
 

Application Note: CSMA feature 
implementation on Spirit1 and S2-LP 

transceivers 
 
 
 
 
The purpose of this document is to provide the application designers with the necessary tools and 
information to implement the CSMA features of the Spirit1 and S2-LP transceivers.  
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1. CSMA feature description: 
 

A. Feature introduction 
 

a. Principle 
 
The CSMA/CA engine is a channel access mechanism based on the rule of sensing the channel 
before transmitting (listen before talk). This avoids the simultaneous use of the channel by different 
transmitters and increases the probability of correct reception of data being transmitted. 
 
CSMA is an optional feature that can be enabled when performing transmission. Please note that 
CSMA must not be enabled when the transceiver is in receive mode. CSMA cannot be used in 
conjunction with link layer protocol features such as automatic acknowledgment and automatic 
retransmission. 
 
When CSMA is enabled, the device performs a clear channel assessment (CCA) before transmitting 
any data. In SPIRIT1 implementation, CCA is based on a comparison of the channel RSSI with a 
programmable static carrier sense threshold. 
 
  



 

  

b. Back Off cycles 
 
If the CCA finds the channel busy, a back off procedure may be activated to repeat the CCA process 
a certain number of times, until the channel is found to be idle. Each time that CCA is retried, a 
counter (NB) is incremented by one, up to the upper limit (Max NB). When the limit is reached, an 
interrupt notifies that the channel has been repeatedly found busy and so the transmission has not 
been performed. 
 

c. Persistent Mode 
 
While in back off, the device stays in SLEEP/READY state in order to reduce power consumption. 
CCA may optionally be persistent, i.e., rather than entering back off when the channel is found busy, 
CCA continues until the channel becomes idle or until the MCU stops it. 
 
The thinking behind using this option is to give the MCU the possibility of managing the CCA by itself, 
for instance, with the allocation of a transmission timer: this timer would start when MCU finishes 
sending out data to be transmitted, and would end when MCU expects that its transmission takes 
place, which would occur after a period of CCA. 
 
The choice of making CCA persistent should come from trading off transmission latency, under the 
direct control of the MCU, and power consumption, which would be greater due to a busy wait in 
reception mode. 
 

  



 

  

B. Flowchart 
 
The overall CSMA/CA flowchart is shown in the below figure, where TCCA and TListen are two of the 
parameters controlling the clear channel assessment procedure. Design practice recommends that 
these parameters average the channel energy over a certain period expressed as a multiple of the bit 
period (TCCA) and repeat such measurement several times covering longer periods (TListen). The 
measurement is performed directly by checking the carrier sense (CS) generated by the receiver 
module. 
 
 

 
Figure 1. Simplified CSMA Flow Chart 

 

  



 

  

2. CSMA timings computation: 
 

A. TCCA: RSSI measurement time 

 

a. Definition 
 
The TCCA defines the Carrier Sensing operation duration, upon detection of signal energy above a 
certain user defined threshold (RSSI threshold). The time to measure RSSI of the incoming signal will 
vary according to the RX filter bandwidth shown in the next tables: 
 

b. Spirit 1 RSSI detection time 
 
 
Channel filter 

Exponent 
RX filter min 

(kHz) 
RX filter max 

(kHz) 
RSSI detection 

time (µS) @ 
3dB below 

sensi 

RSSI 
detection 

time (µS) @ 
6dB below 

sensi 

RSSI detection 
time (µS) @ 

-60dBm 

7 4.0 6.7 5200 4660 1700 
6 6.7 13.5 3500 2360 850 
5 13.5 26.9 1515 1212 477 
4 26.9 53.9 745 662 238 
3 53.9 108.0 395 330 165 
2 108.0 216.1 206 163 98 
1 216.1 433.6 105 88 64 
0 433.6 769.3 61 46 36 

Table 1. RSSI detection time according to RX bandwidth (Channel filter exponent). Measurements 
performed for a digital frequency of 25MHz (50 MHz XTAL). All measurements performed with 
centered frequency (XTAL offset calibrated) – Spirit1 case 
 
 
Since in this mode the RX active time can be very short, it may be worthwhile to also take into 
account the time to move from the SLEEP state to the RX state, which is in the order of 120 µs. 
 
