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LTE Downlink Carrier Aggregation configurations

1. DL Intra Band(contiguous)
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LTE Uplink Carrier Aggregation — Qutput Power measurement procedures

- Change the Scenario in the Configuration of LTE Signaling
Select “2CC — 1x1 1x1” for Uplink Carrier Aggregation

-
&0 LTE Signaling 1 - Configuration - l 5] |

® PCL | SCC1 | SCC2| - SCC3 | - SCC4 | - SCChH - SCC6 |- SCCY

Path: Scenario

----- Duplex Mode TDD ~ Use Carrier Specific: [~
15cenario Search... |I1CC - 1x1 I
: 1CC - 1x1 -
----- #Base F&and Unit SUA1 166 - nx2
H-RF Settings ‘
&1 Downlink Power Levels %
|| --Uplink Power Control ‘ -
i-Physical Cell Setup 2CC - nx4 nx2?
- Network 2CC - nx2 nx4
--Connection 2CC - nx4 nx4
e 3CC me2 ot 1] .
&-UE Measurement Report
- Messaging (SMS)
- Shortcut Softkey
|| ®-Message Monitoring
B-Debug

- Check the box next to the “Use UL”

-
&0 LTE Signaling 1 - Configuration - l 5] |

# PCC | SCCY  SCC2 | SCC3 | ScCd| - SCCH | - SCC6 |- SCCY

Path: Intraband Contiguous UL

----- Duplex Mode TDD ~ Use Carrier Specific: [
""" Frame Structure Type 2

""" Scenario Search... | 2CC - 1x1 1x1 b

""" Base Band Unit SUA3E4 -
----- SCC Activation Mode Semiautomatic ¥~
- Use UL v |

-Intraband Contiguous UL Edit ...

H-RF Settings
H-Downlink Power Levels
H-Uplink Power Control
H-Physical Cell Setup
H- Network
H-Connection
H

H

H

H

H

H

-CQl Reporting

~UE Measurement Report
~Messaging (SMS)

- Shortcut Softkey
~Message Monitoring
~Debug

=
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Set operating

Connection Status

Back to the LTE Signal screen, and then select the PCC tab,
band, BW, channel and RB configurations for PCC

06:13:214PData end to end enabled
06:13:204 Starting Data Application Unit

Cell @ Operating Band | Band 41 ~|[ToD ]

Packet Switched 5 ON Downlink Uplink

RRC State Idle Channel 40620 Ch 40620 Ch

SCC1 State OFF Frequency 2593.0 MHz 2593.0 MHz
Cell Bandwidth | 20.0 MHz ~1[20.0 MHz L]
RS EPRE -85.0 dBm/15kHz

Event Log .| Full Cell BW Pow. —54.2 dBm |

06:13:30€D State "Cell On", 2CC 1x1 1x1 St SRR IIT LT S

06:13:21 € Signaling Unit Startup PUSCH Closed Loop Target Power 24.0 dBm

TX Meas.

LTE1
|RX Meas.

Go to...

Sched. |User def. Channels

hd

UE Info =l E

IME] —

s _ 64/256-QAM [~
Voice Domain Pr.. —— Downlink Multicluster ™ Uplink  Multicluster [
UE's Usage Setti... —— #RB 100 1
Default Bearer  IPv4address IPv6prefix g oo 0 99
Dedicated Bearer TFT Port Range DL / UL Mod / TBSI QPSK ~ | 5 QPSK ~| 10

oo = Eode Raie IBS, 0.328 8760 0.583 144
Throughput [ 3.478 Mbitls || 0.057 Mbitls

