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ABSTRACT

This application report describes a wide-band modulation scheme to comply with the requirements of FCC
section 15.247 for non-frequency hopping digital modulation systems utlizing datarates below 500kbps.
The scheme is implemented with an MCE patch, which is a standalone program that implements the
various options of the Wide-Band Direct Sequence Spread Spectrum (WB-DSSS) scheme. The patch is
included in the CC1310 SDK and can be setup to be imported in the final application by Code Export
option of SmartRF™ studio. This SDK can be downloaded from: http://www.ti.com/tool/SIMPLELINK-

CC13X0-SDK.
The implementations and summary of performances measured on CC13x0EM [5] are provided in this
document.
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1 Introduction

WB-DSSS uses a well-known method to obtain sensitivity gains by means of coding and spreading the
information bits into a series of transmitted symbols.

The transmit spectrum requirements of FCC Section 15.247 for digital transmission systems operating in
the 902 MHz - 928 MHz band are as follows:

* The minimum 6 dB emission bandwidth of the signal shall be at least 500 KHz.
e The maximum peak conducted output power for transmitter is +30 dBm (1 Watt).
e The maximum power spectral density is limited to 8 dBm in any 3 KHz band segment within the

emission bandwidth during any interval of continuous transmission.

1.1 Acronyms Used in This Document

Table 1. Acronyms and Descriptions

Acronym Description

(G)FSK (Gaussian) Frequency shift keying
AWGN Additive White Gaussian Noise
SNR Signal to Noise Ratio

BW Bandwidth

DSSS Direct Sequence Spread Spectrum
PER Packet Error Rate

BER Bit Error Rate

CRC Cyclic Redundancy Check

FEC Forward Error Correction

MCE Modem Control Engine

XOR Exclusive OR

2 DSSS Encoding Scheme

The DSSS scheme is depicted in Figure 1. A convolutional encoder of rate % is followed by a DSSS with
variable spreading length. The output of the module is fed into the 2-GFSK modulator to produce the

modulated GFSK signal.

Data Bits

\ 4

Convolutional
Encoder

Encoded Bits

Direct Sequence
Spreader

Spread Bits

A 4

GFSK
Modulator

GFSK Signal

v

Figure 1. WB-DSSS Coding Scheme (the modulator is 2-GFSK)

The following subsections briefly discuss the workings of the first two main blocks shown in Figure 1.
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2.1

2.2

Convolutional Encoder

Figure 2 shows the coder implemented in the DSSS modulation scheme. A convolutional encoder is
defined by its rate, its constraint-length K (number of stages in the encoding shift register) and the
connections between its internal states. The convolutional encoder used in this case has K=4 and only
supports % rate (that is, for every input bit, the encoder produces two output bits).

The connections between internal states are a fundamental way of defining the code. The implemented
encoder is based on non-systematic, non-recursive convolutional code.

Figure 2. K=4, Rate = %2, Convolutional Encoder for WB-DSSS Modes

v
&

» a;

The black dots in Figure 2 represent logic XOR operations. The two output bits (a,, a,) from the encoder
are serialized in a way that a, is transmitted first and a, is transmitted last.

Direct Sequence Spreader

The Direct Sequence Spreader assigns a known bit pattern to each of the incoming bits to the module. It
can be considered a form of repetition code where a bit of duration t is replaced by M bits each of duration
T,- As a consequence, the rate at which information is transmitted is reduced by 1/M. If one wants to keep
information rate constant, then the bit duration must be reduced by T,/M, which subsequently increases
the bandwidth by factor M. As a consequence the information bits are “chipped” into smaller duration
symbols and are transmitted over the air. The ratio of symbol rate to the bit rate is called processing gain
of a spread spectrum system.

The processing gain is the figure of merit that is considered when comparing narrow-band system to
spread spectrum application. To appreciate intuitively how this improves the error performance we
consider the slicer in a correlation receiver followed by a maximum likelihood (ML) decision block. In a
DSSS system the block will make decisions on each symbol and then integrate the result over on
information bit period. The probability of making a bit error therefore reduces when the bit is divided into
many short duration symbols.

4
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In the CC13x0 DSSS modes, the spreader length can be configured to be 1, 2, 4, and 8. Table 2
illustrates the bit mapping for each of the options.

The WB-DSSS scheme is implemented as 2-GFSK PHY with over the air symbol rate of 480 kbps.

