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STUDENT HANDOUT
ANNEX C - COMMUNICATIONS PLANNING

3.5 - NETWORK TIMING

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)

1) 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. Background. Network timing and synchronization are critical issues.  The basic operational requirement for network synchronization is the need for each system within the network to maintain bit count integrity, to provide acceptable data transmissions for end users.  This applies to the digital communications systems employed today.  For satisfactory network operations, there are stringent requirements that must be satisfied, to allow for timing variations among the different nodes and DTG's.  (We will be covering these throughout this lesson).  Although there are several concepts employed to provide network timing, the TRI-TAC architecture employs an independent clock approach.  

a. In the independent clock approach, network timing is established by employing a frequency standard (timing clock) at each node of the network to provide a stable local timing reference.  Differences between incoming data signals and the local timing source is compensated for through the use of highly accurate timing sources and buffers (also referred to as inter-nodal buffers).  These buffers will re-time the incoming signals to the timing used at the node.  Generally this is only used for similar data rates, such as 16 or 32 kb/s.  However, the AN/TTC-39A(v)4 and AN/TTC-39D can accommodate a meshing of 16 and 32 kb/s.  This meshing can only be done from one DTG to another.  **Each DTG must have all subscribers using the same data rate.   
b. The basic elements of the independent clock network timing approach includes a modem, a highly accurate frequency standard (clock), and a buffer.

1) The modem regenerates the incoming signal and also to convert it from one form of modulation to another.  Such as conditioned diphase (CDØ) to baseband (NRZ).  

2) The clock is used to provide a stable local timing source, and

3) The buffer is used to absorb the differences between the frequency (data rate) of the local clock at the receiving node and the frequency of the incoming digital data stream.  It is an asynchronous first-in, first-out shift register.  With asynchronous operations, data can enter the buffer at a certain rate, and then be clocked out at a different rate.  Meaning, data will enter at the rate associated with the clock of the incoming signal, and then be clocked out by the local clock.

a) If the received clock rate is slower than the local clock rate, the buffer will eventually underflow and then re-center (reset).  

b) Conversely, If the received clock rate is faster than the local clock rate, the buffer will eventually overflow and then re-center.

c) Each time the buffer re-centers, bit count integrity is lost.  This requires frame and crypto synchronization to have to be reestablished.

d) Timing of the incoming data stream can differ from that of the local clock due to inherent differences in the clocks at the two nodes, as well as in propagation delays in inter-nodal transmission systems.  These factors as well as link transmission rates (data rate of your radios), and the buffer reset period, dictate the size requirements of the buffer.  Buffers for terrestrial systems with highly accurate frequency standards are relatively small in size.  Satellite links require larger buffers to compensate for range variations of the transmission path due to the satellite's orbit.  

e) The design criteria for TRI-TAC equipment requires that buffers associated with its assemblages not reset more than once in 24 hours.  This applies when each major node has a CNCE (AN\TSQ-111) providing master timing.  Since this is not always the case, network planners and engineers must understand the timing and buffering capabilities of all fielded TRI-TAC equipment in order to design a stable network.

2. Network Timing Considerations. Determining the timing system configuration for a network is done at the planning level (not during execution of the operation).  However, much of the information required to make network timing decisions is not available in TM's, so the planner must consider the following:

a. Timing Sources.  Each timing source has it's own accuracy.  Inaccurate timing sources will increase the need for buffering.  If only one timing source is used in the node/network, consideration must be given to the effect of link or equipment failures.  Always select a primary and alternate source for timing.  Know the capabilities of deriving and interconnecting timing within the TRI-TAC and GMF equipment.

Equipment
Timing Source
Timing Source Accuracy
Timing Modes




Internal
Cable
Radio

AN/TSQ-215
GPS
1x10-12
Master
Slave
- - - -

AN/TSQ-1111
Cesium Beam
1x10-12
Master
Slave
- - - -

AN/TTC-39 Series
Rubidium Standard
1x10-11
Master
Slave
- - - -

AN/TSQ-146 2
Rubidium Standard
1x10-11
Master
Slave3
- - - -

AN/TRC-170
Rubidium Standard
1x10-11
RS
Group
Mission

AN/TTC-42
VCXO
1x10-9
Master
Slave
- - - -

SB-3865
VCXO
1x10-8
Master
Slave
- - - -

AN/MRC-142
VCXO
1x10-7
Internal
Cable
Radio

TD-1337
VCXO
1.0852 x 10-7
Master
Ext Std
Slave

C-10716
VCXO
1x10-5
Master
Group4
- - - -

1 With Cesium Beam option installed, otherwise, Rubidium Standard

2 With Rubidium Standard installed, otherwise VCXO 1x10-5
3 Three options total: Two Slave options; Slave Timing Equal Rate Groups, Slave Timing Unequal Rate Groups.  One Autophase option (used when a TED is used on port 1 of the TGM)

