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STUDENT HANDOUT
ANNEX C - COMMUNICATIONS PLANNING

3.3 - DIGITAL GROUP MULTIPLEXERS

Learning Objectives:  

a. Terminal Learning ObjectiveS: 
1) Provided a communication planning requirement, local SOP, and references, Interact with staff personnel to ensure that all communication requirements are provided for and that all documents are prepared per the references.  (2591.1.10)

2) Provided a mission, concept of operations, commander's guidance, and references; conduct the planning and development of structured system block diagrams which integrate all MAGTF tactical networks, systems, and equipment.  (2591.1.13)



b. ENABLING LEARNING OBJECTIVES: The Senior Course Training Section (SCTS) has received permission to omit published ELOs from its student handouts. SCTS will continue to follow the ITS process in that the Program of Instruction (POI) will be used to determine training requirements, and that all tests administered will follow the ELOs contained within the appropriate POI. All material within the lessons will continue to support the POI and ITSs.

1. Multiplexing.  Multiplexing has several meanings that are all common with each other.  It can be putting two or more signals into a single channel, to interleave/simultaneously transmit two or more messages on a single line, or the use of a common physical channel in order to make two or more logical channels. When applied to digital signals the results become digital multiplexing. Taking this a step further, this multiplexing can be applied not only to individual signals (loops) to form a group of signals, but also to groups of signals as well; thus forming larger groups.  These larger groups are referred to as supergroups and mastergroups. This is known as digital group multiplexing (DGM).  Digital Group Multiplexers are a family of equipment used within the TRI-TAC arena to provide for more effective utilization of the frequency spectrum as well as increased circuits for each communication link.  All services now employ DGM equipment. This equipment works primarily with time division multiplexing.  Digital group multiplexing is performed by a family of DGM equipment that consists of digital loop and group multiplexers, cable driver modems, pulse restorers, and orderwire units.  Digital group multiplexers use time division multiplexing to combine channels using a 16 Kb/s or 32 Kb/s voice digitization rate.  Continuously variable slope delta (CVSD) is used to encode analog voice signals into digital signals.

a. The digital multiplexers range from 4 channel field exposed remote loop group multiplexers to shelter mounted mastergroup multiplexers with an output capacity of 576 32 Kb/s channels. In addition to providing for the multiplexing of subscribers, DGM equipment also incorporates the use of an overhead channel to allow the equipment to talk back and forth. This overhead channel contains a framing bit with time slots for system control and telemetry subchannels.  The overhead channel is not included in your channel count and is transparent to us.  DGM equipment is separated into level one, two and three multiplexers. 

1) Level 1.  These multiplexers are designed to provide initial multiplexing/ demultiplexing of individual channels into a group, and vice versa.  Basically they terminate subscribers (loops) and consist of the following:

a) RLGM - Remote Loop Group Multiplexer (TD-1233). 



b) RMC - Remote Multiplexer Combiner (TD-1234).  



c) LGM - Loop Group Multiplexer (TD-1235).

d) LDRM – Low Data Rate Multiplexer (AN/FCC-100(V)_)

2) Level 2.  This multiplexer is designed to combine a number of groups into a supergroup.  Basically it terminates digital transmission groups (DTG'S) and consist of the following:

a) TGM - Trunk Group Multiplexer (TD-1236).

3) Level 3.  This multiplexer is designed to combine a number of groups into a mastergroup.  Basically it terminates digital transmission groups (DTG'S) and consist of the following:

a) MGM- Master Group Multiplexer (TD-1237).

b. Equipment used in conjunction with DGM assemblages include:

1) Cable driver modems are used as cable termination units at both ends of a CX-11230 cable transmission system. There are high speed and low speed cable driver modems available and which one is used is dependent upon required data transmission rate.

2) GM - MD-1026 Group Modem. Shelter mounted modem that contains four independent modems and is used to convert signal types, i.e.: balanced NRZ to either conditioned diphase, dipulse, or bipolar signals.

3) Pulse restorers are two way unattended repeaters used on CX-11230 cable links.  There is also both high speed and low speed pulse restorers available.  Each of these must be used with the matching cable driver modem.

4) Orderwire units are used to provide various communication services to terminal equipment which have DGM equipment installed.  Chapter 19 covers these order wires.
c. A Digital Transmission Group (DTG), as defined in ICD-003, is a full-duplex link operating at bit rates in the range of 72/144 Kb/s to 2304/4608 Kb/s between two multiplexers and is organized as a synchronous bit interleaved time division multiplexed group of individual 16 or 32 Kb/s digital voice/data circuits.  Digital Transmission Groups are the products of DGM equipment. DGM equipment form subscribers into DTG's, and/or breaks down DTG's back into individual subscriber loops.  

d. Data rates associated with DGM equipment vary depending on a number of factors.  These include, but are not limited to, type and mission of units employed, subscriber requirements, and equipment resources, just to name a few.  Regardless of these factors DGM equipment is capable of operating at loop kilobit rates of 16 or 32 Kb/s.  Equipment such as the AN/TTC-39 circuit switch is capable of interfacing DTG's that are operating at a mixture of both 16 and 32 Kb/s, however, each group (digital transmission group) must be one or the other.

e. There are several different digital signals used within DGM equipment.  The signal varies depending on the particular piece of equipment and its intended application. These signals and their use are:

1) Conditioned Diphase Group Signals.  These are unbalanced CDØ, four wire, 3 volt signals used to transmit data over the modem group side, (MODEM OUT).

2) Conditioned Diphase Loop Signals.  These are balanced CDØ, four wire, 3 volt signals used to transmit subscriber device data over various wire/cable to the modem loop interface side, (MODEM IN). 

3) Dipulse Group Signals.  Use by the MD-1026 group modem.  This signal is compatible with the TD-754, TD-206, AN/TTC-39, and the CNCE (TSQ-111).