Table 2. DSSS Spreading Codes

DSSS ‘0 r
1 1
2 ‘00’ 1
4 1100’ ‘0011’
8 11001100’ ‘00110011’

3 Packet Format

A 5 byte preamble is used for testing and this is programmable. The payload in DSSS mode is byte
oriented. Definition of packet lengths, headers, CRC, whitening follow the same rules as in the standard
CC13x0 Generic FSK modes. The entire packet structure is illustrated in Figure 3.

| Preamble Sync Word Payload Temination

Variable 32 bits or 64 bits N*8*2*DSSS bits 4*2*DSSS bits

Figure 3. WB-DSSS Packet Structure

The payload is encoded first by FEC and then spread through the DSSS block, as described in Section 2.
In order to terminate the sequence, the modem automatically inserts four termination bits at the end of the
payload with each termination bit resulting in 2*DSSS transmitted over-the-air symbols.

The relationship between data rate (the actual amount of information bits available to the higher protocol
layers) and the symbol rate (the actual modulation rate used in the radio) can be expressed as:

Symbol Rate
Data Rate = =ymbo’ Rate
2*DSSS )
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4 Setting Up WB-DSSS in SmartRF Studio
The SmartRF studio contains the settings for the optimized WB-DSSS cases that can be tested from
within the GUI. By launching the GUI and connecting CC13x0 launchpads with USB cable, the devices will
show up in the GUI's console. From there, by clicking each one from the list of connected devices, the
LaunchPads can be independently configured for TX and RX and a RF link test can be conducted.
&2 SmartRF Studio 7 - Texas Instruments | x J
™ i f‘r
Studio 7 />
Tools Help
Sub-1 GHz (2 Connecled)
List of Connected Devices: Refresh List @
XDS110 (XDS device ID=L2000AXF), — CC1310 |
XDS110 (XDS device 1D=L2000D8A), - GG1310
\
2 Connected Device(s) Q Texas INSTRUMENTS
Figure 4. SmartRF GUI Showing Two CC1310 in List of Connected Devices
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Setting Up WB-DSSS in SmartRF Studio

€D XDS-L200DAXF - CC1310 - Device Control Panel
Elle  Setings  View EvaluationBoard  Help

Packet TX - b Stat o s

[l Command View [/] RF Parameters

500 kbps, 2-GFSK, 175 kHz deviation
625 bps, Legacy Long Range (10 kehip's, 2FSK, conv. FEC r=1/2 K=7, DSSS SF=8, Txdev: 5 kHz, Rx BW. 40
s

25 kbps, SimpleLink Long Range (20 kehip's,
5 kbps, SmpleLink Long Range (20 Kehipls, 2.GFS
WB-DSSS 240 Kbps, 2-GFSK, 195 kHz deviation, 1x spreading
WB-DSSS 120 kb, 7-GFSK, 105 kHz Gevistion, 2% spresding
WB.DSSS 60 kbps, 2-GFSK. 185 kHz deviation, 4x spreading

WB-DSSS 30 kbps, 2-GFSK, 195 kiz deviation, 8x spreading

4.8 kbps, OOK, 40 kHz RX BW {max Tx. power)

RE Parameters ()

622 v Kz " = dBm

conv. FEC 1=12

| 815 80000 | MHz 480.00031 KBavd 185 000 |

SK, conv. FEC =112 K=7, DSSS SF=4, Txdev_ 5 kHz, Rx B

7,DSSS SF=2. Tx dev. 5 kiz, Rx BW.

White

ing

CC101/CC2500 compatible

KHz

Override Editor u

Radio Operation Commands

b CMD_FS

¢ CMD_PROP_TX

b CMD_PROP_RADIO_DIV_ SETUP

Value

Smcw_|[ e
polo]oo oo ]l Cao” {5 ]e <
e
Output
Proamble Count 5Byles  ~  Sync Word Length 32Bils ~ [ ] Address >CMD_AGORT ex!sculed
DONE_OK
Preamble Mode. Send 1 as the first preamble bt - ’CMD FROF. m“‘osﬂ:‘:ﬂﬂ;““"’%mi =
!CMD )_FS executed
L Status Ox400 DONE_OK
[v] Add Seq Number ~cmm )_PROP_ Rxsxxmed
| atus. 02 ACTIVE
7a42ed 17 8a 0b ed 45 b2 be 81 66 60 B5 a7 1191 58 9d >CMD AEDRTS!P(IIKSG
34 af 20 88 56 7d 5f a5 3d ‘ I DONE_OK
= !CMD )_PROP_RADIO. DW SETUF executed
Status: Ox341 DONE_OK
Sent Pe o ‘CMD )_FS executed
Fraq 100000 MHz Status. 0x400 DONE_OK
>CMD,‘PRDP RX executed
Outpist Power: 14 48m > Status B2 ACTIVE
>CMD_ABORT executed
Z]Mumsg Start Stop > Status: Ox1 DONE_OK

