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APPENDIX G: LTE DOWNLINK CA RF CONDUCTED POWERS

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.

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

o 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 G-1 — Example of Exclusion Table for SISO Configurations

Table G-2 — Example of Exclusion Table for 4x4 Downlink MIMO Configurations
:—@P m - o
ICA_[2€] 3 , 20 5,10, 15,20 3CC #M6 3cC#M1_[CA [2A]-2A-4A 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No [4CC #M1_[CA_[2A]-5B-66A ), 3 5,10 5,10,15,20 No
|CA_[2A]-2A ), , 5,10, 15,20 3CC #M1 3CCHM2_ [CA_[2A]-2A-5A 5,10,15,20 | 5,10,15,20 5,10 No [4CC #M2 |CA_2A-5B-[66A] ), ), 5,10 5,10,15,20 No
|CA_[2A]-[2A] ), ), 5,10, 15,20 No 3CC#M3  [CA [2A]-2A-12A 5,10,15,20 | 5,10,15,20 510 No 4CC #M3_[CA_[2A]-5A-668 ), 3 ), 5,10,15 5,10,15 No
[ca_2A)-4a(2) 10,15, 5,10,15,20 3ccemy CCAMA_|CA PAI2A13A | 510,15, 10,15, 10 No lacc #via_|ca_2a-5a-[668] , 10,15, 3 510,15 510,15 No
[CA_[2A)-[44] (2) , 10,15, 5,10,15,20 No CC#MS _[CA_[2A]-2A-30A 10,15, 10,15, 5,10 No [acc#ms [CA_[2A]-5A-66C 10, 15,20 5,10 5,10,15,20 | 5,10,15,20 [No
CA_[2A)-5A 10, 15, 5,10 |4CC #M3 ICC #MI [CA_[2C)-66A 5, 10,15, 5, 10,15, 5,10,15,20 No [4CC #M6_[CA_2A-5A-(66C] , 10, 15, 20 5,10 5,10,15,20 | 5,10,15,20 No
|CA_[2A]-12A (1) , 10, 15, 3,510 No 3CC #M: [CA_2C-[66A] , 10,15, , 10, 15, 5,10,15,20 No
|CA_[2A]-13A , 10, 15, 10 3CC #M4. 3CC #M |CA_[2C]-[66A] 5, 10,15, 5, 10, 15, 5,10,15,20 No
|CA_[2A]-17A 5, 5, No 3CC#M9_ [CA_[2A]-2A-66A 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
& ), 15,20 , [3cCems. -2A° , 10,15, 5,10,15,20 | 5,10,15,20 No
[CA_[2A)-66A (2) ,10,15,20 5,10,15,20 [acc am1 10,15, 5,10,15,20 1 [B29 scconly. [No
[CA_2A-[66A] (2) 10, 15,20 5,10,15,20 Jacc amz , 10, 15, 5,10,15,20 | 5,10,15,20 No
|CA_[2A]-[66A] (2) 5, 10 5, 20 , 10, 15, No 5, 10,15, , 1 , 1 lacc #m1
|CA_[2A]-71A 5, 1 , 20 , 10,15, 3CC #M11 5, 10,15, 5, 10 , 10, 15, No
[CA_SA-[66A] ) , 10, 15, 3CC #M16 5, 10, 15, 5, 1 5, 10,15, No
|CA_12A-[66A] (4) ), .10, 15, 3¢C #M17 5,10, 15, , 1( , 10, 15, No.
|CA_13A-[66A] , 10, 15, 3CC #M19 , 10, 15, , 1 , 10,15, No
|CA_30A-[66A] , 10,15, 3CC #M20 5, 10,15, ), 1 , 10, 15, INo.
|CA_[668] 510,15 5,10,15 4CC #M4. ), 15, 5,10 5,10,15,20 o
|CA_[66C) 5,10,15,20 5,10,15,20 4CC #M6 5,10,15 5,10,15 C #M3
[CA_[66A]-66A 5,10, 15,20 5,10,15,20 3CC #M28 5,10,15 5,10,15 C #M4.
[2ccum23 [ca (soaL-166A] 5,10,15,20 5,10,15,20 No 5,10,15 5,10,15 o
3cC#M26 [CA [2A]-(66C] 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No.
3CC #M27_[CA_[2A]-66A-66A 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
3CC #M29_[CA_[2A]-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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G.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 DO5Av01r02. 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 RF Conducted Powers Section and LTE/NR Lower
Bandwidth RF Conducted Powers 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
Simulator