  



 

  

c. S2-LP RSSI detection time 
 
 
Channel filter 

Exponent 
RX filter min 

(kHz) 
RX filter max 

(kHz) 
RSSI 

detection 
time (µS) 
@ 3dB 
below 
sensi 

RSSI detection 
time (µS) @ 
6dB below 

sensi 

RSSI 
detection 

time (µS) @ 
-60dBm 

7 4.0 6.7 4500 3250 1400 
6 6.7 13.5 2370 1780 760 
5 13.5 26.9 1100 880 415 
4 26.9 53.9 530 450 198 
3 53.9 108.0 272 230 119 
2 108.0 216.1 167 140 60 
1 216.1 433.6 90 76 39 
0 433.6 769.3 48 41 28 
Table 2. RSSI detection time according to RX bandwidth (Channel filter exponent). Measurements 
performed for a digital frequency of 25MHz (50 MHz XTAL) – All measurements performed with 
centered frequency (XTAL offset calibrated) - S2-LP case 
 
 

d. TCCA tuning 
 
Based on the previous numbers, the TCCA setting must be carefully configured. As an integer multiple 
of the TBit, the TCCA must be higher than the RSSI detection time defined in the above tables. 
 
 

B. TListen Full listening period, multiple of TCCA  
 

a. Definition 
 
This duration is directly related to the application, if the interferer is known, the TListen can be updated 
accordingly, depending on the interferer data transmission time. This setting is an integer multiple of 
the TCCA. This must be carefully set in case the power consumption is a key parameter of the system, 
as this delay directly defines the maximum RX time prior transmitting. 
 

b. The channel is free (persistent and non-persistant modes) 
 
If the channel is busy and persistent_mode bit is 1, the device will check the channel continuously in 
TCCA periods. When the channel becomes free, it must assert channel free for a number of 
NUM._OF_CCA_PERIOD (TListen) before transmitting: 
 



 

  

 
Figure 2. CSMA if channel is free 

 

c. Persistent mode and the channel is busy 
 
With persistent mode, the TListen is the maximum RX duration prior transmitting once  the channel 
becomes free. If the channel is busy and persistent_mode bit is 1, the device will check the channel 
continuously in Tcca periods. When the channel becomes free, it must assert channel free for a 
number of NUM_OF_CCA_PERIOD (TListen) before transmitting: as shown in the below figure: 
 

 
Figure 3. CSMA if channel is busy and becomes free 

 
 

C. Back Off duration and max number of Back Off cycles. 
 

a. Channel is busy: 
 
If the channel is busy and persistent_mode bit is 0, the device will check the channel for the TCCA 
period. At the end, being the CS (carrier sense) signal high, it will switch in SLEEP for a random time 
that can last ������ = ��	� ∗ (6 + rand(0: 2(��+1)) ∗ (�����	 + 1)), with NB=0. 
At the end of this period, it will again switch to RX for another TCCA, then sleep and so on until the 
number of back off set is reached. At that point, an interrupt MAX_BO_REACHED will be notified to 
the MCU: 
 



 

  

 

Figure 4. CSMA (non-persistent) if channel is busy (MAX_NB_Z1 = 3 in this case) 

b. Channel becomes free: 
 
Finally, if the channel becomes free (for example during one of the SLEEP times), the device must 
assert channel free for a number of NUM._OF_CCA_PERIOD (TListen) before transmitting: 
 

 
Figure 5. CSMA (non-persistent) if channel is busy and becomes free (MAX_NB_Z1 = 3 in this case) 

 
 

  



 

  

3. CSMA configuration: 
 

A. Parameters description 
 

a. CSMA bloc parameters 
 

• CSMA_ON:  enable/disable the CSMA procedure, this bit will be checked at each packet 
transmission. 

 
• CSMA_PERS_ON:  makes the carrier sense persistent that means the channel is 

continuously monitored until it becomes free again, skipping the back-off waiting steps. The 
MCU can stop the procedure with a SABORT command. 

 
• CCA_PERIOD: code that programs the TCCA time (expressed as multiple of TBit samples) 

between two successive CS samplings, as follows: 
 00b: 64xTbit 
 01b: 128xTbit 
 10b: 256xTbit 
 11b: 512xTbit. 