Figure 5. SmartRF Studio Showing WB-DSSS Setup in Transmit Mode

D XDS-L2000AXF - CC1310 - Device Control Panel
File  Settings  View  Evaluation Board  Help

Packet RX i P st W swop | [ commanaview [£]RF Parameters

500 kbps, 2-GFSK, 175 kHz deviation

25 kbps, SimpleLink Long Range {20 kehi
5 kbps, SimpleLink Long Range (20 kchip's,

-GFSK, conv. FEG r=172
FSK. conv FEG =12 K:

WB.DSSS 240 Kops, 2. GFSK, 195 Ktz deviation, 1x sproading
WE-

K_ 195 kHz devialion, 4 spreading
WB-DSSS 30 kbps, 2-GFSK, 195 kiiz doviation, fx spreading
48 kbps, OOK_ 40 kHz RX BW {max Tx power)

Symbol Rate

825 bps, Legacy Long Ranga (10 kehip’s, 2-FSK, conv. FEG =112 K=7, DSSS SF=8, Txdov. 5 kHz, Rx BW. 40 kiz)
DSSS SF=4, Txdev: 5 kHz, Rx BW. 49 kHz)

SSS SF=2, T dev. 5 kHz. Rx BW 49 kHz)

oo I

Expected Packet Count: [ 100 | /] infinte

Viewing Format Hexadecimal =

Length Config: Variable: -~ Leagth | 255

Syne Word 0x00000000 Sync Word Length 32 Bits =

Nosddiesschedt = | o |or |

[ ] Seq. Number Included in Payload

gmnmﬁwwmwwmmmmwnmﬂmkmﬁwwmwkmm4w;
b 6c.66 26 4b 5¢ 10 88 64 019 20 B0 49 65 79 b7 aa ¢ 16 Se Bb 50 93 63 3 ¢328 | .68
111 6c 66,26 db Se 10 ee 64 01 5d 20 60 09 d5 78 b7 aa 3c 18 56 8b 5b 6383 3c 328 | 08
b1 6c 66,26 4b Se 10 0 64 01 9d 20 80 09 05 79 b7 aa 3c 18 50 80 50 9363 33 28 | 69
11 6ic 665 26 4b 5@ 10.ee 64 0160720 80 4945 79 b7 aa 3c f8 56 Bb 50 63 63 3¢ c3 28 | 69
b1 Bc 0626 4b 56 10 ee 64 01 6 20 80 d3 d5 79 b7 aa 3c 18 50 Bb 5b 93 3 3c 328 | 68
11 b1 6c 6 26 4b 50 10 60 64 0100 20 80 49 d5 79.b7 aa 3c18 50 80 5b 93 03 3c.c3 28 | 68
1 6c 66 26 4b 56 10 ee 64 0180 20 80 d9 d5 79 b7 aa 3c 18 Se B0 5b 93 3 3¢ c3 28 | .68
b1 6c 626 4b 56 10 ee 64 01 6 20 60 d9 d5 79 b7 aa 3c 13 5e B0 5b 63 e3 3¢ 3 28 | 68
1 6C 0626 4b Se 10 e 64 01 00 2080 9 d5 79 07 4a 3c 18 50 80 50 93 €3 3c c3 28 | 68

< >

Dump Data 1o File: ‘

48000031 kBaud 1 185000
*  kHz *  dBm ‘CC101/CC2500 compatible

|
i,

RX
Average RSSI.  -68.1dBm
Recewed OK: 21
Received Not OK. 0
[Packet Eror Rate. 0.0%
BitError Rate:  0.00%
Start Stop

Code Export
Radio Operation Commands
startTrigger

condiion
modulation

symboiRate 0x04CCCDOF
nBw 0x2C
preamConf 0145
i formaiCon( £ 0080
‘config 0x0002
tPower OxATIF
PRegOvermae. 0x
Kz contorFreq 0x0393
infFreq 0:0833
foDivider 0805
<
nSwits [0..5] ox |20
bBitReversal  [6.6] O 0
‘bMsbFirst [ I
fecMode [8.11] ox |8
‘whitenMade 03.18 0x |1
v Output
>CMID_PROP_RX execiod
Status: 0% ACTIVE
)cun ABORT mcmea
atus Oxt DONE_OK
>CMI) PROP_RADIO. OIV SETUP executed
Status. 03400 DONE_OK
ZomD_Fs aracutod
> Status' 0x400 DONE_OK
~CMD_PROP_RX executed
fatus: 0x2 ACTIVE
:(‘MD _ABORT P«awlsd
DONE_OK
JCMD PROP_RADIO mv SETUP exacuted
0x3400 DONE_OK
)CMH FS executed
Status. 02400 DONE_OK
>mn PROP_RX execited
Status. 0x2 ACTIVE

