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MEASUREMENT PER SECTION 2.1033 (C) (14) OF THE RULES

SECTION 2.1033 (c) (14)

The data required by Section 2.1046 through 2.1057, inclusive, measured in accordance with the procedures set out in
Section 2.1041.

RESPONSE:

The following pages include the data required for the ASSBBTRX-15A, measured in accordance with the
procedures set out in Section 2. 1033(c)(14) of the Rules.

Each required measurement and its corresponding exhibit number are:
Measurement: 1 Section 2.1046 RF Power Output - See Measurement 3

Measurement: 2 Section 2.1047 Modulation Characteristics
Section 27.50(d)(5)  Peak-to-Average ratio (PAR)

Measurement: 3 Section 2.1049 (a) Emissions Bandwidth
(b) Occupied Bandwidth/Band Edge spurious Emissions

Measurement: 4  Section 2.1051 Spurious Emissions at Antenna Terminals
Measurement: 5 Section 2.1053 Field Strength of Spurious Radiation
Measurement: 6  Section 2.1055 Measurement of Frequency Stability

Section 2.1057 Frequency Spectrum to be Investigated
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Measurement 1

FCC Section 2.1046
RF Power output

Refer to Measurement 3 Occupied Bandwidth/Band Edge Measurement
during that measurement RF Output was continuously monitored.
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Measurement 2

FCC Section 2.1047
Modulation Characteristics
&

Section 27.50(d)(5)
Measurement of Peak-to-Average ratio (PAR)
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Section 2.1047
Modulation Characteristics

The modulation techniques used are explained in the submission as part section 2.1033 (c) (13). The RF signal at
the antenna port was demodulated and verified for correctness of modulation signal used before each test was
performed. The attached plots of graphs show the modulation components: In phase (I) and Quadrature (Q)
components.

(1) Quadrature Phase Shift Keying (QPSK) modulation scheme uses 2 bits are transmitted simultaneously (one per
channel) and a symbol can be represented by 2 bits. Therefore there are 2> = 4 states (Binary 00 to 11). The theoretical
bandwidth is 2bits/second/Hz.

(2) 16 Quadrature amplitude modulation (QAM): In 16QAM, there 16-states. There are four I values and four Q values,
therefore 4 bits are available for represent a symbol. Therefore there are 2* = 16 states (Binary 0000 to 1111). The
theoretical bandwidth is 4bits/second/Hz.

(3) 64 Quadrature amplitude modulation (QAM): In 64QAM: The 64QAM is similar to 16QAM and there will be 64
states and 6 bits are available to represent a symbol.

Time domain LTE (TD-LTE) Modulation is similar to Frequency domain LTE. However TD-LTE uses a single
carrier frequency for both uplink and downlink. The TD-RRH transceiver divides the communication time into
transmission and reception periods depending on user needs.

Therefore gating technique is used for measuring transmit power and occupied BW. Reference signal derived
from GPS and frame trigger from the RRH were input into analyzer. This enables analyzer to measure power and
occupied BW only during the transmit cycle.

Occupied Bandwidth Measurement:

Spectrum Analyzer was used for Gated spectrum measurements. In addition to RF input from TD-RRH, this
analyzer uses following additional inputs:

(1) A 10MHz signal from GPS receiver as reference input signal (Plot 1)

(2) A 100Hz 50% duty cycle square wave (frame trigger) from the TD-RRH as trigger input (Plot 2)

(3) Using signals (1) and (2) Spectrum Analyzer produces a trigger pulse having 10ms period and 66.98% duty
cycle square wave). Spectrum Analyzer uses this trigger pulse for performing gated measurement.

Gated Power Measurements:

Similarly Signals provided in plot 1&2 were used as inputs to power meters for measuring RF power and Peak to average
accurately.



