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Abstract - The current Loran-C signals lack of enough time information to flag the precision reference pulse, Loran-C has to be assisted by another time system in precision timing applications. In this paper, we present a new approach for the automatic independent TOC (Time of Coincidence) synchronization by Loran-C itself. Based on this method, Loran-C might be upgraded as an independent system in the aspect of precision timing. we also put forward a new message type—UTC message type, which is coincident with the latest ITU-R recommendation M589-3. The details of the message bit assignment and time code format are discussed. A precision transmission control of the UTC message is needed, so that the information and data in the message could be consistent with the reference pulse and denote the pulse. We call it is autonomous. 
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I. Introduction
It is necessary to use Loran-C as a backup system to decrease the risk of relaying GPS [1]-[4]. On the other hand, we have to be cognizant of that the current Loran-C in time service can’t meet the present-day demands and the Loran-C wasn’t widely accepted. It is limited by the current specification of Loran-C signals [5]. There is no time code information within the signals. Loran-C can’t provide enough inside time information to flag the reference pulse, and it has to be assisted by another time system to complete the procedure of timing. So we don’t think Loran-C can be thought as an autonomous system in precision time service at present.

It is obvious that enough time information should be added into the signals the Loran-C to upgrade the timing function of it. In 1990’s, data channels ,which were called Eurofix[6]-[10], have been established over Loran-C in Europe to broadcasting DGPS corrections. The Eurofix datalink is implemented by additional three-level time modulation of the Loran-C pulses. The achievement of Eurofix shows the potential of adding information of Loran-C. On the basis of Eurofix technique, in this paper, we present our study of Loran-C time service, including TOC independent synchronization, time code transmission, emission control of UTC message, so that Loran-C can be upgraded as an autonomous precision time service system. A new approach for the automatic independent TOC (Time of Coincidence) synchronization by Loran-C itself is presented. new message type—UTC message type is put forward , which is coincident with the latest ITU-R recommendation M589-3[11]. The details of the message bit assignment and time code format are discussed. A precision transmission control of the UTC message is needed, so that the information and data in the message could be consistent with the reference pulse and denote the pulse. As an example, a control algorithm is given to determine and ensure the time order and position of UTC message frames.

The term “autonomous” in this paper, means that the TOC synchronization (TOC second strobe) can be realized at the Loran-C receiving end by only using the Loran-C signals, and UTC message (such as time code of TOC, the corrections of time of emission, the corrections of ground wave propagation delay) can be transmitted over Loran-C data Channel and correctly denote the TOC Seconds. Provided that Loran-C have these functions, thus all of the timing procedure can be accomplished within the system, the Loran-C is perfect in timing applications, so we call it “autonomous”.
II.The Principle of Independent TOC Synchronization
It seems easy to transmit UTC message over Loran-C data channel at the point of technique, especially Eurofix technique has been maturely used in NELS for broadcasting DGNSS message. But there are some differences between broadcasting UTC message and broadcasting DGNSS message. Firstly, the right position of UTC message frames in the GRI sequences should be correctly arranged, so that each of the frames can be uniquely to denote a TOC pulse, and the header position and the length of a UTC message frame should be correctly determined. The exact control of the UTC message in the transmitter is needed. Secondly, one frame of UTC messages will be noneffective if the data in the message is inconsistent with the TOC second to be flagged. 

However, all of the questions above-mentioned are related to TOC pulse or TOC second. The principle of TOC synchronization is firstly discussed in the section, afterwards the definitions and structures of word frame and message frame, the control of UTC message transmission, as well as the UTC message receiving are discussed one by one in the paper.

Obviously, independent TOC synchronization within Loran-C needs additional time information. Eurofix is a good example of this kind of work, my study is on the basis of ITU-R M.589-3.

Some conditions and protocols are presumed:

(1) The structure for signal specification , Modulation/demodulation layer ,as well as the UTC message structure are identical with the ITU-R M.589-3;

(2) UTC message position: One complete frame of UTC message should be placed ahead of the TOC pulse to be flagged;

(3) UTC message bit assignment: The UTC message body and bit assignment are given specially to satisfy the requirements for timing applications.

(4) UTC message and DGNSS message transmitted alter-  nately over one channel: UTC message can solely be broadcasted over one channel and engross the channel, but it wastes the channel. In order to improve the efficiency of one Loran-C data channel , so that the navigation users and the timing users can share the different types of message broadcasting from one Loran-C channel ,UTC message transmitted alternately with DGNSS message over one channel has been considered in this paper.

A.  Time relationships 

Firstly, let’s discuss the time interval between the start point (or end point) of GRI and the reference pulse. Inside a TOCI(TOC Interval), the time interval between each of the start point(or end point)of GRIs and the reference pulse is determined and can be calculated by the numbers of GRI. The time interval relationship is established and kept by the transmitter system. The total numbers of GRI pulses in a TOCI is[12]：
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Assume that the serial number of GRI in one TOCI are from 1 to p, then the time interval of GRI(k) will be : 
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The time relationship is shown in Fig.1.