LTE
Signaling

Connection Status
Cell @ Operating Band  |Band 41 _|[ToD | |1 Meas.
Packet Swite. 5 oN Downlink Uplink v
RRC State Idle Channel 40818 Ch 40818 Ch LTE 1
SCC1 State OFF Frequency 2612.8 MHz 2612.8 MHz |RX Meas.
Cell Bandwidth | 20.0 MHz | |2o.o MHz L]
RS EPRE -85.0 dBm/15kHz o
Event Log . Full Cell BW Pow. 54,2 dBm |
06:13:394) State 'Cell On", 2CC 1x1 1x1 PUSCH Open Loop Nom.Pouer 23 dBm
06:13:214P Signaling Unit Startup PUSCH Closed Loop Target Power 24.0 dBm Routing
06:13:214PData end to end enabled
06:13:20€ Starting Data Application Unit | poC <> SCC1
pc - scer
\UE Info hd E Sched. |User def. Channels ~|T  Multicluster UL
IMEI - 64/256-QAM [
Ms —
Voice Domain .. —— Downlink Multicluster ™ Uplink
UE's Usage 5.. —- #RB 100 1
Default Bearer IPv4 address IPV6 prefix o oo 0 0
Dedicated Be... TFT PortRange DL/uL  Mod /TBSI QPSK ~| 5 QPSK ~| 10
------ — Code Rate / TBS 0.328 8760 0.583 144
Throughput | 3.478 Mbit/s I 0.057 Mbit/s
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- Click the “Connect” button at the bottom of the screen,
if necessary, turn the Airplane mode on/off in the DUT

2128 MHz 26128 MHz
~J 200wz ]

—85.0 dBm/15kHz

. ndBm
. 240dBm

User def. Channels ﬂ |

I
I 1
) 0
5/ QPskx| 10
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Check the spectrum of UL CA in Spectrum Emission Mask (LTE Tx Meas.)

..‘:’ = ! I

a0 4 Current

Detected Allocation |NoRB: 10ffsetRB: 99
Current Average Ext reme
2.205MHz 2.200MHz 2.220 MHz
Current Average Min
12.80 dBm 12.71dBm 12.58dBm 12.86 dBm

PUSCH 100.0 %

EVM RMS [%] Ith
EVM Peak [%] Ith
EVM DMRS [%] Ifh
MErr RMS [%] I/h
MErr Peak [%] Ith
MErr DMRS [%] I/h
PhErr RMS [°] Ith
PhErr Peak [*] I/h
PhErr DMRS [°] Ith

10 Offset [dBc]

1Q Gain Imbalance [dB]
1Q Quadrature Error [7]
Freq Error [Hz]

Timing Error [Ts]

TX Power [dBm)]
Peak Power [dBm]
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LTE Downlink Carrier Aggregation - OQutput Power measurement procedures

e.g. 3CC — 1x1 1x1 1x1

Change the Scenario in the Configuration of LTE Signaling

-
&0 LTE Signaling 1 - Configuration

® PCC | SCC1 SCC2  5CC3  S5CC4 SCC5  SCChR - SCCT
Path: Scenario

Gpen Loop Nominal Power
B-Advanced PRACH/OL Power

Bm @ F2CC - nx4 nx4

""" Duplex Mode ) = Use Carrier Specific: [~
-|Scenario Iarch... |[3::c: - 1x1 1x1 1x1
----- #Base Band Unit \1 LEE=1n
1CC - nx2
----- Intraband Contiguous UL Edit ...1CC - nx4
B-RF Settings 2CC - 1x1 1x1
| | P . 2CC - nx2 nx2
&-Downlink Power Levels 2CC - nxd nx?
& #Uplink Power Control ICC - nx? nxd

JCC - 1x1 1x1 1x1

-Enable Advanced Settings 3CC - nx2 1x1 1x1
- Reference Signal Power Bm

| -Preamble Initial Received ... dBm

i P Nominal PUSCH im
- Pathloss Compensation Alpha

i - Toggle PO-UE-PUSCH at RR...

" - Pathloss 0 dB

| - Expected PRACH Preamble... dEm

| - Expected OL Power dBm

I B-TX Power Control (TPC)

| —Active TPC Setup « Power
-(Closed Loop Target Power ﬂ:‘“"

[>]~]

<RF Output/Input - Connector/Converter for PCC>

E2-RF Settings
EIQRF Qutput [TX) I

""" Connector RF1COM hd
----- Converter RFTX1 -
----- External Attenuation 0.00 dB

""" External Delay Compensation [ ns
Elf #RF Input (RX)
""" Connector RF1COM -
----- Converter RFRX1 hi
----- External Attenuation 0.00 dB

""" External Delay Compensation [ ns

Set the RF Output/Input Connector and Converter for PCC/SCC1/SCC2 in each tab.

