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�
Purpose


This document details the protocol used by SULTAN to gain test access to lines connected to a Remote Integrated Multiplexer (RIM).


Scope


This document covers only the application layer protocol used by the SCC and XCC (RIMDBM) to communicate with a RIM.


Audience


This document is intended for use by:


SULTAN Development


SULTAN National Support Centre


ITG Management


�seq Chapter \h�Background


Functional background


The purpose of the RIM Module is to provide a common interface for the Call Handler module to access the RIM test devices. The interface between the Call Handler and the RIM Module should therefore be the same as for all other technology modules. The interface between the RIM Module and the RIM test device will be RIM specific. SULTAN makes use of an existing protocol created for test access in the 1990s: “The SULTAN - Mediation Device R-type Protocol”.


Architectural background


All communication with the RIM takes place via the ICC. The ICC is therefore shown in the following diagrams. The ICC communicates with a RIM either by the Mediation Device or an ERMU. The same interface is used to communicate with both of these devices.


The difference to SULTAN is that up to 8 RIMs may be connected to one Mediation Device but an ERMU interfaces with only one RIM. See figures 1 and 2 below.
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Figure � SEQ "Figure" \* MERGEFORMAT �1� : RIM test access via MDR 
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Figure � SEQ "Figure" \* MERGEFORMAT �2� : RIM test access via ERMU 


�
Message Flow





�


Figure � SEQ "Figure" \* MERGEFORMAT �3� : Setting up and clearing a test session 


�
Single mode tests return a single LTD Key Response as shown by figure 4.


�


Figure � SEQ "Figure" \* MERGEFORMAT �4� :  Single mode test


Continuous mode tests return multiple LTD Key responses.


�


Figure � SEQ "Figure" \* MERGEFORMAT �5� : Continuous mode test (initiating the test)


�


Figure � SEQ "Figure" \* MERGEFORMAT �6� : Continuous mode (stopping the test)





�


Figure � SEQ "Figure" \* MERGEFORMAT �7� : Database Download


�EMBED Word.Picture.8���


Figure � SEQ "Figure" \* MERGEFORMAT �8� : Test Abort


�
�seq Chapter \h�Message Format


This section details the structure of the messages that are passed between SULTAN and the Mediation Device.


Commands


General Format of Command Messages


Commands have the format:


struct sCommand�	{�	unsigned char	ProtVersion;�	unsigned char	CmdCode;�	unsigned char	CmdId;�	unsigned char	DataLength;�	unsigned char	Data[DataLength];�	}


Where:


ProtVersion	A single byte field denoting the version number of the communication  protocol. This field is currently always zero for Sultan versions 8.4 or lower.


CmdCode	Command code, for a list of codes see below.


CmdId	Sequence number for each data packet. 


DataLength	Length of the data part in bytes. If DataLength is set to 0, no data follows. If CmdCode indicates a command that never carries data, this and the next field can be omitted.


Data	Data part, format depends on ProtVersion and CmdCode.


CMDCONN (0x11) - Connect


The command creates a logical connection between SULTAN and the Mediation Device. It is the first command issued after a call. The purpose of this command is to advise the Mediation Device that the caller is SULTAN and for the Mediation Device to provide assurance that the responding device is present and that it is a Mediation Device.


Data part:	Empty


�
CMDFNNTEST (0x13) - FNN Test


The command instigates a line test.


Data part:


struct sTestCmdData�	{�	unsigned char	RimIndex;�	unsigned char	TestCode;�	unsigned char	FnnLength;�	unsigned char	Fnn[16];�	unsigned char	Override_TestClass;�	unsigned char	PairNo;�	unsigned char	Repetitions;�	unsigned char	OprNumLength;�	unsigned char	OprNumber[14];�	};


Where:


TestCode	numerical code of the test requested.


RimIndex	index of the port to which the RIM is connected, currently in the range 0-7. Note that for an ERMU index will always be 0.


FnnLength	length of the FNN in bytes,


Fnn	full national number,left justified and padded with spaces.


