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A P P E N D I X  D :  S AR  T I S S U E  S P E C I F I C AT I O N S  

Measurement Procedure for Tissue verification: 

1) The network analyzer and probe system was configured and calibrated. 
2) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container. 

Trapped air bubbles beneath the flange were minimized by placing the probe at a slight angle. 
3) The complex admittance with respect to the probe aperture was measured 
4) The complex relative permittivity ε’ can be calculated from the below equation (Pournaropoulos 

and Misra): 
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where Y is the admittance of the probe in contact with the sample, the primed and unprimed coordinates refer to 

source and observation points, respectively, φρρρρ ′′−′+= cos2222r , ω is the angular frequency, and 1−=j . 

 
 

Table D-I  
Composition of the Tissue Equivalent Matter 

 
 

  

Frequency (MHz) 750 750 835 835 1750 1750 1900 1900 2450-2600 2450-2600 5200-5800 5200-5800

Tissue Head Body Head Body Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Bactericide 0.1 0.1

DGBE 47 31 44.92 29.44 26.7

HEC 1 1

NaCl 1.45 0.94 0.4 0.2 0.18 0.39 0.1

Sucrose 57 44.9
Polysorbate (Tween) 80 20

Water 40.45 53.06 52.6 68.8 54.9 70.17 73.2 80

See page 
2-3 See page 2 See page 5See page 4
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Figure D-1 

Composition of 750 MHz Head and Body Tissue Equivalent Matter 
 

Note: 750MHz liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual liquids 
utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.  
 

 
Figure D-2 

750MHz Body Tissue Equivalent Matter 
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Figure D-3 

750MHz Head Tissue Equivalent Matter 
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Figure D-4 

Composition of 2.4-2.6 GHz Head Tissue Equivalent Matter 
 

Note: 2.4-2.6 GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual 
liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.  

 

 
  Figure D-5 

2.4-2.6 GHz Head Tissue Equivalent Matter 
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Figure D-6 

Composition of 5 GHz Head Tissue Equivalent Matter 
 

Note: 5GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual 
liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.  

 

 
Figure D-7 

5GHz Head Tissue Equivalent Matter 
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A P P E N D I X  E :  S AR  S Y S T E M  V A L I D A T I O N  

Per FCC KDB Publication 865664 D02v01r02, SAR system validation status should be documented to confirm 
measurement accuracy. The SAR systems (including SAR probes, system components and software versions) 
used for this device were validated against its performance specifications prior to the SAR measurements. 
Reference dipoles were used with the required tissue- equivalent media for system validation, according to the 
procedures outlined in FCC KDB Publication 865664 D01v01r04 and IEEE 1528-2013. Since SAR probe 
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the valid 
frequency range of the probe calibration point, using the system that normally operates with the probe for routine 
SAR measurements and according to the required tissue-equivalent media.  
 
A tabulated summary of the system validation status including the validation date(s), measurement frequencies, 
SAR probes and tissue dielectric parameters has been included.  
 

Table E-I 
SAR System Validation Summary – 1g 

 
 

Table E-II 
SAR System Validation Summary – 10g 

 
 
 
NOTE: While the probes have been calibrated for both CW and modulated signals, all measurements were 
performed using communication systems calibrated for CW signals only. Modulations in the table above represent 
test configurations for which the measurement system has been validated per FCC KDB Publication 865664 
D01v01r04 for scenarios when CW probe calibrations are used with other signal types. SAR systems were 
validated for modulated signals with a periodic duty cycle, such as GMSK, or with a high peak to average ratio (>5 
dB), such as OFDM according to FCC KDB Publication 865664 D01v01r04.

COND. PERM.