Global Product Compliance Laboratory

FCC ID: AS5BBTRX-15A

Blocks | Bandwidth Frequency Power
(MHz) (MHz) (Watts)
Lower 20 2496-2516 20
Middle 20 2568-2588 20
Higher 20 2660-2680 20
Blocks | Bandwidth Frequency Power
Contiguous (MHz) (Watts)
(MHz)
Lower 20+20 2496-2516 and 2516-2536 20
Middle 20+20 2558-2578 and 2578-2598 20
Higher 20+20 2650-2670 and 270-2690 20
Blocks | Bandwidth Frequency Power
Contiguous (MHz) (Watts)
(MHz)
Lower | 20+20+20 | 2496-2516, 2516-2536 and 2536-2546 20
Middle | 20+20+20 | 2563-2583, 2583-2603 and 2603-2623 20
Higher | 20+20+20 | 2630-2650, 2650-2670 and 2670-2690 20
Blocks | Bandwidth Non- Frequency Power
contiguous (MHz) (Watts)
(MHz)
Lower 20+10 2496-2516 and 2528-2538 20
Middle 20+10 2562-2582 and 2604-2614 20
Higher 20+10 2648-2668 and 2680-2690 20
Blocks | Bandwidth Non- Frequency Power
contiguous (MHz2) (Watts)
(MHz)
Lower 20+20 2496-2516 and 2536-2556 20
Middle 20+20 2563-2583 and 2603-2623 20
Higher 20+20 2630-2650 and 2670-2690 20




Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

Gate View 20MHz

Carrier Ref Freq 2, 680000000 GHz Carrier Raf Freg: 2830000000 OHz Tirm Sice: TS0
faster L) -

Trig: Extwreall AvgPiodd 100100  Dirsction: Downliak
EAmarc 10 &8 Ext Qusin: 4810 48  Mum CCjs): 1

N g e

Gate View Sweep Time 20.0 ms

Ref 45,00 dBm

‘Res BW 270 kHz VBW 2.7 MHz

Channel Power

42.99 dBm /20 MHz

Power Spectral Density

Trigger Signal
oSN DT sEEEE pEEEE O

Bl | s iias | ke | K7 Prasiions | Do | Loved Tt | Ling



Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A
10MHz Signal
DS e BEEE e ay .

e aminn

a

Bens Mesnssmerts | Saskery | K-V Possan | Oecop | Lamd Tem | Lag ETS Cosplaied



Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

Gate View 20+20MHz

B Certiga LTH TOO B LTE-2 TD0 - Charesl Pamst =1 o ]

¥ L2364 AMDec 39, 2015
c Ref F 2. 568000000 GH. Carrier Rl Fraq: 2563000000 O Hx TimaSlot: T50
bl sBal B L - L Trig: Externali AvgiHold:-> 100400 Dirsction: Downlink

Ciate: LD
= WFGain:Low Eatwn: 10 dB Ewt Gain: 4810 dB  Muwm CC{s): 1

e L o

L g S

Gate View Sweep Time 20.0 ms

Ref 50.00 dBm

[ Center 2.568 GHz
EES BW 270 kHz VBW 2.7 MHz

Channel Power
40.08 dBm /20 MHz Ol 40,08 dthm | 20,0001

Power Spectral Density
] . : !. _ll
| T

B Eeyuigh LTH TDO & LT84 TO0 - Chimrtl Prarer

Carrier Ref Freq 2.588000000 GH:  [Eudalie el s TimeSiet: TS0
" Trig: Extermali AvgiMold: 36100 Dirwction: Downlink

oo LY -
WGalnLow EAriwr: 10 08 ExiGain: 4310 88  Hum CCis): 1

e e s e ST SR e

Ref 50.00 dBm _

i L o L ™ L Ny
.r,l Pl | Y il

[center 2.588 GHz "~ Span 30 MH2
IRes BW 270 kHz VBW 2.7 MHz Sweep 1ms

Channel Power
Hr

A

39.84 dBm /20 MHz

Power Spectral Density




Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

Trigger Signal

Fle Acquoition  Setup  Measue Tooh  Suppon

e e ey B

L e ] =

Sists . Megsrements | Madken | X7 Poston | Droop | Leest Tesl | Log

10MHz Signal

Flg  Acguiiticn  Sebep  Meskwet  Took  Seppon

Blabs | Meossurerwent | Markers | XY Posden | Droog | Level Tesl | Log



Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

Gate View 20+20+20 MHz
-. Eryzight LTI TOO & LYT-A TOD - Channel Posves

E:a"-ier- Ref Freq 2.506000000 GHz Carrier EH Fregq: 2 506000000 GHz : Time Slet: TS0 . Fregquenzy