A

Wireless Device

vy

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

Wireless Device

G.2 Downlink Carrier Aggregation RF Conducted Powers

G.21

LTE Band 71 as PCC

Table G-3

Maximum Output Powers
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G.2.3 LTE Band 13 as PCC

Table G-5
Maximum Output Powers
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G.2.6

LTE Band 26 as PCC

Table G-8
Maximum Output Powers

pCC scc1 scc2 Power
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CA_7A-26A LTE B26 10 26740 819 160AM 1 [ 8740 864 LTE B7 20 3100 2655 - - - - 19.64 19.41
CA_25A-26A LTE B26 10 26740 819 16QAM 1 0 8740 864 LTE B25 20 8365 1962.5 - - - - 19.61 19.41
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G.2.9

LTE Band 30 as PCC
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G.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 G.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.
Table G-15
Maximum Output Powers — Antenna 3

Single
LTE Bandwidth Frequency . RB RB A DL o) i |- e
Band [MHz] [MHz] Modulation Size | Offset Tx. Power TX. Power
[dBm] Power [dBm]

[dBm]

66 5 1712.5 16QAM 1 12 16.09 15.96 15.1
25 20 1860 16QAM 1 50 13.81 13.70 13.3
Table G-16
Maximum Output Powers — Antenna 2b

Single
LTE Bandwidth Frequency . RB RB 4x4 DL MIMO | Antenna | Target
Band [MHz] [MHz] Modulation Size | Offset Tx. Power TX. Power
[dBm] Power [dBm]
[dBm]
48 10 3648.3 64QAM 1 49 13.40 13.47 13.1
Table G-17
Maximum Output Powers — Antenna 1
Single
LTE | Bandwidth Frequency | r8 | rB |*#PLMIMO|Antenna | Target
Band [MHz] [MHz] Modulation Size | Offset Tx. Power TX. Power
[dBm] Power [dBm]
[dBm]
7 10 2505 64QAM 1 0 13.88 13.65 13.0
30 5 2310 64QAM 1 12 14.97 14.76 14.8
41 5 2680 16QAM 1 12 15.46 15.27 15.0
G.3.1 LTE Band 71 as PCC
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G.3.2 LTE Band 12 as PCC

Table G-19
Maximum Output Powers

pec sccs scca Power
e
scc(ou scc(ou wrEsi
Combination pecoma |Pecow | pee (P pecuun| P | pec | pecton | ouam [ oo fsceaw| see | SO sceow | see S0 oam | oo fsceow | see | %6600 ouan | sccaw | sce [SCOU | ot | mopower | (Eorte
ina | " y | - fig. | " [MHz] |(DL) Ch. | " Config. n [MH: Ch. " Confi n [MH: Ch.| " Confi ith DLCA