4) Bipolar Group Signals.  Used by the MD-1026 group modem. This signal is used to interface with the TD-976 ATACS multiplexer.

5) Balanced NRZ (nonreturn-to-zero) Signals.  Balanced four wire, + or - 3 volt, signals transmitted over RG-108 cable.  They are normally used to interconnect DGM equipment within a shelter.  The maximum transmission distance of these signals is 100 feet.  THESE ARE USED TO CONNECT EQUIPMENT WITHIN A SHELTER, SUCH AS A PATCH PANEL TO AND ASSEMBLAGE.

6) Analog.  Although DGM equipment does not use analog, it does have a limited capability to process this signal.  This capability will be further discussed later in this lesson and is called Continuously Variable Slope Delta (CVSD).

2. Rates and Signals.  The loop kilobit rate, data rate, and type of signaling used within loop multiplexers (level I multiplexers) will, for the most part; be dependent upon the internal interface provided with it's subscribers. Although subscribers are connected by various binding posts or multi-pin connectors to the equipment, this connection runs into a circuit card.  These circuit card assemblies are push in/pull out type, and are interchangeable.  Each circuit card in DGM equipment is capable of terminating two (2) subscribers, or to put it another way, each circuit card has two modems.  This is also referred to as a loop modularity of two. Therefore, there will be a circuit card for every two subscriber channels.  There are primarily two types of circuit cards employed by digital group multiplexers: loop modem circuit cards and analog appliqué unit circuit cards.

a. Loop Modem Circuit Card.   This card provides digital capability to loop subscribers.  Each of the two modems on this card can provide common battery power over a phantom loop circuit to digital telephones.  A separate switch for each modem on the card turns this power 'on' or 'off'.

b. Analog Applique Unit (AAU) Circuit Card.  This card provides analog capability to DGM equipment. Like the loop modem circuit card, the AAU is capable of terminating two subscriber loops. This card is substituted for the loop modem card when an analog capability is required.  Should only one analog circuit be required, this card will still use two of your circuits.  The AAU circuit card employs a continuously variable slope delta (CVSD) converter for the analog-to-digital (A/D) and digital-to-analog (D/A) conversion.  It does not provide for any two to four wire conversion, or 20 Hz ring detection and generation.  It does provide for power level settings required for voice, frequency shift key (FSK), tactical digital link-A (TADIL-A), and TADIL-B type signals. 

3. Order wire Types.  DGM equipment employs three types of system orderwires which are the digital voice orderwire (DVOW), analog voice orderwire (AVOW), and the data orderwire (DOW).  Orderwires provide a communications capability between major nodal facilities to equipment such as stand-alone DGM units (RLGM and RMC).  Unlike most current tactical communications facilities, these system orderwires do not use traffic channels multiplexed within groups.  They are frequency or time division multiplexed along with a digital transmission group.  In this way, your traffic channels are retained for subscriber use.  The digital voice orderwire (DVOW), analog voice orderwire (AVOW),  are the two types of TRI-TAC system voice orderwires.

a. The DVOW and AVOW are used for setup and maintenance of repeated and non-repeated CX-11230 coaxial cable systems. Additionally, the DVOW is used as the over-the-air orderwire for communication facilities such as the AN/TRC-170 and AN/TSC satellite terminals.  

b. The DVOW operates at a 16 Kb/s data rate and is a 4-wire full-duplex digital circuit and is secured by the KY-57 Vinson.  Although interface is full-duplex, DVOW operation is half-duplex. It is like a party line network in which one station talks, and everyone else listens.  Up to 16 stations can be in a single DVOW network, this is because there are only 16 signaling codes. Other stations could be on the network but they could not be selectively signaled.

1) The AVOW is a 3 kHz, 4-wire, full-duplex, analog, nonsecure orderwire.

c. The DOW is used to report communications equipment support element (CESE) *telemetry data to an AN/TSQ-111 () (V) communication nodal control element (CNCE).  It is a 2 Kb/s, full duplex digital circuit that is normally secured by the KG-84.  Equipment such as the AN/TRC-170 and AN/TSQ-146 report internal equipment failure to the CNCE.  Additionally, the CESE telemetry messages are used to report bit error rate (BER). Telemetry messages are used by the CNCE to monitor the status of radio equipment located at its node. Data orderwires do not normally use traffic channels multiplexed within groups.  They are normally combined with the digital voice orderwire and superimposed on the DTG.

* Note:  Telemetry is technical, instrumentation signals intelligence.

d. In addition to these three orderwires, there are other voice orderwires used over DGM equipment. These additional orderwires  are compatible only with themselves and cannot interoperate with other equipment. It is important to remember that they are not system orderwires.  They are: 

1) TSSR link orderwire.

2) TD-1337 (GMF terminal) DVOW secure orderwire.

3) TD-1337 (GMF terminal) DVOW nonsecure orderwire.

4) TD-1337 ANDVT 2.4 Kb/s orderwire (GMF terminal).

5) RT-1287 nonsecure orderwire.

6) AN/TTC-39/A, AN/TYC-39, AN/TSQ-146 (V), and CNCE LS-147 system.

7) CNCE to CNCE dedicated DVOW.

4. DGM ASSEMBLAGES.

a. Remote Loop Group Multiplexer (RLGM), TD-1233.  This is a level I, portable loop multiplexer used in unattended field exposed locations. It TDM's up to 4 16/32 Kb/s, 4 wire, full duplex, CDØ subscriber loops into a 72/144 Kb/s digital group.  It can accept analog subscribers when an AAU card is used in place of the loop modem card.  The RLGM can be operated in two timing modes, which are Loopback Timing mode or Master Timing mode.

