APPENDIX H:

DOWNLINK LTE CA RF CONDUCTED POWERS

H.1 LTE Downlink Only Carrier Aggregation Test Reduction Methodology

SAR test exclusion for LTE downlink Carrier Aggregation is determined by power measurements according to the

number of component carriers (CCs) supported by the product implementation. Per April 2018 TCBC Workshop
Notes, the following test reduction methodology was applied to determine the combinations required for
conducted power measurements.

LTE DLCA Test Reduction Methodology:

e The supported combinations were arranged by the number of component carriers in columns.

¢ Any limitations on the PCC or SCC for each combination were identified alongside the combination (e.qg.

CA_2A-2A-4A-12A, but B12 can only be configured as a SCC).
e Power measurements were performed for "supersets” (LTE CA combinations with multiple components
carriers) and any "subsets" (LTE CA combinations with fewer component carriers) that were not
completely covered by the supersets.
e Only subsets that have the exact same components as a superset were excluded for measurement.
e When there were certain restrictions on component carriers that existed in the superset that were not
applied for the subset, the subset configuration was additionally evaluated.
e Both inter-band and intra-band downlink carrier aggregation scenarios were considered.

¢ Downlink CA combinations for SISO and 4x4 Downlink MIMO operations were measured independently,

per May 2017 TCBC Workshop notes.

Table H-1 — Example of Exclusion Table for SISO Configurations

Table H-2 — Example of Exclusion Table for 4x4 Downlink MIMO Configurations

Completely Covered by
_E

Note: [CC] indicates component carrier with 4x4 DL MIMO antenna configuration

cc e Scc L ETY 5,10,15,20 laccam |ca (24158 66 5,10,15,20
[sccam Sccivz [CAI2A) 24 5A No laccz [ca2n 0,15, No
2] }ﬁ 3cCH#M3 |cA [2A12A-12A No lacc #m: No
_[21-0A (2) 3cCANL 3CHMa_[CA_(2A1-2-13A 3 10 No [acc mw A-SA-(668] No
\ [2)-(4A] (2] No 3CCHMS _[CA_(2A1-2-30 101520 | 510 No [acc s _[ca (2A1-5A66¢ 5,10,15,20 No
[2Al5A Taccas cCime [CA (201668 .20 [ 5,10,15,20 | 5,10.15,20 No [acc A5A-[66C] 5.10,15,20 | 5,10,15,20 No
[AI-12A () 10,15, No CCiM7_|cA_2c [66A] 15, 1 10,15, o
CCHME_[CA_[2A]-13A 5,10,15,20 10 sccava CCitM8_[CA [2C1-[66A] 15, 1 10,15, N
cc i 2A1- 177 X 5,10 No CCHNS_[CA (2A]-2-66A 15, 1 10,15, No
CCAM10_[CA [2A1-29A () 10,15, 5,10 B295CCOnly_[3cCan2 CCANI10 [CA 2A-2A(66A] | 5,10,15, 10,1 10,15, No
eIy 510 Tsccoms CCaM11 [CA [2412471A | 5,10,15,20 | 5,10,15.20 | 510,15, No
facc 5, Tacc s Sccmiz [Ca [2A14A29A | 5,10,15.20 | 5101520 | 510 [s95ccony  [No
[2cc \_[2A]-[66A] (2) @ 3cC#M14_[CA [2A]-5B 5,10,15,20 5,10 5,10 [acC am1
[acc ATIA cCamis 3CCHMI5 [CA [AL5AB6A | 5,10,1520 | 510 [ 5101520 No
[2cc A-[66A] ), 10,15, CC #M16 3CC#M16 [CA 2A-5A-[66A] | 5,10,15,20 5,10 5,10,15,20 No
[2cc w17 [ca 10a-[66A] @) 1 10,15, Cam1y 3ccimn7 [ca a12a166A] | 5,10,15,20 | 5,10 | 510,152 No
[2cc w15 [cA_13A(66A] 1 10,15, Cam1 CCit18_[cA A1 134660 15, 510 [ 50,1520
[2cC#M19 [cA 30A (66T 1 10,15, cam20 CC#NI15 |CA 2A-13A (66A] 15, 510 [5101520
[2cc#m20 [cA (668 51015 5,10,1 Cama CCiM20_|CA 2A-30A-(66A] 15, 510 | 5101520 o
[accm21_[ca fesc 5,10,15,20 5,10,15,20 C M6 CCM21_[CA [2A1-668 15, 51015 | 51015 CCaNE
[2ccma2 ca e6n1-66n 5,10,15,20 5,10,15,20 3cc s CC M2 |cA 2-(668] 1 51015 | 51015 icCima
[accam23 [ca (esal-(66A1 5,10,15,20 5,10,15,20 No CC itM23_|cA [2Al-(668] 10,15, 5,10,1: 5,10,1: No
cCim24_[ca (2A] 66 10, 1 5,10,15,20 | 5,10,15,20 [accams
CCiM25 |cA 2 66C] ,10,15,20 | 5,10,15,20 | 5,10,15,20 [acc #me
CCM26_|CA [2A1-(66C] ,10,15,20 | 5,10,15,20 | 5,10,15,20 No
CC#M27_[CA [2A1-6A-66A | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
3cCiM28 [CA 2A-(66A1:66A | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
3cC#M25 [CA_[2A]-66A-71A | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
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H.2 LTE Downlink Only Carrier Aggregation Test Selection and Setup