(σ) (εr) SENSITIVITY
PROBE

 LINEARITY
PROBE 

 ISOTROPY
MOD. 
TYPE

DUTY 
FACTOR

PAR

J 750 6/21/2017 3209 ES3DV3 750 Head 0.868 39.874 PASS PASS PASS N/A N/A N/A
K 835 5/2/2017 7406 EX3DV4 835 Head 0.896 40.478 PASS PASS PASS GMSK PASS N/A
H 1750 3/22/2017 3318 ES3DV3 1750 Head 1.338 38.950 PASS PASS PASS N/A N/A N/A
H 1900 3/13/2017 3318 ES3DV3 1900 Head 1.441 39.998 PASS PASS PASS GMSK PASS N/A
I 2450 6/1/2017 3213 ES3DV3 2450 Head 1.876 40.253 PASS PASS PASS OFDM/TDD PASS PASS
I 2600 6/1/2017 3213 ES3DV3 2600 Head 2.059 39.650 PASS PASS PASS TDD PASS N/A
H 5250 6/10/2017 3914 EX3DV4 5250 Head 4.580 35.029 PASS PASS PASS OFDM N/A PASS
H 5600 6/10/2017 3914 EX3DV4 5600 Head 4.940 34.501 PASS PASS PASS OFDM N/A PASS
H 5750 6/10/2017 3914 EX3DV4 5750 Head 5.103 34.300 PASS PASS PASS OFDM N/A PASS
J 750 6/14/2017 3209 ES3DV3 750 Body 0.963 56.405 PASS PASS PASS N/A N/A N/A
I 835 4/24/2017 3213 ES3DV3 835 Body 0.991 53.903 PASS PASS PASS GMSK PASS N/A
K 1750 5/1/2017 7406 EX3DV4 1750 Body 1.514 51.685 PASS PASS PASS N/A N/A N/A
J 1900 6/15/2017 3209 ES3DV3 1900 Body 1.552 52.203 PASS PASS PASS GMSK PASS N/A
G 2450 9/28/2016 3287 ES3DV3 2450 Body 2.030 50.891 PASS PASS PASS OFDM/TDD PASS PASS
G 2600 9/27/2016 3287 ES3DV3 2600 Body 2.236 50.316 PASS PASS PASS TDD PASS N/A
D 5250 2/2/2017 3589 EX3DV4 5250 Body 5.422 47.823 PASS PASS PASS OFDM N/A PASS
D 5600 2/2/2017 3589 EX3DV4 5600 Body 5.882 47.193 PASS PASS PASS OFDM N/A PASS
D 5750 2/2/2017 3589 EX3DV4 5750 Body 6.117 46.985 PASS PASS PASS OFDM N/A PASS

CW VALIDATION MOD. VALIDATIONSAR 
SYSTEM 

#

FREQ. 
[MHz]

DATE
PROBE 

SN
PROBE 
TYPE

PROBE CAL. POINT

COND. PERM.

(σ) (εr) SENSITIVITY
PROBE

 LINEARITY
PROBE 

 ISOTROPY
MOD. 
TYPE

DUTY 
FACTOR

PAR

D 5250 2/2/2017 3589 EX3DV4 5250 Body 5.422 47.823 PASS PASS PASS OFDM N/A PASS
D 5600 2/2/2017 3589 EX3DV4 5600 Body 5.882 47.193 PASS PASS PASS OFDM N/A PASS

CW VALIDATION MOD. VALIDATIONSAR 
SYSTEM 

#

FREQ. 
[MHz]

DATE
PROBE 

SN
PROBE 
TYPE

PROBE CAL. POINT
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This device was tested by the test lab to verify power reduction in WIFI power levels when audio is routed 
through the ear-piece of the device.  

G1. Test Procedure 

The following procedure was utilized to verify power reduction in normal operating conditions: 

1. The WIFI antenna of the DUT is connected via a conducted connection to a CMW500 with WIFI 
signaling and measurement functions.  

2. A WIFI data transmission is initiated and WIFI power is measured by the CMW500.  
3. The DUT is connected via a radiated connection to a second CMW500 and a speech call is 

initiated, simultaneously with the WIFI data transmission. 
4. Audio is verified to be routed through the held-to-ear speaker and the WIFI power is measured. 

The speakerphone is toggled on and off to ensure power reduction is reactivated when audio is 
restored to the held-to-ear speaker.  