<RF Output — Connector/Converter for SCC1/SCC2>

ERF etting
- B1|_RF Output (TX)

-Connector RF1COM
RFTX1
0.00 dB

~External Delay Compensation 0 ns

w
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- Back to the LTE Signal screen, and then select the PCC tab,
band, BW, channel and RB configurations for PCC

Set operating

Connection Status

06:36:17€P SCC2: RRC Added
06:36:164P SCC1: Off
06:36:16€HSCC1: On
06:36:164P SCC1: RRC Added
NA“TR1 ‘}ﬂ COC» MAC Artivatad

Cell @ Operating Band | Band 66 ~||FoD -]

Packet Switched 5 Connection Established Downlink Uplink

RRC State Connected Channel 67036 Ch 132572 Ch

SCC1 State OFF Frequency 2170.0 MHz 1770.0 MHz

Scezsete o Cell Bandwidth | 20.0 MHz ~|[00mHz |
RS EFRE -85.0 dBm/15kHz

Event Log . Full Cell BW Pow. —54.2 dBm |

06:36:17 49 SCC2: OFf = PUSCH Open Loop Nom.Power 23 dBm

06:36:1 74 SCC2: On PUSCH Closed Loop Target Power 24.0 dBm

TX Meas.

LTE1
RX Meas.

GO to...

Routing

Sched. |User def. Channels

A

UE Info A E

IMEI 355346630026654

s 001010123456063 64/256-QAM ™

Voice Domain Pr. IMS PS Voice prefered CS Voi Downlink Multicluster ™ Uplink  Multicluster

UE's Usage Setti.. Data centric #RB 100 1

Dt_efﬂult Bearer IPvd address  IPv6 prefix Start RB 0 0
------ 5 (cmw500r.. 192.168.48.129

Dedicated Bearer TFT Port Range DL / UL Mod / TBSI QPSK | 3 QPSK ~ | 10
t-- (=5, Default) 5005 - 5008 /5005 - 5008 Code Rate / TBS 0.330 8760 0.583 144

[ 8.734 Mbit/s || 0.144 Mbit's | |[FoN
Multiple SCC Inter/Intra-
Detach activate MAC |Actions Send SMS pat
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- Select the SCC1/SCC2 tab, set operating band, BW, channel and RB configurations for SCC1/SCC2