Figure 6. SmartRF Studio Showing WB-DSSS Setup in Receive Mode

Once the RF link has been tested to satisfaction, the settings can be exported and integrated into
PacketRX and PacketTX examples in the SimpleLink SDK (see Section 5).
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As default, the WB-DSSS settings in the SmartRF use fecMode = 0x8. In this mode, the sync word
registers are not changed and the MCE patch handles everything pertaining to setting up the sync word.
The CC13x0 WB-DSSS uses a 64-bit synchronization word with default value of
0x333C_3C33_3CC3_CCCC, LSB-first.

Alternatively, as shown in Figure 8 and Figure 9, the sync word can be modified by setting fecMode = 0xO0.
With this setting, only a 32-bit user defined syncword can be applied, which will replace the first 32 bits of
the default sync word while retaining the rest (0x3CC3_CCCC will not change and will appear in the over
the air packet). The SmartRF studio setup for testing this scenario is shown in Figure 8 and Figure 9.

Note that changing sync word can affect the BER performance and must be chosen with care.

L| SmartRF Studio TX setup |-

Typical Settings

~

Override Editor

Radio Operation Commands.

pkiLen
syncWord

Category Setting Name
500 kbps, 2-GFSK, 175 kHz deviation

625 bps, Legacy Long Range (10 kehipss, 2-FSK, conv. FEC 1=1/2 K=7, DS PPkt
2.5 kbps, SimpteLink Long Range (20 kehip/s, 2-GFSK, conv FEC r=1/2 K © CMD_PROP_RADIO_DIV. SETUP
5kbps, SimpleLink Long Range (20 kchip/s, 2-GFSK, conv FEC r=1/2 K=1 commandNo Ox3807
'WB-DSSS 240 kbps, 2-GFSK, 195 kHz dewviation, 1x spreading slalus. 0x3400
WB-DSSS 120 kbps, 2.GFSK, 185 kHz deviation, 2x spreading OxD0D00000
'WB-DSSS 60 kbps, 2-GFSK, 195 kHz dewiation, 4x spreading 0xDO000000
WH-OISSS 30 kbps. 2-GFSK. 185 kHz deviation, 8x spreading 0x00
4.8 kbps, OOK, 40 kHz RX BW (max Tx power) 0x01
D861
ymbolRate 0x04CCCDOF
rBw x2C
RF Parameters @ preamConf %45
EI e L OO 1) v

<

|915.00000 MHz | 480 00031 kBaud T10:

]
RxFiter i
nSwBits [0.5] 0x 120

bBitReversal B8 o 0

bMsbFirst rn oo

fecMode [8..11] o |0

whitenMode [43.18) Ox |1

Packet Count \ 100 |F||unnma
Length Config:  Variable  ~ /

‘ F

teiney

I
el Jpoffa ]| o | [Soficonsam 025 cas
—
Preamble Count  5Byles - SyncWordLength. 32Bfs - [ |Address
=CMO_PROP_TX execuled o~
Preamble Mode:  Send 1 as tha first preamble bit = g Al ALV
=CMD_PROP_TX executed
> Status: 0x2 ACTIVE
>CMD_PROP_TX executed
7] Add Seq Number > Status: 0x2 ACTIVE
(@) I m >CMO_PROP_TX executed
> Random 1c 00 ad 89 20 25 ca 4 2 Sl 0n AT
) Text =CMD_PROP_TX executed
o > Status: 0x2 ACTIVE
() Hex Sent >CMD_PROP_TX executed
> Status: 0x2 ACTIVE
Frequsncyrr‘ >CMD_PROP_TX executed
- Status. 0x2 AGTIVE
Output Power: =CMD_PROP_TX executed
> Status: 0x2 ACTIVE
sta >CMD_PROP_TX executed
[ Advanced > Status: (x2 ACTIVE
=CMD_ABORT executed v

Figure 7. SmartRF Studio TX Setup Showing Configurable Sync Word

NOTE: Changing sync word can affect the BER performance and must be chosen with care.
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RF Desion Rasad On- 1 ALINCHXI -CC1310

