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STUDENT HANDOUT
ANNEX C - COMMUNICATIONS PLANNING

HO 3.4 - MULTIPLEX SIGNAL FORMAT

Learning Objectives:  

a. Terminal Learning ObjectiveS: 
1) Provided an Annex K, commander’s guidance, and references; plan and engineer the tactical switching system plan per the references.   (2591.1.9) 

2) 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)

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

4) Provided with a communication plan/order, local SOP, supporting documents, communication resources specified, and references; Provide the communications directed in the plan/order.  (2591.2.1)

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. Multiplex Systems Characteristics.  

a. All of us who have worked with mux (multichannel) radio equipment have an idea of what multiplexing is all about.  Multiplexing is the use of a common (single) channel in a manner that allows the creation of two or more channels from it.  Basically taking that single channel and dividing it up into multiple channels.  This single channel can be converted into a multiple channel by one of two ways currently. 

1) These two conversions are:

a) By taking the frequency band of the single channel and splitting it into narrower bands (which are frequency bands). This is referred to as FDM or frequency division multiplexing. 

- or -

b) By allotting to multiple users of a single channel, individual time segments on that channel.  This is referred to as TDM or time division multiplexing.      

b. Frequency division multiplexing is associated with older communications systems such as the AN/TRC-166, AN/MRC-134, AN/GRC-201 and AN/MRC-135.  Because of this we will skip over the FDM section and move on to TDM on page B-2.

c. TDM.  Time division multiplexing is a method of making two or more channels from a given frequency of a transmission medium by assigning different channels onto that frequency at different times. (Splitting the frequency into time segments)  The channels are assigned at regular intervals to the frequency by automatic distribution.  This results in a multiplexed pulse train of interleaved individual channels.  

(THIS IS THE REASON WHY SYSTEM TIMING IS SO IMPORTANT WE WILL COVER TIMING IN OUR NEXT LESSON)
1) The TRI-TAC family of DGM equipment is a series of TDM multiplexers that use a 16 or 32 kb/s voice digitization rate. Voice digitization rate is another term for the rate at which an analog signal is sampled and converted into a digital signal.  

a) Once a signal is digitized, it is referred to as data - even if all the data is voice traffic.

2) TRI-TAC DGM equipment employs TDM to form Digital Transmission Groups that are the carriers of intelligence (data).  

d. Digital Transmission Groups (DTGs).  

1) This is a full-duplex link. (Meaning communications is occurring in both directions simultaneously).  It operates at digital bit rates from 72 kb/s (at 16 kb/s) or 144 kb/s (at 32 kb/s) to 2304 kb/s (at 16 kb/s) or 4608 kb/s (at 32 kb/s) between two multiplexers.  It is organized as a synchronous (or essentially a continuous) bit interleaved TDM group (bits from different channels or "timeslots" are combined to form a constant stream of data).  This group consists of individual 16 or 32 kb/s digital voice and/or data circuits.

2) The 16/32 kb/s circuits may terminate at a circuit switch (such as the AN/TTC-39) to provide interswitch/extraswitch trunk circuits, as well as digital loops and/or loop groups, and group access and overhead functions for the circuit switch.  These circuits may also be arranged to provide dedicated/switched service between different digital terminal devices (such as phones, computers, etc.).

3) The interleaving of DGM equipment channels requires the use of:

a) Multiplex Signal Formats (MSF's).

b) Link frame control procedures, and.

c) Link inter-operational standards and criteria.

4) These items are shown in Table B-1 on page B-3.  Of these, the item we will focus on is the Multiplex Signal Format.  The MSF is switch selectable on certain DGM assemblages and governs the physical configurations of equipment within the network, as well as the distribution of the signals received.

5) The basic frame structure common to all Multiplex Signal Formats (MSF's) provides time slot assignments for:

a) Primary Overhead Channel.  The primary overhead channel (referred to as the overhead channel) provides for framing and control information between equipment. 

Example:  For a simple system, such as an AN/TRC-170, the primary overhead channel allows the AN/TRC-170's to maintain positive control on the total aggregate that is being transmitted (Figure 1).  The AN/TRC-170 isn't the only piece of DGM equipment that uses this primary overhead channel.  
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Figure 1
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The AN/TTC-42 uses the primary overhead channel to "talk" to the AN-TRC-170, so that the AN/TRC-170 can distribute the incoming signal to the AN/TTC-42 (Figure 2).