  This kind of relationship is established on the physical layer. GRI sequences can be the bridge connecting the TOC with the additional modulation information.

Secondly, it is the time correspondence relationship between the modulation pattern and pulse groups. Based on the above assumed conditions, the correspondence relationship between the modulation patterns and the GRI pulse groups can be established ,as shown in Fig.2 .There is an order-preserving mapping between set M and set G.
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Fig.1 The time interval between the start point (or end point) of GRI and the reference pulse
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Fig.2. The time correspondence relationship between the modulation pattern and pulse groups. Note:
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This kind of correspondence relationship is on the modulation/demodulation layer.

Considering the Fig.1 and Fig. 2 together, the relationship between additional modulation patterns and TOC in a TOCI is shown in Fig. 3. If the position of the first pattern of one UTC message frame can be controlled and calculated in GRI(k) , then the relationship between TOCi+1 and the message frame and all of the patterns are clear and can be confirmed.

B.  Principle and feasibility
Presumed GRI(p) in the GRI sequences is the reference pulse(TOC pulse), in order to catch the reference pulse, a strobe pulse called TOC Strobe Pulse should be formed between GRI(p) and GRI(p-1).Certainly, TOC Strobe Pulse is generated by the additional modulation time information(shown in Fig.4). 
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Fig.3.  The relationship between additional modulation patterns and TOC
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Fig.4. Basic idea of TOC Synchronization. A is the TOC Strobe Pulse,B is the GRI Sequences,C is the TOC Second Pulse. A is generated by additional modulation information. The GRI pulse numbered n is representative of the reference Pulse.

The idea in Fig. 4 can be expressed as : 
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Where 
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Now, let’s see how the TOC Strobe Pulse(TSP for short) could be generated. Because the TSP is generated by the UTC message, Referencing to Fig. 1 and Fig. 2, it means that we should deal with the UTC message in an appropriate way. Detecting the message and making a decision are the necessary procedures. In general, we could detect the position of the frame header of a UTC message frame, or the transparent data in the message body. For the purpose of TOC strobe, we select the former as the objective of detection. If the frame header is selected to be the objective for the detection procedure, the frame alignment signal should be thought of as the decision signal. 
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The arising time of detection 
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Where 
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 is the processing time of UTC message in the receiver, it is normally a constant when the Forward Error Correcting Codes is used.

As soon as the UTC message is detected and the position of the frame header is determined, a decision signal can be given for forming the TSP. There are two possible ways to generate TSP from the decision signal. (1) direct way: The decision signal (if it is a pulse) could be directly regarded as the TOC Strobe Pulse. It is necessary to strictly arrange the position of the UTC message frame, and it has little agility in the way.(2) indirect way: If the position of decision pulse signal and the time interval between the decision signal and the TSP are known, the TSP can be formed.
It looks like a time interval counter. The interval can be calculated, from Fig.3, if the position of the header of the UTC message frame is known. On the other hand, when the UTC message frame is detected, the current frame alignment signal pulse can be used as the decision pulse.

Defining the variable Interval (shown in Fig.5)as the time interval between the frame header and the next TOC reference pulse，namely the time interval between the end of GRI(k) and the next TOC, then Interval is calculated with :
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Combination the expression (5), (6) and (7) ：
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Let 
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Namely：
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If we want to transfer the principle to a technique method be realized at the receiving end , there are two problems which have to be solved: How can the interval be obtained at the receiving end? How can the frame header of UTC message can be detected at the receiver end? The answer to the first question is that the value of interval should be broadcasted 

TABLE  I
 TYPE 3 SELECTED FOR UTC MESSAGE
	Indication
	Message Type
	Decimal

	Type
	
	I4
	I3
	I2
	I1
	

	1
	DGPS Corrections
	0
	0
	0
	1
	1

	2
	DGLONASS Corrections
	0
	0
	1
	0
	2

	3
	UTC Message
	0
	0
	1
	1
	3

	4
	Reserved
	0
	1
	0
	0
	4

	5
	Text Message
	0
	1
	0
	1
	5

	6
	Reserved
	0
	1
	1
	0
	6

	7
	Reserved
	0
	1
	1
	1
	7

	……
	……
	
	
	
	
	

	16
	Reserved
	0
	0
	0
	0
	0


in the current UTC message for once  synchronization procedure , in different UTC message, the value of  interval may be changed. As far as the second question, a word of UTC message type can be arranged in the UTC message, as soon as the type be detected, the last frame alignment signal 
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Fig.5. The concept of INTERVAL

can be thought as the position of the frame header of UTC message. Next sections give details discussion to them.