Override_Test Class


Test class�
Override�
�
	bit 7                                                                bit 0


    Override	Nibble - 0 or 1, if set to 1 the test will be performed even if the number is busy.


    Test class	Nibble indicating the test class.


	0	Line tests,


	1	Service assurance tests,


	2	Revertive call tests,


	3	System enquiries.


PairNo	pair number.


0x00	Four_Wire_Tx_Pair	transmit pair of a 4-wire service,


0x01	Four_Wire_Rx_Pair	receive pair of a 4-wire service,


0x02	Six_Wire_Em_Pair	E&M pair of a 6-wire service,


0x03	Reserved	reserved.


Repetitions


0	Single Mode


1-20	Block Mode


255	Continuous Mode


Note:	SULTAN actually uses Repetitions set to 2 for the RingPulse22 test code and either 10 or 20 for block mode line tests.


OprNumLength	length of the operator number (for ringback), 0-14. Set to 0 if no ringback.


OprNumber	operator ringback number, field present only if OprNumLength is greater than 0. The field is left justified and padded with spaces.


Test codes	the test to be performed,


0x00	DCVoltTest00	DC voltage test on b wire relative to ground, a wire grounded.


0x01	DCVoltTest01	DC voltage test on a wire relative to ground, b wire grounded.


0x02	DCVoltTest02	DC voltage test between a and b wires.


0x03	DCVoltTest03	DC voltage test on b wire relative to ground, a wire floating.


0x04	ACVoltTest04	AC voltage test on b wire relative to ground, a wire grounded.


0x05	ACVoltTest05	AC voltage test on a wire relative to ground, b wire grounded.


0x06	ACVoltTest06	AC voltage test between a and b wires.


0x07	ACVoltTest07	AC voltage test on b wire relative to ground, a wire floating.


0x08	ACVoltTest08	AC voltage test on a wire relative to ground, b wire floating.


0x09	ResTest09	Resistance test between b wire and ground, a wire grounded.


0x0A	ResTest0A	Resistance test between a wire and ground, b wire grounded.


0x0B	ResTest0B	Resistance test between b and a wires.


0x0C	ResTest0C	Resistance test between b wire and ground, a wire floating.


0x0D	ResTest0D	Resistance test between a wire and ground, b wire floating.


0x0E	DCVoltTest0E	DC voltage test on a wire relative to ground, b wire floating.


0x0F	InsTest0F	Insulation test between b wire and ground, a wire floating.


0x10	InsTest10	Insulation test between a wire and ground, b wire floating.


0x11	InsTest11	Insulation test between b wire and ground, a wire grounded.


0x12	InsTest12	Insulation test between a wire and ground, b wire grounded.


0x13	InsTest13	Insulation test between b and a wires.


0x15	CapTest15	Capacitance test between b wire and ground, a wire grounded.


0x16	CapTest16	Capacitance test between a wire and ground, b wire grounded.


0x17	CapTest17	Capacitance test between b and a wires.


0x18	LowScaleRes18	Low scale resistance of a-wire with respect to b-wire. (Block Mode only - see note below)


0x19	LowScaleRes19	Low scale resistance between b wire and ground, a wire grounded. (Block Mode only - see note below)


0x1A	LowScaleRes1A	Low scale resistance between a wire and ground, b wire grounded. (Block Mode only - see note below)


0x1B	CapTest1B	Capacitance test between b wire and ground, a wire floating.


0x1C	CapTest1C	Capacitance test between a wire and ground, b wire floating.


0x1D	PackTest1D	Package test, foreign battery other wire floating.


0x1E	PackTest1E	Package test, foreign battery other wire grounded.


0x1F	Ringback1F	Ringback test.


0x20	MonBusy20	Monitor busy line.


0x21	RingSpeak21	Ring and speak test.


0x22	RingPulse22	Ring pulse.


0x23	DecDial23	Decadic dial test.


0x24	ToneDial24	Tone dial test.


0x25	ApplyHowl25	Apply howler.


0x26	DialTone26	Automatic dial tone test.


0x27	GetDial27	Get dial tone test.