5. The WIFI powers are measured and compared to the reduced power levels to verify the WIFI 
power reduction mechanism. 

6. Repeat for each WIFI mode (e.g. 802.11b, 802.11g, etc…) supported by the DUT. 

 

Figure 1 – Verification of WIFI Power Reduction 
 

G2. Verification Data Summary 

The WIFI power reduction mechanism was verified under the above test procedures and conditions. The 
maximum and reduced WIFI power levels were within the tune-up range. 
 

Table 1 – Data Summary of Power Reduction 

 
Maximum Allowed Output Power: Target Power +1 dB 

FCC ID Antenna Mode Channel
Target Max 

Power (dBm)
Measured 

Power (dBm)
Target Reduced 

Power (dBm)
Measured 

Power (dBm)

1 802.11b 6 18.00 18.86 16.00 16.98

1 802.11g 6 17.00 17.98 16.00 16.94

2 802.11b 6 17.50 18.10 16.00 16.30

2 802.11g 6 17.00 17.02 16.00 16.04

ZNFLS998

A P P E N D I X  G :  W I F I  P O W E R  R E D U C T I O N  V E R I F I C A T I O N  
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A P P E N D I X  H : C O N D U C T E D  P O W E R S  F O R  4 X 4  D L  M I M O  

This device supports downlink 4x4 MIMO operations for LTE Bands 25 and 41 only. Uplink transmission is limited 
to a single output stream. Power measurements were performed with downlink 4x4 MIMO active for the 
configuration with highest measured maximum conducted power with 4x4 downlink MIMO inactive measured 
among the channel bandwidth, modulation, and RB combinations in each frequency band. 
Per FCC Guidance, SAR for downlink 4x4 MIMO was not needed since the maximum average output power in 
4x4 downlink MIMO mode was not > 0.25 dB higher than the maximum output power with downlink 4x4 MIMO 
inactive. When carrier aggregation is applicable, power measurements were performed with the downlink carrier 
aggregation and 4x4 DL MIMO active for the configuration with highest measured maximum conducted power 
with downlink carrier aggregation inactive measured among the channel bandwidth, modulation, and RB 
combinations in each frequency band.   

H.1 Single Carrier 4x4 Downlink MIMO 
Table H-1 

Additional Maximum Output Powers 

 
 

 
Figure H-1 

Power Measurement Setup  

LTE
Band

Bandwidth 
[MHz] Channel Frequency 

[MHz] Modulation RB 
Size

RB 
Offset

4x4 DL MIMO 
Tx. Power 

[dBm]

Single 
Antenna 

Tx. 
Power
[dBm]

Target 
Power 
[dBm]

25 5 26065 1852.5 QPSK 1 0 25.19 25.19 24.7
41 (PC3) 20 40620 2593 QPSK 1 0 24.11 24.20 24.2
41 (PC2) 20 40620 2593 QPSK 1 0 26.98 27.00 26.5
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H.2 Carrier Aggregation Scenarios with 2 Component Carriers with 4x4 
Downlink MIMO 

Table H-2 
Additional Maximum Output Powers – 2 Component Carriers Power Class 3 

 
 

Table H-3 
Additional Maximum Output Powers – 2 Component Carriers Power Class 3, ULCA 

 
 

Table H-4 
Additional Maximum Output Powers – 2 Component Carriers Power Class 2 

 
 
 

 

 
Figure H-2 

Power Measurement Setup 
  

Combination PCC Band
PCC 

Bandwidth 
[MHz]

PCC (UL) 
Channel

PCC (UL) 
Frequency 

[MHz]
Modulation

PCC UL# 
RB

PCC UL 
RB 

Offset

PCC (DL) 
Channel

PCC (DL) 
Frequency 

[MHz]

DL Antenna 
Configuration

SCC Band
SCC 

Bandwidth 
[MHz]

SCC (DL) 
Channel

SCC (DL) 
Frequency 

[MHz]