1) Loop Interfaces.  Subscribers are connected through binding post on the rear of the RLGM with WF-16, which then connect internally to the circuit card assembly.  

a) When the loop modem card is used for digital phones (i.e.: DSVT's, DNVT's), a switch on the cards allows the RLGM to provide common battery power to the phones.  In doing this, or by powering a DSVT with an HYP-71, the phones can be located up to 2 miles away.

b) An RMC or RLGM/CD that provides 180 VDC can also remotely power the RLGM.  In this case, common battery powered phone are limited to only 525 feet.

c) AAU can support local battery, supervised analog telephones in a point-to-point mode.  These phones can be up to 2.4 miles away.

2) Group Interfaces.  Group interface is provided via a connector in the rear of the RLGM for CX-11230 cable.  This group consist of  72/144 Kb/s unbalanced CDØ.  It can connect to various equipment such as the RLGM/CD, RMC, and group modem (GM).  It is limited however on connecting to some DGM equipment because of the multiplex signaling format (MSF) that it uses.  We will discuss MSF's in more detail in a later lesson.

3) The RLGM has available 1 analog voice orderwire (AVOW) which is accessed by connecting a TS-3647 telephone test set (Cable Orderwire Unit-COU) to the rear panel. 

b. Remote Multiplexer Combiner (RMC), TD-1234. This is a level I, combination loop and group multiplexer used in unattended field exposed locations.  It multiplexes up to 8 16/32 Kb/s, 4 wire, full duplex, CDØ subscriber loops, with an unbalanced CDØ group (the low group) into a single CDØ group output (the high group).  The RMC can be operated in three timing modes, which are Loopback Timing mode, Master Timing mode, and Station Clock.  Station clock mode is for maintenance testing only. 

1) Allowable combinations of local loops and low group rates are shown in table 1-4.


Table 1-4  RMC Interconnection


Number of 


Number of 
Low Group


Local Traffic
Traffic
Low Group
High Group


Channels
Channels
Rate (Kb/s)
Rate (Kb/s)      


7
0
0
*256  /  128


8
0
0
*288  /  144


3
4
*144 / 72
*256  /  128


4
4
*144 / 72
*288  /  144


7
8
*256 / 128
*512  /  256


 
8
8
*288 / 144
*576  /  288


* These rates are based on 32 Kb/s.

2) Loop Interface.  Provided by binding post or a multi-pin connector on the rear of the RMC.  Loop interface is made to either loop modem cards of AAU’s, which have the same capabilities as the cards in the RLGM.  It also provides common battery power to digital subscriber phones.  

3) Low Group Interface.  This is provided by a connector for CX-11230 at the rear of the RMC.  This interface accepts data rates of 72, 128, 144, 256, or 288 Kb/s unbalanced CDØ.  This data stream cannot have been encrypted by a TED (KG-81, 94, 194).  The interfacing equipment will normally be either another RMC or an RLGM.

4) High Group Interface.   This is provided by a connector for CX-11230 at the rear of the RMC.   This is the combined loop and low group.  It has group rates of 128, 144, 256, 288, 512, and 576 Kb/s unbalanced CDØ.  The interfacing equipment includes RMC's, GM's, SB-3865's and AN/TTC-39/42's.

5) The RMC has two AVOW's available, one for each group.  These are accessed by two multi-pin connectors on the rear of the RMC, with the TS-3647 COU.

c. Loop Group Multiplexer (LGM), TD-1235.  This is a level I, shelter mounted loop multiplexer. The LGM is a mounted component of the AN/TRC-170.  It multiplexers up to sixteen 16/32 Kb/s, 4 wire, full duplex, CDØ subscriber loops into a single unbalanced NRZ group.  It also provides common battery power to digital subscriber phones.  There are two timing sources for the LGM which are Loopback Timing Mode or Station Clock Mode, and it has an internal + or - 8 bit buffer.

1) Loop Interfaces.  Loop interface is dependent on the equipment that the LGM is installed.  This could be the AN/TRC-170 (which has 2) or the AN/TSQ-146.  Loops are normally connected to binding post or a 26 pair cable connector located on the shelter wall.  The LGM uses both loop modem cards and AAU's which provide the same capabilities as the RMC.

2) Group Interfaces.  The physical interface will depend on the equipment the LGM is installed into.  Generally, a patch panel will provide connection to other equipment within the shelter, which could be a TGM, MGM, GM, LSCDM, or a TED.   Group data rates are:


Channels
16 Kb/s
32 Kb/s

 7
128
256


 8
144
288


15
256
512


16
288
576

3) The LGM has no orderwire capability.

d. Low Data Rate Multiplexer (LDRM), AN/FCC-100(V)_.  The AN/FCC-100(V)8 is the latest version of the AN/FCC-100(V) family multiplexers that are used extensively throughout the Department of Defense.  The LDRM contains numerous enhancements that make it attractive for tactical applications.  The Army uses the AN/FCC-100(V)6 with the Integrated Meteorological System, while the Air Force is using the LDRM with the Distributed Wargaming System.  The most important feature of the LDRM is the conservation of conditioned diphase bandwidth and the conditioned diphase DTG interface into and out of the TRI-TAC system, to include a DTG to a commercial T1 carrier system.  The only difference between the (V)5 and (V)6 is the power supply:  50/60 Hz for the (V)5 and 50 to 400 Hz for the (V)6 – (V)8.

1) The LDRM accommodates up to 16 loop ports that can be mixed for synchronous, asynchronous, isochronous, conditioned diphase data, CVSD, PCM and ADPCM voice frequency (A/D-D/A) signals, and 2W and 4W CELP voice.  A statistical multiplexing capability (4 circuits via 2 ports) is available for greater bandwidth conservation on data circuits that can tolerate minor delays due to contention.

2) The LDRM accommodates standard TRI-TAC and ATACS loop and group data rates and provides phantom power (battery feed), for the DSVT and DNVT.

