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STUDENT HANDOUT
ANNEX F – WIRE & MULTICHANNEL RADIO

6.13 - JOINT TRANSMISSION SYSTEMS

Learning Objectives:  

A. Terminal Learning Objective:   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. (2591.1.8)

B. ENABLING LEARNING OBJECTIVE: 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. METHOD/MEDIA.  This lesson will be presented by lecture. I will be using the overhead projector with transparencies.  Your CJCSM 6231.04 will guide you through this lesson..

2. EVALUATION.   You will be evaluated by a multiple choice written examination upon completion of this annex. 

OUTLINE:


1. Multichannel Line-of-Sight Systems.  The next four radios we will discuss (which are the AN/TRC-138A/173/174/175) are LOS radio assemblages that were developed and procured for the U.S. Army under the TRI-TAC program.  They are generally employed in situations were medium and large DTG's must be propagated (transmitted) over distances of under 30 miles.  The use of repeaters can extend these distances.  They are capable of supporting DTG's with data rates from 144kb/s to 18.72 Mb/s (which is equal to 4 1/2 to 576 channels at 32 kb/s) or 72 kb/s to 18.72 Mb/s (which is equal to 4 1/2 to 1152 channels at 16 kb/s).  When employed to support a network, there are three separate configurations they can be used in.

a. Short Range Wideband Radio (SRWBR) System Configuration.  The AN/TRC-138A Radio Repeater Set and AN/TRC-175 Radio Terminal Set interface to provide this, top of hill/ bottom of hill (TOH/BOH), short range, wideband, radio link.  The MGM within the AN/TRC-175 (BOH) combines up to 12 individual digital groups into a master group for transmission to the AN/TRC-138A (TOH).  At the TOH the mastergroup is demultiplexed and each individual group is then sent on to the other radio's within the AN/TRC-138A,  or forwarded by the GM to another LOS radio repeater assemblage.  Neither radio contains any TED's to encrypt groups, so encryption must be done by other facilities 

1.) Radio Repeater System Configuration.  The AN/TRC-138A and the AN/TRC-174 Radio Repeater Sets make up this LOS system configuration.  This is where the AN/TRC-138A takes the master group that it receives and demultiplexes it in the MGM.  The resultant groups are then presented to the AN/GRC-222 radios within the AN/TRC-138A for transmission, or to the AN/GRC-103 radios within AN/TRC-174 repeater assemblages for transmission.  Groups destined for the AN/GRC-222's may be up to 4608 kb/s (144 channels at 32 kb/s).  Groups destined for the AN/GRC-103's may be up to 1152 kb/s (36 channels at 32 kb/s).

2.) Radio Terminal System Configuration.  This is the third system configuration and is supported by the AN/TRC-173.  It provides the capability to multiplex individual users into loop groups with RMC's, and to then combine two or more of these groups into a single group with the TGM.  This group can be transmitted to another AN/TRC-173 or a AN/TRC-174.   

b. LOS Radio Assemblages.

1.) The AN/TRC-138A Radio Repeater Set.  It is housed in a S-667/TRC-138A shelter. It is normally employed at Army major node radio parks and as a repeater for inter-nodal links.  It can function as a radio or cable terminal for the link from the radio park (TOH) to a AN/TRC-175 at the BOH.  [We use 26 pair cable for this].  It may also be used as a terminal for up to two intra-nodal radio links, or a repeater for these links.  There is no integral capability for bulk encryption of groups.  It can recover and distribute timing.  

a.) Radio interface.  Radio interface is provided by three AN/GRC-222 radio sets.  Each radio can transmit and receive a mastergroup of 9.36 or 18.72 Mb/s (288 or 576 channels at 32 kb/s).  Since there is only one MGM,  only one of the radios can operate at this bit rate.  The other two radios may be used for intra-nodal links to transmit/receive groups at data rates of from 1024 to 4608 kb/s (32 to 144 channels at 32 kb/s).  They operate in a frequency range of 4.4 to 5.0 GHz (microwave).  When operating at the 9.36/18.72 MB/s data rate, the radio has a planning range of 5 miles, lower data rates provide a 25 mile range.  