[ 1 CMW 500 V 3812 - LTE Signaling 1 - ¥3.812.48 ===
Connection Status @1 PCC|®1 SCC1|SCC2 | SCC3|/SCC4| SCC5 [SCCE |SCCT
LTE 1
Cell @ Operating Band ~ Co-location active with PCC FDD | |TX Meas.
Packet Switc. . 5 Connection Establishet Downlink Uplink | |
RRC State Connected Channel 66536 Ch LTE1
SCC1 State OFF Frequency 2120.0 MHz SIS
SRR ERE o Cell Bandwidth | 20.0 MHz -
RS EPRE -85.0 dBm/15kHz Go to..
Event Log % Full Cell BW Pow. —54.2 dBm
06:36:1 74P SCC2: OFf i‘ PCC <> SCC1
06:36:17€PSCC2: On .
06:36:1 74P SCC2: RRC Added Routing
06:36:164 SCC1: OFf
06:36:16@H5CC1: On
06:36:164) SCC1: RRC Added Ses s Sen
NR-2R-4 28 ST O MAC Artivatad Sched. |User def. Channels ﬂ
UE Info [ =l
IMEI 356346630026654
IMSI 001010123456063
Voice Domain ... IMS PS Voice prefered C5 Downlink Multicluster [~
UE's Usage S... Data centric #RB 100
Default Bearer |Pv4 address IPv6 prefix Start RB 0
L (cmw50.. 192.168.48.129
Dedicated Be.. TFT PortRangeDL/uL  Mod /TBSI QPSK *| 5 -
------ 6 (=5, Def... 5005 - 5008 /5005 -5( Code Rate/TBS 0.330 8760 signaling
J Throughput 8.734 Mbit/s " ON
SCC1 Multiple SCC Inter/Intra-
IDetach Disconnect - activate MAC |Actions Send SMS RAT ... Config ...
[ 0 CMW 500 V 3.812 - LTE Signaling 1 - ¥3.812.43 ==
Connection Status ® PCC @ scc SCC3|[SCCA) [5CC5 5CCh [SCCT |ivE 1
Cell @ Operating Band | Band 1 ~||FoD | |1@ Meas.
Packet Switc... 5 Connection Establishec Downlink Uplink | |
RRC State Connected Channel 68761 Ch LTE 1
SCC1 State OFF Frequency 634.5 MHz Bl
ScezsState o Cell Bandwidth | 20.0 MHz 2
RS EPRE —85.0 dBm/15kHz e
Event Log *  Full Cell BW Pow. —54.2 dBm
06:36:174P SCC2: OFF i‘ PCC =-> 5CC2
06:36:174PSCC2: On .
06:36:17€9 SCC2: RRC Added Routing
06:36:164p SCC1: OFF
06:36:16495CC1: On ’—‘
06:36:164 SCC1: RRC Added o= Eii oy
na-1a-4 280 €O C P MAC Activatad ﬂ Sched. |User def. Channels ﬂ
UE Info d =
IMEI 355346630026654
IMSI 001010123456063 )
Voice Domain ... IMS PS Voice prefered CS Downlink Multicluster [~
UE's Usage S... Data centric #RB 100
Default Bearer  IPv4 address IPV6 prefix o . oo 0
L (cmw50.. 192.168.48.129
Dedicated Be.. TFT PortRangeDL/uL  Mod /TBSI QPSK 7| 5
------ 6 (-=5, Def.. 5005 - 5002 /5005 -50 Code Rate /TBS 0.330 8760
»| Throughput 8.734 Mbitls
SCC2 Multiple SCC Inter/Intra-
IDetacIl Disconnect - activate MAC | Actions Send SMS RAT ...
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- Connect and Activate MAC for all SCCs
® CMW 500 V3,812 - LTE Signaling 1 - X3.81248

Connection Status
LTE 1

Cell @ Operating Band |Band m TX Meas.
Packet Switc... 5 Connection Establishec Downlink Uplink u
RRC State Connected Channel 68761 Ch LTE 1
SCC1 State OFF Frequency 634.5 MHz SLILEEE
SCC2 State o Cell Bandwidth | 20.0 MHz -

RS EPRE —85.0 dBm/15kHz Go to...
Event Log . Full Cell BY Pow. 54,2 dBm |
06:36:17p SCC2: OFf | PCC =<=> SCC2 Swap
06:36:17€pSCC2: On Routing
06:36:174 SCC2: RRC Added
06:36:164B SCC1: OFf

06:36:16€HSCC1: On
06:36:1 llio SCC1: RRC Added
NAR-TR-1 ':Iﬂ e MMAC Actiustoad

UE Info

IMEI
IMs 4
Voice Domain ... IMS PS Voice pref
UEs Usage S... Data centric

Default Bearer  |Pv4 address IP
: 192.168.48.129

- - - =1
~ PRACH SRS Multi
Evaluation
RUN
wurgn nvel ﬂHl‘.‘ LAaugine
EVM RMS [%] I'h 0.64 0.71 0.68 071 0.83 0.85 0.04 RE
EVM Peak [%] I'h 1.51 2.64 1.96 2.23 3.27 3.16 0.38 Settings
EVM DMRS [%] I/h 0.61 0.65 0.61 0.60 1.02 0.90 0.10
MEmr RMS [%] I/h NCAP NCAP NCAP NCAP NCAP NCAP NCAP
MErr Peak [%] I'h NCAP NCAP NCAP NCAP NCAP NCAP NCAP Trigger
MErmr DMRS [%] I/h NCAP NCAP NCAP NCAP NCAP NCAP NCAP
PhEr RMS [7] I/h NCAP NCAP NCAP NCAP NCAP NCAP NCAP
PhErr Peak [] I/h NCAP NCAP NCAP NCAP NCAP NCAP NCAP
PhErr DMRS [°] Ith NCAP NCAP NCAP NCAP NCAP NCAP NCAP
1Q Offset [dBc] —52.22 —52.32 —49.92
IQ Gain Imbalance [dB] NCAP NCAP NCAP
1Q Quadrature Error [°] NCAP NCAP NCAP Display
Freq Error [Hz] 0.51 0.09 -3.38
Timing Error [Ts] —6.30 -5.63 —8.52
OBW [MHz] 0.27 0.32
Current Avergg%l Min Max
TX Power [dBm)] 13.51 13.48 13.30 13.59
Peak Power [dBm] 18.40 18.60 17.80 19.50
RB Power [dBm] 13.48 1346 1337 1350 fa'-'r:‘::tga
100 1 100 0.00 % QPSK PUSCH 100.0 % LTE
PS: Connection Established Signaling
@ RRC State:  Connected ON
View .- =
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LTE Downlink 4x4 MIMO - Output Power measurement procedures

