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Bluetooth® Physical Layer and Transmitter Measurements

Modulation Data Rate

Ba S | C D a'ta Rate Modulation Data Rate E N h an Ced D a'ta Rate /4-DQPSK 2 Mb/s I_OW E Nne rgy D a'ta Rate Modulation Data Rate

GFSK 1 Mb/s 8DPSK 3 Mb/s GFSK 1 Mb/s

Coexistence with WLAN Channels Frequency CH @ Frequency CH § Frequency CH @ Frequency CH B Frequency CH Bluetooth Low En ergy
2 402 GHz 0 2419GHz | 17 2436GHz | 34 2453GHz | 51 2470GHz | 68 Channels Frequency CH Qi Frequency CH g Frequency CH
- 802.11 Channel 1 802.11 Channel 6 802.11 Channel 11 2.403 GHz 1 2.420 GHz 18 2.437 GHz 35 2.454 GHz 52 2.471 GHz 69 2402 MHz 37 2430 MHz 12 2458 MHz 2%
O 241 Z’MHZ 2437’MHZ 2462’MHZ 2.404 GHz 2 2.421 GHz 19 2.438 GHz 36 2.455 GHz 53 2.472 GHz 70 Advertising Channels 2404 MHz 0 2432 MHz 13 2460 MHz 27
'_; > i - f i 2.405 GHz 3 2.422 GHz 20 2.439 GHz 37 2.456 GHz 54 2.473 GHz 71 2406 MHz 1 2434 MHz 14 2462 MHz 28
© h 99 MHz - PN 2.406 GHz 4 2.423 GHz 21 2.440 GHz 38 2.457 GHz 55 2.474 GHz 72 /\ 2408 MHz ” 2436 MHz 15 2464 MHz 29
8 \/ \/_\ 2.407 GHz 5 2.424 GHz 22 2.441 GHz 39 2.458 GHz 56 2.475 GHz 73 2.402 GHz 2.426 GHz 2.480 GHz 2410 MHz 2 2438 MHz 16 2466 MHz 30
— ] 2.408 GHz 6 2.425 GHz 23 2.442 GHz 40 2.459 GHz 57 2.476 GHz 74 2412 MHz 4 2440 MHz 17 2468 MHz 31
< 2.409 GHz 7 2.426 GHz 24 2.443 GHz 41 2.460 GHz 58 2.477 GHz 75 2414 MHz 5 2449 MHz 18 2470 MHz 32
—_ /\ 2.410 GHz 8 2.427 GHz 25 2.444 GHz 42 2.461 GHz 59 2.478 GHz 76 2416 MHz 6 2444 MHz 19 2472 MHz 33
8 /\/ \/\ 2.411 GHz 9 2.428 GHz 26 2.445 GHz 43 2.462 GHz 60 2.479 GHz 77 2418 MHz 7 2446 MHz 20 2474 MHz 34
C 2.412 GHz 10 2.429 GHz 27 2.446 GHz 44 2.463 GHz 61 2.480 GHz 78 Frequency I 120 Mz 3 2448 MHz 21 2476 MHz 35
) Bluetooth: 79 2.413 GHz 11 2.430 GHz 28 2.447 GHz 45 2.464 GHz 62 \\"‘"""""""""’} 2422 MHz 9 2450 MHz 22 2478 MHz 36
C 1 MHz Channels 2.414 GHz 12 2.431 GHz 29 2.448 GHz 46 2.465 GHz 63 Key AL 2494 MHz 10 2452 MHz 23 2480 MHz 39
Q) , , , , . | | 2.415 GHz 13 2.432 GHz 30 2.449 GHz 47 2.466 GHz 64 o Channel Channel 1 Channel &  Channel 11 2496 MHz 38 2454 MHz o4
2380 2400 2420 2440 2460 2480 2500 2.416 GHz 14 2.433 GHz 31 2.450 GHz 48 2.467 GHz 65 R 802.11 Fixed Channels 2428 MHz 11 2456 MHz 25
Frequency (MHz) 2417CGHz | 15 2434CGHz | 32 2.451GHz | 49 2468 GHz | 66 Not used as
2.418 GHz 16 2.435 GHz 33 2.452 GHz 50 2.469 GHz 67 an Inquiry Channel
_8 Basic Rate — EDR Transmitter Low Energy PE ey m it —
Spectrum Mask 4
© g In—Band e P |n—Band e
¢ D e | Atz 500 kHz, - 20dBc e | At +2 MHz, - 20dBm
0 Emission | 26 dB Emission
g Q and Adjacent and Adjacent
c O Channel Power v Channel Power
S5 E -20 dBm
= .
-+ ; : -40 dBm
O O 1 - l_ _____ L
() D_ | | Carrier Fg | |
(@N Fc- 25 MHz Fc- 1 MHz Fo+ 1 MHz Fe+ 2.5 MHz
@p) Fo- 1.5 MHz Fo +1.5MHz ’
Data Packets Basic Rate Packet Enhanced Data Rate Packet Low Energy Test Packet
< >
Every data packet consists of ion =
y P Access Code Header Access Code Header Total Packet Duration = 2120 ps
C an access code, a header, and 8 Bit 48 Bit < 255 Octets 24 Bit
