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Bluetootnh® Physical Layer and Transmitter Measurements

Modulation Data Rate

BaS|C Data Rate Modulation Data Rate Enhanced Data Rate 7/4-DQPSK 2 Mb/s LOW Energy Data Rate Modulation Data Rate

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

Coexistence with WLAN Channels auency AEeney Aeney aeney Bluetooth Low Energy
2.402 GHz 2.419 GHz 2.436 GHz 2.453 GHz 2.470 GHz 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 2454 GHz 52 2.471 GHz 69
2412 MH 2437 MH 2462 MH 2402 MHz 37 2430 MHz 12 2458 MHz 26
O . z . Z . z 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 07
-E < J > J J 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
'S 29 MHz 2.406 GHz 4 2.423 GHz 21 2.440 GHz 38 2.457 GHz 55 2.474 GHz 72 2408 MHz 2 2436 MHz 15 2464 MHz 29
e 2.407 GHz 5 2424GHz | 22 2441GHz | 39 2458GHz | 56 2475GHz | 73 2402GHz  2.426 Ghz 2.480 GHz 2410 MHz 3 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 o8 2.477 GHz 75 2414 MHz 5 2442 MHz 18 2470 MHz 32
T) 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
- 2.411 GHz 9 2.428 GHz 26 2.445 GHz 43 2.462 GHz 60 2.479 GHz 77 Frequency 2418 MHz 7 2446 MHz 20 2474 MHz 34
- 2.412 GHz 10 2.429 GHz 27 2.446 GHz 44 2.463 GHz 61 2.480 GHz 78 , > 2420 MHz 8 2448 MHz 21 2476 MHz 35
S Bluetooth: 79 2413GHz | 11 2430GHz | 28 2447GHz | 45 2464GHz | 62 K/ / \J v 2422 Mz 9 2a50 Mz | 22 2478 MHz | 36
6 1MHz Channels 2414GHz | 12 2431GHz | 29 2448GHz | 46 2465GHz | 63 Key ST T T 2424 MHz | 10 2452 MHz | 23 2480 MHz | 39
! ! ! ! ; ! | 2.415 GHz 13 2.432 GHz 30 2.449 GHz 47 2.466 GHz 64 anne anne anne
2380 2400 2420 2440 2460 2480 2500 el e 802.11 Fixed Channel o o8 chate o
2.416 GHz 14 2.433 GHz 31 2.450 GHz 48 2.467 GHz 65 . IXe anneis 2498 MHz 11 2456 MHz 25
Frequency (MHz) 2.417 GHz 15 2.434 GHz 32 2.451 GHz 49 2.468 GHz 66 Not used as
2.418 GHz 16 2.435 GHz 33 2.452 GHz 50 2.469 GHz 67 an Inquiry Channel
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Data Packets Basic Rate Packet Enhanced Data Rate Packet Low Energy Test Packet
< >
Every data packet consists of . N —
"y P Access Code Header Payload Access Code Header Guard Time| Sync Payload Total Packet Duration = 2120 ps
- an access code, a header, and 8 Bit 48 Bit < 255 Octets 24 Bit
.|C|_Ja __g its payload. An EDR packet also % 72 Bit 54 Bit 0...2790 Bit . 72 Bit 54 Bit ><4.75 -5.25ps 11 Symbol 0...8168 Bit o Preamble Header Payload CRC
1 | ® ®
Ny © contains a guard time, and a GFSK GFSK 8 DPSK or n/4 - DPSK I
% g SyﬂC WOI’d between the header Header Format for Low Energy Test
n o and the payload. Header Format for Basic Rate and Enhanced Data Rate AM_ADDR: 3 bits: address of slave in piconet | Syne Word RBE Header PDUSLBingth|
- 3 Bit 4 Bit 1Bt 1Bt  1Bit 8 Bit TYPE: One of 16 possible packet types .
C m Guard Time: ranges between _ b P yP Low Energy Link Packet
—_— 4.75 s - 5.25 s AM_ADDR TYPE FLow |Aran|sEaN HEC FLOW: Useldl to stop ﬂovy on ACL link _ | _
ARQN: Positive or negative acknowledgement 8 Bit 32 Bit < 257 Octets 24 Bit
m Sync Word: 11 symbols : '
y y LS8 VISB SEQN: Inverted for each new transmitted packet Preamble| Access Address PDU CRC
HEC: Header-error check
GB 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
_,(2 Output Power TP/TRM/CA-01-C | Pay < 100 mW (20 dBm) EDR Relative Transmit Power | TP/TRM/CA-10-C | (Parsk - 4dB) < Pppsk < (Persk + 1dB); Popsk and Pepsk are average power over 80% of the Output Power at NOC TRM-LE/CA-01-C | -20dBm < Pave < +10dBm EIRP
- Prk < 200 mW (23 dBm) DPSK and GFSK portion of the packet Prk < (Pavg + 3dBm)
D Power Class 1: Pay > 1 mW (0 dBm) EDR Carrier Frequency TP/TRM/CA-11-C Output P t EOC TRM-LE/CA-02-C | -20dBm < Pays < +10dBm EIRP
Power Class 2: 0.25 mW (-6 dBm) < Pay < 2.5 mW (4 dBm) Stability and Modulation utput Power a LE/CA-02-C | -20d8m < Pys < +10dBm
E Power Class 3: Pay <1 mW (0 dBm) Accuracy Carrier Frequency | -75 kHz < wi < + 75 kHz, for all packets, wi is the initial packet frequency error P < (Pave + )
D 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
o : ) : -10 kHz < w0 < + 10 kHz, for all blocks For each operating frequency, up to three bands of 1 MHz width.
S Power Control TP/TRM/CA-03-C gtep< SzllzdeB(r)lz t(?gr%%v‘yv%rr%g;gl-12ggvi ;‘»)tep size > 8dB RMS DEVM RMS DEVM < 0.20. for all 7/4-DQPSK blocks Exceptions must comply with an absolute value of Prx < -20 dBm.
AV — T
RMS DEVM < 0.13, for all 8DPSK blocks iaci _ . _
P 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 | Prc<-20 dBm for (frx + [3 = n] MHz]); where n=0,1,2..To 9
M® 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 /4-DQPSK symbols For each operating frequency, up to three bands of 1 MHz width.
¢D) : : ) DEVM < 0.25, for all 8DPSK symbols Exceptions must comply with an absolute value of Prx <-20 dBm.
TX Output Spectrum: TP/TRM/CA-05-C | fL, fH: lowest and highest frequency below (or above) operating frequency at which Tx power 5 S
2 -20 dB Bandwidth drops 20dB below emission peak 99% DEVM BE&M i 828 f]?r %%ﬁ; %/SI;[S)EPSK EV?]b()'S Modulation Characteristics | TRM-LE/CA-05-C | 225 kHz < A f1ays < 275 kHz
- If the emission peak is > 0 dBm: f = IfH - fLI < 1.0 MHz s U.2U, 10r 99% symbols At least 99.9% of all A f2uax frequency values recorded over 10 test packets must be
A - 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. greéfl;er th/an 1f€135 kHi.O ;
_IG_,J 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 12av6)/( A Tlave) 2 0.
4 Adjacent Channel Power channel number N.
— - Prx (f) < -20 dBm for IM-NI = 2 EDR In-band Spurious TP/TRM/CA-13-C | PTX-26dB (f) < PTXref -26dB for IM-NI = 1 Carrier Frequency Offset TRM-LE/CA-06-C | frx - 150 kHz < f, < frx + 150 kHz where frxis the nominal transmit frequency and n=0,
E - Prx (f) < -40 dBm for IM-NI > 3 Emissions PTX (f) < -20dBm for IM-NI = 2 and Drift at NOC 1,2,3..K
N Exception: Prx (f) < -20 dBm in up to three bands are allowed where IM-NI > 3. PTX (f) < -40dBm for IM-NI > 3 [fo - fa] < 50 kHz where n = 2, 3, 4..k
- 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. e T e oo et G el
) Characteristics tions is: 140 kHz < A f1ag < 175 kHz. EDR Power Control TP/TRM/CA-14-C |m 2dB < step size < 8dB. “ '
. For ‘01010101’ 8 bit sequence, A f2wax > 115 kHz for at least 99.9% of all A f2yax. . _
|— The ratio of all frequency deviations A f2avs and A f1avg is: (A f2ave) / (A flave)) = 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 < f, < frx + 150 kHz where frx is the nominal transmit frequency and n=0,
Initial Carrier Frequency TP/TRM/CA-08-C | fo = EUT’s carrier frequency. frx = ETU’s chosen nominal carrier frequency m For Power Class 1: Pay < 4dBm and Drift at EOC 1, 2 3...K _
Tolerance frx- 75 kHz < fo<fox+ 75 kHz fo-Tn] < S0 Kz wheren =2, 3, 1K ere = 6.7 8. k
F—— == 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 £ the Tact zand fln - Tn-51 = X bz,fw etri? nCﬁC Hod
s Pl Bl B el +g%KHoz acket. i Z%iHZO acket. +N20kl-(l)z acket. start of the test is within + 3dB of the power measured at the end of the test sequence. k1S the last Irequency measurement betore the Ield.