[T e Trig: Externall AvgHold:=100100  Direction: Downlink
IF Gainel ow gArten: 10 dB Ext Gain: -48.10d8  Num CCis): 1

Bty e e W bl ] e B b 1 [ gy

Center 2.506 GHz Span 30 MHz
Res BW 270 kHz VEW 2.7 MHz Sweep 1ms

Channel Power
3031 dien [ 20,000z
38.31 dBm /20 MHz : . -

Power Spectral Density

-34.70 dBm /Hz

-. Erynight LTI TOO & LTT-A TOD - Channel Poswes

E:arrier' Ref Freq 2.526000000 GHz Carrier EH Freq: 2 625000000 GHz : 'n::n:srm?t-sn: = Fregquenzy

Gaitw: L0 e Trig: Externall Avg|Hold:> 100100  Direction; Downlink
IF Gaincl ow gArten: 10 dB Ext Gain: 48,10 d8  MNum CC(s): 1

e e o e T e 1Ty e ]

i s oy .t il o e
|

Gate View Sweep Time 20.0 ms

Ref 45.00 dEm

Center 2.526 GHz Span 30 MHz
Res BW 270 kHz VEW 2.7 MHz Sweep 1ms

Channel Power

38.33 dBm /20 MHz

Power Spectral Density

-34.68 dBm /Hz




Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

B ceught LT TOO0 & UT0-A TO0 - Channal Powsr x- E
(5] 02:53:37 &M Dgr 29 207

i 546 Fd Carrier Ref Freg: 2. 546000000 GHz TimeSlot: TS0
Carrier Ref Freq 2.546000000 GHz AvglHOId> 100100 Direction: Downlink

Gate: LO ] Trig: External1
IFGain:Low #Aten: 10 dB Ext Gain: -49.10 dB Mum CC{s): 1

i s L bl s st TR o e Bt T

L e o A o A

Gate View Sweep Time 20.0 ms

Rel 45.00 dEBm

Center 2.546 GHz " Span 30 MHz
Res BW 270 kHz VBW 2.7 MHz Sweep 1ms

Channel Power

CCo 38,11 dilen | 0. 00MH:

38.11 dBm /20 MHz

Power Spectral Density

-34.90 dBm /Hz

Trigger

wp  Moirs  Tookk  Soppon

aitign et
] EE BERE - ses s E e E

Trigges o

Blohs | Messurerenty | Markers | KoY Poaden | Droog | Laevel Tesl | Log



Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

10 MHz

Flg  Acguiition  Setep  Moases  Tool  Seppon

o e BEEE - I e 5 e

Blohsm | Messuresents | Mackers | X Postien | Deoop | Lo Teal | Log



Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

Gate View 20+20 MHz (Non-contiguous)
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DEMODULATED CONSTELLATIONS (FCC Section 2.1047)

&
Measurement of Peak-to-Average ratio (PAR) Section 27.50(d)(5)

The peak-to-average (PAR) is plotted along with demodulated constellation plots. The plots show that average
and peak values in dBm. The difference of peak-to-averages ratio does not exceed 13 dB as required in section
27.50(d) (5).

