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Application Notes may be updated over their lifetime. To ensure you design with the correct version, please check the
application notes page in www.sierrawireless.com for latest versions.

2 Introduction

This application note describes the steps to open a FCM flow (V24 serial flow, GSM flow or GPRS flow) in an application.

This document also gives details on a sample which implements an AT custom command to read data from the flash and send
them to the external application using the FCM V24 serial flow.

This Application Note (APN) is provided to Sierra Wireless distributors and clients to aid more rapid development of embedded
applications using the Sierra Wireless portfolio of cellular solutions. To request a new application note, contact your regional
Sierra Wireless Product Marketing Manager.

3 Glossary

Initials Definition

DLC Data Link Connection

FCM Flow Control Manager

TE Terminal Equipment

UE User Equipment (Sierra Wireless embedded module)

4 Qverview

FCM (Flow Control Manager) service to handle all FCM events and to access to the data ports provided on the product.

The Flow Control Manager APIs provides the Input-Output flows to the embedded application.

The Flow Control Manager APIs support four different 1/O flows:

1.
2.
3.
4.

The embedded application can subscribe and unsubscribe to the different I/O flows.

V24 serial flow (the serial link can be switched in AT mode or Data mode)

GSM data flow
GPRS data flow
CMUX

The embedded application should subscribe to the Bluetooth virtual data ports or V24 serial flow, in order to exchange data
with the external application through the serial link.

The embedded application should subscribe to the GSM CSD call data port, GPRS session data port, in order to exchange
data through the GSM or GPRS data channel.

If the application does not use the FCM service, all of the embedded module ports are processed by the firmware by default.

The default behaviors are:
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When a GSM CSD call is set up, the GSM CSD data port is directly connected to the UART port where the ATD

command was sent;

When a GPRS session is set up, the GPRS data port is directly connected to the UART port where the ATD or
AT+CGDATA command was sent;
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e When a Bluetooth peripheral is detected & connected through an SPP based profile, a local data bridge may be set
up between a Bluetooth virtual data port and the required UART port, using the AT+WLDB command.

Once subscribed by an application with the FCM service, a port is no longer available to be used with the AT commands by an
external application. The available ports are the ones listed in the ADL AT/FCM Ports service:

e ADL_PORT_UART_X/ADL_PORT_UART_X_VIRTUAL_BASE identifiers may be used to access the module’s
physicals UARTS, or logical 27.010 protocol ports;

e ADL_PORT_GSM_BASE identifier may be used to access a remote modem (connected through a GSM CSD call)
data flow;

e ADL_PORT_GPRS_BASE identifier may be used to exchange IP packets with the operator network and the
Internet;ADL_PORT_BLUETOOTH_VIRTUAL_BASE may be used to access a connected Bluetooth device data
stream with the Serial Port Profile (SPP).

5 FCM flow over CMUX

The CMUX feature allows multiple virtual ports to be created on a physical serial link, like the multiplexing of 4 logical channels
on a single UART. Multiplexing can be applied to only one UART though two UARTS are available on the Sierra Wireless
embedded module. By this client application may handle up to 5 channels (4 logical multiplexed channels on an UART and 1
physical channel on the other UART). 4 DLCs are allowed to open by the Sierra Wireless embedded module when a CMUX
session is enabled. These DLCs can be in the range of 1 to 4. This excludes DLCO which is for the control channel. These
ports can be used for maintaining several simultaneous sessions (SMS, Call, GPRS etc) on the same serial interface.

A virtual connection is established between TE and UE processes during a CMUX session. Communication is established
using a multiplexing layer. This layer opens multiple channels over a single serial link. These channels are called data link
connection (DLC). Convergence layers are used to carry the state of V24 control signals through a DLC.

TE W Wirslacs CPU
TE Processes {four UE Processes (four
shiownl shown)
Convergence Layers Conwvergence Layers
{Four shown) Fowr shown)

Multiplexer Layer Multiplexer Layer

Physical Layer - serial Physical Layer - serial
link link

When CMUX is used, the response to AT commands will be received on the virtual port where the commands were issued.
Only unsolicited messages will be transmitted to all logical channels.