 
• NUM._OF_CCA_PERIOD:  configuration of Tlisten = [1..15] x Tcca. 

 
• SEED_RELOAD:  enable/disable the reload of the seed used by the back-off random 

generator at the start of each CSMA procedure (at the time when the counter is reset, for 
example NB=0). If this functionality is not enabled, the seed is automatically generated and 
updated by the generator circuit itself. 

 
• BU_COUNTER_SEED_MSByte/LSByte:  these bytes are used to set the seed of the pseudo-

random number generator when the CSMA cycle starts, if the SEED_RELOAD bit is enabled. 
Value 0 is not allowed, because the pseudo-random generator is not working in that case. 

 
• BU_PRESCALER:  PRESCALER which is used to configure the back-off time unit. 

 
• NBACKOFF_MAX: max number of back-off cycles. 

 
  



 

  

b. RSSI and Carrier Sense parameters 
 
The carrier sense functionality can be used to detect if any signal is being received, the detection is 
based on the measured RSSI value. There are 2 operational modes for carrier sensing: static and 
dynamic. When static carrier sensing is used (CS_MODE = 0), the carrier sense signal is asserted 
when the measured RSSI is above the value specified in the RSSI_TH register and is deasserted 
when the RSSI falls 3 dB below the same threshold. 
 
When dynamic carrier sense is used (CS_MODE = 1, 2, 3), the carrier sense signal is asserted if the 
signal is above the threshold and a fast power increase of 6, 12, or 18 dB is detected; it is de-
asserted if a power fall of the same amplitude is detected. The carrier sense signal is also used 
internally for the demodulator to start the AFC and symbol timing recovery algorithms and for the 
CSMA procedure (for this use it should be set to CS_MODE = 0). 
 
The carrier sense function is controlled by the following parameters: 
 

• RSSI threshold: When the RSSI threshold is exceeded, the AFC and the symbol timing 
recovery algorithm start to work with the stream of data. To maximize the sensitivity, the RSSI 
threshold should be set around 3 dB below the expected sensitivity level. The RSSI_TH 
register and the effective RSSI threshold value are linked by the following formula: 

Spirit 1: RSSI_TH = 2 ⋅ (RSSI_threshold_dBm + 130) 
S2-LP: RSSI_TH = RSSI_threshold_dBm +146 

 
• CS mode: this parameter controls the carrier sense operational modes (RSSI_FLT register, 

allowed values 0...3): 
 

• CS_MODE = 0 static carrier sensing 
• CS_MODE = 1 dynamic carrier sensing with 6 dB dynamic threshold 
• CS_MODE = 2 dynamic carrier sensing with 12 dB dynamic threshold 
• CS_MODE = 3 dynamic carrier sensing with 18 dB dynamic threshold. 

 
 

  



 

  

B. Related registers settings 
 

a. Spirit 1 
 

 
 
  



 

  

b. S2-LP differences with Spirit 1 registers 
 

 
 
 
 

  

Group Register name SPIRIT1 address S2-LP address bit bitfield name Description Default value

RSSI_FLT 0x21 0x17                      0x23

RSSI_TH 0x22 0x18                       RSSI_THRESHOLD Signal detect threshold in 0.5 dB steps,

-120 dBm corresponds to 0x28. 0x28

7 LDC_MODE 1: LDC mode on 0x00

6 LDC_RELOAD_ON_SYNC 1: LDC timer is reloaded with the value stored in the LDC_RELOAD 

registers 0x00

5 PIGGYBACKING 1: PIGGYBACKING enabled 0x00

4 FAST_CS_TERM_EN 1: Enable the RX sniff timer 0x00

3 SEED_RELOAD 1: reload the back-off random generator seed using the value 

written in the BU_COUNTER_SEED_MSB YTE / LSBYTE registers 0x00

2 CSMA_ON 1: CSMA channel access mode enabled 0x00

1 CSMA_PERS_ON 1: CSMA persistent (no backoff) enabled 0x00

0 AUTO_PCKT_FLT 1: automatic packet filtering mode enabled 0x00

CSMA_CONF3 0x64 0x4C                    0x4C

CSMA_CONF2 0x65 0x4D                    0x00

CSMA_CONF1 0x66 0x4E                    0x04

CSMA_CONF0 0x67 0x4F                    0x00

Radio 

Configuration 

(Modem & 

0x3A                     0x51PROTOCOL1

Packet / 

Protocol 

Configuration



 

  

C. Source code implementation 
 

a. Description 
 
The CSMA is really straightforward to activate, the Spirit 1 and S2-LP API only require an initialization 
structure with the CSMA parameters. The other setting is the RSSI threshold to be set to the desired 
value for carrier sensing. 
A quick test consists in checking whether the transmission is correctly postponed (depending on the 
numbers of back off cycles and the TListen) while there is an interferer on the desired channel. 
 