-+ 9 its payload. An EDR packet also 72 Bit 54 Bit 0...2790 Bit 72 Bit 54 Bit 4.75-525ps 11 Symbol 0...8168 Bit
QO + ' dti g < . > < . > < > Preamble Header
~x @© contains a guard time, and a GFSK GFSK 8 DPSK or /4 - DPSK [
8 E SynC WOrd between the header Header Format for Low Energy Test
n QO and the payload. Header Format for Basic Rate and Enhanced Data Rate AM_ADDR: 3 bits: address of slave in piconet m
C e Guard Time: ranges between 3 Bit 4 Bit 18t 1Bit 1Bt 8 Bit Pl_(g\[i:/ %”e ;’:1 6 fosz'b'e paCAkgt tlypkes Low Energy Link Packet
—_— . used 10 stop 1iow on N
4.75 s - 5.25 ys AM_ADDR o ) . . .
H H ARQN: Positive or negative acknowledgement 8 Bit 32 Bit < 257 Octets 24 Bit
e Sync Word: 11 symbols LSB mse | SEQN: Inverted for each new transmitted packet Srearill
HEC: Header-error check
9 Bluetooth Basic Data Rate 9 Bluetooth Enhanced Data Rate 9 Bluetooth Low Energy (TRM-LE)
Bluetooth Transmitter Test Identifier Bluetooth SIG Radio Frequency Test Specification Version 4.2.0 Bluetooth Transmitter Test Identifier Bluetooth SIG Radio Frequency Test Specification Version 4.2.0 Bluetooth Transmitter Test Identifier Bluetooth SIG Radio Frequency Test Specification Version 4.2.0
_9 Output Power TP/TRM/CA-01-C | Pay < 100 mW (20 dBm) EDR Relative Transmit Power | TP/TRM/CA-10-C | (Pcrsk - 4dB) < Pppsk < (Persk + 10dB); Popsk and Pgpsk are average power over 80% of the Output Power at NOC TRM-LE/CA-01-C | -20dBm < Pavs < +10dBm EIRP
Prk < 200 mW (23 dBm) DPSK and GFSK portion of the packet Prk < (Pave + 3dBm)
C o :
@ oo G G W Lo b < 2.5 W (4 dBT) 017 Cetior heqer ey TP/TRM/CA-11-C Output Power at EOC TRM-LE/CA-02-C | -20dBm = Payg < +10dBm EIRP
s : a and Modulation
&= Power Class 3: Pay < 1 mW (0 dBm) Achr;)éy uiat! Carrier Frequency |-75 kHz < wi < + 75 kHz, for all packets, wi is the initial packet frequency error Pek < (Pave + 3dBm)
Q Power Density TP/TRM/CA-02-C | Power Density < 100 mW (20 dBm) per 100 kHz EIRP -75 kHz < (wi + w0) < + 75 kHz, for all blocks, w0 block frequency error In-band Emissions at NOC TRM-LE/CA-03-C | Prx =< -20 dBm for (frx + [3 + n] MHz]); where n=0,1,2...To 9
Nl P Control TP/TRM/CA-03-C | Step size of th r0l: 2B = Ste Py -10 kHz = w0 < + 10 kHz, for all blocks For each operating frequency, up to three bands of 1 MHz width.
i) ower~onte e PAsFLSAZdeB% (fgr%%vyv%rr%ﬁagg 1 devi?::’) op e = RMS DEVM RMS DEVM < 0.20, for all /4-DQPSK blocks Exceptions must comply with an absolute value of Prx < -20 dBm.
RMS DEVM < 0.13, for all 8DPSK blocks . _ . —
N TX Output Spectrum: TP/TRM/CA-04-C | fL, fH: lowest and highest frequency below (or above) operating frequency at which power = In-band Emissions at EOC TRM-LE/CA-04-C | Pr = -20 dBm for (fr + [3 = n] MHz]); where n=0, 1, 2...To 9
© Frequency Range density drops -80dBm/Hz) are within the allowed frequency band: 2.4 GHz to 2.4835 GHz Peak DEVM DEVM < 0.35 for all t/4-DQPSK symbols For each operating frequency, up to three bands of 1 MHz width.
()] : : . DEVM < 0.25, for all 8DPSK symbols Exceptions must comply with an absolute value of Prx < -20 dBm.