DL Antenna 
Configuration

LTE Tx.Power with DL 
CA Enabled (dBm)

LTE Single 
Carrier  Tx 

Power 
(dBm)

CA_25A-25A LTE B25 5 26065 1852.5 QPSK 1 0 8065 1932.5 4x4 MIMO LTE B25 5 8665 1992.5 4x4 MIMO 25.11 25.19
CA_25A-25A LTE B25 5 26065 1852.5 QPSK 1 0 8065 1932.5 4x4 MIMO LTE B25 5 8665 1992.5 2x2 MIMO 25.07 25.19
CA_25A-25A LTE B25 5 26065 1852.5 QPSK 1 0 8065 1932.5 2x2 MIMO LTE B25 5 8665 1992.5 4x4 MIMO 25.11 25.19
CA_41C (1) LTE B41 20 40620 2593 QPSK 1 0 40620 2593 4x4 MIMO LTE B41 20 40422 2573.2 4x4 MIMO 24.17 24.20

CA_41A-41A (1) LTE B41 20 40620 2593 QPSK 1 0 40620 2593 4x4 MIMO LTE B41 5 39675 2498.5 2x2 MIMO 24.18 24.20

CA_41A-41A (1) LTE B41 20 40620 2593 QPSK 1 0 40620 2593 2x2 MIMO LTE B41 5 39675 2498.5 4x4 MIMO 24.13 24.20

SCC PowerPCC

Combination PCC Band
PCC 

Bandwidth 
[MHz]

PCC 
(UL/DL) 
Channel

PCC 
(UL/DL) 

Frequency 
[MHz]

Modulation
PCC UL# 

RB

PCC UL 
RB 

Offset
SCC Band

SCC 
Bandwidth 

[MHz]

SCC 
(UL/DL) 
Channel

SCC 
(UL/DL) 

Frequency 
[MHz]

Modulation
SCC UL# 

RB
SCC UL RB 

Offset

LTE Tx. Power with UL 
CA & 4x4 DL MIMO 

Enabled (dBm)

Single 
Carrier 
Target 
Power 
(dBm)

[Tolerance: 
+0.5/-1.5 dB]

CA_41C LTE B41 20 40620 2593.0 QPSK 1 0 LTE B41 20 40422 2573.2 QPSK 1 99 24.68 24.20

PCC SCC Power

Combination PCC Band
PCC 

Bandwidth 
[MHz]

PCC (UL) 
Channel

PCC (UL) 
Frequency 

[MHz]
Modulation

PCC UL# 
RB

PCC UL 
RB 

Offset

PCC (DL) 
Channel

PCC (DL) 
Frequency 

[MHz]

DL Antenna 
Configuration

SCC Band
SCC 

Bandwidth 
[MHz]

SCC (DL) 
Channel

SCC (DL) 
Frequency 

[MHz]

DL Antenna 
Configuration

LTE Tx.Power with DL 
CA Enabled (dBm)

LTE Single 
Carrier  Tx 

Power 
(dBm)

CA_41C (1) LTE B41 (PC2) 20 40620 2593 QPSK 1 0 40620 2593 4x4 MIMO LTE B41 20 40422 2573.2 4x4 MIMO 27.00 27.00

CA_41A-41A (1) LTE B41 (PC2) 20 40620 2593 QPSK 1 0 40620 2593 4x4 MIMO LTE B41 5 39675 2498.5 2x2 MIMO 26.89 27.00

CA_41A-41A (1) LTE B41 (PC2) 20 40620 2593 QPSK 1 0 40620 2593 2x2 MIMO LTE B41 5 39675 2498.5 4x4 MIMO 26.99 27.00

SCC PowerPCC
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H.3 Carrier Aggregation Scenarios with 3 Component Carriers with 4x4 
Downlink MIMO 

 
Table H-5 

Additional Maximum Output Powers – 3 Component Carriers Power Class 3 

 
 

Table H-6 
Additional Maximum Output Powers – 3 Component Carriers Power Class 2 

 
 