SAR test exclusion for LTE downlink Carrier Aggregation is determined by power measurements according to the
number component carriers (CCs) supported by the product implementation. For those configurations required by
April 2018 TCBC Workshop Notes, conducted power measurements with LTE Carrier Aggregation (CA) (downlink
only) active are made in accordance to KDB Publication 941225 D05Av01r02. The RRC connection is only
handled by one cell, the primary component carrier (PCC) for downlink and uplink communications. After making
a data connection to the PCC, the UE device adds secondary component carrier(s) (SCC) on the downlink only.
All uplink communications and acknowledgements remain identical to specifications when downlink carrier
aggregation is inactive on the PCC. Additional conducted output powers are measured with the downlink carrier
aggregation 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.

Per FCC KDB Publication 941225 D05Av01r02, no SAR measurements are required for carrier aggregation
configurations when the maximum average output power with downlink only carrier aggregation active is not more
than 0.25 dB higher than the average output power with downlink only carrier aggregation inactive. All bands
required for SAR testing per FCC KDB procedures were considered. Based on the measured maximum powers
below, no additional SAR tests were required for DLCA SAR configurations.

General PCC and SCC configuration selection procedure

- PCC uplink channel, channel bandwidth, modulation and RB configurations were selected based on
section C)3)b)ii) of KDB 941225 D05 V01r02. All LTE bandwidth conducted powers needed for PCC
uplink configuration selection can be found in Section 9.3 and appendix H. The downlink PCC
channel was paired with the selected PCC uplink channel according to normal configurations without
carrier aggregation.

- To maximize aggregated bandwidth, highest channel bandwidth available for that CA combination
was selected for SCC. For inter-band CA, the SCC downlink channels were selected near the middle
of their transmission bands. For contiguous intra-band CA, the downlink channel spacing between the
component carriers was set to multiple of 300 kHz less than the nominal channel spacing defined in
section 5.4.1A of 3GPP TS 36.521. For non-contiguous intra-band CA, the downlink channel spacing
between the component carriers was set to be larger than the nominal channel spacing and provided
maximum separation between the component carriers.

- All selected PCC and SCC(s) remained fully within the uplink/downlink transmission band of the
respective component carrier.
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Figure H-1
DL CA Power Measurement Setup
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Wireless Device
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Figure H-2
DL CA with DL 4x4 MIMO Power Measurement Setup

H.3 Downlink Carrier Aggregation RF Conducted Powers

H.3.1 LTE Band 12 as PCC

Table H-3
Maximum Output Powers

[ caantoay | uesl2 | 10 | 2305 | 7075 [ opsk [ 1 | o [ soes | 7avs [ tvEea | 20 [ a5 [ aazes [ - [ - [ - T - ] a6 [ s |
[ cawaeea) | LEB12 | 10 | 2300 | 7075 [ opsk | 1 | o [ soe5 | 7avs [ Lteees | 20 | eerss | 218 [ - [ - | - | - [ 61 [ 255 |

