APPENDIX J: 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 J-1 — Example of Exclusion Table for SISO Configurations

urations

Completely Covered by
Index Measurement Superset
[accumn_Jca | 5,10,15,20 5,10,15,20 cc e Scc L 5101520 | 510,15,20 laccam |ca (24158 66 510,152 | 510 510 | 5101520 No
acceva_[ca (a2 510,15, 5.10,15,20 Tccamin Sccom2 [CApAI2A5A [ 5,10.15,20 | 5,10.15,20 | 5,10 No [acc 2 [CA 258 66A] 5101520 [ 510 510 [ 510,152 No
2ccv3_[cA_(2A1-2A] 510,15, 5,10,15,20 No 3CCAN3_[CA [2A12A12A | 510,15,20 [ 5,10,15,20 | 5,10 No [acc v [ca (2A]-5A-668 5101520 | 510 51015 | 51015 No
2cCiva_[cA [2A1-4A (2] 5,10,15, 5,10,15,20 }Ec»m 3cCima_[cA AI2A13A | 5,10,15,20 | 5,10,15,20 10 No [acc uma_[cA 2A-5n-(668] 5101520 | 510 51015 | 51015 No
2cCHMS_|CA_[2A]-(4A) (2) 5,10,15, 5,10,15,20 [No 3cCHMS  [CA [2A1-2A-30A [ 5,10,15,20 | 5,10,15,20 5,10 No [4CC #M5_|CA_[2A]-5A-66C 5,10,15,20 5,10 5,10,15,20 | 5,10,15,20 [No.
[acc e [cA (2A15A 510,15, 510 Taccas cCime [CA (201668 5.10,15,20 | 5,10,15,20 | 5,10,15,20 No [acc e [cA2asa-l66c] 5101520 | 510 [ 5101520 [ 5101520 No
ccomr_|ca pAl12A() | 5,10,15,20 3,510 No cCam7_|ca ac-(66A] 5,10,15,20 | 5,10,15,20 | 510,15, No
CC#M8_[CA [2AI-13A 5,10,15,20 10 3cCama CCiM8_|CA [2CI-[66A] | 5,10,15,20 | 5,10,15,20 | 510,15, No
CC M9 _|CA_[2AI-17A X 5,10 No CCHMS_|CA (20120668 | 5,10,15,20 | 5,10,15,20 [ 5,10,15, No
CCHMI0 [CA [2A129A2) | 5,10,15,20 510 B295CCOnly_[3cCan2 CCM10_[CA 2A-2A-(66A] | 5,10,15,20 | 5,10,15,20 | 5,10,15, No
CC M1 [CA (241308 5,10,15,20 510 3cc ims cCam11 [cA AI2A71A | 5,10,15,20 | 5,10,15,20 | 5,10,15, No
l2cC #m12_[cA_[2A)-66A (2) 5,10,15,20 5,10,15,20 [acc am1 3cc#M12 [CA [2A1-4A-29A [ 5,10,15,20 | 5,10,15,20 5,10 (629 SCC Only. No.
CC#M13_|CA_2A-[66A] (2) 5,10,15,20 5,10,15, laccama 3CC#M13_|CA [2A]-4A71A | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No.
CC #M14_[CA [2A1-(66A1 2) | 5,10,15,20 510,15, No 3ccmia_[cA [2AISB 5101520 | 510 5,10 [accamL
CCMI5_[CA [2AI-71A 5,10,15,20 5,10,15, 3cCAmIL 3CCHM1S [CA (2A1'5A-66A | 5,10,15,20 | 5,10 | 510,15,20 No
CCui16 [CA A-(66A) 5,1 510,15, ccimie 3cCHM16 [CA A-5A(66AI | 5,10,15,20 | 5,10 | 5,10,15,20 No
CC#I17_[CA 12A-(66A] (3] 5,1 510,15, e 7 3ccimn7 [cA a12a166A] | 5,10,15,20 | 5,10 | 510,152 No
[2cC w15 Tea 15n66a] 5,10 5,10,15,20 3ccams CCim18_|cA A1 134664 | 510,15, 510 [ 50,1520
[2cC#M19 [cA 30A (66T 5,10 5,10,15,20 3cc 20 CC#NI1S |CA 2A-13A-(66A] | 510,15, 510 [5101520
2cC #M20 [CA (668 510,15 510,15 laccuma CC#M20_|CA 2A-30A-(66A] | 5,10,15, 510 | 5101520 o
2cC 21 [cA (66C) 5,10,15,20 5,10,15,20 Jacc a6 CCM21_[CA [2A1-668 5,10,15, 51015 | 51015 CCaNE
[2ccma2 ca e6n1-66n 5,10,15,20 5,10,15,20 3cc s CC a2 |cA 2-(668] 510,15, 51015 | 510,15 icCima
[accam23 [ca (esal-(66A1 5,10,15,20 5,10,15,20 No cC 23 |cA (Al 510,15, 5,10, 1 5,10, 1 No
cCimaa X 5,10,1520 [ 5,10,15,20 | 5,10,15,20 [accams
CCM25_[CA 2 5,10,15,20 | 5,10,15,20 | 5,10,15,20 [acc #me
cC 26 {66c] 5,10,15,20 | 5,10,15,20 | 510,15,20 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#M29 [CA_[2A1-66A-71A | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No