= | ety

SmartRF Studio RX setup

e e

Typical Settings

RF Parameters @

!
|95 nooc | mmz 450 00031

Radio Operation Commands Value

stalus 0xD002

pNextOp 000000000
startTime 0x00000000
startTrigger 0x00
condifion 0x01
pkiCon! (P31]
xConf B

QAR
0x830B51DE

syncWaord

maxPkiLen U

address) OxAA

address1 88

endTngger 001

endTime 0x00000000

pQueue 0x00000000
0x00000000

g kHz 14

Continuous TX

Expected Packet Count |

Viewing Format. Hexadezimal
Length Config Vatiable
Sync Word

No address chect  +

Seq Mumbsr Included in Payioad

dbm

bBitReversal [6.6] ox |0

bMsbFirst r.m ox [0

fecMode [8..11] ox |0

whitenMode [13.15] 0x |1

135406403 |0a| 00 1dic 00adad 20 25cafd | .79
135406491 |0a | 00 1efc 00 ad a9 20 25catd | -7
135406576 |0a |00 1fic00adaB2025¢cafd | -79

135406664 |0a|0020fc 00 ad a0 20 25¢cafd | -78
13.54.06.751 | 0a| 00 21 fc 00 acd 89 20 25catd | -78
135406835 |0a|00221c 00 ad a0 20 25cafd | -78
135406922 |0a|00236c 00adad2025cafd | .70
1354.07.008 | Oa | 0024 1c 00 ad a9 20 25catd | -7
135407006 |0a[00256c 00 ad a8 20 25cafd | -78
135407183 |0a |00 26fc 00 ad a0 20 25¢cafd | -B1
135407269 | 0a | 00 27 fc 00 8 89 20 25ca 4 | -78
135407363 | 0a | 0028 fc 00 ad a0 20 25ca fd | -78

Dump Data to File:

Figure 8. SmartRF Studio RX Setup Showing Configurable Sync Word

v Output

>CMD_PROP_RX executed

> Status: 0x2 ACTIVE
>CMD_ABORT executed

> Status 0x1 DONE_OK
=CMD_PROP_RADIO_DIV_SETUP executed

> Status 0x3400 DONE_OK
>CMD_FS executed

> Status: 0x400 DONE_OK
>CMD_PROP_RX executed

> Slatus 0x2 ACTIVE
=CMD_ABORT execuled

> Status Ox1 DONE_OK
>CMD_PROP_RADIO_DIV_SETUP executed

> Status 0x3400 DONE_OK
=CMD_FS executed

> Slatus 0x400 DONE_OK
=CMD_PROP_RX axeculed

> Status 0x2 ACTIVE

NOTE: Changing sync word can affect the BER performance and must be chosen with care.
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5 Setting Up WB-DSSS in Code Composer Studio™
In the Simplelink SDK, there are working examples for setting up CC13x0 for evaluation. A working
example for WB-DSSS scheme can be built by importing standalone rfPacketTx and rfPacketRx examples
(see Figure 9) from the SDK and replacing their smartrf_settings.c and smartrf_settings.h files with those
exported from the SmartRF studio. These files contain API configuration and overrides for radio
parameters that are used for each DSSS modulation scheme.
rxDataEntryBuffer,
sizeof(rxDataEntryBuffer),
21 NUM_DATA_ENTRIES,
2 { | P
2 ¥ Select CCS Projects to Import 1__::
z Selact a directory to search for existing CCS Eclipse projects. -
ini;; :
| ®) Select search-directory: Browse...
2 RF 'c,; ) Select archive file:
224 RF:cn-
235 RF_cnt Discovered projects:
pae . i Browse For Folder x
RF_cn
RF_cn Select root directory of the projects to import
cq
uinti pwmled2 -
rfCarrierWave
e rfEchoRx
confi rfEchoTx
[lAutomsticaly imp flistenBeforeTalk
F fH;: t<ICopy projects inta rfPacketErrorfat
Open Res rfPacketRx
- | rfPacketTx
RF_rd SynchronizedPacketRx
54 rfSynchronizedPacketTx
RF_cn & rfWakeOnRadioRx
= rfWakeOnRadioTx
248 whiieii) — Y sdraw
: spiffsexternal v
@ Console Folder WOR
No consoles to display at this time.
Make New Folder s Cancel
Figure 9. CCS Project Import Showing rfPakdetRX and rfPacketTX Examples
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In Figure 10, make sure the file names correspond to the ones in the rfPacketRX/TX examples to avoid
compilation errors.