10 7075 QP! 7315 20 21325 10 2350 2150 2451
[ CA_12A-66A-66A | tEB12 | 10 | 23095 | 7075 | Qpsk | 1 | 0 | s095 | 7375 | LTEB66 | 20 | 66786 | 2145 | LTEB66 | 20 | 67236 | 2190 | 2454 | 2455

H.3.2 LTE Band 13 as PCC

Table H-4
Maximum Output Powers

H.3.3 LTE Band 26 as PCC

Table H-5
Maximum Output Powers
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H.3.4 LTE Band 66 as PCC

Table H-6
Maximum Output Powers

[ caizaesa | ureew | 5 | amow | amas | oesk | 1 | 12 | ower | euzs | tesiz | 10 | s | ds | - | - | - | | 215 | 31 |

| caee [ tesss | s [ o7 | 1725 [ opsk [ 1 [ 12 [ eoeer | 2u25 | LteBes | | oosss [ 2218 [ - 1 - 1 - [ - [ 2316 | 231 |
131997 17125 QPSK 12 21125

[ CA_12A-66A-66A | LTEBe6 | 5 | 131097 | 17125 | QPSK | 1 | 12 | 66461 | 21125 | LTEBG6 | 20 | 67236 2190 | LTEBI2 | 10 | 5095 | 7375 | 2315 | 2314 |

H.3.5 LTE Band 41 as PCC

Table H-7
Maximum Output Powers

CA_a1A41C
CAa1C41A
Ch_a1A41D

S siceic » 3 = £ - - y
G sican 2656 | B | 20 NECE| PR 7 T )
G aibaic 0 26656 | teear | 20 2655 | L bar | 258 [ueen] o |
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H.4 DL CA with DL 4x4 MIMO RF Conduction Powers

This device supports downlink 4x4 MIMO operations for some LTE bands. Uplink transmission is limited to a
single output stream. When carrier aggregation was applicable, the general test selection and setup
procedures described in Section H.2 were applied.

Per May 2017 TCB Workshop Notes, SAR for 4x4 DL MIMO was not needed since the maximum average
output power in 4x4 DL MIMO mode was not more than 0.25 dB higher than the maximum output power with
4x4 DL MIMO inactive. Additionally, SAR for 4x4 MIMO Downlink Carrier Aggregation was not needed since
the maximum average output power in 4x4 MIMO Downlink Carrier Aggregation mode was not more than
0.25 dB higher than the maximum output power with 4x4 MIMO Downlink and downlink carrier aggregation