b.) Cable interface.  Mastergroup cable interface is provided by the HSCDM.  It can transmit and receive a 9.36 or 18.72 Mb/s mastergroup up to 1/4 mile over unrepeated cable, or with repeaters every 1/4 mile, can drive a 5 mile system.  It will also accommodate 4096 and 4608 kb/s data rates.  Interface for groups with lower data rates is provided by the GM's.  Generally, radio links will be established first, and then replaced by cable links.   This radio collects multiple TOH inputs into one BOH link.  It cannot terminate groups.
c.) Orderwire interface.  Orderwire interface is provided by the OCU-II.  It provides interface for 6 AVOW's, 13 DVOW's, and the DOW.         

2.) The AN/TRC-173 Radio Terminal Set.  It is  housed in a S-589/TRC-173 shelter.  It can function as a radio or cable terminal set.  It is normally employed at Army extension nodes to provide service to concentrations of subscribers.  It's applications will be as an extension node or as a split terminal.  The AN/TRC-173 accepts TDM groups of digital or analog 4-wire subscriber terminals from externally located level I multiplexers, such as the RLGM and RMC.  These groups , as well as other groups, are then further multiplexed into supergroups by internal TGM's.  Since there are two TGM's, the AN/TRC-173 can accommodate two supergroups.  These supergroups are then sent over internal independent radio's or cable (CX-11230).   It can also operate as a split terminal; so that one supergroup is sent over a radio system and another over a cable system.  There is an integral  COMSEC capability to bulk encrypt the supergroups by two TSEC/KG-81's (TED).  

a.) Radio interface.  Radio interface is provided by two AN/GRC-103 (v)3 radio sets.  Each radio has the capability to transmit and receive a supergroup of up to 1152 kb/s (36 channels at 32 kb/s).  Note: The data rates of the radio are 640 or 1280 kb/s, however 1152 is the closest setting of the TGM that the radio can handle.  They operate in a frequency range of 1.35 to 1.85 Ghz and have a LOS planning range of 30 miles.  A TGM can be connected to only one radio, and a radio can only use one TGM.  

b.) Cable interface.  Cable interface is provided through LSCDM's.  Each of these can transmit and receive a supergroup of up to 2048 kb/s (64 channels at 32 kb/s) for 1 mile on unrepeated cable.  With repeaters every mile, it can drive a 40 mile cable system (run).

c.) Orderwire interface.  Orderwires are provided by the OCU-I.  It provides interface for 6 AVOW's, 6 DVOW's, and the DOW.  It can recover and distribute timing.   

3.) The AN/TRC-174 Radio Repeater Set.  It is housed in a S-590/TRC-174 shelter.  The AN/TRC-174 is normally utilized to terminate a group at the TOH from an extension node or to provide a repeater function.  It can function as a radio-to-radio repeater, a cable-to-radio repeater, and cable-to-cable repeater with the addition of two LSCDM's.  It essentially is an extension of the AN/TRC-173.  It provides for signal through-put only.
a.) When employed at the TOH it can accommodate three supergroups (from group modem to radio) each with a data rate of up to 1152 kb/s (36 channels at 32 kb/s). Normally two supergroups would be supported, and the third radio will be a backup.  

b.) When employed as a radio-to-radio repeater, a single supergroup at 1152 kb/s or less, may be repeated.  The third radio will be a backup. It can also perform a radio-to-cable repeater at the same time for a second supergroup.

c.) Radio interface.  Radio interface is provided by three AN/GRC-103 (v)4 radio sets.  Each radio can transmit and receive a supergroup of up to 1152 kb/s (36 channels at 32 kb/s). Note: The data rates of the radio are 640 or 1280 kb/s, however 1152 is the closest setting of the GM's that the radio can handle.  They operate in a frequency range of 1.35 to 1.85 Ghz and have a LOS planning range of 30 miles.