0x28	BreakDial28	Break dial tone test.


0x2A	IdentifyCTU2A	Identify CTU type and software version.


0x2D	ISDNNT1Loopback2D	ISDN NT1 loopback test.


0x2E	ISDNNT1Reset2E		ISDN NT1 reset test.


0x2F	ISDNNT1LineStatus		ISDN NT1 line status test.


0xFF	LineStatus	Line status.  See note below.





Note1:	The LineStatus test code is used to request line status information from the RIM. No line test is performed ie. no ANVF FNN Test Initiate commands are issued to the RIM. A LineStatus test code simply sets up an ANVF FNN Equipment Configuration command. Sultan CMDTESTPOLL commands are then sent to the Mediation Device to poll for the RIM line status, either IDLE, BUSY, or RINGING.


Note2:	The Low Scale Resistance tests 0x18-0x1A can only be run in block mode with repetitions of 20. These tests are unusual in that they return voltage results which need conversion according to the formula supplied by Alcatel: R = 192 * (45.7 - Vm) / Vm. where Vm is measured volts and resistance is in Ohms.








CMDTESTABT (0x14) - Test Abort


The command aborts the test in progress. Any test results available at the time of the command will be deleted.


Data part:


unsigned char	TestId;


Where:


TestId	test identification number, a number returned by the Mediation Device in response to a CMDFNNTST command.


CMDTESTPOLL (0x15) - Test Poll


The command asks for the status of the test in progress and for results, if available.


Data part:


unsigned char	TestId;


Where:


TestId	test identification number, a number returned by the Mediation Device in response to a CMDFNNTST command.  Where no test is running SULTAN continues to poll with a TestId set to 0.


CMDFNNDB (0x16) - FNN DB Download


The command requests that the Mediation Device starts to download the FNN data base from the RIM to Sultan.


Data part: 


unsigned char RimIndex;


Where:


RimIndex	index of the RIM in question.


CMDFNNCONT (0x17) - FNN DB Continue


The command requests that the next FNN data base part be sent to SULTAN. The command is legal only if it follows a CMDFNNDB command or another legal CMDFNNCONT command.


Data part: Empty.


CMDTESTEND (0x18) - Test End


The command ends a test which has not yet completed. Block and single mode tests will complete by themselves, although a Test End can be used to stop it prematurely. However it is necessary to send a Test End to stop a continuous mode test.


Data part:


unsigned char	TestId;


Where:


TestId	test identification number, a number returned by the Mediation Device in response to a CMDFNNTST command.


CMDDISC (0xFF) - Disconnect


The command requests an orderly disconnection of the current session on Level 7. The Mediation Device will respond with RSPDISC and will wait for reception of CMDCONN. If no CMDCONN arrives and SULTAN does not disconnect the X.25 link within timeout time of 30s, the Mediation Device drops the X.25 connection.


Data part:	Empty


Responses


General Format of Responses


Responses have the format:


struct sResponse�	{�	unsigned char	ProtVersion;�	unsigned char	RespCode;�	unsigned char	RespId;�	unsigned char	ErrorCode1;�	union�		{�		unsigned char	ErrorCode2;�		struct�			{�			unsigned char		DataLen;�			unsigned char		Data[];�			} Resp�		}�	}


List of fields:


ProtVersion	A single byte field denoting the version number of the communication  protocol. This field is currently always zero for Mediation Device version 3.1.2.


RespCode	response code, the same value as in the preceding command,


RespId 	response identifier, the same value as in the command.


Resp.DataLen	length of the data part in bytes. if Resp.DataLen is set to 0, no data follow.


Resp.Data	data part, format depends on ProtVersion and RespCode.


ErrorCode1	a byte indicating the status of the command:


0x00	ACK	command accepted,


0x01	MDError	command rejected due to a local error in MD,


0x02	RIMError	command rejected due to an error reported by RIM


Additional error codes are reported in ErrorCode2 and ErrorCode3.


NOTE: If ErrorCode1 equals ACK, Resp part follows. Otherwise, Error part follows. 