Note: [CC] indicates component carrier with 4x4 DL MIMO antenna configuration
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J.1 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 D0O5Av01r02. 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.

This device supports LAA with downlink carrier aggregation only. It uses carrier aggregation in the downlink to
combine LTE in the unlicensed spectrum (i.e. LTE Band 46) with LTE in the licensed band (served as PCC). All
uplink communications and acknowledgements on the PCC remain identical to specifications when downlink
carrier aggregation is inactive.

Per FCC KDB Publication 941225 DO5Av01r02, 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 |. 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.

Base Station
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A
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Wireless Device

Figure J-1
DL CA Power Measurement Setup
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Figure J-2
DL CA with DL 4x4 MIMO Power Measurement Setup

J.2 Downlink Carrier Aggregation RF Conducted Powers

J.2.1 LTE Band 71 as PCC

Table J-3
Maximum Output Powers

pec sccz ccs Power
PeCBW. pec (ut) PCCULK [ PCCULRB | PCC(DL) |PCC(DL) Freq, sccBw | scc(oy) | scc(oy sccew | scc(oy | scc(on SCCBW | SCC(DL) [SCC(DL) Freq. | LTETx.Powerwith DL | LTE Single Carrier Tx Power
Combination PCC Band Pec (L) ch. Mod. scc Band scc Band scc Band
[MHz] OO g, ] RB Offset | Channel [MHz] [MHz] | Channel | Freq. [MHz] [MHz] | Channel | Freq. [MHz] [MH] | Channel [MHz] CA Enabled (dBm) (dBm)
CA_4A-4ATIA LTE B71 10 133207 6805 QPSK 1 9 68761 6345 LTE B4 20 2175 21325 | LTEB4 10 2350 2150 - - - - 2393 24.09
CA_2A2AGATIA LTE 671 10 133207 6805 QPSK T 49 66761 6345 LTE B2 20 900 1960 LTE B2 20 700 1940 LTE B4 20 2175 21325 2353 24.05
CA 2A2A66A71A LTE B71 10 13320 6805 QPSK. 1 49 68761 6345 e B2 20 900 1960 LTE B2 20 700 1940 LTEBG6 | 20 66786 2145 2385 20,09
CA_2A-66A-BGAT1A LTE B71 10 133207 6805 QPSK 1 9 68761 6345 LTEB2 20 900 1960 | LiEB66 | 20 66786 2145 LTEBS6 | 20 67236 2100 2388 24.09
CA 2A66CTIA LTE B71 10 13329 6805 QPSK. 1 9 68761 6345 B2 20 500 1960 | LiEBG6 | 20 66786 2135 LTEBG6 | 20 66984 21648 2385 2409
3 sccL scc2 sccs scca Power
pecaw pec(uy PecuLs | pccuLRE | Pcc(DL) [pcc (ot Freq sccaw | scc(ol) | scc(on) sccaw | sccoy | scc(on sccaw | scc(oy) |scc (oL Fre SccBW | SCC(DU) | SCC(DL) | LTETxPowerwithDL | LTE Single Carier TxPower
Combinatien Pecomd | gy (PN peg e [ M| e | otser | chamel | twed | P | i | chamnel | rea.twe [P | Tt | chamnel | preq. kel | *CP™ | b | chonnel | (el |*%™| bl | channel | Freq (Wie) | cA Enabled (dam) (d8m)
A 12664 (1) LEB 23035 7015 1 £ 7315 TE 66 3 215 3 = 5 5 5 5 - - - 5 5 5 2503 2605
124664 (2) LB 23025 7005 7 5025 7305 LTE 865 66786 2145 - - - 2607 2012
[ 7005 7 5025 7305 B2 %00 1960 = = = = = = = = = = = = 2800 2012
LTEBL2 23035 7015 12 5035 7315 LR 2175 21325 - - - - 2603 2609
LTEB12 23025 7005 7 E 7305 TEBa 2175 21325 3 z 5 5 5 5 - - - 5 5 5 2405 2212
TE B12 23035 T01. QpsKC 5035 731, LTE B2 5107 7387 | LTE 86 66785 2145 B B = = B = B
B12 23035 o1 QpsiC 5035 73 e %00 1960 | LTEBM 2175 21525 - - -
B12 23005 7oL = 5035 731 LTEB12 5107 7387 | LTEBA 2175 w5 3 3 5 -
b12 23035 7oL opsKc 5035 3L ) 2175 21325 | LiEes 2350 2150 - , . .
Ch_o 1no6c 12 23055 7oL PSC 5055 7L TEe2 500 550 | ITEbes 7o 2155 | Ueowe |20 G561 21605 5
CA A2 12A G GA 12 25035 7o1 apsi 5035 751 EB2 %00 960 | UEBr 700 900 | tteees |20 G756 2155 |iteees | 20 7236 215
Pec £} ez Secs Scca Sccs Power
pecow peciuy pecuta | pecutra | peciou [pec (ot Frea,| sccow | sccpouy | sccpy sccow sccaw | scc(on [sc(ou Frea. sccaw | sccon | sceion sccaw | scc(oy | scc(ou | LTETxPowerwth DL | LTE Single Carier TxPower
Combhsien pecand | g (PN prag i | MO | Tns | omser | coamnel | | S| el | chamnel | preq e [ 5% | o | Cnaay | crannel | bl |*%*™| ey | channel | rrea. e | S5 | by | Channel | req. 1M1 | CA Enabled dBm) (@sm)
S M B St B B S At 7 A S B 78 N
i 7y LTE B13 23230 Gesk 5220 LTE 846 28 275
1 1y [E5E) 23230 Gesc s2%0 e ete w0 Ny
5 e 13 7330 s 5230 ez 7359 FENE)
I e 23230 Gesc 5230 ez 7 7
INIETSEY EEIE 230 =3 2% LTEse Iy B7
Ty TEbr T =3 20 o = oo Soroe 50 —
W LTE 13 230 = 5230 LTE 848 e 66 ez 5 5 5 5 5 2381
T (S 220 gpsr S0 ot e oo oo6s 250
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£y (S 220 gpsr S0 e LT oo =i 20
e LTEB13 =3 52 LTEs2 e 6o 5 5 B FX)
ey T X S0 TEBas I ETE) I T 3 3 I
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i niansacoon | LEow 23230 o Sa30 e 52 [rees Soiss S T T 250
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J.2.4