[ Cap-array Tuning @

[l pcme Enabie Customize

Radio Operation Commands Value.
CMD_FS

CMD_PROP_RADIO_DIV_SETUP
T
B k] g
ST o s o s, @ Code B

| Flle _ Template _Help

Code Eport generates
two files that are used in
CCS project

DONE_OK

b2 DONE_OK
31 | 01
30f| 20 00 DONE_OK

Sl

Shi 18 y Aove
Sl

il o 1 ooweoc
b5 o cxcces
i 100" " "bone ok
Wi ol TK Powr (14 dm) ocuiesdena COFG,FORCE VDOR_HH =1 g c cczvo

bl % bo oone o«
el ACTIVE

 Tomplao oaded _Acive tempiale simpleLink_SDK_{emplae.v3 cetml

Figure 10. Shows Code Export Feature of SmartRF Studio (the exported smartrf_settings.c/.h are used in
CCS projects)
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Figure 11 shows two projects imported into CCS IDE: one for transmit and the other for receive. The
projects can be built and downloaded to two LaunchPads for testing.

e CC1310 - HPacketTe CC1310_LAUMCHYL titas_ccs/PacketTr - Cade Corposer Studia
File Edit View Navigate Froject Run Scripts Window Help

g it @R DI~ RWEIC G -
5 i Project Explorer 52 E G ¥ = O f Getting Started [€] fPa
| 4 5 rPacketRe CC1310 LAUNCHYL tirtos ccs 1
i » 4% Binaries 2 * Copyright (c) 201
§ o 3 * all rights reserw
il Includes P u
B Debus 5 * Redistrihution an
= smartrf_settings & * modification, are
b g smarrf_settings.c 7 * are met:
[K] smarkrf_settings.h g
=T g * * Redistribution
5 g * notice, this 1
 [B Boardh ¥i % ’
. [€ CC1310_LAUNCHYL fens.c 12 % * Redistribution
b g CCL3L0_LAUNCHXL TIRTOS.chpd 13 * notice, this 1
[ CC1310_LAUNCHXL.c ‘li i documentation
> B CCL310_LAUNCHXL A R e o
L] “f_g‘c_ L7 * its centribute
B amsin:irmsc Replace these with code 8 % ol ehis ot
[§] rfPacketRuc 13 *
, [6) RFQueve.c export from SmartRF 20 * THIS SOFTWARE IS
. [ RFQueueh i ZL % AHD ANY ENFRESS C
5 ' studio 22 * THE IMPLIED WARRA
 Board.html 23 * PURPOSE ARE DISCL
=] ovendenrovson 24 * CONTRIBUTORS BE L
o README html 25 * EXEMPLARY, OR CON
= README.md 26 * PROCUREMENT OF iL
e d — 27 * DR BUSIMESS INTER
P [,_—;n:!atket.Tx,cculn,LAUNCHx tirtos_ccs [Active - Debug] 2 ey end
3%, Binaries 23 * OTHERWISE) BRISIN
> ! Includes 3@ * EVEN IF ADVISED C
> = Debug al ®
7 = smar_sefings Iz
[ smartrf_settings.c S e 1L
o= iR 9= 34 /* Standard C Librar
o [B smartrf_settings.h 35 #include <stdlib.h>
T TRy EL]
o [6) Boardih 37 /% TI Drivers */
[£ CC1310_LAUNCHXL fans.c }i#fnﬂ'ﬂe <tifdrivers
, L& CC1310_LAUNCHXL_TIRTOS.cnd Feinclude eblionivens

AR L AU N AE 2@ #include <ti/drivers
| | i -

[ CC1310 LAUNCHXLA

[ cefge B Corsole 52
> L€ main_tirtos.c COT Build Console [rfPacketRx_C
) rfPacketTur SRR L L ey

‘it Board.html Building target: "rfPacke

B PVEIMIENATON 500 Invoking: ARM Linker
& README htm| "C:/tifcesve/tools /campil
= READMEmd --diag_urap=off --display
(25 tirtos_builds_CC1310_LAUNCHYL rel -i"C:fti/coresdk_ccl3ax_c
LAl = Sheile s oaml Link info-"rfRacket
L IRFDue

Figure 11. WB-DSSS Modes in SmartRF Studio

Various DSSS modes can be programmed by changing the value of address 0x400452AC in the uint32_t
pOverrides| ] array of the smartrf_settings.c file (see the following code). The valid values for the register
are shown in Table 3.