Figure 2

The same process that is happening "locally" is also being done at the distant end, which not only allows the AN/TRC-170's to link, but the linking also occurs between the two switches, completing the total path, and allowing data to be transferred efficiently.  In effect, the local AN/TTC-42's overhead is linked with the local AN/TRC-170, the distant AN/TRC-170, and the distant AN/TTC-42. AGAIN, THIS EFFICIENT TRANSFER IS HIGHLY DEPENDENT ON SYSTEM TIMING (Figure 3).
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Figure 3

b) Additional traffic channels.  In addition to the primary overhead channel, additional traffic channels are transmitted in the DTG.  These channels can be anywhere from 4 to 143 traffic channels, for a total channel capacity of 144 channels.  

1. When we speak of DTGs, we speak of them in their total channels.  We must "do the math" in our heads to determine the number of traffic channels in the DTG.  

a. For example, a 9-channel DTG, or a 9-channel mux-group will always have 1 primary overhead channel, and 8 additional traffic channels.

2. Further, some of the additional traffic channels may be converted into secondary overhead channels.  These secondary overhead channels allow for the various DGM equipment to maintain link and frame control with the distant end, and provide for distribution of a more complex architecture.

Example:  For a more complex system, The AN/TRC-170's and the AN/TTC-42's still use the primary overhead channel to maintain positive control on the total aggregate that is being transmitted, but now we have introduced a new "twist" to the system (Figure 4).  

[image: image4.emf]TRC-170 TRC-170 TTC-42

TTC-42

SB-3865

36 Ch

1152 Kb/s

18 

Ch

576 Kb/s

18 

Ch

576 Kb/s


Figure 4

In figure 4, the 36-channel group from the local switch is transmitted to the distant end, and the distant end AN/TRC-170 applies the necessary logic to deliver the data bit stream to the required destination.  In this scenario, the planner for the local AN/TTC-42, as well as the planner for the distant end AN/TRC-170 must know BASIC FRAME STRUCTURE, as well as the RULES FOR THE TGM, and plan for the distribution of the bit-stream at the distant end. In short, the planners MUST KNOW what timeslot is going where, else, this system will not work.  The planners for the distant end AN/TTC-42 and SB-3865 just need to know where to connect their cable. 

6) The basic frame structure is the manner in which an assemblage will allocate time slots to differing equipment/channels for the interleaving of all channels.

a) All MSF's use a fixed length frame, which consist of a framing bit and a series of sequential information bits.  A common frame plan assigns the first time slot in each frame as the framing bit. This defines the beginning of each new major frame of time slots.  DTG's use a fixed length frame of 0.5 ms duration at 16kb/s, and 0.25 ms duration at 32 kb/s.  The time slot structure within the major frame is organized into either 4 or 8 minor frames.  Type 2 MSF, which is organized into 4 minor frames, provides for 1/2 overhead channel and only 4 traffic channels.  The other type MSF's have 8 minor frames and provide for overhead channels and up to 143 traffic channels. 

2. Digital Transmission Group (DTG) Multiplex Signal Formats (MSF's).  

a. Digital transmission groups MSF’s are organized into four basic types, which are Type 1, Type 2, Type 3, and Type 4. 

1) Type 1 MSF.  This provides a time slot structure for one primary overhead channel and from seven to 143 traffic channels.   It is used to interface the AN/TTC-39/39A CS and the AN/TYC-39/39A MS, and to provide interswitch trunk groups between two AN/TTC-39/39A CS or between an AN/TTC-39/39A CS and an AN/TTC-42 CS.  

a) Additionally, it is used with the LGM, LRM (LGM mode), RMC, RMC stack, RMC/RLGM configuration, RMC/RMC/RLGM configuration, and the TGM when it is in the single group mode.

2) Type 2 MSF.  This provides a time slot structure for one primary overhead channel four traffic channels.  It is used with the RLGM, ULCS, and AN/TTC-39A.

a) Although ULCS and CBCS can employ type 2 MSF, it us used for the sole purpose of providing service to a stand-alone RLGM.

3) Type 3 MSF.  There are five type 3 MSF's, each of which prescribes a method for assigning time slots to channels. They are used on the supergroup side of a TGM, and can also be used on groups originating in the AN/TTC-39/39A CS, AN/TSQ-146 or the AN/TSQ-111 CNCE.  Each of these formats is a bit rate plan for combining groups of channels. These group types (also referred to as ratios) are: 3A1 (1:1), 3A2 (1:1:1), 3A3 (1:1:1:1), 3B (2:1:1), and 3C (4:2:1:1).