) [wyen (8 re o |(0YCh. | Freq. (MHz] | confis i fioycn (R el [(ouch.| (CL | confi. LU R COA Rt 3 LU RCIN i o | WEROLCA | per om)
A pALT2A () o | 5 | zom| s [ wow | 1 | v [sw | s 20 | tEm [ 0 [ ow | w0 | o . - - E - - B - w77 | 10e
CALeALIZA @) Cee | 5 |0 o | 1 | 12 [ 775 20 | tees | 20 [ w5 |25 | aa - 5 o [ = - E e [ - E ES [ [ - 876 | 1966
ENTEDNE) o | 5 0| o5 [ o [ 1 | 2 [ soes [ s 20 | test | 0 [ ows | a5 [ sw E I - B - - E - 75 | 106
CA_1oALzEA] w12 | 5 2095 7075 [ seam | 1 | 1 s 775 20 [ tees |20 | saes | 10625 | owa - ES I - - E I - E E I - w7 | 16
Ch oA {a6a] 512 | 5 lasoos | sors | weaam | 1 | 12 | soss [ s 20 | treow | 20 [sso0] s | aw E - E - - E - e | 196
CA_ 120664 () 12 [ 5 [2a005 | 7075 [ saam | 1 [ 12 [ 715 20 [ ceee | 20 [eores| 2 i = e = = e = = == = B | 196
Ch oA {50 2) s | s awos| sors | teaaw | 1 | 12 | soos | s 22| ress | 20 |eome | s | ba , N B N - , E - Ba | e
Chjzci 12 S |5 T | s | o | 1 | 1 | s | s 2 | U T | o0 | B0 | ba | i T | or | w0z | oa 1 - - 1 - e | oo
NNl 812 |5 | w005 | sors | saav | 1 | 12 | soos | s 20 1T 20 [ Ssoo0 | e |—wa | o0 Souse | Sowas | B e [ = = | [ = 196 | 1966

—
ENENEIIETY B |5 00 | w5 | oM | 1 1o | S| s PR EE T M TR 0 | B | be T T TV N TE N T - B - o oo
CA_[2A]{2A]-128 812 B 23095 | 707.5 | 160AM 1 12 5095 7375 222 [ 5 5047 | 7327 222 20 900 1 axd 2 20 1 axd - - - - - 19.23 19.66
Ch A A oAy 2R s2 | s [0 ] s | o | 1 | 1 | sws | 7wrs 20 | 20 | o0 [ 100 | aa 20 |25 |25 | s | 10 230 | o150 | - B I B 15 | 196
A ATARITATIZA o1 |5 [ asoss | vors [seoam | 1 | w s 2 U 2 o0 | o 20 [ oars [aimes | ea T T TN I T = | [ = BB | 196
CA_[2Al{4A]-128 812 B 23095 | 707.5 160AM 1 12 5095 737.5 22 LTE B12 5 5047 | 7327 22 20 900 1960 axd 4 20 2175 | 21325 axd - - - - - 19.22 19.66
CA_[2A]-12A66C) B12 5 23095 | 707.5 160AM 1 12 El 7375 %2 LTE B2 20 1960 x4 LTE B66 20 66786 | 2145 x4 LTE B66 20 66984 | 2164.8 x4 - - - - - 19.30 19.66
CA_[4A14A]-128 LTE B12 5 23095 | 707. 16QAM 1. 5095 737. 22 LTE B12 5047 | 7327 2x2 B84 2175 | 21325 x4 LTE B4 2350 2150 axd - - - - 19.37 19.66.
T AMTA- A oA | LTEB12 | 5 | 23005 | 7075 | oo T o | e | tee: 00 | w0 | e 5 oo | w0 | e | UEer E I I [ R T T | e
A 2R A 12 oV {66A] | LTEB1z | 5| 23085 | 7075 | I60AM 2 e | 7ar 20 [ ez a00 | 1060 |t o2 700 [ 1000 | [ trenwm 920 | 2355 | #a | rEno wore | 215 | aa | 186 | 1966
Ch (24} {2A 12A{60A 654 | LTEB12 | 5 | 23005 | 7075 | 160w 2 s | 7 20| e 00 | 1000 | [ 0 | 1000 | wa | teess oere6 | 2145 | aa | UiEBes w236 | 2100 | o | 196
G 2} 122-{30AH{66AH66A] | LTE b1z | 5 | as09s | 7075 | t60am 2 ses | 2a_ | ez 00 | 1000 | aa | treswm T = I ao70 | 215 | axa | U bes o] oo | be | | e
pec sect scc2 sccs scca Power
e
scc (oL sce (oL LTE Single
Combinatio pccoma |PecaW| pee (PO pecu| PN pec | pecion sccoma | 58w | sce |50 oan | (o dsecaw | sce |60 ouam | oo fscemw | sce (SN ouan | fsceow | sce (S| ouane | mxeower | (TSR
n n | " y | - 2] N " Confi [MHz] |(DL) Ch.. " Confi [MHz] |(DL) Ch.. " Confi [MHz] |(DL) Ch.. " Confi ‘with DLCA