3) The aggregate (group) interfaces include: TRI-TAC CD data rates up to 2.048 Mb/s, MIL-STD-114A option (rates to 2.048 Mb/s), RS-422A/RS-423A option for an aggregate RS-422A/RS-423A commercial T1 interface via a T1 MUX or a CSU/DSU at rates up to 2,048 Kb/s.

a) The AN/FCC-100(V) has no fixed overhead, but does add 5% to total input for the aggregate output, which cannot exceed 2,048 Kb/s.

4) Two-wire foreign exchange station (FXS), foreign exchange office (FXO), and four-wire E&M low data rate voice cards employing 4.8, 7.2, or 9.6 Kb/s code excited linear prediction (CELP) voice compression CODEC module are available.  The CELP cards also provide STU-III, FAX, and modem interfaces.

5) The AN/FCC-100(V)_ has a variety of timing options to include the ability to recover the CD port clock and use it as the reference for the aggregate clock. 

6) The modifications to the AN/FCC-100(V)7/8 over the (V)1 through (V)6 are that the allowable data rate input to various cards have been increased.

e. Trunk Group Multiplexer (TGM), TD-1236.  This is a level II, shelter mounted group multiplexer.  The TGM is mounted equipment in the AN/TRC-170, AN/TRC-173, and AN/TSQ-146.  It combines two, three, or four group inputs into a single supergroup.  The data rates of the TGM are as follows: Group input rates can range from 72 to 2304 Kb/s.  The supergroup output rate can be from 128 to 4608 Kb/s.  The TGM can provide operation for a single group (instead of combining groups into a supergroup) when group input is equal to 576 Kb/s or less.  In this case the supergroup rate is equal to the input group rate. 

1) There are two timing sources for the TGM which are Loopback Timing Mode or Station Clock Mode, and it has an internal + or - 32 bit buffer.

2) The overhead channel of group 1 becomes the overhead channel for the supergroup, the other groups overhead channels are suppressed.  

3) Rules for the TGM.

a) Group 1 must be unencrypted, (cannot have been encrypted by a TED) and Tri-Tac/ATAC framed (must have an MSF Format of 1, 2, or 3).  Terminal subscriber devices can be encrypted, such as with the DSVT.  Any remaining groups can be encrypted.  

b) Group 1 must contain the largest data rate.  Remaining groups should contain data rates in order from highest to lowest.

c) All groups must have the same modularity, which is either 8 or 9.   TRI-TAC 8 channel modularity of 512 Kb/s, or ATACS 9 channel modularity of 576 Kb/s.  

d) Allowable ratio formats are: 1, 1:1, 1:1:1, 1:1:1:1, 2:1:1, 4:2:1:1.

e) Maximum input into any port of the TGM is 2304 Kb/s.

f. Master Group Multiplexer (MGM), TD-1237.  This is designed as a shelter mounted, level III multiplexer.  It is common equipment in the AN/TRC-138, and the AN/TRC-175.  It TDMs up to 12 NRZ groups or supergroups at rates of 72 to 4915.2 Kb/s, and two 16 Kb/s NRZ signals into a single serial bit interleaved NRZ mastergroup with a data rate of 9.36 or 18.72 Mb/s.  The multiple groups do not have to be slaved to a common timing source.  The MGM does bit stuffing and spilling to the multiple groups when compiling the mastergroup to overcome differences in group timing.  It can handle either encrypted and/or unencrypted groups.  The MGM has no AVOW but it does provide for 2 16 Kb/s channels which can be used for DVOW between MGM's,  and/or for DOW.  Timing is provided in the Station Clock Mode or Loopback Timing Mode.

g. Group Modem (GM), MD-1026.  The GM is common equipment in the AN/TRC-138, AN/TRC-170, AN/TRC-173, AN/TRC-174, AN/TRC-175, AN/TSC-85, AN/TSQ-146, AN/TYQ-30, and AN/TYQ-31.  It contains four group modems that convert balanced NRZ signals to either CDØ or Dipulse signals, and vice versa.  It performs the modulation conversion necessary to join level I multiplexers with level II multiplexers.  Each of these four modems is independent.  Circuit cards inserted into each modem determine the output (CDØ or dipulse) of it. 

1) The CDØ modem operates at rates of 72 to 4608 Kb/s.  It also provides access to three orderwires, which are AVOW, DVOW, and DOW.  The AVOW is accessible at any data rate. Access to the DVOW and DOW is available only at group rates of 256 Kb/s or higher.  

2) The dipulse modem operates at rates of  288, 576, 1152, or 2304 Kb/s.  

3) The GM also has a bipolar group modem circuit card available that is used with the ATACS system.  It processes data at a rate of 4.9152 Mb/s.

4) Interfaces.  

a) CDØ interfaces.  Line side data rates are 72 to 4608 Kb/s unbalanced CDØ.  Connection is provided to the RLGM, RMC, another GM, CNCE, AN/TTC-39's, or Tactical Satellite Signal Processor.  Equipment side modulation is balanced NRZ with data rates matching the line side.  Interfaces are typically with the LGM, TGM, MGM, TSSP, or another GM.

b) Dipulse interfaces.  The line side data rate is 2304 Kb/s dipulse.  Interfaces are provided to the TD-754, TD-206, AN/TTC-39, and CNCE.  Equipment interface data rates are 288, 576, 1152, or 2304 Kb/s balanced NRZ.  Interface is provided to the TGM, TD-1337 TSSP, MGM, or another GM.  

c) Bipolar interfaces.  The line side data rate is 4.9152 Mb/s unbalanced bipolar.  It interfaces with the TD-976 ATACS multiplexer.  Equipment side interface is 4.9152 Mb/s NRZ into the MGM. 
 

h. Low Rate Multiplexer (LRM), TD-1389.   This multiplexer is mounted in Phase II GMF satellite earth terminals (AN/TSC-85, AN/TSC-93, AN/TSC-94, and AN/TSC-100).  The LRM is a microprocessor controlled multiplexer/ demultiplexer.  It muxes/demuxes up to 12 channels of digital NRZ or CDØ, analog voice, and FSK signals into a composite data stream for transmission.  The composite data rate of this stream cannot exceed 256 Kb/s (Max 248 Kb/s input).  The LRM uses a fixed 8 Kb/s overhead.  There are five versions of the LRM, which differ, according to interface card population, composite interface card type, and strategic or tactical drawer assembly.