4) Type 4 MSF.  This MSF provides the capability to combine a large number of digital groups/circuits into a single group.  It is used primarily to provide DTG's between the AN/TTC-39/39A CS and the AN/TSQ-111 CNCE, and also between CNCE's.   
 

REFERENCES:

a. Appendix B, CJCSM 6231.04, Joint Transmission Systems 

LESSON REVIEW:

1. What is provided by the basic frame structure common to all Multiplexed Signal Formats (MSF)?

A. _______________________________________________________________________________________________________________________________________________________________________________________________________________

2. What are the four basic types of DTG MSF's?

A. _____________________________________________________________________

3. What are the five types of Type 3 MSF's?

A. _____________________________________________________________________

4. What are the equipment interfaces used with type 1 MSF?

A. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. What are the equipment interfaces used with type 2 MSF?

A. _____________________________________________________________________

6. Describe what the five type 3 MSF's prescribe a method for performing. 

A. _____________________________________________________________________

7. Describe what type 4 MSF is used primarily to provide.  (2591.1.8fi)

A. __________________________________________________________________________________________________________________________________________

Turn the page for the in-class assignment.

DGM Diagram 1

1. Develop and list the channel sequence for DTG 15.  (Table 1)

2. Develop and list the channel sequence for DTG 18.  (Table 2)

3. Develop and list the channel sequence for DTG 20.  (Table 3)

4. Develop and list the channel sequence for DTG 21.  (Table 4)
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DGM MSF for Diagram 1
Table 1

TS 0
TS 1
TS 2
TS 3
TS 4
TS 5
TS 6
TS 7
TS 8











MSF used: 
__________________

Ratio: 
__________________

Table 2

TS 0
TS 1
TS 2
TS 3
TS 4
TS 5
TS 6
TS 7
TS 8











TS 9
TS 10
TS 11
TS 12
TS 13
TS 14
TS 15
TS 16
TS 17











MSF used: 
__________________

Ratio: 
__________________

Table 3

TS 0
TS 1
TS 2
TS 3
TS 4
TS 5
TS 6
TS 7
TS 8











MSF used: 
__________________

Ratio: 
__________________

What would the breakout be if this were an 8-channel group (256 Kb/s)?

TS 0
TS 1
TS 2
TS 3
TS 4
TS 5
TS 6
TS 7










Table 4

TS 0
TS 1
TS 2
TS 3
TS 4
TS 5
TS 6
TS 7
TS 8











TS 9
TS 10
TS 11
TS 12
TS 13
TS 14
TS 15
TS 16
TS 17











MSF used: 
__________________

Ratio: 
__________________

DGM Diagram 2

5. Develop and list the channel sequence for the scenario.  (Table 5)
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DGM MSF for Diagram 2
Table 5

TS 0
TS 1
TS 2
TS 3
TS 4
TS 5
TS 6
TS 7
TS 8











TS 9
TS 10
TS 11
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TS 13
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TS 16
TS 17











MSF used: 
__________________

Ratio: 
__________________

DGM Diagram 3

6. Develop and list the channel sequence for the scenario.  (Table 6)
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DGM MSF for Diagram 3
Table 6
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MSF used: 
__________________

Ratio: 
__________________

DGM Diagram 4
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7. Develop and list the channel sequence for the scenario.  (Table 7)

DGM MSF for Diagram 4
Table 7
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MSF used: 
__________________

Ratio: 
__________________

DGM Diagram 5

8. Develop and list the channel sequence for the scenario.  (Table 8)
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DGM MSF for Diagram 5
Table 8
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MSF used: 
__________________
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__________________

DGM Diagram 6

9. Develop and list the channel sequence for the scenario.  (Table 9)
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DGM MSF for Diagram 6
Table 9

TS 0
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MSF used: 
__________________

Ratio: 
__________________

 DGM Diagram 7

10. Develop and list the channel sequence for the scenario.  (Table 10)
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DGM MSF for Diagram 7
Table 10
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MSF used: 
__________________

Ratio: 
__________________

DGM Diagram 8

11. Develop and list the channel sequence for the scenario.  (Table 11)
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DGM MSF for Diagram 8
Table 11
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MSF used: 
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Ratio: 
__________________

DGM Diagram 9

12. Develop and list the channel sequence for the scenario.  (Table 12)




DGM MSF for Diagram 9
Table 12
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MSF used: 
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Ratio: 
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DGM Diagram 10

13. Develop and list the channel sequence for the scenario.  (Table 13)



DGM MSF for Diagram 10
Table 13
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