While executing the application from the logical ports multiplexed on the required UART port, then the port parameter used
with any API should be “ADL_PORT_UART_X_VIRTUAL_BASE”, and should be “OR” ed with the logical port through which
you want the function to be executed. For example, if logical ports are multiplexed on UARTL1, then in the port parameter
“ADL_PORT_UART1_VIRTUAL_BASE | 0x02, the “0x02"specifies the logical port (the DLC number) through which the
function should proceed.

6 FCM functions

adl_fcm.h header file must be included when the application using flow control is developed in ADL mode.

6.1.adl_fcmSubscribe function

This function is used to subscribe to the FCM flow, open the requested flow and set the control and data handler for the flow.
The subscription will be successful only when control event handler has received the event
ADL_FCM_EVENT_FLOW_OPENED.

Prototype
s8 adl_fcmSubscribe ( adl_fcmFlow_e Flow, adl_fcmCtrlHdIr CtriHandler, adl_fcmDataHdIr Data Handler )
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Flow

Flow determines which flow is to be opened: GSM data flow, GPRS data flow or V24 flow on UART1 or UART2. The various
options are:

ADL_FCM_FLOW_GSM_DATA
ADL_FCM_FLOW_GPRS
ADL_FCM_FLOW_V24 UART1
ADL_FCM_FLOW_V24 UART2
ADL_FCM_FLOW_V24 USB

Note:  For serial-link related flows (ADL_FCM_FLOW_V24 UART1 & 2), the corresponding UART has to be opened first
with the “AT+WMFM” command, otherwise the subscription will fail. By default, only the UARTL1 is opened. The V24
serial flow is in master mode as default mode.

Note:  The main difference between a subscription in master mode (ADL_FCM_FLOW_V24_UART1) and a subscription in
slave mode (ADL_FCM_FLOW_V24_UART1 | ADL_FCM_FLOW_SLAVE) is that, in the first case the application can
switch between the AT-mode and the Data-Mode but in the second case, the application can’t switch the serial link
state.

Note: ADL_FCM_FLOW_V24 MASTER corresponds to ADL_FCM_FLOW_V24 UART1 and ADL_FCM_FLOW_V24
corresponds to (ADL_FCM_FLOW_V24_UART1 | ADL_FCM_FLOW_SLAVE). These two terms are kept for
compatibility with OS v2.xx.

CtrlHandler

All the events related to the FCM flow are reported in this handler; for example on successful subscription of FCM flow, the
event generated is ADL_FCM_EVENT_FLOW_ OPENED.

The following table lists the flow events that could be received by the control handler:

FCM Events Description
ADL_FCM_EVENT_FLOW_OPENNED This event is generated when the subscribed flow is opened
ADL_FCM_EVENT_FLOW_CLOSED This event is generated when the subscribed flow is closed.

This event is generated when the V24 flow is subscribed and Data mode is

ADL_FCM _EVENT V24 DATA MODE
— - - - - selected.

This event is generated when the Data mode switches from the external

ADL_FCM_EVENT_V24_DATA_MODE_EXT o
- - - - - - application.

This event is generated when the V24 flow is subscribed and AT mode is

ADL_FCM_EVENT V24 AT MODE
— - - - = selected

This event is generated when the AT mode switches
from the external application..

ADL_FCM_EVENT_RESUME This event is related to adl_fcmSendData() API.
ADL_FCM_EVENT_MEM_RELEASE This event is related to adl_fcmSendData() API

ADL_FCM_EVENT V24 AT _MODE_EXT

Data Handler

This handler receives the data block from the associated flow. Once the block is processed, the handler must return true to
release the credits.

Return value

A positive or a null handle is returned on success.

ADL_RET_ERR_PARAM if one parameter has a incorrect value

ADL_RET_ERR_ALREADY_SUBSCRIBED if the flow is already subscribed in master mode.
ADL_RET_ERR_NOT_SUBSCRIBED if a slave subscription is made when the master flow is not subscribed.
ADL_FCM_RET_ERROR_GSM_GPRS_ALREADY_OPENED if a GSM or GPRS subscription is made when the other one is
already subscribed.