 
Figure H-3 

Power Measurement Setup 
 

Combination PCC Band
PCC 

Bandwidth 
[MHz]

PCC (UL) 
Channel

PCC (UL) 
Frequency 

[MHz]
Modulation

PCC UL# 
RB

PCC UL 
RB 

Offset

PCC (DL) 
Channel

PCC (DL) 
Frequency 

[MHz]

DL 
Antenna 

Configurat
ion

SCC Band
SCC 

Bandwidth 
[MHz]

SCC (DL) 
Channel

SCC (DL) 
Frequency 

[MHz]

DL 
Antenna 

Configurat
ion

SCC Band
SCC 

Bandwidth 
[MHz]

SCC (DL) 
Channel

SCC (DL) 
Frequency 

[MHz]

DL 
Antenna 

Configurat
ion

LTE Tx.Power with DL 
CA Enabled (dBm)

LTE Single 
Carrier  Tx 

Power 
(dBm)

CA_41A-41C LTE B41 20 40620 2593 QPSK 1 0 40620 2593 4x4 MIMO LTE B41 20 41292 2660.2 2x2 MIMO LTE B41 20 41490 2680 2x2 MIMO 24.12 24.20
CA_41A-41C LTE B41 20 40620 2593 QPSK 1 0 40620 2593 2x2 MIMO LTE B41 20 41292 2660.2 4x4 MIMO LTE B41 20 41490 2680 4x4 MIMO 24.10 24.20
CA_41C-41A LTE B41 20 40620 2593 QPSK 1 0 40620 2593 2x2 MIMO LTE B41 20 40422 2573.2 2x2 MIMO LTE B41 20 41490 2680 4x4 MIMO 24.13 24.20
CA_41C-41A LTE B41 20 40620 2593 QPSK 1 0 40620 2593 4x4 MIMO LTE B41 20 40422 2573.2 4x4 MIMO LTE B41 20 41490 2680 2x2 MIMO 24.13 24.20

PCC SCC 1 SCC 2 Power

Combination PCC Band
PCC 

Bandwidth 
[MHz]

PCC (UL) 
Channel

PCC (UL) 
Frequency 

[MHz]
Modulation

PCC UL# 
RB

PCC UL 
RB 

Offset

PCC (DL) 
Channel

PCC (DL) 
Frequency 

[MHz]

DL 
Antenna 

Configurat
ion

SCC Band
SCC 

Bandwidth 
[MHz]

SCC (DL) 
Channel

SCC (DL) 
Frequency 

[MHz]

DL 
Antenna 

Configurat
ion

SCC Band
SCC 

Bandwidth 
[MHz]

SCC (DL) 
Channel

SCC (DL) 
Frequency 

[MHz]

DL 
Antenna 

Configurat
ion

LTE Tx.Power with DL 
CA Enabled (dBm)

LTE Single 
Carrier  Tx 

Power 
(dBm)

CA_41A-41C LTE B41 (PC2) 20 40620 2593 QPSK 1 0 40620 2593 4x4 MIMO LTE B41 20 41292 2660.2 2x2 MIMO LTE B41 20 41490 2680 2x2 MIMO 26.98 27.00
CA_41A-41C LTE B41 (PC2) 20 40620 2593 QPSK 1 0 40620 2593 2x2 MIMO LTE B41 20 41292 2660.2 4x4 MIMO LTE B41 20 41490 2680 4x4 MIMO 27.00 27.00
CA_41C-41A LTE B41 (PC2) 20 40620 2593 QPSK 1 0 40620 2593 2x2 MIMO LTE B41 20 40422 2573.2 2x2 MIMO LTE B41 20 41490 2680 4x4 MIMO 26.98 27.00
CA_41C-41A LTE B41 (PC2) 20 40620 2593 QPSK 1 0 40620 2593 4x4 MIMO LTE B41 20 40422 2573.2 4x4 MIMO LTE B41 20 41490 2680 2x2 MIMO 26.90 27.00

PCC SCC 1 SCC 2 Power
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