Inactive.
Table H-8
Maximum Output Powers
Single
. 4x4 DL MIMO | Antenna | Target
LTE | Bandwidth Frequency . RB | RB g
Channel Modulation . Tx. Power Tx. Power
Band [MHz] [MHz] Size |Offset
[dBm] Power [dBm]
[dBm]
66 5 131997 1712.5 QPSK 1 12 23.08 23.14 23.0
41 5 41490 2680 QPSK 1 12 24.15 24.23 24.0
Table H-9
Maximum Output Powers
PCC scc1 scc2 Power
LTE Tx.Power
Pcc (UL) scc (pL) scc (pL) ) LTE Single
PCCBW | PCC PCCUL# | PCCUL PCC |PCC(DL) Freq.| DLAnt. SCCBW | SCC DL Ant. SCCBW | sCC DL Ant. with DL CA
Combhation PecBand | ) [uL) ch. [:!:1'1 Mod. RB  |RBOffset|(DL)Ch.|  [MHz] config. | “B | may (o) ch. l:;e:;l confie. | S | (mkz) |(oL) ch. lml Config. z(r:::;s P:::“(;;;)
CA_[4A]-12A (1) LTE B12 10 23095 707.5 QPSK 1 ] 5095 737.5 2x2 LTE B4 20 2175 21325 4x4 - - - - - 24.54 24.55
CA_[4A]-12A (2) LTE B12 10 23095 707.5 QPsk 1 ] 5095 737.5 2x2 LTE B4 20 2175 2132.5 4x4 - - - - - 24.54 24.55
CA_12A-[66A] (1) LTE B12 10 23095 707.5 QPSK 1 ] 5095 737.5 2x2 LTE B66 20 66786 2145 4x4 - - - - - 24.57 24.55
CA_12A-[66A] (2) LTE B12 10 23095 707.5 QPsK 1 ] 5095 737.5 2x2 LTE B66 20 66786 2145 4x4 - - - - - 24.57 24.55
CA_[4A]-4A-12A LTE B12 10 23095 707.5 QPSK 1 0 5095 737.5 2x2 LTE B4 20 2175 2132.5 4x4 LTE B4 10 2350 2150 2x2 24.57 24.55
CA_[4A]-[4A]-12A LTE B12 10 23095 707.5 QPSK 1 ] 5095 737.5 2x2 LTE B4 20 2175 2132.5 4x4 LTE B4 10 2350 2150 4x4 24.55 24.55
CA_12A-[66A]-66A LTE B12 10 23095 707.5 QPSK 1 0 5095 737.5 2x2 LTE B66 20 66786 2145 4x4 LTE B66 20 67236 2190 2x2 24.58 24.55
CA_12A-[66A]-[66A] LTE B12 10 23095 707.5 QPSK 1 ] 5095 737.5 2x2 LTE B66 20 66786 2145 4x4 LTE B66 20 67236 2190 4x4 24.52 24.55
Table H-10
Maximum Output Powers
PCC scc1 scc2 Power
LTE Tx.Power
Pcc (uL) scc (bL) scc (pL) ) LTE Single
PCCBW | PCC PCCUL# | PCCUL PCC |PCC(DL) Freq.| DLAnt. SCCBW | SCC DL Ant. SCCBW | scCC DL Ant. with DL CA
Combination PecBand | i) [(u) ch. [:::1'1 Mod. RB  |RBOffset|(DL)Ch.|  [MHz] config. | 5B | vz (ou) ch. lml config. | 5B | vz |(ou) ch. [m] Config. E(r;a:rl';d P:;:':(:‘;"m’
CA_2A-[4A]-13A LTE B13 10 23230 782 QPSK 1 25 5230 751 2x2 LTE B2 20 900 1960 2x2. LTE B4 20 2175 21325 4x4 24.57 24.64
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H.4.4