1) Interfaces.  LINE Interface Cards provide user interface.  There are three types: Digital, CVSD, and FSK.

2) Modes of Operation.  The LRM has the ability to operate in six modes. Five of these are operator selectable when performing the system configuration.

a) LRM Mode.  Up to 12 user channel inputs may be multiplexed and transmitted as a composite (group) signal that cannot exceed 256 Kb/s.  The composite rate is the sum of all user channels plus a overhead channel.  All three line interfaces are accommodated in this mode.

1. In this mode, each channel may have different data rates. For instance, this will allow you to connect a 56 Kb/s circuit, a 1.2 Kb/s circuit , and a 9.6 Kb/s circuit to the LRM.

b) LGM Mode.  In this mode the LRM emulates the LGM.  It provides 7 user channels, 16 or 32 Kb/s digital or CVSD only.  The composite data rate is 128 at 16 Kb/s or 256 at 32 Kb/s.  

1. In this mode, each channel must have identical data rates.

c) AN/GSC-24 Mode.  Emulates the AN/GSC-24 asynchronous TDM.  Provides up to 12 user channels at 256 Kb/s.

d) Rate Pass Mode.  Establishes a single channel operation over channel 1.  Data passed may remain unchanged or can be converted from NRZ to CDØ.  The type of line card used for channel one determines the maximum data rate.

e) Group Modem (GM) Mode.  Emulates a CDØ module of the GM.  In this mode, no multiplexing/demultiplexing is accomplished.  It only performs a NRZ to CDØ conversion.  It can operate at data rates of 72, 128, 144, and 256 Kb/s.  

f) Emergency Bypass Mode.  Multiplexing/demultiplexing is automatically discontinued when in the LRM mode, when a composite received signal is less than 100 b/s.  The line card must be either a digital or FSK type for this to happen.  

Note: Use the Acronym LLARGE.

3) Timing.  There are four different system timing options available, which are operator selectable when performing the system configuration.

a) Internal Timing.  This is provided by an 8 MHz crystal oscillator.

b) Receive Composite Timing.  This is where the LRM receives its timing from the incoming composite signal (group).

c) External Timing.  The LRM uses an external 5 MHz source or the transmit composite rate.

d) Channel 2 Input Clock.  Timing is derived from a remote source from the signal received on channel 2.

i. Digital Multiplexer TD-1337 (v)__.   This Tactical Satellite Signal Processor (TSSP) is a full duplex, synchronous, TDM used in the GMF satellite earth terminals previously listed. It provides interface between the modem in the radio terminal and subscriber (ground) equipment.  The TSSP takes user signals and multiplexes them into a supergroup that is then supplied to the radio modem for transmission.  

1) Interfaces.

a) Satellite Side Supergroup.  The satellite side of the TSSP interfaces with the MD-945 modem for transmission.  It combines the group port inputs, dedicated user input (if used), and the 16 Kb/s DVOW (if used) into a single supergroup.  This supergroup is an unbalanced NRZ that is applied to the MD-945.  Output data rates of the supergroup can range from 16 to 4664 Kb/s.  

b) Group Port.  The earth side interfaces are with equipment such as the LRM, TD-660 multiplexer, and DGM multiplexers and modems.  

2) The TD-1337 is a family of multiplexers that consist of four models.  Interfaces and capabilities vary with each model of the TSSP.

a) The TD-1337 (v)1/G is used in the AN/TSC-85A/B nodal terminal.  This has connection points for 13 group inputs/outputs, but only a maximum of 8 may be used.  Group ports data rates are: BAL NRZ 8 to 4915.2 Kb/s, CDØ 72 to 1152 Kb/s in the AN/TSC-85A/B, and UNBAL NRZ 288/576/1152 in the AN/TSC-85A.  

b) The TD-1337 (v)2/G is used in the AN/TSC-93A/B non-nodal terminal.  This has connection points for 5 group inputs/outputs, but only a maximum of 2 may be used.  Group ports data rates are: CDØ 72 to 1152, UNBAL NRZ 288/576/1152 in AN/TSC-93A/B, and BAL NRZ 8 to 1152 in the AN/TSC-93B.

c) The TD-1337 (v)3/G is used in the AN/TSC-100A nodal terminal.  This has connection points for 9 group inputs/outputs, but only a maximum of 8 may be used.  Group ports data rates are:  BAL NRZ 8 to 1152 Kb/s,  CDØ 72 to 1152 Kb/s.

d) The TD-1337 (v)4/G is used in the AN/TSC-94A non-nodal terminal.  This has connection points for 5 group inputs/outputs, but only a maximum of 2 may be used.  Group ports data rates are:  BAL NRZ 8 to 1152 Kb/s,  CDØ 72 to 1152 Kb/s.

3) Orderwires.  The TSSP has a 16 Kb/s DVOW available with CDØ when the group data rate is 256 Kb/s and above, that can operate in secure and non-secure modes.  (page 17-3)  It is TDM into the transmitted supergroup.

j. AN/TSQ-146.  This is a shelterized multiplexer terminal.  It contains digital group multiplexers, COMSEC, and orderwire equipment that are connected through patch panels.  It provides a facility for multiplexing local and/or remote loops and trunks.  The three versions of it are: AN/TSQ-146 (v) 1, 2, and 3.  