d.) Cable interface.  Cable interface is provided through LSCDM's.  Each of these can transmit and receive a supergroup of up to 2048 kb/s (64 channels at 32 kb/s) for 1 mile on unrepeated cable.  With repeaters every mile, it can drive a 40 mile cable system (run).  The group modem also provides up to four cable interfaces.

e.) Cable-to-radio interface.  Cable-to-radio interface is provided through the combined use of the LSCDM's, group modem's, radio modem's and AN/GRC-103 (v)4.

f.) Orderwire interface.  Orderwires are provided by the OCU-I.  It provides interface for 6 AVOW's, 6 DVOW's, and the DOW.  It can recover and distribute timing.

4.) The AN/TRC-175 Radio Terminal Set.  It is housed in a S-591/TRC-175 shelter.  The AN/TRC-175 can function as a radio or cable terminal for the link from the BOH.  It is normally employed at the BOH in support of either a SRWBR (short range wideband radio link) or cable system between itself and the AN/TRC-138A at the TOH.  When used in this fashion, it's integral MGM's (level II multiplexer) combine up to 12 groups into a mastergroup and vice versa.  These mastergroups are then connected to a radio or cable driver for transmission.    

a.) Radio interface.  Radio interface is provided by two AN/GRC-222 radio sets.  Each radio can transmit and receive a mastergroup of 9.36 or 18.72 Mb/s (288 or 576 channels at 32 kb/s).  They operate in a frequency range of 4.4 to 5.0 GHz.  When operating at the 9.36/18.72 MB/s data rate, the radio has a planning range of 5 miles. For data rates up to 4608 kb/s, the radio has a range of up to 25 miles.

b.) Cable interface.  Mastergroup cable interface is provided by the HSCDM.  It can transmit and receive a 9.36 or 18.72 Mb/s mastergroup up to 1/4 mile over unrepeatered cable, or with repeaters every 1/4 mile, can drive a 5 mile system.  It will also accommodate 4096 and 4608 kb/s data rates.  Interface for groups with lower data rates is provided by the GM's.

c.) Orderwire interface.  Orderwire interface is provided by the OCU-II.  It provides interface for 6 AVOW's, 13 DVOW's, and the DOW.

2. Satellite Terminals.  We will be discussing two of the four Phase II GMF Satellite terminals which are the AN/TSC-94A Satellite Terminal and AN/TSC-100A Satellite Terminal. Both of these are currently employed by the Air Force only. 

a. The AN/TSC-94A Satellite Terminal.  This is a non-nodal, full duplex, point-to-point, satellite communications terminal.  It is housed in a S-250 shelter.  It can operate on a point-to-point basis with another non-nodal terminal such as the AN/TSC-93A/B or another AN/TSC-94A, or as part of a nodal configuration with the AN/TSC-85A/B or AN/TSC-100A.  It transmits a single carrier in the frequency range of 7.9 to 8.4 GHz, and simultaneously receives a single carrier in the frequency range of 7.25 to 7.75 GHz.  The AN/TSC-94A provides interfaces for both individual loop channels and one CDI DTG.  The number of individual user (loop) channels that can be supported depend on the number of LRM's (TD-1389) that the terminal has installed.   The number and type of individual user channel interfaces that can be supported by the LRM's, depend on the LRM's line interface card complement.   Air Force LRM's are currently configured with three digital cards, three FSK cards and six CVSD cards.  Each LRM can interface with individual user circuits or a single CDI group.  The maximum group data rate is 256 kb/s.  The group output of the LRM is connected to either the TSSP (TD-1337 (v)4) [via a KG-81 TED] or to a anti-jam control modem.  The TSSP in the AN/TSC-94A can support a maximum of two group inputs.  These can be one CDI group of 576 kb/s or less and a individual user channel group of 576 kb/s.  Or else only one group can be connected to the TSSP with a group rate of 1152 kb/s, in this case the group must be connected to port one of the TSSP and two TSSP ports must be connected together.  This group cannot be encrypted by the KG-81's.  There are two versions of the AN/TSC-94A which are the (v)1 and (v)2.