LTE Band 26 as PCC

Table H-11

Maximum Output Powers

pCC scc1 scc2 Power
LTE Tx.Power )
P pCCBand | PCCBW | PcC P‘:e(:l’ Mod, |PCCUL#| PCCUL | PCC[PCC(DL)Freq.| DLANt | (oo | SCCBW | SCC si‘;‘:") DLARL | (oo | ScCBW | scc s':e(:") DLAnt. | withDLCA :;f:e':‘ﬂ':
MH: UL) Ch. ’ . RB  |RBOffset|(DL) Ch. [MHz] C b MH DL) Ch. ’ Config. [MHz] |(DL) Ch. ’ Config. Enabled
[MHz] | (UL) [MHz) (oL) [MHz] onfig. [MHz] |(DL) [MHz) onfig. [MHz] |(DL) [MHz] nfig. (P:B . Power (dBm)
CA_26A-[41A] LTE B26 5 | 26865 | 8315 apsk 1 12 | 8865 876.5 22 LTEB41 | 20 | 40620 | 2593 x4 - - - - - 24.39 24.48
CA_26A-[41C] LTE B26 5 | 26865 | 8315 apsk 1 12| 8865 876.5 22 LTEB4L | 20 | 40620 | 2593 na LTEB4L | 20 | 40422 | 25732 4 24.41 20.48
Table H-12
Maximum Output Powers
PCC scc1 scc2 Power
LTE
PCC (Ul PCCUL scc (o) scc (o] LTE Single
T pcCBand | PCCBW | Pec Fre(q u Mog. | PECUL| g | Pec | pec(oy DLANt. | (oo |SCCBW | scC Fm(q | bLant. scCBand | SCCBW | scc m(q )| bLant. | Txpower Camer““
MHz] ((UL) Ch. ’ . RB DL) Ch. | Freq. [MHz] | Config. MHz] ((DL) Ch. " | Config. MHz] ((DL) Ch. " | Config. | withDLCA
[MHz] [(uL) [MHz] offset |©®Y q. [MHz] 2 [MHz] |(DL) [MHz 2 [MHz] |(DL) [MHz] 2 DA | Power (dBm)
CA_2A1{66A] LTE B66 5 [131997] 17125 | QPsk 1 12 | 66461 | 21125 x4 LTE B2 20 900 | 1960 %2 - - - - - 23.15 2314
CA_12A{66A] (1) LTE B66 5 |131997] 17125 | apsk 1 12 [ 66461 | 21125 x4 LTEB12 | 10 | 5095 | 737.5 %2 - - - - - 23.16 2314
CA_12A{66A] (2) LTE B66 5 [131997] 17125 | QPsk 1 12 | 66461 | 21125 x4 LTEBI12 | 10 | 5095 | 737.5 %2 - - - - - 23.16 2314
CA_[66B] LTE B66 5 |131997] 17125 | apsk 1 12 [ 66461 | 21125 x4 LTEB66 | 15 | 66554 | 21218 x4 - - - - - 2313 23.14
CA_[66C] LTE B66 5 [131997] 17125 | QPsk 1 12 | 66461 | 21125 x4 LTEBG6 | 20 | 66578 | 2124.2 x4 - - - - - 23.16 2314
CA_5A-[66A]-66A LTE B66 5 |131097] 17125 [ apsk 1 12 [ 66461 | 21125 x4 LTEBG6 | 20 | 67236 | 2190 %2 LTE BS 10 | 2525 | 8815 %2 23.19 23.14
CA_5A-66A-[66A] LTE B66 5 [131007] 17125 | apsk 1 12 |66l | 21125 %2 LTEB66 | 20 | 67236 | 219 x4 LTE B5 10 | 2525 | 8815 %2 23.20 2314
CA_5A-{66A]-[66A] LTE B66 5 |131097] 17125 [ apsk 1 12 [ 66461 | 21125 x4 LTEBG6 | 20 | 67236 | 2190 x4 LTE BS 10 | 2525 | 8815 22 23.16 23.14
CA_12A66A]-66A LTE B66 5 |131997] 17125 [ apsk 1 12 [ 66461 | 21125 x4 LTEB66 | 20 [ 67236 | 2190 %2 LTEB12 | 10 | 5095 | 7375 %2 23.17 2314
CA_12A-66A-{66A] LTE B66 5 [131997] 17125 | QPsk 1 12 | 66461 | 21125 %2 LTEBG6 | 20 | 67236 | 2190 x4 LTEB12 | 10 | 5095 | 737.5 %2 23.15 23.14
CA_12A{66A{66A] LTE B66 5 [a31097] 17125 [ apsk 1 12 [ees61 | 21125 x4 LTEB66 | 20 | 67236 | 2190 x4 LTEB12 | 10 [ 5095 | 737.5 %2 23.16 2314
Maximum Output Powers
o et sccz sccs scca
pecow| rec |PEU recurs| recut | scc [rccion | otan sccaw | sce %00 ouan sccow | sce %00 oupne sccow | see %00 puan ou | scc (<0 | oup | morca | TSR
Combination PCC Band req. | Mod. 1 | sccBand Freq. © | sccgand Freq. " | sccaand Freq. sccBand Freq. Carrier Tx