 

b. Spirit 1 APIs and configuration 
 
First, the user can refer to the code as example from the Software development kit STSW-S2LP-DK 
(SDK_CSMA_A use case). Implementing the CSMA consists in configuring and activating the CSMA 
after the Radio Initialization, and setting the proper RSSI threshold: 
 

/* Spirit CSMA config */ 
SpiritCsmaInit(&xCsmaInit); 
SpiritCsma(S_ENABLE); 
SpiritQiSetRssiThresholddBm(RSSI_THR); 

 
Using the proper configuration structure: 
 

/** 
* @brief CSMA structure fitting 
*/ 
CsmaInit xCsmaInit={ 
  PERSISTENT_MODE_EN, /*!< Enable the CSMA persistent mode */ 
  CS_PERIOD,  /*!< Set the Tbit multiplier to obtain the Tcca. @ref CcaPeriod */ 
  CS_TIMEOUT,  /*!< Set the Tcca multiplier to determinate the Tlisten. From 0 to 15. */ 
  MAX_NB,   /*!< Specifies the max number of backoff cycles. From 0 to 7. */ 
  BU_COUNTER_SEED, /*!< Specifies the BU counter seed. */ 
  CU_PRESCALER  /*!< Specifies the BU prescaler. From 0 to 63. */ 
}; 

 
NB: The corresponding APIs are available in SPIRIT_Csma.c in the Spirit 1 library.  
 
The Application also needs to set the MAX_BO_CAA_REACH interrupt if it wants to be warned in 
case the transmission cannot be performed. 
 

SpiritIrq (MAX_BO_CCA_REACH  , S_ENABLE); 

 



 

  

c. S2-LP APIs and configuration 
 
First, the user can refer to the code as example from the Software development kit STSW-S2LP-DK 
(SDK_CSMA_A use case). Implementing the CSMA consists in configuring and activating the CSMA 
after the Radio Initialization: 
 

/* Spirit CSMA config */ 
S2LPCsmaInit(&xCsmaInit ); 
S2LPCsma(S_ENABLE); 

 
Using the proper configuration structure: 
 

/** 
* @brief CSMA structure fitting 
*/ 
SCsmaInit xCsmaInit ={ 
  PERSISTENT_MODE_EN, /*!< Enable the CSMA persistent mode */ 
  CS_PERIOD,                       /*!< Set the Tbit multiplier to obtain the Tcca. @ref CcaPeriod */ 
  CS_TIMEOUT,                     /*!< Set the Tcca multiplier to determinate the Tlisten. From 0 to 15. */ 
  MAX_NB,                             /*!< Specifies the max number of backoff cycles. From 0 to 7. */ 
  BU_COUNTER_SEED,       /*!< Specifies the BU counter seed. */ 
  CU_PRESCALER                /*!< Specifies the BU prescaler. From 0 to 63. */ 
}; 

 
NB: The corresponding APIs are available in S2LP_Csma.c in the S2-LP library.  
 
The application must also set the proper RSSI threshold (RSSI_THR value below), as follows: 
 

  SRssiInit xSRssiInit  = { 
    .cRssiFlt = 14, 
    .xRssiMode = RSSI_STATIC_MODE, 
    .cRssiThreshdBm = RSSI_THR, 
  }; 
  S2LPRadioRssiInit (&xSRssiInit); 

 
The Application also needs to set the MAX_BO_CAA_REACH interrupt if it wants to be warned in 
case the transmission cannot be performed. 
 