1) Differences.

a) AN/TSQ-146 (v) 1 and (v) 2 have the same DGM equipment and use an S-280 shelter.  They contain 5 main equipment modules. 

b) AN/TSQ-146 (v) 3 has slightly less equipment and is housed in an S-250 shelter.  It contains 4 main equipment modules.

c) The AN/TSQ-146 (v) 1 and 3 require 50-60 Hz power,  while the AN/TSQ-146 (v) 2 requires 400 Hz power.  

2) Employment.  The different equipment modules within the AN/TSQ-146 allow multiplexing or concentration of individual loops into groups, groups into supergroups, and encryption of DTG's prior to transmission.  By sharing equipment from these different modules, complex multiplexing schemes can be configured.  Given the types of equipment and the versatility of patching available, different applications are available which are:

a) Loop Concentration.  This application concentrates local and/or remote subscriber loops into a group or supergroup for transmission.

b) Group Concentration.  This application concentrates DTG's together.

c) Loop and Group Concentration.  This application concentrates local and/or remote subscriber loops and groups into a supergroup for transmission.

d) Tandem or Complex Relay Distribution.  This application is where the AN/TSQ-146 is interconnected between two or more radios at a tandem or complex radio site.  These radio's can be  digital or analog.  

3) The AN/TSQ-146 can operate in two basic timing modes, which are Master Timing Mode, and Slave Timing Mode.  There are slave timing modes; one involving groups that are operating at the same data rate, and the other involving groups that are operating at different data rates.   

5. Orderwire Control Units.  There are three system orderwire for DGM equipment.  These are the Digital Voice Orderwire (DVOW), Analog Voice Orderwire (AVOW), and Data Orderwire (DOW).  They provide communications between communications facilities (such as shelter equipment) and stand-alone DGM equipment like the RMC and RLGM.  The AVOW and DVOW is used for set-up and maintenance of repeated and non-repeated CX-11230 coaxial cable systems.  Additionally, the DVOW is used as the over-the-air orderwire for TRI-TAC and GMF radio communications facilities.  DGM equipment does not use traffic channels multiplexed into groups to provide orderwires.  These orderwires are FDM or TDM along with a digital transmission group.

a. C-10716 OCU-I.  This is part of the AN/TSQ-146, AN/TRC-173, and the AN/TRC-174.  It provides termination's for 6 AVOW's, 6 DVOW's, and a DOW.  It also provides a timing source for the AN/TRC-173 and AN/TRC-174.  Timing options can be master or slave. Master timing is provided by an internal crystal oscillator but should be used only for self test.  In the slave mode, the OCU-I recovers timing from a DVOW channel.

b. C-10717 OCU-II.  This is a part of the AN/TTC-39A, AN/TRC-138A, and the AN/TRC-175.  It provides termination's for 6 AVOW's, 13 DVOW's, and a DOW.  It also provides a timing source for the AN/TRC-138A and AN/TRC-175.  Timing options can be master or slave. Master timing is provided by an internal crystal oscillator but should be used only for self test.  In the slave mode, the OCU-II recovers timing from an incoming DTG or a DVOW channel.

c. C-11643 OCU-III. The OCU-III provides the orderwire termination in the AN/TYQ-31 Communications Systems Control Element (CSCE).  It provides terminations for 13 DVOW, 6 AVOW, and 6 DOWs along with a timing source for the van.

d. C-10602 VOCU.  This VOCU provides orderwire termination in the AN/TRC-170 (V).  It provides terminations for 5 DVOW (1 Radio and 4 Cable, plus one for the local Vinson), 5 AVOWs, and 1 DOW.  The VOCU recovers timing from the station clock.

e. C-11955 VOCU.  This VOCU provides orderwire termination in the AN/TTC-42.  It provides terminations for 4 DVOWs, and 7 AVOWs.  The VOCU recovers timing from the VCXO.

6. Understanding Bandwidth and Equipment Overheads.  While all of the equipment listed in this lesson interacts with other equipment in one fashion or another, you cannot simply “max it out”, connect it, and expect it to work – BE CAREFUL, BECAUSE TNAPS WILL LET YOU DO IT!  

a. If we were to take an AN/FCC-100(V)_ and send a 2,048 Kb/s signal through it (maximum aggregate output), connect it to the GM of an AN/TSC-85B, it wouldn’t work.  Although the maximum allowable input to the GM is 2,304 Kb/s, the GM still has to physically connect to the TSSP.  

1) When connecting to an odd port of the TSSP, any input greater than 576 Kb/s will cause the TSSP to autostrap to the next higher even port, creating a maximum input of 1,152 Kb/s. 

a) This will also reduce the number of available ports on your TSSP.

b) Autostrapping will not work with any other MSF type than 1 or 3A1.  Again, we will cover MSF during a later period of instruction in this annex.  Because of this, when plugging an FCC-100(v)_ into GMF equipment, careful considerations must be taken into account to not exceed 576 Kb/s total output of the FCC-100.

b. We will go more in depth later, when we get to the Transmission Systems lesson, and again, when we cover the terminal equipment that these multiplexers are housed in.  

c. Taking all this into account can make for tricky engineering, which means, you have to be on your toes when planning a system.

