuation, these results have been chosen for the HBC channel model.
	Parameters
	Conditions

	Locations of transmitter and receiver
	Fingertips of each hand

	Transmission distance (cm)
	150 

	Contact location of signal electrode
	Fingertip of thumb

	Size of signal electrode (cm2)
	2x2

	Load impedance of receiver
	10 MΩ


[image: image17.jpg]Phase (degree)

Amplitude (dB)

_50 -
-100 S
Deviation frange
150 - : 20 degyee
I
-200
-40
45 - N Deviation fange
:10 dB
50 - | TT—t0d
_55 | \
-60 | | | | I\v
5 10 20 30 40 50

Frequency (MHZz)




8.2.3. Body surface to body surface CM3 (Scenario S4 & S5) for 400 MHz

The following path loss model is based on measurements that cover frequencies of 400-450 MHz. Further measurement set up, derivation and data analysis can be found in [23]. The table below summarizes the model and corresponding parameters.

	
	Hospital Room
	Anechoic Chamber

	Path loss model
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	a
	20.6
	46.4

	b
	12.4
	-40.4

	c
	-16.5
	-16.5

	σN
	7.2
	2.7


· a and b : Coefficients of linear fitting

· d : Tx-Rx distance in mm.

· N : Normally distributed variable with standard deviation (N 
· c:  The difference between the averaged signal levels of the dipole or colinear antenna used in the whole measurement and that of the chip antenna
8.2.4. Body surface to body surface CM3 (Scenario S4 & S5) for 600 MHz

The following path loss model is based on measurements that cover frequencies of 608-614 MHz. Further measurement set up, derivation and data analysis can be found in [23]. The table below summarizes the model and corresponding parameters.

	
	Hospital Room
	Anechoic Chamber

	Path loss model
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	a
	21.1
	46.9

	b
	-10.5
	-80.0

	c
	-0.9
	-0.9

	σN
	6.0
	3.3


· a and b : Coefficients of linear fitting

· d : Tx-Rx distance in mm.

· N : Normally distributed variable with standard deviation (N 
· c:  The difference between the averaged signal levels of the dipole or colinear antenna used in the whole measurement and that of the chip antenna
8.2.5. Body surface to body surface CM3 (Scenario S4 & S5) for 900 MHz

8.2.5. A
The following path loss model is based on measurements that cover frequencies of 950-956 MHz. Further measurement set up, derivation and data analysis can also be found in [23]. The table below summarizes the model and corresponding parameters.
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	a
	24.2
	45.8

	b
	-8.9
	-54.5

	c
	-7.0
	-7.0

	σN
	3.9
	8.3


· a and b : Coefficients of linear fitting

· d : Tx-Rx distance in mm.

· N : Normally distributed variable with standard deviation (N 
· c:  The difference between the averaged signal levels of the dipole or colinear antenna used in the whole measurement and that of the chip antenna
8.2.5. B
The following model is based on measurements at frequency of 915 MHz. Details of the measurement set up, derivation and data analysis can be found in [24]. The path loss follows an exponential decay around the perimeter of the body. It flattens out for large distance due to the contribution of multipath components from indoor environment. The table below summarizes the model and corresponding parameters.

	Path loss model
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	P0 [dB]
	-1.9


	M0 [dB/cm]
	2.1

	P1 [dB]
	-59.4

	σp [dB]
	3.9


· P0 : The average loss close to the antenna 

· M0 : The average decay rate in dB/cm for the surface wave traveling around the perimeter of the body

· P1 : The average attenuation of components in an indoor environment radiated away from the body and reflected back towards the receiving antenna

· (p : The log-normal variance in dB around the mean, representing the variations measured at different body and room locations. This parameter will depend on variations in the body curvature, tissue properties and antenna radiation properties at different body locations.

The small scale fading is represented by a Ricean distribution with K factor that decreases as the path loss increases. The delay spread is normally distributed. The table below summarizes the model and corresponding parameters.