ADL_RET_ERR_BAD_STATE if the required port is not available.

ADL_RET_ERR_SERVICE_LOCKED if the function was called from a low level interrupt handler (Applicable since OS v4.1x

only).
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6.2.The adl_fcmUnsubscribe function

This APl unsubscribes the previously subscribed FCM service and closes the previously opened flow. The unsubscription will
be effective only when the control event handler has received ADL_FCM_EVENT_FLOW_CLOSED event.

Prototype

s8 adl_fcmUnsubscribe (u8 handle)

Handle

Handle returned by the adl_fcmSubscribe function.
Return value

OK on success.

ADL_RET_ERR_UNKNOWN_HANDLE if the handle is incorrect,

ADL_RET_ERR_NOT_SUBSCRIBED if the flow is already subscribed.

ADL_RET_ERR_BAD_STATE if the serial link is not in AT mode,

ADL_RET_ERR_SERVICE_LOCKED if the function was called from a low level interrupt handler (Applicable since OS v4.1x

only).

6.3.The adl_fcmSwitchV24State function

This function switches the V24 serial link state to AT mode or to Data mode. The operation will be effective only when the
control event handler has received an ADL_FCM_EVENT_V24_XXX_MODE event. Only the V24 flow which has been
subscribed in master mode (default mode) can use this APl and switch the V24 serial link state.

Prototype

s8 adl_fcmSwitchV24State (u8 Handle, u8 V24State)
Handle

Handle returned by the adl_fcmSubscribe function.
V24State

Serial link state to switch to. Allowed values are:

ADL_FCM_V24_STATE_AT
ADL_FCM_V24_STATE_DATA

Return value

OK on success.

ADL_RET_ERR_PARAM if one parameter has a incorrect value,

ADL_RET_ERR_UNKNOWN_HDL if the provided handle is unknown

ADL_RET_ERR_BAD_HDL if the handle is not the main flow one.

ADL_RET_ERR_SERVICE_LOCKED if the function was called from a low level interrupt handler (Applicable since OS v4.1x

only).

6.4.The adl_fcmSendData function

The function sends a data block on requested flow. The data block should be allocated and released by the application.
Prototype

s8 adl_fcmSendData ( u8 Handle, u8 * Data, ul6 DatalLen)

Handle

Handle returned by the adl_fcmSubscribe function.

Data

Data block buffer to write.

The block is not released by adl_fcmSendData() API.

2170037 Rev 4.0 January 25, 2012 4



..'::.:.:::". S | E R R A Using FCM Flow in an Application

WIRELESS 2170037-4.0

DatalLen
Length of data to send.
Return value

OK on success.

ADL_FCM_RET_OK_WAIT_RESUME on success, but the last credit was used. The control handler will also receive a
ADL_FCM_EVENT_MEM_RELEASE event when the data block memory buffer will be released.

ADL_RET_ERR_PARAM is a parameter has a incorrect value.

ADL_RET_ERR_UNKNOWN_HDL if the provided handle is unknown

ADL_RET_ERR_BAD_STATE if the flow is not ready to send data,

ADL_FCM_RET_ERR_WAIT_RESUME if the flow has no more credits to use

ADL_RET_ERR_SERVICE_LOCKED if the function was called from a low level interrupt handler (Applicable since OS v4.1x

only).

If ADL_FCM_RET_XXX_WAIT_RESUME is returned, the subscriber has to wait for ADL_FCM_EVENT_RESUME event in the
control handler to continue to send data.

6.5.The adl_fcmSendDataExt function

The function sends a data block on the requested flow. The data block should be allocated and filled by the application and it is
released by the API.

Prototype

s8 adl_fcmSendExt (u8 Handle, adl_fcmDataBlock *DataBlock)
Handle

Handle returned by the adl_fcmSubscribe function.

Data Block

Data Block buffer to write. Using the following type:

Typedef struct

{

ul6 Reservedl[4];

ul6 Datalength; //length of data to send
ul6 Reserved?2 [5];

u8 Data [1]; /ldata to send;

} adl_fcmDataBlock

This block must be dynamically allocated and filled by application.