- Change the Scenario in the Configuration of LTE Signaling

.1CC —nx4

Duplex Mode
"||Soenario

FDD - Use Carrier Specific: [~

| search...|

1CC - nxd

#Base Band Unit
B-RF Settings
&-#RF Output (TX)

RFTX1
External Attenuation 0.00 dB
External Delay Compensation 0 ns
-#RF Input (RX)

RF1COM

RFRX1
External Attenuation 0.00 dB
External Delay Compensation [ ns
El-RF Frequency
#0perating Band
H-Additional Frequency Bands
E-DL
#Channel/Frequency

Frequency Offset 0 Hz

'SUA1&2

RF1COM

Band 66

67036 Ch 2170.0
Use Carrier Specific: [~

1CC - 1x1

2CC - nx2 nx2
2CC - nx4 nx2
2CC - nx2 nxd
2CC - nx4 nx4d
3CC - 1x1 1x1 1x1
3CC - nx2 1x1 1x1

=

|

|

MHz
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Report No.: 4791083081-S1
Set the RF Output/Input Connector and Converter for PCC.
ports correspond with RF Output (TX) Connector(s).

DL MIMO output

Duplex Mode

Scenario Seamh...l 1CC - nx4

jsua1s2 v

FDD ~ Use Carrier Specific: [

gﬂase Band Unit
‘RF Settings

E1-#RF Qutput (TX) Out 1

RF1COM
RFTX1
External Attenuation 0.00 dB
External Delay Compensation 0 ns

-#RF Input (RX)
RF1COM

RFRX1

External Attenuation 0.00 dB
External Delay Compensation 0 ns

~RF Frequency
#0Operating Band
H-Additional Frequency Bands
=-DL

#Channel/Frequency
Frequency Offset

Band 66

67036 Ch 2170.0

MHz

0 Hz Use Carrier Specific: [~

Back to the LTE Signal screen, set operating band, BW, channel and RB configurations for PCC
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Check the Throughput of DL 4x4 MIMO in LTE Rx Measurement.

& Stream 2
Max. Possible

Subframes
-8500 -7500 -6500 -5500 -4500 -3500 -2500 -1500 -500

Over All Stream 1
Relative  Absolute Relative  Absolute
99.99% 19598 99.99% 9799
0.01% 2 0.01% 1
0.00% 0 0.00%
0.01% 0.01%
Relative Relative
99.99% 99.999%

Connection Established
RRC State:  Connected

EVM RMS [%] I'h
EVM Peak [%] I'h
EVM DMRS [%] I/h
MErmr RMS [%] I/h
MErr Peak [%] I'h
MErmr DMRS [%] I/h
PhEr RMS [*] Ith
PhErr Peak [*] I/h
PhErr DMRS [*] Ith

1Q Offset [dBc]

10 Gain Imbalance [dB]
1Q Quadrature Error [7] Display
Freq Error [Hz]

Timing Error [Ts]

TX Power [dBm]
Peak Power [dBm]
RB Power [dBm]

@ Connection Established

RRC State: Connected

PS:
Select
View ...
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LTE Downlink Carrier Aggregation Combinations

The DL CA power measurement conditions for various CC’s combinations were determined according LTE DL CA SAR Test Exclusion guidance in TCB workshop note (April
2018). Only yellow highlighted cells need power measurement. The following power measurements were performed with a single carrier uplink; CA for this particular project
only supports one (1) uplink and up to four (4) downlinks.