[MHz] |(UL) Ch. [MHz] RB. (MHz] Config. [MHz] (DL) Ch.| [MHz] Config. [MHz] (DL) Ch.| [MHz] Config. [MHz] (DL) Ch.| M) Config. [MHz] ((DL) Ch.| M) Config. Er:::)ﬂ Power (dBm)
CAfAREA | U s Jawso| ae0 [ ook | 1 12 | auso| zem0 ana 4 so750 | 2506 | 202 242 2023
CAaAfA@) | 0 5 Taseso [ 26s0 [ ops | 1 | 12 [auso| zem0 20 b4 S0750 | 2506 |t = = 282 2023
CALAHAIA) | U 160 | 260 | apsk | 1 1 |4 2680 ) 4 30750 | 2506 | axa - - - 4. 7
@14 41C 5 100 | 260 | e | 1 | 1 [ 2680 o 4 30948 | 2525, 20 o0 | 2506 | 2w 4.1 2)
\_41C-[414] Ll 14 2680 K 1 1 4 2680 x2 14 41373 | 2668. x2 39750 | 2506 axd - 4.2t 4,
A1A141C) L 1¢ 2680 QPSK_ 1 1 41 2680 X2 341 39948 | 2525. d 39750 | 2506 axd 4.2 4.
\[41C] 41 & 100 | 260 | sk | 1 | 12 [a 2680 na 4 1373 | 2668 na 30750 | 2506 |2 = 4. 4
[41A141C] [ 1 2680 | apsk 1 1L |4 2680 it 4 39948 | 2525, it 39750 | 2506 axa 0.2 4.
\ [41C-{41A] 14 2680 QPsK_ 41 2680 . 2668, xd. 39750 | 2506 axd - - - - 7 2
A fa12-410 1050 | 2680 | arsx 2680 na 2535, 2 30008 | 2525, 20 So7s0 | 2506 | 20 s 2
CA_41D-[41A] 10 1 2680 QPSK_ 5 2680 22 34 2665.¢ 22 41148 | 2645.3 22 34 39750 | 2506 axd 1 L1
A_41A(410 s [ auso | 260 | apc 2 2680 20 2515, o 30008 | 2525, o 0750 | 2506 | aat 2 2
CA_[410]-41A 10 1 2680 QPSK_ 5. 2680 x4 34 12665.¢ axd 41148 | 2645.3 axd 34 39750 | 2506 22 3 L1
[_calaen s [ auso | 260 | apsc 2 2680 wa 2525, wa 9048 | 2525 a 0750 | 2506 | 0 2
A_[41DL{41A] 10 [a1e00 [ 2680 | apsc 1 5 | a1 2680 ) 41386 | 2665, o 41148 | 265 ) 54 39750 | 2506 ) 4.00 411
A faicla1c 10 [ auso | 26m0 | oesc | 1 5 | aw 2680 wa 1346 | 2665, wa 30948 | 2525, 20 o750 [ 2506 | 20 4,04 411
CA_41C{41C] 10| a1a 2680 | _apsk 1 5 | a1 2680 22 41386 | 2665, 22 39948 | 2525. 4 B4 39750 | 2506 axa 412 211
A factnc] | Crepar | 10 [auso| s | ek | 1 | 25 [aws0] 2680 wa [ LtEBa 0 [a136 | 26656 | 4 | LEBa1 | 20 [ 3998 | 5258 | 4w | LTEE o750 | 2506 | _aa 4.05 2311
A_[41C1-410 LTEBel | 10| 414 2680 PSK 1 5 | a4 2680 ) LTE BaL 41346 | 2665, b LTE BaL 40146 | 2505, 2¢ 5 s | 2525 2¢ LTE BaL 39750 | 2506 2¢ 24.09 2411
[caaniuc CtEa |10 [aueo | zee0 | oesk | 1 s [ asa 2600 2e | ireear 41336 | 2665 2e | ireear 1148 | 765 2¢ [ ireear 30048 | 255 w4 [ UrEsar o750 | 2506 | 2408 2011
A_41C-{410] LTEBel | 10 | 414 2680 PSK 1 5 | a4 2680 2¢ LTE BaL 41346 | 2665, 2¢ LTE BaL 40146 | 2505, r LTE BaL 39048 | 2525 4 LTE B4L 39750 | 2506 r 24.10 2211
[cAfajarc TEBar | 10 [ aws0 | zoe0 | opsk | 1 5[ asa 2600 w4 | UrEBar 1336 | 2665 w4 [ UreBar 41148 | 765 w4 [ Ureear 30048 | 2525 2e [ iresar o750 | 2506 | 2e. 2806 2011
CA [41C}{410] LTEBel | 10 | 414 2680 PSK 1 5 | a4 2680 ) LTE BaL 41346 | 2665, 4 LTE BaL 40146 | 2505, 4 LTE BaL 39048 | 2525 44, LTE B4L 39750 | 2506 r 2002 2211
Ca [a1D}410] CtEe |10 [auoo | zee0 [ oesc [ 1 5[ asa 2680 w4 [ UreBar 41336 | 2565 w4 [ UreBar 41148 | zot5 w4 [ Ureear 008 | 255 w4 [ irEBar o750 [ 2506 | a 2000 2011
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