The list of blocks and bands, tested for QPSK, 16QAM and 64QAM are listed below:
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Blocks | Bandwidth Frequency Power
(MHz) (MHz) (Watts)
Lower 20 2496-2516 20
Middle 20 2568-2588 20
Higher 20 2660-2680 20
Blocks | Bandwidth Frequency Power
Contiguous (MHz) (Watts)
(MHz)
Lower 20+20 2496-2516 and 2516-2536 20
Middle 20+20 2558-2578 and 2578-2598 20
Higher 20+20 2650-2670 and 270-2690 20
Blocks | Bandwidth Frequency Power
Contiguous (MHz) (Watts)
(MHz)
Lower | 20+20+20 | 2496-2516, 2516-2536 and 2536-2546 20
Middle | 20+20+20 | 2563-2583, 2583-2603 and 2603-2623 20
Higher | 20+20+20 | 2630-2650, 2650-2670 and 2670-2690 20
Blocks | Bandwidth Non- Frequency Power
contiguous (MHz) (Watts)
(MHz)
Lower 20+10 2496-2516 and 2528-2538 20
Middle 20+10 2562-2582 and 2604-2614 20
Higher 20+10 2648-2668 and 2680-2690 20
Blocks | Bandwidth Non- Frequency Power
contiguous (MH2) (Watts)
(MHz)
Lower 20+20 2496-2516 and 2536-2556 20
Middle 20+20 2563-2583 and 2603-2623 20
Higher 20+20 2630-2650 and 2670-2690 20
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QPSK Modulation
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QPSK Modulation
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Peak to Average
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Peak to Average
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QPSK Modulation
2680 MHz, (20 MHz BW).
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64QAM Modulation
2680 MHz (20 MHz BW).
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Peak to Average
QPSK Modulation
Center Frequencies: 2680 MHz, (20 MHz BW).

Peak to Average
16 QAM Modulation
Center Frequencies: 2680 MHz, (20 MHz BW).
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Peak to Average
64 QAM Modulation
Center Frequencies: 2680 MHz, (20 MHz BW).
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QPSK Modulation
2506 and 2526 MHz, (20+20 MHz BW).
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16QAM Modulation
2506 and 2526 MHz, (20+20 MHz BW).
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64QAM Modulation
2506 and 2526 MHz, (20+20 MHz BW).
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Peak to Average
QPSK QAM Modulation
Center Frequenc1es 2506 and 2526 MHz, (20+20 MHz BW).

Peak to Average
16 QAM Modulation
Center Frequen01es 2506 and 2526 MHz, (20+20 MHz BW).
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Peak to Average
64 QAM Modulation
Center Frequencies: 2506 and 2526 MHz, (20+20 MHz BW).
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QPSK Modulation
2660 and 2680 MHz, (20+20 MHz BW).
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16QAM Modulation
2660 and 2680 MHz, (20+20 MHz BW).
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64QAM Modulation
2660 and 2680 MHz, (20+20 MHz BW).
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Peak to Average
QPSK Modulation
2660 and 2680 MHz, (20+20 MHz BW).

Peak to Average
16QAM Modulation
2660 and 2680 MHz, (20+20 MHz BW).
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Peak to Average
64QAM Modulation
2660 and 2680 MHz, (20+20 MHz BW).
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QPSK Modulation
2506 and 2546 MHz, Non-contiguous (20+20 MHz BW).
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FCC ID: AS5BBTRX-15A

16QAM Modulation
2506 and 2546 MHz, Non-contiguous (20+20 MHz BW).
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Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

64QAM Modulation
2506 and 2546 MHz, Non-contiguous (20+20 MHz BW).
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FCC ID: AS5BBTRX-15A

Peak to Average
QPSK Modulation
2506 and 2546 MHz, Non-contiguous (20+20 MHz BW).
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Peak to Average
16QAM Modulation
2506 and 2546 MHz, Non-contiguous (20+20 MHz BW).
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FCC ID: AS5BBTRX-15A

Peak to Average
64QAM Modulation
2506 and 2546 MHz, Non-contiguous (20+20 MHz BW).




Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

QPSK Modulation
2640 and 2680 MHz, Non-contiguous (20+20 MHz BW).
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FCC ID: AS5BBTRX-15A

16QAM Modulation
2640 and 2680 MHz, Non-contiguous (20+20 MHz BW).
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FCC ID: AS5BBTRX-15A

64QAM Modulation
2640 and 2680 MHz, Non-contiguous (20+20 MHz BW).
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Peak to Average
QPSK Modulation
2640 and 2680 MHz, Non-contiguous (20+20 MHz BW).
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Peak to Average
64QAM Modulation
2640 and 2680 MHz, Non-contiguous (20+20 MHz BW).
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FCC ID: AS5BBTRX-15A

QPSK Modulation
Center Frequencies: 2506, 2526&2546 MHz, (20+20+20MHz BW).
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16QAM Modulation
Center Frequencies: 2506, 2526&2546 MHz, (20+20+20MHz BW).
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64QAM Modulation

Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

Center Frequencies: 2506, 2526&2546 MHz, (20+20+20MHz BW).
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Peak to Average
QPSK Modulation
Center Frequencies: 2506, 2526&2546 MHz, (20+20+20MHz BW).
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FCC ID: AS5BBTRX-15A

Peak to Average
64QAM Modulation
Center Frequencies: 2506, 2526&2546 MHz, (20+20+20MHz BW).
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FCC ID: AS5BBTRX-15A

QPSK Modulation
Center Frequencies: 2640, 2660&2680 MHz, (20+20+20MHz BW).
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16QAM Modulation
Center Frequencies: 2640, 2660&2680 MHz, (20+20+20MHz BW).
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64QAM Modulation
Center Frequencies: 2640, 2660&2680 MHz, (20+20+20MHz BW).

M g |77 700 AL TH- 4 TO0 - Wsshiums knatyan

;

Cartint Rad Freg TE0000000 Oz TR
—e= Trig Extermall AvglHald: 100 % Direenae: Dawnlink
BAzen: 90 9B Ext Gain: <1910 48 Hum CCiak 1

5506
Res BW 15 kHz

Rf 30 dBm

Carriar Raf Fieg: 3 BOD0000 GHE i
> Trige Exterrall AvglHald: 100 % Dirsetion: Dewniek
RArzan: 55 S8 Ext Gair: 4590 @8  Mum CCj: 1

Gadahadd
TR RPN E

5 505

Res BW 15 kHz TimeLen 42

Reed 30 dBm

Span 15 000
Tieriel o




Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

B Eapuiget | 71 00 B 1 TT-2 700 - Rschbetan Restyan

Carriar Raf Fieg: 3 ER0000000 GHE
mien Wi Extarvall AngHald: 100 %
hrran: 55 48 Ext Gisir: -65. 40 &5

L TR LR D F
L L L R R AT ]

£ 506
Res BW 15 kHz

Reed 30 dBm

> =

Dirsction: Dewhilea
B CC(n): 1

Span 25 0D0O0OTEIAIS MHE




Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

Peak to Average
QPSK Modulation
Center Frequencies: 2640, 2660&2680 MHz, (20+20+20MHz BW).
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FCC ID: AS5BBTRX-15A

Peak to Average
64QAM Modulation
Center Frequenc1es 2640, 2660&2680 MHz, (20+20+20MHz BW).
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QPSK Modulation
Center Frequencies: 2506 & 2533 MHz, (20+10MHz BW).
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16QAM Modulation
Center Frequencies: 2506 & 2533 MHz, (20+10MHz BW).
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64QAM Modulation
Center Frequencies: 2506 & 2533 MHz, (20+10MHz BW).
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Peak to Average
QPSK Modulation
Center Frequencies: 2506 & 2533 MHz, (20+10MHz BW).
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Peak to Average
64QAM Modulation
Center Frequencies: 2506 & 2533 MHz, (20+10MHz BW).
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FCC ID: AS5BBTRX-15A

QPSK Modulation
Center Frequencies: 2658 & 2685 MHz, (20+10MHz BW).
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16QAM Modulation
Center Frequencies: 2658 & 2685 MHz, (20+10MHz BW).
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64QAM Modulation
Center Frequencies: 2658 & 2685 MHz, (20+10MHz BW).
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Peak to Average
QPSK Modulation
Center Frequenc1es 2658 & 2685 MHz, (20+10MHz BW).
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FCC ID: AS5BBTRX-15A

Peak to Average
64QAM Modulation
Center Frequencies: 2658 & 2685 MHz, (20+10MHz BW).
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FCC ID: AS5BBTRX-15A

2. FCC Section 2.1049

(a) Emissions Bandwidth Measurement
(b) Occupied Bandwidth Measurement showing spurious Emissions 1MHz close to Block edges.