1.) AN/TSC-94A (v)1.  This has 2 LRM's installed and can support up to 24 individual user (loop) channels.  The AN/TSC-94A(v)1 Contains 2 KG-81 TED's.

2.) AN/TSC-94A (v)2.  This has 1 LRM installed and can support up to only 12 individual user (loop) channels.  The AN/TSC-94A (v) 2 Contains only one KG-81 TED. 

3.) Interfaces. The AN/TSC-94A provides interfaces for both individual user channels and a single TRI-TAC conditioned diphase group.  The number of individual channels that can be supported by the terminal depends on the number of TD-1389 LRMs contained in the terminal (v)1/(v)2.  Air Force LRMs are currently configured with three digital cards, three FSK cards, and six CVSD cards.  The LRM is also capable of interfacing with a single TRI-TAC group in lieu of individual user circuits.  The maximum group rate is 256 kbps.  The group output of the LRM may be connected to either the TD-1337 TSSP (via the KG-81 TED) or to the antijam control modem (AJCM).

a.) Direct TD-1337 (v)4 Conditioned Diphase (CDI) Group Input.  This is a direct connection from an external CDI multiplexer or group modem, to the TD-1337 (TSSP), through the Signal Entry Panel.  This groups maximum data rate cannot exceed 1152 kb/s and must be encrypted prior to arriving at the AN/TSC-94A.

b.) Individual Channels Through the TD-1389 Low Rate Multiplexer (LRM).  These interfaces can be analog, FSK, CDI, or NRZ data.  These channels are physically connected by 26 pair cable hocks and/or binding post.

c.) Group Input Through the LRM.  With the LRM in the GM (group modem) operation mode, it will allow one CDI group input through LRM number one.  The physical connection is made by CX-11230 connected to the SEP (signal entry panel).  The TED's in the AN/TSC-94A can encrypt this group.

d.) 70 MHz IF ( intermediate frequency). There are two separate 70 MHz, 50 ohm inputs for the transmit and receive IF. 

e.) AJ/CM Teletype (TTY) Interface. This is a direct  user interface to the AJCM via binding post connectors on the VF/Data Entry Panel.  The NNT AJCM can support a single channel TTY circuit in lieu of the LRM composite group.  The data rate for the TTY interface is 75 bps.

f.) Orderwire. The AN/TSC-94A incorporates several different orderwire capabilities. There is a 16 kbps digital voice orderwire built into the TSSP.  The orderwire may be secured by a KY-58 VINSON or operated nonsecure.  Another orderwire capability exists through a receiver-transmitter orderwire RT-1287/TSC, which interfaces with the MD-945 modem.  This is a nonsecure voice orderwire used for coordination and control purposes with the control terminals and other network terminals.  This orderwire is deleted when the AJCM is installed.  The shelter is equipped with a TA-312 analog telephone for use in local coordination.

4.) Patching.  The AN/TSC-94A is provided five (5) patch panels to isolate equipment groups and facilitate interconnection of system components to form various configurations.  These are:

a.) Data Patch.  Individual baseband and `the LRM composite signal are located here.

b.) Modem Patch.  Provides the interface point between the multiplexer group and the modem group.

c.) IF Patch.  Interface point at 70 MHz between the modem and the transmit/receive groups.

d.) SHF Patch.  Used to interface the up converters with the high-powered Amplifiers.

e.) Orderwire Patch.  Used to interface the FM orderwire and the MD-945 modem.

b. The AN/TSC-100A Satellite Terminal.  This is a nodal mesh terminal (NMT) which is a full duplex satellite communications terminal capable of interfacing with TWO satellites simultaneously.  It can operate in one of three configurations which are (1) Point-to-Point,  (2) a Nodal configuration with up to four other terminals, or (3) in a Mesh configuration with up to four other terminals.  It will transmit one to four carriers in the frequency.  There are two different versions of the AN/TSC-100A which are the (v)1 and (v)2.  Each of them have slightly different capabilities.  