Error.Code2 ( for ErrorCode1 == 0x01 only)


0x00	No info	MD Error, No further information.


0x01	RimBusy	A request was made to establish a Sultan or Nectas session while a Sultan or Nectas call was already in progress.


0x02	RimNotFound	A request was made to establish a Sultan or Nectas session but the specified RIM ID was not connected to the Mediation Device.


0x03	FileError	A file transfer command could not be processed because of a file error at the Mediation Device.


0x10	ProtocolID	The previous command packet had an incorrect protocol ID.


0x11	TestID	The previous CMDTESTPOLL packet had an incorrect TestId field for this test session.


0x12	RimState	A CMDFNNTEST packet was received when the RIM was not in an appropriate state to begin a new test.


Error.Code2 ( for ErrorCode1 == 0x02 only)


0x00	Comms error Q2	


0x01	Comms error MSI	


0x02	Comms error AUXBUS


0x03	CTU busy


0x04	Code invalid


0x05	FNN invalid


0x06	Session already open


0x07	Session not open


0x08	Repetitions invalid


0x09	No test running


0x0A	Subscriber line busy


0x0B	P/C/C inv


0x0C	Can't set relay


0x0D	Relay not reset


0x0E	Cannot run CTU test


0x0F	AIC interface failure


0x10	Failed attempt to discharge testbus


0x11	PSTN connection not detected * SULTAN Revertive Line Missing


0x12	Reserved for CTU


0x13	Could not detect signal


0x14	Digit did not break tone


0x15	CTU can't loop line


0x16	CTU can't release line


0x17	Tone duration too short


0x18	CTU hardware fail


0x19	Voltage across line exceeded limit


0x1A	Reserved


0x1B	Reserved


0x1C	Reserved


0x1D	Reserved


0x1E	Reserved


0x1F	Reserved


0x20	Software download in progress


0x21	CTU busy doing FTARS


0x22	Too much signal


0x23	Power Feed Overcurrent


0x24	Activation Fail U


0x25	Wrong ISDN Channel Unit Variant


0x26	ISDN Channel Unit Failure


0x27	Excess Line Leakage


0x28	Excess Line Capacitance


0x29	No Card Present


0x2A	Not Tested


0x2B	No Cause


0x2C	Initial Request no received


0x2D	Database in use


0xFF	MDR detected RIM test error.  Actual reason is logged in the MDR.


Error.Code3	Not used.


RSPCONN (0x11) - Connect


Sent in response to a CMDCONN command.


Data part:


struct sRespConnData�	{�	unsigned char	MdPgId[10];�	unsigned char	RimNo;�	struct sRimId	RimId[RimNo];�	}�struct sRimId�	{�	unsigned char	RimPgId[10];�	unsigned char	RimDbId[2];�	}


Where:


MdPgId	Mediation Device Pair Gain System Identification string.


RimNo	maximum number of RIMs that can be connected to the MD, currently always set to 8.


RimPgId	RIM Pair Gain System Identification, a string extracted from the RIM data base. If no RIM is connected to the port, the first character in this string is set to 0.


RimDbId	data base update identifier.


RSPFNNTEST (0x13) - FNN Test


This is a response to a CMDFNNTEST command.


Data part:


unsigned char	TestId;


Where:


TestId	test identification number, an arbitrary number assigned by the Mediation Device to a test session.  This value will normally cycle from 1 to 255.  A value to 0 is reserved for use by the test poll command when no test is running.


RSPTESTABT (0x14) - Test Abort


The command aborts the test in progress.


Data part:	Empty.


RSPTESTPOLL (0x15) - Test Poll


This is a response to a CMDTESTPOLL command. 


Data part:


Data structure if TestStatus is not 0x03 (test failed)


struct sTestPoll�	{�	unsigned char	EquipStatus;�	unsigned char	TestStatus;	// != 0x03�	unsigned char	LineStatus;�	unsigned char	ResultSize;�	unsigned char	ResultData[ResultSize];�	}


Data structure if TestStatus is 0x03 (test failed)


struct sTestPoll�	{�	unsigned char	EquipStatus;�	unsigned char	TestStatus;	// == 0x03�	unsigned char	LineStatus;�	unsigned char	CauseCode;�	}


Where:


EquipStatus	The status of the test equipment.  Any alarms raised on the test equipment that will affect the measurements will cause an equipment fault to be returned.  Any alarms raised on the test equipment that may affect the measurements will return suspected equipment fault.