Table 3. WB-DSSS Modes in SmartRF Studio

DSSS Code Hex Value Sym Rate Data Rate
1 K=4 |HW_REG_OVERRIDE(0x52C,0x0800) 480 kbps 240 kbps
2 K=4 |HW_REG_OVERRIDE(0x52C,0x0900) 480 kbps 120 kbps
4 K=4 |HW_REG_OVERRIDE(0x52C,0x0B03) 480 kbps 60 kbps
8 K=4 |HW_REG_OVERRIDE(0x52C,0x0F33) 480 kbps 30 kbps

// Example PA ramping of 5 ps and AGC reference level of Ox1E

HW_REG_OVERRIDE (0x6088,0x1F1E),

//Set spreading = 1, K = 4

HW_REG_OVERRIDE (0x52AC,0x800),

//TX: Configure PA ramping setting (0x08) for approximatelyl 5 pus PA ramp time
HW_REG_OVERRIDE (0x608C,0x3F13).
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Measured Results

6 Measured Results

The results shown in the follow sections are measured on 6 devices at 25°C and 3 V. The measurements
presented were made on CC1310EM_7XD_7793 boards. The sensitivity is given at BER = 10, which is

close to 80% PER for a 20 byte packet.

A protocol that normally uses short packets would have an acceptable packet error rate when BER is 1%
where as a longer packet (200-2000 byte) would require a BER of around 10 to operate properly.

6.1 Receiver Performance

In receiver tests, the packet length was 20 bytes. Sensitivity is defined at the BER=10-2 point, which is

close to 80% PER for that packet length.

6.1.1

Sensitivity [dBm] vs. Frequency [Hz]

-96
-98
-100
=102
-104

-106

Sensitivity [dBm]
||

-108

-110

-112

-114

9 914000000 9
Frequency [Hz]

Figure 12. Sensitivity K = 4, DSSS =1, 240 kbps

Relative [dB] vs. Interferer fraquency

A
651§ -
60
55 SNe———t j——F
50 R J g
§

Relative [dB]
™
8

®

-10000000 -5000000 0

Interferer frequency

Figure 14. Blocking Performance K = 4, DSSS =1, 240
kbps

5000000 10000000

DSSS =1, 240 kbps, 2-GFSK, 195 kHz Deviation, 1x Spreading

Packet error rate [%] vs. Level [dBm]

100
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80

70

60

50

40

Packet error rate [%]
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20

-110  -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0
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Figure 13. PER vs. Input Signal Level K =4, DSSS =1,
240 kbps

RSS! [dBm] vs. Level [dBm]
-10
-20
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-40
-50
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-80
-90
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Figure 15. RSSI K =4, DSSS =1, 240 kbps
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6.1.2 WB-DSSS 120 kbps, 2-GFSK, 195 kHz Deviation, 2x Spreading
100
-96
20
-98
80
-100 70
102 = 80
= -104 5 50
% W . —————— : 40
-108 30
-110 20
10
-112
0
-114
-110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0
9 914000000 918000000 922000000 926000000 Level [dBm]
Frequency [Hz]
Figure 16. Sensitivity K = 4, DSSS = 2, 120 kbps Figure 17. PER vs. Input Signal Level K = 4, DSSS = 2,
120 kbps
75
70 8 -10
65 B i 20
60 = =
55 TS——a pt— %0
50 ; ‘ -40
45
40 -50
g 35 T
B 30 g -60
ﬁ 25 2 70
20
15 R
10 90
5
0 -100
5 9
10 110
-10000000 -5000000 0 5000000 10000000
Interferer frequency -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0
Level [dBm]
Figure 18. Blocking Performance K = 4, DSSS = 2, 120 Figure 19. RSSI K =4, DSSS = 2, 120 kbps
kbps
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6.1.3

Sensitivity [dBm] vs. Frequency [Hz]
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Figure 22. Blocking Performance K = DSSS = 4, 60 kbps
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Figure 20. TC430 Sensitivity K =4, DSSS = 4, 60 kbps
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Figure 21. PER vs. Input Signal Level K = 4, DSSS = 4,
60 kbps
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Figure 23. RSSI K = 4, DSSS = 4, 60 kbps
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6.1.4

Sensitivity [dBm] vs. Frequency [Hz]
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Figure 24. Sensitivity K = 4, DSSS = 8, 30 kbps

Relative [dB] vs. Interferer frequency
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Figure 26. Blocking Performance K = 4, DSSS = 8, 30
kbps