LTE Band 5 as PCC

Pec £33 ez Sccs Scca Sccs Power
pecow peciuy pecutrs | pec(ouy  [pec (ot Fea, sccow | sccpoy | scc(oi sccow | sccoy | sceqou sccow | sccion [sce(on Fea. sceow | sccou | sceion sccow | scc(oy | scc(ou | LTETxrowerwithDL | LTE Single Carer TxPower
Combinatin Peceand | S [PECUDN g ) ofet | cnanet | el | %™ | Ty | cnanmel | prea, () | %™ | i) | cnaonel | prea. il | S | i) | cnamnet [ e || ) | chan i | 52| Ty | channel | freq. (W) | - CA Enable (dBm) (dem)
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J.25 LTE Band 66 as PCC

Table J-7
Maximum Output Powers

o) e e e e ] el B o] e e | e e | e e | e e
Combination pec(utch. Freq. [MHz] Mod. RB. Offset Channel MHz] sccsand MHz) Channel | Freq. [MHz] Sccgand MHz) Channel Freq. [MHz) SCeBand MHz) Channel MHz) scc gand MHz) Channel | Freq. (MHz] |  CAEnabled (dBm) (dBm).
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i e T T = S :
B66 132572 1770 apsk_ 67036 2170 LTEB2. 50665 55375 | LiEBG 7 63 5557, 2 2
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O — o T I T ——— O T S e ; ;
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Combination MHz] S S Freq. [MHz] Mod. RB. Offset. Channel MHz] Seceand MHz] Channel | Freq. [MHz] Scceand MHz] Channel Freq. [MHz] Scceand MHz] Channel MHz] scegand MHz] Channel | Freq.[MHz] |  CAEnabled (dBm) (dBm).
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J.3 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 J.1 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.

J.3.1 LTE 4x4 MIMO DL Standalone Powers

Table J-9
Maximum Output Powers

Single

LTE Bandwidth Frequency ' RB RB 4x4 DL MIMO | Antenna | Target
Band [MHz] Channel [MHz] Modulation Size | Offset Tx. Power TX. Power
[dBm] Power [dBm]

[dBm]