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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Contact Tektronix:

ASEAN / Australia (65) 6356 3900

Austria* 00800 2255 4835

Balkans, Israel, South Africa and other ISE Countries +41 52 675 3777
Belgium* 00800 2255 4835

Brazil +55 (11) 3759 7627

Canada 1 (800) 833-9200

Central East Europe and the Baltics +41 52 675 3777
Central Europe & Greece +41 52 675 3777
Denmark +45 80 88 1401

Finland +41 52 675 3777

France* 00800 2255 4835

Germany* 00800 2255 4835

Hong Kong 400-820-5835

Ireland* 00800 2255 4835

India +91-80-30792600

Italy* 00800 2255 4835

Japan 0120-441-046

Luxembourg +41 52 675 3777

Macau 400-820-5835

Mongolia 400-820-5835

Mexico, Central/South America & Caribbean 52 (55) 56 04 50 90
Middle East, Asia and North Africa +41 52 675 3777
The Netherlands* 00800 2255 4835

Norway 800 16098

People’s Republic of China 400-820-5835

Poland +41 52 675 3777

Portugal 80 08 12370

Puerto Rico 1 (800) 833-9200

Republic of Korea +822-6917-5000

Russia +7 495 664 75 64

Singapore +65 6356-3900

South Africa +27 11 206 8360

Spain* 00800 2255 4835

Sweden* 00800 2255 4835

Switzerland* 00800 2255 4835

Taiwan 886-2-2656-6688

United Kingdom* 00800 2255 4835

USA 1 (800) 833-9200

* If the European phone number above is not accessible,
please call +41 52 675 3777

Contact List Updated June 2013

For Further Information
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