k) oy cn (8 Re | e (o0 ch Frea. i) [C N G s i) (o cn| oL s i) o cn| O s ez oy cn| O e e
APAIA A | el | 10 | wa0] e | eoam | 1 | o0 [ sm0] 7 22 | eer | o | oo | w0 | e | beer | 20 | ows | omes | oa - - - 2o | aw
A_[2A]-13A-{48A] LTE B13 5 23230 782 160AM 1 12 5230 751 %2 LTE B2 20 900 1960 x4 LTE B48 20 55990 | 3625 2 - - - - - - - - - - 20.58 2132
oA faALAI3A | TEbs | 10 20| 782 [ esam | 1 | o0 [ sao| st 2o | eed | a0 | s | zes | aw | teed | 10 | w0 | a0 | ea g g 20 | _am
SRR AT A 08 N TV S N N I Y 2| ebas |20 [ ssoo0 | ems | b | e ooe |0 T come| o | o : | = 5 R = 00 |

———— — e
AT A e et |5 om0l e | deoaw | 1Tt 10l el E S N N 2 S =2 O N = =7 I - B - 07 | auw
s om0 | s | teoam | 1 [ m [0 | 7 20 | ez | 20 [ oo | 1960 | aa [ eem | 20 [0 wa | Ureoes | 20 | otes | soaas | e = — [ - ne | aum
s o] 7w | weoam | 1 | » [ s s 2o | ez | 0 [ oo | w0 | ae | Ueeoe | 15 [ems| aws | e | reoso | 5 [eews | aises | o - B 07 | an
s [0 | s [t | 1 [ m [0 | 7 20 e [ 60 | ixa | Cremse |20 [ eeree | a1es | axa | Cremes | 20 | eooma [ ziens |t 5 | = P T
s om0] 7w o | 1 | n [ww| m 20 | Uiebas | 20 | o0l 3625 | e | Ceos | 20 |sows | 3eeas | e | Uremoo | 20 oo | s | g 05 | an
s (o] m [ e | 1 [ n [s0] m e [ creee | 20 [eome| 21e5 | aa | Ceeoe | s Tenes | mmna | aa [ remso | 55 e [ mms | ea = = [ = oo | aw
s om0 om | o | 1 | B lssol 7 20 L cesse | 20 Tomel s | sa | ess ] 20 Toms ovoa | sa | Uess ] 20 Tomel o | aa g B B , 075 | awn
E 27 I T 7 N7 E T N N 0 N =7 N 7 = I 7 I I W= I 7 T FEVER ETET)
s [z | e | seom | 1| 12 s | ma | teez | @ | oo | o0 | ma | veer | w0 | a0 | e | ma | ey | m | awo | zss | a | veese | w0 |eesse| 220 | aw w70 [ am
s [z e | wow | 1 | 1 s ] 22 | Ulens | 20 [0 | o5 | e | Ueom | 20 | sows | soeen | i | tenas | 20 | soomo | ween | o | ieees | w oo | zas | aw 0% | am
CA_13A{48E] LTE B13 5 23230 782 16QAM 1 12 5230 751 2x2 LTE B48. 20 55000 | 3625 4xd LTE B48 20 56188 | 3644.8 4xd LTE B48 20 56386 | 3664.6 4xd LTE B48 20 56584 | 3684.4 4xd 21.05 21.32
Pec sec sccz sccs scca Power
LTE Single
Ppec(oy
Carrer Tx
Combination pcCBand e