S2LPGpioIrqConfig (MAX_BO_CCA_REACH , S_ENABLE); 

 
 
 

  



 

  

4. CSMA implementation examples: 
 

A. SDK code as example description: 
 

a. Code availability 
 
Both Spirit1 and S2-LP SDKs contain specific CSMA code as example, which have exactly the same 
behavior:  

- For Spirit1 ( X-CUBE-SUBG1 software package): 

 
 

- For S2-LP (STSW-S2LP-DK software package): 

 
 
 

b. Example use case 
 
This example explains how to configure the CSMA protocol in order to obtain a collision free 
transmission.  
 
In this example there are three programs: 
- SDK_Csma_A  is a transmitter of Basic packets with CSMA turned on. 
- SDK_Csma_B  is a receiver of Basic packets. 



 

  

- SDK_Csma_TxCW  is a simple CW transmitter without CSMA, i.e. a node that transmits a 
continuous way signal. 
This node, which radio is configured in the same way as A and B, has the role to create a career in 
order to create a collision with A or B packets if no multiple access policies are used. 
If the SDK_Csma_TxCW  node is turned off, the user should see the same behavior of the example 
SDK_BasicGeneric . 
Turning on the SDK_Csma_TxCW  node while A is transmitting will cause a stop of the transmissions 
of A. 
 
Since A toggles the LED1 to notify a transmission done, the user will see this LED off all the time that 
TxCW is on (and, of course, B will not receive anything toggling its LED1 because of Rx Timeout). 
If TxCW is turned off, A transmits and its LED1 toggles (B will receive toggling LED2). 
 
In the program a threshold of RSSI is configured in order to ensure that the channel is considered not 
free (CS flag equals to 1) if the node A is transmitting. 
 
In the program CSMA is configured in persistent mode, but the user can easily change this mode by 
editing the CSMA configuration parameters defined at the beginning of the c files. 
 
If the user configures the CSMA in not persistent mode, when the max number of backoff is reached, 
the device will be forced to retry the Tx. 
 
Moreover a Virtual Com stream can be opened by defining the preprocessing environment variable 
USE_VCOM. In this case both the transmitter and the receiver will write their own buffer on video 
every time a Tx or an Rx is performed. 
If Tx is blocked by CSMA it will write a message and the sensed RSSI. 
 

c. CSMA configuration in the example (SDK_Csma_A) 
 

/* Radio configuration parameters */ 
#define BASE_FREQUENCY               868.0e6 
#define CHANNEL_SPACE                20e3 
#define CHANNEL_NUMBER               0 
#define MODULATION_SELECT            FSK 
#define DATARATE                      38400 
#define FREQ_DEVIATION               20e3 
#define BANDWIDTH                     100E3 

 

/*  Packet configuration parameters  */ 
#define PREAMBLE_LENGTH               PKT_PREAMBLE_LENGTH_04BYTES 
#define SYNC_LENGTH                   PKT_SYNC_LENGTH_4BYTES 
#define SYNC_WORD                     0x88888888 
#define LENGTH_TPE                   PKT_LENGTH_VAR 
#define LENGTH_WIDTH                  8 
#define CRC_MODE                      PKT_CRC_MODE_8BITS 



 

  

#define CONTROL_LENGTH                PKT_CONTROL_LENGTH_0BYTES 
#define EN_ADDRESS                    S_DISABLE 
#define EN_FEC                        S_DISABLE 
#define EN_WHITENING                  S_ENABLE 

 

/* CSMA configuration parameters */ 
#define PERSISTENT_MODE_EN              S_DISABLE 
#define CS_PERIOD                         CSMA_PERIOD_64TBIT 
#define CS_TIMEOUT                       3 
#define MAX_NB                            5 
#define BU_COUNTER_SEED                  0xFA21 
#define CU_PRESCALER                     32 
 
#define RSSI_THR    -60 

 
 

  



 

  

B. Measurements and Oscillograms 
 

All the below plot come from tests performed on Spirit1, using the default configuration from the X-
CUBE-SUBG1 software package. Here are the physical data we will measure based on this 
configuration: 
 

- TCCA = 64 * TBit = 64 / DATARATE = 64 / 38400 = 1,7ms 
- TListen  = (CS_TIMEOUT + 1)  * TCCA = 4 * TCCA = 6.7ms  
- RSSI_TH = -60dBm  

 
The test setup is as follows: 
 

 
Figure 6. CSMA test setup 

 
The signal generator output power is set in order to ensure a certain RSSI value on the Receiver’s 
side. It acts as an interferers with adjustable gain, to validate the CSMA behavior. 
 