2 TX Output Spectrum: TP/TRM/CA-05-C | fL, fH: lowest and highest frequency below (or above) operating frequency at which Tx power 99% DEVM DEVM = 0.30 for 99% 7/4-DQPSK symbols T = TRMLECA0SC 225 K - 75 ki
-20 dB Bandwidth drops 20dB below emission peak 0 =U. 0 T/ odulation Characteristics - -05- z<Aflpg < z
- If the emission peak is = 0 dBm: f = IfH - fLl < 1.0 MHz DEVM < 0.20, for 99% 8DPSK symbols At least 99.9% of all A f2uax frequency values recorded over 10 test packets must be
S - If the emission peak is < 0 dBm: f = IfH - fLI < 1.5 MHz EDR Differential TP/TRM/CA-12-C | Zero errors detected by the tester in 99% of the packets. gfﬁfl;er th/an 135 kHZ-0 g
19 TX Output Spectrum TP/TRM/CA-06-C | The EUT is transmitting on channel M and the adjacent channel power is measured on Phase Encoding (A R2pg)/( A flav) = 0.
— Adjacent Channel Power channel number N. : . : :
:é - ETX gg < -‘218 ggm ;or :m-m = g EDR In-band Spurious TP/TRM/CA-13-C | PTX-26dB (f) < PTXref -26dB for IM-NI = 1 g:grlg:iflirae?“%nccy Offset TRM-LE/CA-06-C l;sz- 1350 iI((Hz =< fn = frx+ 150 kHz where frx is the nominal transmit frequency and n=0,
-Px () =<- m for IM-NI = Emissions PTX (f) < -20dBm for IM-NI = 2 y &y O
) Exception: Prx (f) = -20 dBm in up to three bands are allowed where IM-NI| = 3. PTX g)) < -40dBm for IM-NI = 3 [fo - f] = 50 kHz where n = 2, 3, 4...K
C Modulation TP/TRM/CA-07-C | For DM or DH packets with ‘00001111’ 8 bit sequence, the average of all frequency devia- Exception: Ptx(f) < -20 dBm in up to three bands are allowed wherer IM-NI = 3. llcfoisj Ili'llleslazs?fiﬁgléu%m%y%egéﬂrf;n%gnﬁzéf\grgetrﬁencag ’fiZz’Idg K
O Characteristics tions is: 140 kHz < A flavg < 175 kHz. EDR Power Control TP/TRM/CA-14-C | m 2dB < step size < 8dB. “ '
g For ‘01010101’ 8 bit sequence, A f2max = 115 kHz for at least 99.9% of all A f2uax. _ _
— The ratio of all frequency deviations A f2ave and A f1ayg is: (A f2ave) / (A flavg)) = 0.8 m The power differences between GFSK headers of the supported modulations < 10dB. Carrier_ Frequency Offset TRM-LE/CA-07-C | frx - 150 kHz < fy < frx + 150 kHz where frx is the nominal transmit frequency and n=0,
!Ir_1i;cial Carrier Frequency TP/TRM/CA-08-C ]1:0 = %Tka carrifer f:ceque?é:yk I1_‘|Tx= ETU’s chosen nominal carrier frequency = For Power Class 1: Pay < 4dBm and Drift at EOC Esz-’f?]";kw kHz where n = 2. 3. 4.k
olerance ™ - z< fosfrx+ z '~ 90 Kk _
e —= TPTRM/CA-09-C | One Siot Packet: Three Siot Packet Five Siot Packet = The Maximum power level for each of the supported modulations measured at the ][fo. Iﬁ' SI 2? kaZ and lfn - fnsl < 20 l;l-tl)z,fwhetrr? ncﬁg’f'7 ’lg"'k
el AT RElnE bl 09 +r2]%KHoz ACKEL. L g%ino ACKEL. JVfOkI-(I)z AcKeL. start of the test is within = 3dB of the power measured at the end of the test sequence. kIS the fast trequency measurement before the leld.

The Bluetooth® word mark and logos are registered trademarks owned by Bluetooth SIG, Inc. and any use of
such marks by Tektronix is under license. Other trademarks and trade names are those of their respected owners.
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