LTE Release 10 Carrier Aggregation

Completely Completely
C d b (¢ d b
Index 2CC Restriction DSy Index 3CC Restriction U 5
Measurement Measurement
Superset Superset
2CC#1 41C 3CC#1 41D
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LTE Release 10 Carrier Aggregation with 4x4 MIMO

Completely Completely
C d b C d b
Index 2CC Restriction DAY Index 3CC Restriction DA Y
Measurement Measurement
Superset Superset
2CCH1 [41C] 3CCH1 [41D]
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Single Carrier Downlink 4x4 MIMO output power results

41 QPSK 20 40620 2593 1/99 24.35 24.26 -0.09

According to LTE Test Conditions in TCB workshop (May, 2017), SAR is excluded for LTE downlink 4x4 MIMO operation when uplink output with DL MIMO does not exceed

highest uplink output power configuration without DL MIMO by more than 1/4 dB. And for DL MIMO with carrier aggregation, the same SAR test exclusion procedure is
considered.
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DL CA output power results

Bands UL DL
LTERel 8 [LTERel 10
E-UTRA CA PCC SCC1 sccz | sccs PCC pcC SCC1 Scc2 | SCC3 T Faver [T Feren Delta
configutation (BCS) BW Freq. RB RB BW Freq. BW Freq. BW Freq. BW Freq. ¥ :
dBi dB
1st 2nd 3rd 4th Band | Mode (Mbiz) Channel (MHz)_|Allocatio] offset Band (M) Channel (M) Band (M) Channel (M) Band Mz |Channel | o Band MHz) |Channel | e [dBm] [dBm]
41C 41C 41C 41 QPSK 20 40620 2593 1 99 41 20 40620 2593 41 20 40818 2612.8 24.35 24.27 -0.08
41D 41D 41D 41D 41 QPSK 20 40620 2593 1 99 41 20 40620 2593 41 20 40818 | 2612.8 41 20 41016 | 2632.6 24.35 24.36 0.01

Note:
1. Per KDB 941225 DO5A LTE Rel. 10 KDB Inquiry Sheet: SAR is excluded for Carrier Aggregation when measured power does not exceed LTE Release 8 by more than a

1/4 dB.
2. When the same frequency band is used for both contiguous and non-contiguous in DL CA Intra band, power was measured using the configuration with the largest

aggregated bandwidth and maximum output power among the contiguous and non-contiguous in DL CA Intra band configurations.
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DL CA with 4x4 MIMO output power results

Bands e uL DL
LTERel 8 [LTERel 10
E-UTRA CA PCC_| scci | sccz | scca PCC PCC Scc1L Scc2 | SCC3 T PD;H o P:‘Ner B
configutation (BCS) BW Freq. RB RB BW Freq. BW Freq. BW Freq. BW Freq. g "
dBi dBi
1st 2nd 3rd 4th Band | Mode | 0 |Chamnel| ' [aliocatio] offset | B2 | (rz |CP2Me! | iy | BEY | uiizy (PRl np) | BaNY | iy [CETNel[ Band | o [Channel| > [dBm] [dBm]
[41c] @ic) | @ic @1 | QPsk 20 40620 | 2593 1 99 1] 20 40620 | 2593 41] 20 40818 | 2612.8 24.35 24.31 -0.04
[41D] [41D] | [41D] | [41D] [41] | QPsk 20 40620 | 2593 1 99 [41] 20 40620 | 2593 [41] 20 40818 | 2612.8 | [41] 20 41016 | 2632.6 2435 24.40 0.05

Note:
1. Per KDB 941225 DO5A LTE Rel. 10 KDB Inquiry Sheet: SAR is excluded for Carrier Aggregation when measured power does not exceed LTE Release 8 by more than a

1/4 dB.
2. When the same frequency band is used for both contiguous and non-contiguous in DL CA Intra band, power was measured using the configuration with the largest

aggregated bandwidth and maximum output power among the contiguous and non-contiguous in DL CA Intra band configurations.

- END -



	4791083081-S1 FCC Report SAR App G_LTE Carrier Aggregation__1
	4791083081-S1 FCC Report SAR App G_LTE Carrier Aggregation__22
	4791083081-S1 FCC Report SAR App G_LTE Carrier Aggregation__1