1.) Interface capabilities.  The AN/TSC-100A (v)1 can accept up to 72 individual channels (via six LRM's) and/or five groups.  The AN/TSC-100A (v)2 can accept up to 60 individual channels (via five LRM's) and/or five groups.

a.) All user circuits pass through either the TD-1337(V)3 or the AJCM.  Circuits transiting the TSSP may or may not pass through the LRMs.  There are no two-wire to four wire converters or signaling converters in the AN/TSC-100A.  If this equipment is needed, it must be provided externally.  The typical interfaces to the AN/TSC-1OOA are discussed in subparagraphs 6a thorough 6f below.

b.) Direct TD-1337 Conditioned Diphase (CD) Input.  This is a direct input to the TD-1337 using CX-11230 cable.  The conditioned diphase signal enters the AN/TSC-100A via the VF/Data/Signal Entry Panel.  Data rates can be 72, 128, 144, 256, 288, 512, 576, 1,024, or 1,152 kbps.  For data rates greater than 576 kbps, two TSSP ports must be strapped together.  The TEDs cannot be used to encrypt this group.

c.) Group Input Through the MD-1026.  This input may be either conditioned diphase or dipulse signal (depending on the card in the group modem).  Conditioned diphase group data rates can be 72, 128, 144, 256, 288, 512, 576, 1,024, or 1,152 kbps.  The maximum lineside transmission distance for these groups is 2 miles for data rates up to 576 kbps and 1 mile for 1,024 and 1,152 kbps.  Dipulse group data rates can be 288, 576, or 1,152 kbps.  The maximum lineside transmission distance for dipulse signals is 1 mile.  For data rates over 576 kbps, two TSSP ports must be strapped together.  The TEDs cannot be used to encrypt these groups.

d.) Individual Channel Connections Through the TD-1389 LRM.  These interfaces may be analog, FSK, conditioned diphase, or NRZ data.  See Chapter V for the limitations on each type of input.  The physical interface is provided by 26-pair cable hocks and/or by binding post connectors located on the VF/Data Entry Panel.  Both the data and the timing 26-pair cables are paralleled with the binding post connectors.  The AN/TSC 100A(V)2 has five LRMs with a maximum of 60 inputs.  The composite group output from the LRM may be connected to the TSSP or the AJCM.  The LRM provides the primary user interface to the AJCM.

e.) Group Input Through the TD-1389 LRM.  This configuration allows one conditioned diphase group to interface with the TSSP through LRM number one.  The physical interface is CX-11230 cable.  The LRM must be configured for Group Modem Mode operation.  The maximum allowable data rate is 256 kbps.  (See Chapter V.)

f.) 70 MHz IF.  There are two separate 70 MHz, 50 ohm inputs for the transmit And receive IF.

g.) AJCM Teletype (TTY) Interface.  This is a direct interface to the AJCM via binding post connectors on the VF/Data Entry Panel.  The AJCM can support up to four TTY interfaces in lieu of the LRM interfaces.

h.) Orderwire.  The AN/TSC-100A incorporates several different orderwire capabilities.  (See Chapter XIX.)  A 16 kbps digital voice orderwire is built into each TSSP.  This orderwire may be secured by a KY-58 VINSON or operated nonsecure.  Another orderwire capability exists through a receiver-transmitter orderwire RT-1287/TSC that interfaces with the MD-945 modem.  This nonsecure audio orderwire is used for coordination and control purposes with the control terminals and other network terminals.  The AN/TSC-100A has two RT-1287s.  There is also an interface on each TSSP for a user-supplied advanced narrowband digital voice terminal (ANDVT) orderwire.  The shelter is also equipped with a TA-312 analog telephone.  This instrument may be used for local coordination.