Spectrum Bandwidth Measurement
For Emissions Type

FCC approved measurement method for Spectrum Bandwidth.
(A) 26 dB Band width.

This method was used to measure the bandwidth at modulations and highest is recorded. The modulations
used are:

1. QPSK

2. 16 QAM

3. 64 QAM

Highest Bandwidth is used for Emissions type designation: 18.50 MHz for 20 MHz Bandwidth, and 9.42MHz for
10 MHz Bandwidth.

Therefore:
Measured Emission type: 18M9F9W (10W) for 20 MHz Bandwidth.
Measured Emission type: 9M47F9W (10W) for 10 MHz Bandwidth.

The list of blocks and bands, tested for QPSK, 16QAM and 64QAM are listed below:

Blocks | Bandwidth Frequency Power
(MHz2) (MHz) (Watts)
Lower 20 2496-2516 20
Middle 20 2568-2588 20
Higher 20 2660-2680 20
Blocks | Bandwidth Frequency Power
Contiguous (MHz) (Watts)
(MHz)
Lower 20+20 2496-2516 and 2516-2536 20
Middle 20+20 2558-2578 and 2578-2598 20
Higher 20+20 2650-2670 and 270-2690 20




Global Product Compliance Laboratory
FCC ID: AS5BBTRX-15A

Blocks | Bandwidth Frequency Power
Contiguous (MHz) (Watts)
(MHz)

Lower | 20+20+20 | 2496-2516, 2516-2536 and 2536-2546 20
Middle | 20+20+20 | 2563-2583, 2583-2603 and 2603-2623 20
Higher | 20+20+20 | 2630-2650, 2650-2670 and 2670-2690 20

Blocks | Bandwidth Non- Frequency Power
contiguous (MHz) (Watts)
(MHz)
Lower 20+10 2496-2516 and 2528-2538 20
Middle 20+10 2562-2582 and 2604-2614 20
Higher 20+10 2648-2668 and 2680-2690 20
Blocks | Bandwidth Non- Frequency Power
contiguous (MHz) (Watts)
(MHz)
Lower 20+20 2496-2516 and 2536-2556 20
Middle 20+20 2563-2583 and 2603-2623 20
Higher 20+20 2630-2650 and 2670-2690 20
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MEASUREMENT OF EMISSIONS BANDWIDTH
26 dB POWER BANDWIDTH

(b) MEASUREMENT OF
SPECTRUM BANDWIDTH
For Emissions Type

The occupied bandwidth of the Long Term Evolution (LTE) is measured using a Rohde & Schwarz ESU 40
Spectrum Analyzer/Receiver. The emissions bandwidth is described in section 27.53 (m) (v) (6) is used.
Accordingly “The emissions bandwidth is defined as the width of the signal between two points, one below the
carrier center frequency and one above the carrier center frequency, outside of which all emissions are attenuated
at least 26dB below the transmitter power.”

The measurements were made on a “TD-RRH8X20” enclosure in the following configurations:
1. QPSK

2.16 QAM

3. 64 QAM

Results:

The plots are provided for QPSK, 16QAM and 64QAM modulations for 20 MHz,

20+20MHz, 20+20+20MHz, 20+20MHz (Non-contiguous), 20+10MHz (Non-contiguous).

The Measured 26dB emissions bandwidth is 18.91 MHz for 20 MHz (20W) bandwidth and 9.47MHz for I0MHz
bandwidth.
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20 MHz Bandwidth 2496 — 2516 MHz
(Lower)

8x20 watts (MIMO)

(26dB Bandwidth)
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20 MHz Bandwidth 2568 — 2588 MHz
(Middle)

8x20 watts (MIMO)

(26dB Bandwidth)
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