REFERENCES:
  

c. CJCSM 6231.04, Joint Transmission Systems 

LESSON REVIEW:

1. What equipment comprises the Digital Group Multiplexer (DGM) family? 

A. __________________________________________________________________________________________________________________________________________

2. What DGM equipment comprises the Level I Multiplexer family?

A. __________________________________________________________________________________________________________________________________________

3. This Level II multiplexer is designed to combine a number of groups into a supergroup.

A. _____________________________________________________________________

4. This channel provides framing and telemetry information for the DGM equipment. 

A. _____________________________________________________________________

5. What is the description of the TD-1233 Remote Loop Group Multiplexer (RLGM)?

A. __________________________________________________________________________________________________________________________________________

6. What is the maximum quantity of subscriber loops the RLGM multiplexes?

A. _____________________________________________________________________

7. What are the two timing modes for the RLGM?

A. _____________________________________________________________________

8. What is the description of the TD-1234 Remote Multiplexer Combiner (RMC)?

A. __________________________________________________________________________________________________________________________________________

9. What is the maximum quantity of subscriber loops the RMC multiplexes?

A. _____________________________________________________________________

10. What are the three timing modes of the RMC?

A. _____________________________________________________________________

11. Which multiplexer is a level I, shelter mounted loop multiplexer that multiplexes up to sixteen 16/32 Kb/s, 4 wire, full duplex, CDØ subscriber loops into a single unbalanced NRZ group?

A. _____________________________________________________________________

12. What is the maximum quantity of subscriber loops the LGM multiplexes?

A. _____________________________________________________________________

13. What are the two timing modes for the LGM?

A. _____________________________________________________________________

14. What equipment interfaces with the  LGM on its Group side?

A. _____________________________________________________________________

15. This is a Level II, shelter mounted multiplexer.

A. _____________________________________________________________________

16. What is the maximum number of groups that the TGM multiplexes into a supergroup?

A. _____________________________________________________________________

17. What are the two timing modes for the TGM?

A. _____________________________________________________________________

18. What are the rules for employing the TGM?

A. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

19. How many independent modems are contained in the MD-1026 Group Modem ?

A. _____________________________________________________________________

20. Which multiplexer is a shelter mounted, level III multiplexer that is common equipment in the AN/TRC-138, and the AN/TRC-175?

A. _____________________________________________________________________

21. How many NRZ groups or supergroups can the TD-1237 Master Group Multiplexer (MGM) multiplex into a single mastergroup?

A. _____________________________________________________________________

22. What are the two timing modes for the MGM?

A. _____________________________________________________________________

23. What is the description of the TD-1389 Low Rate Multiplexer?

A. _____________________________________________________________________

24. What are the modes of operation for the TD-1389?

A. __________________________________________________________________________________________________________________________________________

25. What is the maximum input into the TD-1389?

A. _____________________________________________________________________

26. What are the three types of user interface cards used with the TD-1389?

A. _____________________________________________________________________

27. How many different timing options are there for the TD-1389?

A. _____________________________________________________________________

28. Which Tactical Satellite Signal Processor (TSSP) is a full duplex, synchronous, TDM used in GMF satellite earth terminals? 

A. _____________________________________________________________________

29. What are the capabilities of the TD-1337(v)1?

A. _______________________________________________________________________________________________________________________________________________________________________________________________________________

30. What are the Earth side interface equipment's to the TD-1337?

A. _____________________________________________________________________

31. Which version of the TSSP is used in the AN/TSC-85A/B?

A. _____________________________________________________________________

32. Which version of the TSSP is used in the AN/TSC-93A/B?

A. _____________________________________________________________________

33. What is the description of the AN/TSQ-146?

A. __________________________________________________________________________________________________________________________________________

34. What are the two basic timing modes for the AN/TSQ-146?

A. _____________________________________________________________________
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TRI-TAC ASSEMBLAGES

The DGM equipment (includes quantity of each) used in the TRI-TAC assemblages is shown in the following chart.



AN/TRC-138A
AN/TRC-173
AN/TRC-174
AN/TRC-175
AN/TRC-170

V1, V2, V3
AN/TRC-170 V5
AN/TSQ-111
AN/TTC-39A
AN/TTC-42
AN/TSQ-146

V1, V2 S-280
AN/TSQ-146

V3 S-250
AN/TYQ-30
AN/TYQ-31

C-10716/TRC
OCU I

1
1






1
1



C-10717/TRC
OCU II
1


1



1






C-11643/TRC
OCU III












1

C-10602/TRC
VOCU




1
1






1

C-11955/TTC
VOCU








1





ID-2324(V)1/TRC
ASI

1












ID-2324(V)2/TRC
ASI


1











ID-2324(V)3/TRC
ASI



1










ID-2324(V)4/TRC
ASI
1













MD-1023(P)/G
LSCDM

1
1

**1

6
2
1
2
2



MD-1024/G
HSCDM
1


2










MD-1025/G
RLGM/CD

1












MD-1026(P)G
GM
3
2
1
4
1
1



5
4
1
1

MD-1065/G
RM

1
1











* TD-1233(P)/TTC
RLGM














TD-1234(P)/TTC
RMC

4












TD-1235(P)/TTC
LGM




2
2




6
1
1

TD-1236/G
TGM

2


1
1



4
3



TD-1237(P)/G
MGM
1


2










AN/GRC-103(V4)
RADIO

2
3











AN/GRC-222
RADIO
3


2










*
The RLGM (field exposed) interfaces with the RMC or RLGM/CD equipment.