	Small-scale fading
	
[image: image22.wmf]K

K

dB

K

dB

n

P

m

K

K

s

+

-

=

0



	K0 [dB]
	40.1

	mk [dB]
	0.61

	σk [dB]
	2.4

	Parameters of the mean value of the delay spread

	Distance [cm]
	trms [ns]

	15
	3

	45
	9

	Parameters of the 90% cumulative value of the delay spread

	Distance [cm]
	trms [ns]

	15
	5

	45
	15


· K0 : The fit with measurement data for the K-factor for low path loss

· mk : The slope of the linear correlation between path loss and K-factor

· PdB : Path loss in dB

· (k : The log-normal variance of the measured data between path loss and K-factor
· nk : A unit mean and variance Gaussian random variable ?
8.2.5. C
The following path loss measurements is at frequency of 820 MHz. Details of the measurement set up, derivation and data analysis can be found in [25]. The table below summarizes the results. 
As observed, the dominant factor affecting fading in the channel appears to be the movement of the test subject. This is to be expected as movement causes the separation and orientation of the antennas to change.
	Path loss
	
[image: image23.wmf]cable

amplifiers

rx

tx

L

G

P

P

dB

PL

-

+

-

=

]

[




	
	Receiver at right hip 
	Receiver at chest

	Action
	Chest
	Right Wrist
	Left Wrist
	Right Ankle
	Left Ankle
	Back
	Back
	Right Wrist
	Right Ankle

	Standing
	57.4
	50.2
	59.8
	54.3
	68.7
	61.8
	66.3
	54.5
	54.3

	Walking
	52.9
	38.4
	63.6
	48.1
	55.5
	57.1
	63.8
	51.3
	56.9

	Running
	44.1
	37.2
	60.2
	48.9
	54.2
	62.3
	66.3
	49.4
	54.1


· Ptx: Transmitted power

· Prx: The RMS received power
· Gamplifiers: Amplifier gain

· Lcable: Cable loss
8.2.6. Body surface to body surface CM3 (Scenario S4 & S5) for 2.4 GHz

8.2.6. A
The following path loss model is based on measurements that cover frequencies of 2.4-2.5GHz. Details of the measurement set up, derivation and data analysis can be found in [23]. The table below summarizes the model and corresponding parameters.

	
	Hospital Room
	Anechoic Chamber

	Path loss model
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	a
	8.32
	46.4

	b
	37.2
	-49.4

	c
	-7.5
	-7.5

	σN
	2.5
	2.7


· a and b : Coefficients of linear fitting

· d : Tx-Rx distance in mm.

· N : Normally distributed variable with standard deviation (N 
· c:  The difference between the averaged signal levels of the dipole or colinear antenna used in the whole measurement and that of the chip antenna
8.2.6. B
The following model is based on measurements at frequency of 915 MHz. Details of the measurement set up, derivation and data analysis can be found in [24]. The path loss follows an exponential decay around the perimeter of the body. It flattens out for large distance due to the contribution of multipath components from indoor environment. The table below summarizes the model and corresponding parameters.

	Path loss model
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	P0 [dB]
	-25.8

	m0 [dB/cm]
	2.0

	P1 [dB]
	-71.3

	σp [dB]
	3.6


· P0 : The average loss close to the antenna 

· M0 : The average decay rate in dB/cm for the surface wave traveling around the perimeter of the body

· P1 : The average attenuation of components in an indoor environment radiated away from the body and reflected back towards the receiving antenna

· (p : The log-normal variance in dB around the mean, representing the variations measured at different body and room locations. This parameter will depend on variations in the body curvature, tissue properties and antenna radiation properties at different body locations.

The small scale fading is represented by a Ricean distribution with K factor that decreases as the path loss increases. The delay spread is normally distributed. The table below summarizes the model and corresponding parameters.