2.) Patching.  Patch panels are provided in the AN/TSC-100A terminal to isolate equipment groups and facilitate the interconnections of system components to form various configurations.  There are six patch panels within the terminal: 

a.) Data Patch. All baseband signals, as well as the LRM composite baseband signals are located here.

b.) Modem Patch.  Provides the interface point between the multiplexer group and the modem group. The composite baseband signal for the TSSP appears at the modem patch panel.

c.) IF Patch.  Interface point at 70 MHz between the modem and the transmit/receive groups.

d.) SHF Patch.  Used to interface the up converters, amplifier/mixers, and the high-powered Amplifiers.

e.) Orderwire Patch.  Used to interface the FM orderwire and the MD-945 modem.

f.) SHF track patch. Used to interface the outputs of the SHF divider to the downconverters.

3.) Signal Entry.  All user signals entering and leaving the terminal pass through two entry panels located on the shelter walls.  These signal entry panels are the VF/Data/Signal Entry Panel and the VF/Data Entry Panel.

a.) VF/Data/Signal Entry Panel.  The VF/Data/Signal Entry Panel is the interface point for the TRI-TAC group inputs/outputs, field telephone, external 5 MHz input, 70 Mz transmit and receive monitors points, and 36 of 72 LRM local subscriber data and timing inputs/outputs.  

b.) VF/Data Entry Panel.  The VF/Data Entry Panel is another interface point for the LRM local subscriber inputs/outputs.  A total of 36 local subscriber accesses appear here.  Terminal interface is by 26 pair hock connector or binding post connectors.  These connectors are in parallel to enable access by either means.  The VF/Data Entry Panel also provides access to the AJCM 75 bps teletype interfaces via binding post connectors.

4.) Antenna.  The AN/TSC-100A can use either an 8-foot or a 20-foot antenna.

REFERENCE:

a. CJCSM 6231.04 Joint Transmission Systems July 95

LESSON REVIEW:

1. What is the function of the AN/TRC-138A Radio Repeater Set?

A. __________________________________________________________________________________________________________________________________________

2. What equipment provides the radio interface in the AN/TRC-138A?

A. _____________________________________________________________________
3. The capabilities of the AN/GRC-222 radio.

A. __________________________________________________________________________________________________________________________________________

4. What are the planning ranges/distances of the AN/TRC-138A?

A. _________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. What is the function of the AN/TRC-173 Radio terminal set?

A. _____________________________________________________________________

6. How is the AN/TRC-173 is normally employed?

A. _______________________________________________________________________________________________________________________________________________________________________________________________________________

7. What equipment provides the radio interface in the AN/TRC-173?  

A. _____________________________________________________________________

8. What are the planning ranges/distances of the AN/TRC-173?

A. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

9. What are the repeater functions of the AN/TRC-174?

A. __________________________________________________________________________________________________________________________________________

10. How is the AN/TRC-174 normally utilized? 

A. __________________________________________________________________________________________________________________________________________

11. What equipment provides the radio interface in the AN/TRC-174? 

A. _____________________________________________________________________

12. What are the planning ranges/distances of the AN/TRC-174?  

A. _______________________________________________________________________________________________________________________________________________________________________________________________________________

13. How is the AN/TRC-175 normally employed?  

A. _______________________________________________________________________________________________________________________________________________________________________________________________________________

14. What equipment provides the radio interface in the AN/TRC-175?  

A. _____________________________________________________________________

15. What are the planning ranges/distances of the AN/TRC-175?  

A. _________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

16. What is the description of the AN/TSC-94A Satellite Terminal?  

A. __________________________________________________________________________________________________________________________________________

17. What are the interface capabilities of the AN/TSC-94A(v)_?  

A. _______________________________________________________________________________________________________________________________________________________________________________________________________________

18. What is the description of the AN/TSC-100A Satellite Terminal?  

A. _______________________________________________________________________________________________________________________________________________________________________________________________________________

19. What are the three configurations of the AN/TSC-100A Satellite Terminal?  

A. __________________________________________________________________________________________________________________________________________

20. What are the interface capabilities of the AN/TSC-100A(v)_? 

A. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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