**
Optional

DGM UNITS

CABLE DRIVER MODEMS
Low Speed

High Speed

Remote Loop Group
LSCDM

HSCDM

RLGM/CD
MD-1023(P)/G

MD-1024/G

MD-1025/G

GROUP MODEMS
Group Modem
GM
MD-1026(P)/G

RADIO MODEMS
Radio Modem
RM
MD-1065/G

MULTIPLEXERS
Remote Loop Group

Remote Combiner

Loop Group

Trunk Group

Master Group
RLGM

RMC

LGM

TGM

MGM
TD-1233(P)/TTC

TD-1234(P)/TTC

TD-1235(P)/TTC

TD-1235/G

TD-1237(P)/G

CONTROL ORDERWIRE
Orderwire Control Unit – I

Orderwire Control Unit – II

Orderwire Control Unit – III

Orderwire Control Unit – Voice

Orderwire Control Unit – Voice 
OCU-I

OCU-II

OCU-III

VOCU

VOCU
C-10716/TRC

C-10717/TRC

C-11643/TRC

C-10602/TRC

C-11955/TTC

INDICATORS, ALARM STATUS
Alarm Status Indicator (AN/TRC-173)

Alarm Status Indicator (AN/TRC-174)

Alarm Status Indicator (AN/TRC-175)

Alarm Status Indicator (AN/TRC-138A)
ASI

ASI

ASI

ASI
ID-2324(V)1/TRC

ID-2324(V)2/TRC

ID-2324(V)3/TRC

ID-2324(V)4/TRC

RESTORERS, PULSE FORM
Low Speed Pulse Restorer

High Speed Pulse Restorer
LSPR

HSPR
TD-1218/G

TD-1219

TEST SET, TELEPHONE
Cable Orderwire Unit
COU
TS-3647/G

Thumbwheel 
Bit Rate
Level I Multiplexers:

Position
Kb/s

RLGM/CD Group Rates: Off, 0, 1, 3


0
OFF

RMC High Group Rates: 2 – 7

1
72

LGM Group Rates: 2 - 7
 

2
128

LDRM Group Rates: 0 - 12

3
144



4
256
Level II Multiplexers:


5
288

TGM Group Rates: 0 - 9, 11, 12

6
512

TGM Super Group Rates: 2 - 14

7
576


8
1024
Level III Multiplexers:


9
1152

MGM Group Rates: 0 - 15

10
1536

MGM Master Group Rates: 16, 17

11
2048
 

12
2304
Other Multiplexers:



13
4096

GM Group Rates:

14
4608


Diphase: 0 - 14

15
4915.2


Dipulse: 0, 5, 7, 9, and 12

16
9360



Bipolar: 0, 15

17
18720

RM Group Rates: 0, 2 - 9 




(Radio side 640 KHz or 1280 KHz)



Other Equipment:




LSCDM Group Rates: 1-11 




(Cable Rate = 2304 Kb/s)




HSCDM Group Rates: 13, 14, 16, 17 




(Cable Rate = 19.2 Mb/s)

TGM FRAMING FORMATS

SWITCH POSITION
FRAME FORMAT
GROUP RATIO

0
C
4:2:1:1

1
B
2:1:1

2
A3
1:1:1:1

3
A1
1:1

4
A2
1:1:1

5
D1
4 RLGM

6
D2
2 RLGM

7
SG
SINGLE GROUP

OCU RING CODE CHART

1
2
3
POSITION
4
5
6
DIGITAL RING CODE

OFF
OFF
OFF
OFF
OFF
ON
1

OFF
OFF
OFF
OFF
ON
OFF
2

OFF
OFF
OFF
ON
OFF
OFF
3

OFF
OFF
ON
OFF
OFF
OFF
4

OFF
OFF
OFF
ON
ON
ON
5

OFF
OFF
ON
ON
ON
OFF
6

OFF
ON
ON
ON
OFF
OFF
7

ON
ON
ON
OFF
OFF
OFF
8

ON
ON
OFF
OFF
OFF
ON
9

ON
OFF
ON
OFF
OFF
ON
10

ON
ON
OFF
ON
OFF
OFF
11

ON
ON
OFF
OFF
ON
OFF
12

OFF
ON
ON
ON
ON
ON
13

ON
OFF
ON
ON
ON
ON
14

ON
ON
OFF
ON
ON
ON
15

ON
ON
ON
OFF
ON
ON
16

576 Kb/s Family Group Rate

Input Bit Rates (Kb/s)
Output
Frame

Input

No. 1
Input

No. 2
Input

No. 3
Input

No. 4
Bit Rate (Kb/s)
Format Switch

2304 (1)
2304
0
0
4608
3 (A1)








2304 (1)
1152
1152
0
4608
1 (B)

2304 (1)
288 – 1152
0, 288 – 576
0, 288 – 576
4608
0 (C)

1152 (1)
1152
288 – 1152
0, 288 – 1152
4608
2 (A3)

1152 (1)
576
576
288 – 576
4608
2 (A3)








1152
1152
0
0
2304
3 (A1)

1152
576
576
0
2304
1 (B)

1152
144 – 576
0, 144, 288
0, 144, 288
2304
0 (C)

576
288
144 - 576
0, 144, 576
2304
2 (A3)

576
288
288
144, 288
2304
2 (A3)








576
576
0
0
1152
3 (A1)

576
288
288
0
1152
1 (B)








576
144, 288
0, 144
0, 144
1152
0 (C)

288
288
144, 288
0, 144, 288
1152
2 (A3)

288
144
144
144
1152
2 (A3)

576
0
0
0
576
7 (SG)

288
288
0
0
576
3 (A1)

288
144
0, 144
0
576
1 (B)

144 (2)
144
144
0, 144
576
2 (A3)

288
0
0
0
288
7 (SG)

144 (2)
144
0
0
288
3 (A1)

144 (2)
0
0
0
144
7 (SG)

Notes:
(1) This line restricted to 32 Kb/s channel rate.


(2) This line restricted to 16 Kb/s channel rate.

TGM/RLGM Operation

Input Bit Rates (Kb/s)
Output
Frame

Input

No. 1
Input

No. 2
Input

No. 3
Input

No. 4
Bit Rate (Kb/s)
Format Switch

144
0
0
0
288 (9 Ch)
6 (D2)

144
144
0
0
288 (9 Ch)
6 (D2)

144
144
144
0
4608
5 (D1)

144
144
144
144
4608
5 (D1)

NOTE: Bit rates reduced by a factor of 2 when loop rate is 16 Kb/s













3.3-1
3.3-8
3.3-9