The allocation size has to be sizeof (adl_fcmDataBlock_t) + DataLength, where DatalLength is the value to be set in the
DatalLength field of the structure.

Return value

OK on success.

ADL_FCM_RET_OK_WAIT_RESUME on success, but the last credit was used. The control handler will also receive a
ADL_FCM_EVENT_MEM_RELEASE event when the data block memory buffer will be released.

ADL_RET_ERR_PARAM is a parameter has a incorrect value.

ADL_RET_ERR_UNKNOWN_HDL if the provided handle is unknown

ADL_RET_ERR_BAD_STATE if the flow is not ready to send data,

ADL_FCM_RET_ERR_WAIT_RESUME if the flow has no more credits to use.

ADL_RET_ERR_SERVICE_LOCKED if the function was called from a low level interrupt handler (Applicable since OS v4.1x

only).

If ADL_FCM_RET_XXX_WAIT_RESUME is returned, the subscriber has to wait for ADL_FCM_EVENT_RESUME event in the
control handler to continue to send data.

Note: Difference between adl fcmSendDataExt and adl fcmSendData functions

e Memory allocation: When the "adl_fcmSendDataExt" API is used, the data block that will be sent, must be
dynamically allocated and filled by the application before calling the API. The datablock will be sent to the subscribed
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flow and will be released by the API on getting an "OK" or "ADL_FCM_RET_OK_WAIT_RESUME" return value.
When the "adl_fcmSendData" API is used, the Datablock is allocated and filled inside the function.

e Real time: The "adl_fcmSendDataExt" API does not perform any processing on the provided data block which is sent
directly to the flow. Therefore “adl_fcmSendDataExt" API has a shorter process time than "adl_fcmSendData" API.

6.6.The adl_fcmReleaseCredits function

This function releases the credits for requested flow handle. The ‘credits’ represent the number of data blocks received by the
embedded application and sent through FCM layer.

When the data handler has released a credit (data handler return TRUE), it means that the embedded application has
successfully processed the data block received.

The term credit is also used while sending the data block by the embedded application. When ADL_FCM_EVENT_RESUME is
received, it means that the credits are released and FCM layer is ready to send more data.

Prototype

s8 adl_fcmReleaseCredits (  u8 Handle, u8 NbCredits)
Handle

Handle returned by the adl_fcmSubscribe function.
NbCredits

Number of credits to be released for this flow. If this number is greater than the number of previously received data block, all
credits are released.

Note: By calling the function with a number of credits set to OxFF, the release of all credits is performed.

Return value

OK on success.

ADL_RET_ERR_UNKNOWN_HDL if the provided handle is unknown

ADL_RET_ERR_BAD_HDL if the handle is slave one.

ADL_RET_ERR_SERVICE_LOCKED if the function was called from a low level interrupt handler (Applicable since OS v4.1x

only).

6.7.The adl_fcmGetStatus function

This function gets the buffer status (empty or not) for the requested flow handle in the requested way (I/O flow).
Prototype

s8 adl_fcmGetStatus (u8 Handle, adl_fcmWay_e Way)

Handle

Handle returned by the adl_fcmSubscribe function.

Way

This parameter defines the direction for which the buffer status is requested.

Typedef enum
{
ADL_FCM_WAY_FROM_EMBEDDED,
ADL_FCM_WAY_TO_EMBEDDED
}adl_fcmWay_e

Return values

ADL_FCM_RET_BUFFER_EMPTY: If requested flow and way buffer is empty.
ADL_FCM_RET_BUFFER_NOT_EMPTY: If requested buffer is not empty.
ADL_FCM_RET_UNKNOWN_HDL: If provided handle is unknown.
ADL_RET_ERR_PARAM: If way parameter value is out of range.
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7 Limitations of FCM
The maximum data block size that can be sent by FCM is:

e 500 bytes in remote mode
e 2 kbytes in target mode

8 Steps to use FCM for a V24 serial flow to receive and transmit data

e V24 serial Flow is subscribed using adl_fcmSubscribe () API. Each flow can be subscribed only once at a time.
e If two V24 serial flows have to be subscribed; one should be in master mode and the other in slave mode.
e  On successful subscription of V24 Master FCM data flow, event ADL_FCM_EVENT_FLOW_OPENED is received
e The API adl_fcmSwitchV24State () can be used to switch between AT mode and Data mode.
= In case of Data mode, the application can receive and send data to an external application.
= In order to send data, use adl_fcmSendData () API. The data from the external application is received in the data
handler.
= The data that are sent with adl_fcmSendData() API should be allocated and released by the application

= In AT mode, AT commands can be sent and received from external application.