A [2A2AV 14 {30AE5A] | LTEBL4 | 5 9| 1ooAM xd 1900 4 | Ltesss | 20 |ooras | 2145
CA [2A}{2A 1A {ooAL {66 | LTEB1A | 6 70 | iow | e | UtEses | 0 [eres | zias | 4| (Eees | 0 | eras | zis0
A 1271 1470} 6oAHG6A] o | 1 | 1 | s | teow | 0 | oe0 | s | we | itesoe | 0 cerss | ows | s | Uesoo | 0 orass | oo | sa | isss | s |

G.35 LTE Band 5 as PCC

Table G-22
Maximum Output Powers
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G.3.6 LTE Band 26 as PCC

Table G-23
Maximum Output Powers

PCC Scc1 Scc2 Power
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"| [MHz] Offset B[ = " [MHz] = “| (MHz] = Power (dBm)
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G.3.9 LTE Band 30 as PCC

Table G-26
Maximum Output Powers

Pec E scc sccs scca Power
T
scc(oy LTES
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[MHz] |(UL) Ch. MHz] RB. t |(DL) Ch. | Freq. [MHz] |  Config. [MHz] ((DL) Ch. [MHz] Config. [MHz] (DL Ch. () MH) [MHz] (L) [MHz] fig. e Power (dBm)
CA_[2C]-{30A] LTE B30 5 27710 | 2310 640AM 1 12 9820 2355 x4 LTE B2 20 900 1960 x4 LTE B2 20 702 1940.2 axa - - - - - - 13.98 14.76
CA_SB-{30A] LTE B30 5 27710 | 2310 640AM. 1 12 9820 2355 x4 LTE BS 10 2525 | 8815 2x2. LTE BS. 5 Mﬁ 874.3 2)(-2 - - - - - - - - - - 13& 14.76.
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G.4 Additional Downlink Carrier Aggregation with Uplink Carrier Aggregation Enabled

This device supports uplink carrier aggregation (ULCA) with additional Carrier Aggregation configurations
active in the downlink. Power measurements were performed with ULCA active and additional CA
configurations active in the downlink for the configuration per Fall 2017 TCB Workshop Notes.

Per FCC Guidance, additional SAR measurements for these configurations were not required since their
maximum output power was not more than 0.25 dB higher than the maximum output power for with only
CA 7C, CA 41C, or CA_48C ULCA active.

G.4.1  Additional DL Carrier Aggregation RF Conducted Powers with Uplink
Carrier Aggregation Enabled

Table G-30
Maximum Output Powers LTE Band 41
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G.4.2 Additional 4x4 MIMO DL Carrier Aggregation RF Conducted Powers
with Uplink Carrier Aggregation Enabled

Note: 4x4 DL MIMO is only operating in the downlink. Uplink transmission is limited to a single output
stream for each component carrier of ULCA.

Table G-32
Maximum Output Powers LTE Band 7
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Table G-33
Maximum Output Powers LTE Band 41
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G.5 Downlink Carrier Aggregation with Inter-band Uplink Carrier Aggregation enabled

This device supports inter-band uplink carrier aggregation (ULCA) with additional Carrier Aggregation
configurations active in the downlink. Power measurements were performed with inter-band ULCA active and
additional CA configurations active in the downlink for the configuration per Fall 2017 TCB Workshop Notes.

Per FCC Guidance, additional SAR measurements for these configurations were not required since their

maximum output power was not more than 0.25 dB higher than the maximum output power for with only
ULCA active.

G.5.1 DL Carrier Aggregation RF Conducted Powers

Table G-35
Maximum Output Powers
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G.5.2 DL Carrier Aggregation with DL 4x4 MIMO RF Conducted Powers

Note: 4x4 DL MIMO is only operating in the downlink. Uplink transmission is limited to a single output
stream for each component carrier of ULCA.

Table G-36
Maximum Output Powers
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