0x00	equipment OK,


0x01	equipment fault,


0x02	suspected equipment fault,


0x03	equipment status unknown.


TestStatus	The current status of the last test requested.


0x00	no test,


0x01	test complete,


0x02	test in progress,


0x03	test failed,


0x04	CTU overflow.


LineStatus	The status of the line under test.


0x00	idle,


0x01	busy,


0x02	ringing,


0x03	unknown.


CauseCode	(TestStatus == 0x03 only) - reports the RIM error as used in Error.Code2 in the general response packet.�Note that error 255 (0xFF) indicates that the MDR has detected a RIM test error.  The actual reason is logged on the MDR.  This typically occurs during the RIM test session open when SULTAN first requests the line status.


ResultSize	(TestStatus != 0x03 only) - size of ResultData in bytes, set to 0 if the response carries no results.


ResultData	(TestStatus != 0x03 only) - results. Most result data consists of one or more of the following result units:


3 bytes with encoding:


sign�
bound�
unit�
�
bcd 0�
�
bcd 1�
�
bcd 2�
�
decimal point�
�
bit 7	bit 0





Table � SEQ "Table" \* MERGEFORMAT �1� : result unit


sign	Two bits indicating whether the value is less than or greater than zero.


00	positive,


11	negative,


other	illegal.


bound	Two bits indicating whether the values measures fell within the range of the measuring device.


00	within bounds,


01	value exceeds upper limit,


10	value exceeds lower limit,


11	illegal.


unit	Indication of the type and magnitude of the value encoded.


0x0	milliohms


0x1	ohms


0x2	kiloohms


0x3	megaohms


0x4	millivolts


0x5	volts


0x8	picofarads


0x9	nanofarads


0xA	microfarads


0xB	millifarads


bcd0 - bcd2	Digits coded in BCD notation, with bcd0 being the most significant digit.


decimal point	Number of digits past the decimal point:


0x0	0


0x1	1


0x2	2


0x3	3


Example:


0x01  0x98  0x71  means


0000	0001


1001	1000


0111	0001


and that means 98.7 ohms





Single Mode results


0x00 - 0x17	For all voltage, resistance, insulation and capacitance tests the Resp.Data part consists of one result unit.


0x18 - 0x1A	These consist of 20 result units. (This is because they can run in block mode only.


0x1B, 0x1C	The Resp.Data part consists of one capacitance result unit.


0x1D	Package test with Foreign Battery other wire floating.The Resp.Data part is made of six consecutive result units.


Unit 1	DC voltage of the b wire with respect to ground, with a wire floating


Unit 2	DC voltage of the a wire with respect to ground, with b wire floating


Unit 3	Resistance of the b wire with respect to ground, with a grounded


Unit 4	Resistance of the a wire with respect to ground, with b grounded


Unit 5	Capacitance of the b wire with respect to ground, with a grounded


Unit 6	Capacitance of the a wire with respect to ground, with b grounded





0x1E	Package test with Foreign Battery other wire grounded. The Resp.Data part is made of six consecutive result units.


Unit 1	DC voltage of the b wire with respect to ground, with a grounded


Unit 2	DC voltage of the a wire with respect to ground, with b grounded


Unit 3	Resistance of the b wire with respect to ground, with a grounded


Unit 4	Resistance of the a wire with respect to ground, with b grounded


Unit 5	Capacitance of the b wire with respect to ground, with a grounded


Unit 6	Capacitance of the a wire with respect to ground, with b grounded


0x1F - 0x22	No results are returned for these tests.


0x23	Results of Decadic dial test are made of 20 bytes, representing unsigned integers. The even bytes contain 10 make times in milliseconds and the odd bytes contain 10 break times in milliseconds.