WB-DSSS 30 kbps, 2-GFSK, 195 kHz Deviation, 8x Spreading
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Figure 25. PER vs. Input Signal Level K = 4, DSSS = 8,
30 kbps
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Figure 27. RSSI K = 4, DSSS = 8, 30 kbps
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6.1.5 WB-DSSS Frequency Offset Tolerance
Figure 28 and Figure 29 show the frequency offset performance of WB-DSSS scheme. In contrast to
narrowband low data rate systems, the crystal accuracy is not critical in this case as the RX bandwidth is
relatively large.
From the results, it can be seen that sensitivity remains unchanged for considerable amount of crystal drift
(x50 ppm).
PER %] PER [%]
= 100 100
| 90 10 %0
80 -20 -
-30 o 0
40 70
80 )
E e _ 60
% =60 -l é ’
L 3 - 50
-0 40 §
- 40
-B0 30 n
= 30
20
) 20
10
I ’ 10
450 00 5 0 50 - 3 -
Offsed frequency [ppm] 0
- - - - 50 100 150 200 250
Offset frequency [ppm]
Figure 28. SimpleLink Long Range Frequency Offset Figure 29. SimpleLink Long Range Frequency Offset
Performance (915 MHz, K = 4, DSSS = 1, 240 kbps) Performance (915 MHz, K = 4, DSSS = 8, 30 kbps)

6.2 Transmitter Performance and FCC 15.247 Measurements
Table 4 gives the FCC 15.247 digital modulation requirements that were tested.

Table 4. FCC 15.247 Digital Modulation Requirements [3]

Section Requirements

15.247a2 The 6 dB bandwidth shall be at least 500 kHz

15.247b3 The maximum conducted power shall not exceed 1 W (+30 dBm)

15.247e The power spectral density (PSD) shall not be greater than 8 dBm in any 3 kHz band
during any time interval during continuous transmission

Most spectrum analyzers have a measurement option that automatically measures a fixed dB bandwidth.

If this is not available, the 6 dB bandwidth must be measured manually by setting up markers.

Measurement setup consisted of the following:

Six devices were tested

All measurements were performed at 3 V, 25°C
Measurements were performed on CC1310EMK-7XD-7793
Test results in Table 5 are average numbers of six devices
SmartRF Studio was used to test the WB-DSSS cases

Table 5. FCC 15.247 Digital Modulation Requirements [ref]

DSSS 6 dB BW (15.247 a2) Power (15.247 b) PSD (15.247 d)
1 >500 kHz 13.6 dBm 1.4 dBm
2 >500 kHz 13.6 dBm 2.8 dBm
3 >500 kHz 13.7 dBm 4.8 dBm
4 >500 kHz 13.7 dBm 5.1 dBm
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For an explanation of marker lines for 6 dB bandwidth measurements, see Figure 30.

ED T T T T Marker Showing Peak | —————
Value
10} | y’ Pt
' N
gl N NG
: : i | 500 kHz BW Markers |
S0F--- - ........ .- ...... P, T

Figure 30. Explanation of 6 dB Bandwidth Figures
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6.2.1 WB-DSSS 240 kbps, 2-GFSK, 195 kHz Deviation, 1x Spreading

FCC 15.247d Power Spectral Density - FCC 15.247a2 6dB Bandwidth
20 T T T T T . T ,
: 5 P : - 5 : ; : ; L Peak=13.811 dBm, F = 514.798 WHz
10 - : : :
0
-10
= -20 —_
=
$
g H
= =
[l [=]
o .40 o
SRS TV | SUE U O S ........ g
B0 REIW= 2 kHz ) 1] R ......... SRR RPN RN REW = 100 kHz .
WYEW = 100 kHz : : ©| _WBWW = 1000 kHz
_?D_ Sweepzusu sec - _?D_ ....... ......... \ ........ ......... Sweepzuuuzsu sec |-
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Figure 31. Transmit Spectrum PSD 8 dBm in any 3 kHz  Figure 32. Transmit Spectrum 6 dB Occupied Bandwidth
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Output power [dBm] vs. Frequency [Hz]
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e
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Figure 33. Max Output Power at 915 MHz
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6.2.2
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Figure 34. Transmit Spectrum PSD 8 dBm in any 3 kHz
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Figure 35. Transmit Spectrum 6 dB Occupied Bandwidth
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Figure 36. Max Output Power at 915 MHz
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6.2.3 WB-DSSS 60kbps, 2-GFSK, 195 kHz Deviation, 4x Spreading
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Figure 37. Transmit Spectrum PSD 8 dBm in any 3 kHz
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Figure 38. Transmit Spectrum 6dB Occupied Bandwidth

Figure 39. Max Output Power at 915 MHz
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