5 1.4 20525 836.5 QPSK 2 24.07 24.16 24.0

66 14 132665 1779.3 QPSK 23.84 24.07 24.0

41 10 41055 2636.5 QPSK 25 24.31 24.28 24.0

ol Il L
N

48 10 56690 3695 QPSK 49 24.14 24.41 24.0

J.3.1 LTE Band 71 as PCC

Table J-10
Maximum Output Powers

=3 scc1 sccz scc3 Power
common | pecoma |PEc0 | 2ec [P0 occuus e | e |sectonmen ouane [ ooy sccmw | see [5S600 ouam | | secow| see |60 | ovmm | o fscenw | sce SO0 oam | ireraromsuinoics | resiocarir
[(ZER (AT el RB. b (MHz Config. il [Ech.f (| Conf. il [Euch.f (| Confi. it (U ch.| (| confg, Enabled (dBm) Power (dBm)

CA_[4A1-4A-TIA LTEB71 | 10 [133297] 6805 | QK 1 49| 68761 | 6345 22 LTEB4 | 20 | 2175 | 21305 | 4w LTEB4 | 10 | 2350 | 2150 22 - - - - 23,99 26,09
CA {47 [A] TIA e 871 |10 (133207 6805 | apsk 1 29 [ eaz61 [ 6305 20 TEBs |20 [ 2175 [ 21325 | 4 TEB4 |10 | 2350 | 2150 i - = = = = 2553 2305
CA [2A}-2A-4A-TIA LEB71 | 10 [133297] 6805 | apsk 1 49| 68761 | 6345 20 LTEB2 | 20 | 900 | 1960 axa LTEB2 | 20 | 700 | 100 22 LTEBs | 20 | 2175 [ 1325 | 20 2388 24,09
CA _[2A]-[2A]-4A-T1A| LTE B71 10 |133297| 6805 QPsK. 1 49 | 68761 634.5 22 LTEB2 20 900 1960 4x4 LTEB2 20 700 1940 4x4 LTEB4. 20 2175 | 21325 %2 23.90 24.09
CA_2A2A[4ALTIA B71 | 10 |133297] es0s | apsk 1 49 | eazel | 635 20 5 20 | 900 | 1980 20 5 20 | 700 | 1940 202 LTEBs | 20 | 2175 | 21325 | aw 23.97 24.09
cA B71 | 10 [133297] 6805 | apsk 1 49 |eszel | 635 22 U 20 | 900 | 1960 aa U 20 [ 700 | 1910 22 LTEBd | 20 | 215 [ 21325 | aa 2393 209
CA_[2A12AL 4R} TIA B70 | 10 [133297] 6805 | apsk 1 49 | ea7e1 | 6345 22 5 20 | o0 | 190 axa 5 20 | 700 | 1940 4t UTEB | 20 | 2175 | 21325 | 4w 239 24,09
CA [2A) B71 | 10 [133207] 6805 | apsk 1 29 |eszer | 635 22 T 20 | 900 | 190 W T 20 | 700 | 1040 22| LTEBe6 | 20 | 66786 | 2145 22 239 209
cA 1A B71 | 10 [133207] 6805 | apsk 1 49| eazer | 6345 20 [ 20 | 900 | 190 axa [ 20 | 700 | 1040 ma__| (TEB66 | 20 | 66786 | 2145 22 2393 26.09
CA_2A-2A-[66A1-T1A B7L | 10 133297 6805 apsk 1 49 | 68761 | 6345 22 0 20 900 | 1960 22 0 20 | 700 | 1940 22 LTEB66 | 20 | 66786 | 2145 axd 23.99 24.09
cA (664171 | LTEBTL | 10 [133297] 6805 | apsk 1 49 | 68761 | 6305 20 LTEB; 20 | 900 | 1960 axa LEB2 | 20 | 700 | 1040 20 | CtEBes | 20 | 66786 | 215 axa 23.97 24,00
CcA 1A | tEB7 | 10 [133297] 6805 | apsk 1 49 |eszel | 635 22 LTE B: 20 | 500 | 1%0 axa LTEB2 | 20 | 700 | 1940 | EBe6 | 20 | ee7ss | auas wa 23.98 209
cA LTEB7L | 10 [133297] 6805 | apsk 1 49| 68761 | 6345 22 LTE B 20 | s00 | 190 axa__| LTEBG6 | 20 | 66786 | 2145 22| LTEBe6 | 20 | 67236 | 2150 22 23.9 22,09
CA2A[G6AI66A7IA | LTEB7L | 10 [133297] 6805 | apsk 1 49 |eszer | 6345 22 LTE B 20 | o00 | 1%0 22| LTEB66 | 20 | 66786 | 2145 o4 | (TEB66 | 20 | 67236 | 2190 22 2597 209
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J.3.2

LTE Band 12 as PCC

Table J-11

Maximum Output Powers
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J.3.4 LTE Band 5 as PCC

Table J-13
Maximum Output Powers
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J.3.5 LTE Band 66 as PCC

Table J-14
Maximum Output Powers
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Table J-15
Maximum Output Powers (continued)
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Table J-16
Maximum Output Powers
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