0x24	Results of Tone dial test are made of 10 bytes - unsigned integers - representing the digits pressed. Range - 0-9 for digits, 0x0A for * and 0x0B for #.


0x25 - 0x28 and 0xFF�No results are returned for these tests.


Block Mode results


Block mode results will consist of 20 result units.


Direct Mode results


Direct mode results consist of one or more result units. The number of result units is dependent upon poll rate and will vary.


RSPFNNDB (0x16) - FNN DB Download


Response to CMDFNNDB, the command requesting that MD starts to download FNN data base from RIM to Sultan.


Data part: 


struct sRespFnnDb�	{�	unsigned char	LastRec;�	unsigned char	FnnRecNo;�	unsigned char	Fnn[FnnRecNo][16];�	}


Where:


LastRec	0 if more data to come, 1 if this is the last part of the data base.


FnnRecNo	number of records sent in the data part of this message,


Fnn	The Full National Numbers made up of 16 alpha numeric characters each.


RSPFNNCONT (0x17) - FNN DB Continue


Response to CMDFNNCONT.


Data part: 


struct sRespFnnCont�	{�	unsigned char	LastRec;�	unsigned char	FnnRecNo;�	unsigned char	Fnn[FnnRecNo][16];�	}


Where:


LastRec	0 if more data to come, 1 if this is the last part of the data base.


FnnRecNo	number of records sent in the data part of this message,


Fnn	The Full National Numbers made up of 16 alpha numeric characters each.


RSPTESTEND (0x18) - Test End


Response to a command to terminate the test in progress in an orderly way.


Data part:	Empty.


RSPDISC (0xFF) - Disconnect


This is a response to a CMDDISC command. After issuing this response, the Mediation Device will assume the session has closed. SULTAN is expected to terminate the X.25 call.


Data part:	Empty.


�
�seq Chapter \h�Communication Procedures


This section details a number of rules that apply to the communications procedures between SULTAN and the Mediation Device.


Error Free Communication Link


It is assumed that the X25 link below the application layer is error-free. The only concern at the application layer is to provide confirmation of delivery.


Asymmetric Link at Application Layer


At application layer, the link between Sultan and MDR is asymmetric. It is always Sultan that makes a call and sends commands. MDR is expected to answer an incoming call and provide exactly one response to each command.


No Response


If MDR does not understand a command, it does not respond at all.


Timeout


Sultan uses timeout supervision and re-transmits a command packet if no response is received after the timeout period. The timeout is 5 seconds and maximum retries is 4. After the last retry timeout Sultan drops the connection.


Inactivity Monitor


MDR uses inactivity monitoring on a link. If no commands arrive within the timeout period, MDR drops the connection. The inactivity supervision time is 30 sec. 


Retransmission of a Command


A command can be re-transmitted any number of times providing the same CmdId is used. In such cases, the MDR will respond with the same packet as the first CmdId. 


Initial Command


CMDCONN shall be the first command issued after establishing a connection.  The MDR will not respond to any commands preceding CMDCONN.


Call Disconnection


In case of call disconnection, MDR aborts the session in progress.


Maximum Data Packet


The maximum size of a data packet is 256.


Normal Disconnection Sequence


The normal disconnection sequence consists of CMDDISC from SULTAN followed by RSPDISC from MDR and disconnection of a call by SULTAN.


MDR Error Indication


If MDR responds with an error indication to any command the current session is terminated. Only two courses of action are permitted a new CMDCONN command or a CMDDISC command.


Continuous Mode Poll Rate


For continuous tests, SULTAN polls for data frequently enough to prevent MD data buffer overflow. Should an overflow occur the oldest records will be dropped first. Response will indicate the fact of an overflow but there will be no information on number of records lost or the location of a hole in the record stream.


Call Request Data Ignored


MD will ignore the data part in the X.25 call request packet.


Definitions


The abbreviations, acronyms and definitions of concepts used in this document are described in the document  SULTAN Abbreviations, Acronyms and Definitions.
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