9 Steps followed in the sample application

e In adl_main function first subscribe to CMUX flow on UART1.

e Onreceiving ADL_FCM_EVENT_FLOW_OPENED, subscribe for “AT+SWITCH” command.
e  Switch the state to Data mode using AT+SWITCH=0 command.

e After sending the data, switch back to AT-mode.

10 Sample application

/* Global variable */

s8 Handle;

s8 fcm_Handle_Closed,;

s8 retValue;

adl_tmr_t *timer_ptr;

ul6 timeout_period = 10;

u8 count = 0;

#define DATA 0

#define AT 1

bool fcmCtrlH (adl_fcmEvent_e event );
bool fcmDataH (ul6 DatalLen, u8 * buffer);

void FCMSwitchH ( adl_atCmdPreParser_t * paras )

{
s8 ret;
switch (wm_atoi(ADL_GET_PARAM ( paras, 0)))
{
case DATA:
ret=adl_fcmSwitchVV24State(Handle, ADL_FCM_V24_STATE_DATA);
break;
case AT:
ret=adl_fcmSwitchV24State(Handle, ADL_FCM_V24_STATE_AT);
break;
default:
break;
}
TRACE((1,"Return value of adl_fcmSwitchVV24State Function = %d", ret));
}
bool fcmCtrlH (adl_fcmEvent_e event)
{

switch(event)
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{
case ADL_FCM_EVENT_FLOW_OPENNED:
TRACE (( 1, "FCM Flow Opened" ));
adl_atCmdSubscribe("AT+SWITCH",FCMSwitchH, ADL_CMD_TYPE_PARA | 0x11);
break;
caseADL_FCM_EVENT_V24 DATA_MODE:
TRACE (( 1, "Flow in Data Mode"));
break;
case ADL_FCM_EVENT_FLOW_CLOSED:
TRACE((1, "Flow Closed"));
break;
case ADL_FCM_EVENT_V24_AT_MODE:
TRACE (( 1, "Flow in AT Mode"));
adl_fcmReleaseCredits( Handle, OXFF );
break;
case ADL_FCM_EVENT_V24 AT _MODE_EXT:
TRACE (( 1, "Flow in AT Mode"));
adl_fcmReleaseCredits( Handle, OXFF );
break;
}
return TRUE;
}
bool fcmDataH (ul6 datalen, u8 * databuf)
{
TRACE((1,"Data handler = %d", datalen ));
return FALSE;
}
void adl_main (adl_InitType_e InitType )
{
TRACE (( 1, "Embedded Application : Main™"));
Handle=adl_fcmSubscribe(ADL_PORT_UART1_VIRTUAL_BASE | 0x02 ,fcmCtrlH, fcmDataH);
TRACE (( 1, "FCM subscription handle-->%d",Handle ));
}

11 Software Compatibility Matrix

List all current software configurations and compatibility with this application note.

FW Framework/SDK Library
6.6x Open AT® SDK v4.2x N/A
R6.5 Open AT Framework v1.x N/A
R7.x Open AT Framework v2.x N/A

12 Reference Documents

Filename Comment

A section in this document describes FCM API’s as well as its

[1] ADL User Guide for Open AT Framework OS ' .
configurations.