  



 

  

a. Channel is busy (interferer) 
 

 
 
We check that each RX state lasts exactly TCCA , here this duration is sufficient for measuring the 
RSSI level. Since there is an interferer with higher power than the RSSI threshold, we can see that 
the RSSI above threshold signal is raised for each RX windows. There are 6 RX windows before the 
MAX_CAA_REACH IRQ is asserted, as the max number of retries is set to 5. Otherwise, we can 
check that the TCCA duration is correct (1.7ms). 
  



 

  

b. Channel is free in non-persistent mode 
 

 
 
In this case there is no interferer, so the transmission can take place after an RX period of TListen whih 
is here equal to 4 TCCA (6.7 ms). We can see the TX_DATA_SENT IRQ asserted after the 
transmission is correctly performed. 
   



 

  

c. Channel is busy in persistent mode 
 

 
 
In persistent mode, the transceiver will remain in RX state as long as the interferer level is above the 
threshold. 
 

  



 

  

C. Computation of the maximum duration before the MAX_BO_CAA_REACH 
interrupt, S2-LP example: 

 
Based on the Back Off duration computation formula: 
 

������ = ��	� ∗ (6 + rand(0: 2(��+1)) ∗ (�����	 + 1)) 
 
Considering 34.7 kHz RCO: TRCO = 1/34.7e3 = 28.8µs 
 
Here are the maximum durations for the 5 successive back off cycles (MAX_NB_Z1 = 5): 
 

BOtime MAX (NB=0) = 28.8e-6 * (6+2*33) = 2.1ms 
BOtime MAX (NB=1) = 28.8e-6 * (6+4*33) = 4.0ms 
BOtime MAX (NB=2) = 28.8e-6 * (6+8*33) = 7.8ms 
BOtime MAX (NB=3) = 28.8e-6 * (6+16*33) = 15.4ms 
BOtime MAX (NB=4) = 28.8e-6 * (6+32*33) = 30.6ms 

 
So the maximum time is: 
 

6*Tcca + BO time  MAX (NB=0) + BO time  MAX (NB=1) + BO time  MAX (NB=2) + BO time  MAX (NB=3) + 
BO time  MAX (NB=4) + BO time  MAX (NB=5)  = 6*3.2 + 2.1 + 4.0 + 7.8 + 15.4 + 30.6 =79.1ms 

 
Our measurements show that the BOtime MIN  is around 2ms. So, the minimum time is: 
 
            6*Tcca + 5*BO time  MIN = 6*3.2 + 5* 2 = 19.2 + 10 = 29.2ms  
 



 

  

 
 
 
And when the channel is free, the S2-LP is in RX for 2 TCCA, so 6.4ms. 
 
Please note that the range can vary depending on the exact RCO frequency.  
 

Here is the maximum duration for a 33.3 kHz RCO frequency: 
            MAX time = 6*3.2 + 62.4 = 81.6 ms 
 
And for a 32 kHz RCO frequency: 
            MAX time = 6*3.2 + 64.9 = 84.1 ms 

 

  



 

  

5. CSMA important limitations and constraints: 
 

A. Constraints when CSMA_ON bit is set: 
 

a. Don’t strobe any RX command: 
 

Avoid to strobe the RX command when the CSMA_ON bit is 1. That bit should be set to 1 
immediately before strobing the TX command and should be set to 0 when the TX is done. 
 

b. Don’t enable the CS Blanking feature: 
 

Avoid to set the CS BLANKING bit when the CSMA is enabled. Indeed, in this case the 2 features 
may cause a conflict in the digital machine of the device. Always keep these 2 features mutually 
exclusive. 
 

 

B. CSMA and Stack packet format: 
 

The CSMA feature can be used with the STack packets but without any LLP feature (auto ACK, retx 
atc...).   
 

C. First Back Off time is not random  
 
The transceiver does not make random back-off on the first transmission tentative. This can be done 
by SW: So the microcontroller can wait a random time immediately before strobing the Tx command. 
In this should make the probability to collide lower. 