4 Two options: Slave from T1 input, Slave from T2 input.

b. Available Buffering.   When different timing sources are used, data will have to be buffered at each interface point.  Actually, buffering will occur at each assemblage in the network, whether each assemblage has the same or different timing source.
Equipment
Buffer (bits)

AN/TSQ-215
± 256 1

AN/TSQ-111
± 160

AN/TTC-39 Series
± 256 1

AN/TTC-42
± 256, ± 512 2 

SB-3865
± 256, ± 512 3

TD-1236
± 8

TD-1235
± 8

TD-1234
± 8

TD-1233
± 8

TD-1337
Buffer length varies with the data rate of the group (maximum of 16,384 bits)

1 These are the buffer sizes when the switch is configured for 32 kbps VDR operation.  For 16 kbps VDR operation, the buffer sizes are ± 64 and ± 128 bits respectively. 

2 256 bits for Modems 1, 3, 4, 6, and 7 and 512 bits for Modems 2 and 5 when INB is applied.

3 256 bits for Modems 1 and 3 and 512 bits for Modem 2 when INB is applied.

3. Timing Configurations.  This table shows the timing source installed within equipment.

Equipment
Timing Configuration
Explanation

AN/TSQ-215
Master (Atomic Standard)

Slave (Group Input)
Timing derived from Global Positioning System timing (GPS)

Timing is derived from a DTG.

AN/TSQ-111
Master (Atomic Standard)

Slave (Group Input)
Timing derived internal cesium beam frequency standard (CBFS).

Timing is derived from receive DTG

AN/TTC-39 Series
Master (Atomic Standard)

Slave
Timing derived from internal rubidium standard.

Timing derived from receive DTG.

AN/TTC-42


Master

Slave
CS derives timing from internal crystal oscillator.

CS derives its timing from a DTG.

SB-3865


Master

Slave
CS derives timing from internal timing oscillator.

CS derives timing from a DTG.

AN/TRC-170
Master

Group

Mission
Timing derived from internal rubidium standard.

Timing derived from receive cable side DTG.

Timing derived from mission bit stream received from distant TROPO.

AN/TSQ-146
Master (Atomic Standard)

Slave
Timing derived from internal rubidium standard.

Timing derived from a receive DTG.

GMF/TD-1337 (TSSP)
Master

External Standard

Slave
Timing derived from internal crystal oscillator.

Timing derived from a receive cable side DTG.

Timing derived from a mission bit stream received from distant TSSP.

TD-1234

(RMC)
Master

Loopback

Station
Timing derived from internal oscillator.

Timing derived from high side receive DTG.

Maintenance testing purposes only.

TD-1233

(RLGM)
Master

Loopback
Timing derived from internal oscillator.

Timing derived from receive DTG.

TD-1235

(LGM)
Station Clock

Loopback
Timing derived from external source such as OCU. Station clock is provided at the group rate.

Timing derived from the received group.

TD-1236

(TGM)
Station Clock

Loopback
Timing derived from external source such as OCU. Station clock is provided at the supergroup rate.

Timing derived from received supergroup.

TD-1237

(MGM)
Station Clock

Loopback
Timing derived from external source such as OCU. Station clock provided at 16 or 32 kbps.

Timing derived from a group.

C-10716
Group "G"

"1" through "6"

Master "M"
Timing derived from group.

Timing derived from DVOW channel 1 through 6 respectively.

Timing derived from internal VCXO.