13 Support
For direct clients: contact your Sierra Wireless FAE
For distributor clients: contact your distributor FAE

For distributors: contact your Sierra Wireless FAE
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14 Document History

Version Date History

001 June 23, 2005 Creation

002 May 07, 2011 Update

003 March 03, 2011 CMUX update + new SWI template

New reference: 2170037

004 January 25, 2012 Old reference: WM_ASW_OAT APN_024

15 Legal Notice

Important Notice

Due to the nature of wireless communications, transmission and reception of data can never be guaranteed. Data may be delayed, corrupted (i.e., have errors) or be totally lost. Although significant delays or losses of data are
rare when wireless devices such as the Sierra Wireless modem are used in a normal manner with a well-constructed network, the Sierra Wireless modem should not be used in situations where failure to transmit or receive data
could result in damage of any kind to the user or any other party, including but not limited to personal injury, death, or loss of property. Sierra Wireless accepts no responsibility for damages of any kind resulting from delays or
errors in data transmitted or received using the Sierra Wireless modem, or for failure of the Sierra Wireless modem to transmit or receive such data.

Safety and Hazards

Do not operate the Sierra Wireless modem in areas where blasting is in progress, where explosive atmospheres may be present, near medical equipment, near life support equipment, or any equipment which may be susceptible
to any form of radio interference. In such areas, the Sierra Wireless modem MUST BE POWERED OFF. The Sierra Wireless modem can transmit signals that could interfere with this equipment. Do not operate the Sierra
Wireless modem in any aircraft, whether the aircraft is on the ground or in flight. In aircraft, the Sierra Wireless modem MUST BE POWERED OFF. When operating, the Sierra Wireless modem can transmit signals that could
interfere with various onboard systems.

Note: Some airlines may permit the use of cellular phones while the aircraft is on the ground and the door is open. Sierra Wireless modems may be used at this time.

The driver or operator of any vehicle should not operate the Sierra Wireless modem while in control of a vehicle. Doing so will detract from the driver or operator’s control and operation of that vehicle. In some states and
provinces, operating such communications devices while in control of a vehicle is an offence.

Limitations of Liability

This manual is provided “as is”. Sierra Wireless makes no warranties of any kind, either expressed or implied, including any implied warranties of merchantability, fitness for a particular purpose, or noninfringement. The recipient
of the manual shall endorse all risks arising from its use.

The information in this manual is subject to change without notice and does not represent a commitment on the part of Sierra Wireless. SIERRA WIRELESS AND ITS AFFILIATES SPECIFICALLY DISCLAIM LIABILITY FOR
ANY AND ALL DIRECT, INDIRECT, SPECIAL, GENERAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES INCLUDING, BUT NOT LIMITED TO, LOSS OF PROFITS OR REVENUE OR
ANTICIPATED PROFITS OR REVENUE ARISING OUT OF THE USE OR INABILITY TO USE ANY SIERRA WIRELESS PRODUCT, EVEN IF SIERRA WIRELESS AND/OR ITS AFFILIATES HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES OR THEY ARE FORESEEABLE OR FOR CLAIMS BY ANY THIRD PARTY.

Notwithstanding the foregoing, in no event shall Sierra Wireless and/or its affiliates aggregate liability arising under or in connection with the Sierra Wireless product, regardless of the number of events, occurrences, or claims
giving rise to liability, be in excess of the price paid by the purchaser for the Sierra Wireless product.

Patents

This product may contain technology developed by or for Sierra Wireless Inc.

This product includes technology licensed from QUALCOMM®.

This product is manufactured or sold by Sierra Wireless Inc. or its affiliates under one or more patents licensed from InterDigital Group.
Copyright

© 2012 Sierra Wireless. All rights reserved.

Trademarks

AirCard® is a registered trademark of Sierra Wireless. Sierra Wireless™, AirPrime™, AirLink™, Airvantage™, Watcher™ and the Sierra Wireless logo are trademarks of Sierra Wireless.

=
WBVECOMG. @ ®, inSIM®, WAVECOM®, WISMO®, Wireless Microprocessor®, Wireless CPU®, Open AT® are filed or registered trademarks of Sierra Wireless S.A. in France and/or in other countries.
Windows® and Windows Vista® are registered trademarks of Microsoft Corporation.
Macintosh and Mac OS are registered trademarks of Apple Inc., registered in the U.S. and other countries.
QUALCOMM? is a registered trademark of QUALCOMM Incorporated. Used under license.

Other trademarks are the property of the respective owners.
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