	Small-scale fading
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	K0 [dB]
	30.6

	mk [dB]
	0.43

	σk [dB]
	3.4

	Parameters of the mean value of the delay spread

	Distance [cm]
	trms [ns]

	15
	6

	45
	16

	Parameters of the 90% cumulative value of the delay spread

	Distance [cm]
	trms [ns]

	15
	11

	45
	22


· K0 : The fit with measurement data for the K-factor for low path loss

· mk : The slope of the linear correlation between path loss and K-factor

· PdB : Path loss in dB

· (k : The log-normal variance of the measured data between path loss and K-factor

· nk : A unit mean and variance Gaussian random variable ?
8.2.6. C
The following path loss measurements is at frequency of 2.36 GHz. Details of the measurement set up, derivation and data analysis can be found in [25]. The table below summarizes the results. 
As observed, the dominant factor affecting fading in the channel appears to be the movement of the test subject. This is to be expected as movement causes the separation and orientation of the antennas to change.
	Path loss 
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	Receiver at right hip 
	Receiver at chest

	Action
	Chest
	Right Wrist
	Left Wrist
	Right Ankle
	Left Ankle
	Back
	Back
	Right Wrist
	Right Ankle

	Standing
	65.3
	44.5
	74.7
	60.9
	70.7
	75.3
	73
	70.5
	66.3

	Walking
	59.1
	47.3
	59.8
	53.9
	58.5
	67.4
	72
	64.9
	62.4

	Running
	55.9
	36.3
	52.5
	55
	59
	68.5
	71.7
	57.4
	63.3


· Ptx: Transmitted power

· Prx: The RMS received power
· Gamplifiers: Amplifier gain

· Lcable: Cable loss
8.2.7. Body surface to body surface CM3 (Scenario S4 & S5) for 3.1-10.6 GHz

8.2.7. A
The following path loss model is based on measurements that cover frequencies of 3.1-10.6 GHz. Measurement set up, derivation and data analysis can be found in [23]. The table below summarizes the model and corresponding parameters.

	
	Hospital Room
	Anechoic Chamber

	Path loss model
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	a
	8.43
	17.0

	b
	31.8
	9.8

	σN
	2.8
	4.66


· a and b : coefficients of linear fitting

· d : Tx-Rx distance in mm
· N : Normally distributed variable with zero mean and standard deviation (N 
8.2.7. B
The following path loss model is based on measurements that cover frequencies of 3.1-10.6 GHz. Measurement set up, derivation and data analysis can be found in [24]. The table below summarizes the corresponding parameters. 
	Around torso

	Antenna separation from body surface
	0 mm
	5 mm
	10 mm

	P0 [dB]
	56.1
	48.4
	45.8

	d0 [m]
	0.1
	0.1
	0.1

	n
	5.8
	5.9
	6.0

	Along torso

	Antenna separation from body surface
	0 mm
	5 mm

	P0 [dB]
	56.5
	44.6

	d0 [m]
	0.1
	0.1

	n
	3.1
	3.1


· n: Path loss exponent
· P0: TBD
· d0: TBD
8.2.8. Body surface to external CM4 (Scenario S6 & S7) for 900 MHz

The following path loss measurements is at frequency of 820 MHz. Details of the measurement set up, derivation and data analysis can be found in [26]. The table below summarizes the results. 
The transmitter is placed on the chest and the receiver is away from the body with various distances as outlined. 

	
	LOS
	NLOS

	Distance (m)
	1
	2
	3
	4
	1
	2
	3
	4

	Standing
	5.187
	14.037
	16.611
	11.492
	20.626
	18.356
	26.718
	20.122

	Walking
	4.481
	9.567
	16.395
	16.755
	7.437
	19.416
	25.272
	25.646


8.2.9. Body surface to external CM4 (Scenario S6 & S7) for 2.4 GHz

The following path loss measurements is at frequency of 2.36 GHz. Details of the measurement set up, derivation and data analysis can be found in [26]. The table below summarizes the results. 
The transmitter is placed on the chest and the receiver is away from the body with various distances as outlined. 

	
	LOS
	NLOS

	Distance (m)
	1
	2
	3
	4
	1
	2
	3
	4

	Standing
	17.068
	16.070
	18.602
	27.576
	23.989
	31.562
	22.851
	26.184

	Walking
	7.991
	14.269
	15.243
	20.930
	22.137
	33.266
	29.863
	31.208


8.2.10. Body surface to external CM4 (Scenario S6 & S7) for 3.1-10.6 GHz

TBA
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