NOTE:  All equipment timing is explained individually for each equipment within chapter XXI, CJCSM 6231.04, you can refer to these as needed.  Additionally, the AN/TTC-42 is in the 6231.04 on pages XXI-43/45.  The SB-3865 is on pages XXI-45/48.
4. Planning the Network Timing System.  Absolute rules for timing are difficult to establish because of the wide variety of configurations that are possible.  However, general guidelines can be established for particular situations.  When the network is large, different timing arrangements can be made for different parts of the network.  As stated earlier, when planning the network timing system, the planner must be aware of the capabilities of the different equipment within the network.  Planners must also know how they interconnect.  This allows the optimum timing configuration to be established for the network.  Additional guidelines that are recommended when developing a network timing plan are:

a. Keep the timing system as simple as possible.

b. Plan the timing system to minimize the impact of critical equipment losses and failures.

c. Use the independent clock approach to maximum extent possible. 

d. Diagram the network that the timing plan is being developed for and identify where timing requirements must be considered.

e. Determine the master timing source for each node.  Select the most accurate timing source available to provide master timing.  The most accurate source does not have to be located at the node.  It can be anywhere within the network.
1) For nodes equipped with a CNCE and an AN/TTC-39 series CS, operate both the CNCE and switch in the master mode.  The CNCE will still provide network timing, but should it become inoperative, the CS will automatically take over.

2) Nodes equipped with only an AN/TTC-39 series CS (no CNCE).  The AN/TTC-39 switch will provide master timing to the node.  

3) Nodes equipped with an AN/TSQ-146 use the AN/TSQ-146 as the timing source for the node.  The AN/TSQ-146 must be equipped with a rubidium standard.    

4) For nodes without a CNCE, AN/TTC-39 series CS, or an AN/TSQ-146, retrieve timing from a distant node that has one of these.

f. Determine an alternate MASTER timing source for each node in the network, in advance.  Again, identify the most accurate source available.  It also does not have to be located within the node.  Also, the impact of switching to the alternate source should be minimal.

g. Timing differences should cross the largest buffers in the network.

h. Standard timing configurations should be used for items of like equipment. 

5. Network Timing Plan Diagram. Figure XXI-43 on page XXI-76 depicts a nine node tactical network.  Each node is numbered and its equipment is enclosed in boxes.  This example is using the CNCE's and AN/TTC-39A CS's as the MASTER timing sources for the rest of the network.  This is not the only timing configuration that will work.

6. Nodal Timing Plan Worksheet. Once the network diagram has been completed, the planner can then develop the timing plan for each node.  This is done with the worksheet on page XXI-83.  We will now cover the worksheets and relate them to the diagram on page XXI-76.

REFERENCE:

b. CJCSM 6231.04 Joint Transmission Systems  

LESSON REVIEW:

1. What are the three elements required to provide a stable timing source?

A. _____________________________________________________________________

2. Why is network timing so important?

A. _____________________________________________________________________

B. _____________________________________________________________________

3. What is the tolerance for a rubidium standard clock?

A. _____________________________________________________________________

4. What are the three modes of timing for an AN/TSC-85?

A. _____________________________________________________________________

5. When the AN/TRC-170 is receiving timing over-the-air, which timing mode is it in?

A. _____________________________________________________________________

6. What is the buffer capacity for the AN/TTC-42?

A. _____________________________________________________________________

7. What are the two network timing architectures?

A. _____________________________________________________________________

NETWORK TIMING INFORMATION WORKSHEET

NAME:  ______________________
1. This provides the information required to complete your assignment.  You are required to complete a nodal link timing flow diagram and associated nodal timing plan worksheets that support the Marine Corps network node 12.  These are to be completed in accordance with the reference, as well as in accordance with the examples in the reference.  Deviations are expected, depending on what your specific plan is.  Individual assemblages internal timing flow diagrams are not required provided your nodal link timing flow diagram is detailed enough to resolve timing issues.  Nodal timing plan worksheets are to be detailed and specific.  Remember to apply the general guidelines in planning your network timing system.

2. This is a practical application.

3. Work is not required to be done on a computer or typewriter.  A separate sheet may be turned in with your assignment.

AGENCY
NODE #
ASSEMBLAGE AND PURPOSE
ASSEMBLAGE#

I MEF
Node 12
AN/TSC-93, Link to JTF
___



AN/TSC-85, Link to MSC’S
___



AN/TRC-170, Link to JTF
___



AN/TRC-170, Link to 3rd MAW
___



AN/TTC-42, Circuit Switch
___
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