III. Frame Structure of UTC Message
A.  UTC Message Type

From the 13 reserved message types in table 7 of RECOMMENDATION ITU-R M.589-3, one may be selected for the UTC message, for example, Type 3,which is shown in TABLE I. 

B. Required Words 

UTC message consists of several words, each word has different bits. Following words are necessary to implement the independent time service.

Word 1: Message type. 

Word 2: Leap second Alarm.

The time code transmitted in the UTC message is the time code of TOC, not the continuing time code at each UTC second. Certainly, a continuous UTC time code clockface can be easily obtained from the TOC time code. The UTC time code can be converted to hh:mm:ss for display. If leap second happens between two TOCs , TOCi and TOCi+1,the continuous clockface will be wrong from the time of leap 

[image: image50.bmp]
Fig.6. Possible wrong range of clockface

second to the TOCi+1.Fig. 6 depicts the wrong range. In order to prevent the wrong information, a word of leap second alarm should be arranged. It includes two types of message: whether the leap second happens; the direction of

the leap second. The receiver can automatically correct the clockface from the word, or acquiesce the wrong information . In order that the correct clockface can be kept, the leap second alarm should be broadcasted in the UTC message frame of TOCi-1, if leap second happens during TOCi and TOCi+1.
Word 3: Sequence number.If there are more than one UTC message frames in one TOCI or a complete UTC message frame consists of several subframes, sequence number should be given.

Word 4: Interval .It is the numbers of GRI between the GRI position of frame header located and the next TOC. 
Word 5: Time code. It is the time code which is used to flag the TOC second. 

Word 6: TOE corrections. It is the bias between the UTC(k) and the time of emission of the Loran-C station. 

Word 7: Placeholder

Word 8: CRC(Cyclic Redundancy Check)

C  Frame Structure 

It is unknown when a certain user will begin the work of timing, the arrangement of UTC message over Loran-C data channel should ensure that the user can accomplish the TOC synchronization and time code receiving at any TOC.     

Obviously, at least a integrated frame of UTC message
should be arranged once a TOC interval. Once the TOC  synchronization has been established and the begin time code has been obtained, the receiver doesn’t need to repeat the operation of synchronization at each of the TOC. The

receiver can keep the time code and the continuous UTC second pulse. The action of TOC synchronization maybe happen once several hours ,or one day ,even more long time.

A complete UTC message frame could consist of thirty consecutive pulse groups. The message includes above-mentioned eight words. This structure may accomplish the basic upgrading function for timing service, such as independent TOC synchronization and time code transmission.
    TABLE II   UTC MESSAGE BIT ASSIGNMENT 

	
	Message type

	Bit No.
	1
	2
	3
	4
	5
	6
	7
	…
	16

	1~4
	0001
	0010
	0011
	0100
	0101
	0110
	0111
	
	0000

	5~6
	DGPS

Corr.
	DGLONASS

Corr.
	Leap second 
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	7~8
	
	
	Sequence

 number
	
	
	
	
	
	

	9~18
	
	
	Interval
	
	
	
	
	
	

	18~43
	
	
	Time code


	
	
	
	
	
	

	44~52
	
	
	TOE 

Corr.
	
	
	
	
	
	

	53~56
	
	
	placeholder
	
	
	
	
	
	

	57~70
	CRC
	CRC
	CRC
	CRC
	CRC
	CRC
	CRC
	CRC
	CRC


If the corrections of the Loran-C signal propagation delay could be broadcasted over the data channel in real-time, such as in the GPS , the timing performance of ground wave of Loran-C will be improved. It is a more complex work. It is necessary that there is a monitor system(or several systems in different directions or fan-shaped areas) to collect the time-varied parameters which affect the propagation 
[image: image51.bmp]
Fig.9. propagation delay parameters monitoring and broadcasting in a certain fan-shaped area
delay. The receiver in certain fan-shaped area should have 
the software to process the time-varied parameters broadcasted over the Loran-c transmitter. The communication between the Loran-C station and the monitor system is needed. The idea is shown in Fig.9.
If the idea is feasible, the UTC message should include several subframes. Each of the subframes consist of thirty consecutive pulse groups. The words , such as fan-shaped area number , time-varied parameters , should be added.

B. Message bit assignment

The UTC message bit assignment is shown in Table II , the basic bit assignment for each word is given. Only the frame including one subframe is considered in the table.

IV. TRANSMISSION CONTROL

A .  Transmission Control

Comparison with the DGNSS corrections broadcasting over the Loran-C data channel, the control of the position of the UTC message in the GRI sequence is more stricter. The value of word INTERVAL is effective when the frame header is accurately controlled, the value of INTERVAL and the actual position of message must be accordant.

As above-mentioned, we‘d better consider that UTC message and DGNSS message can be alternately transmitted over one channel. The alternate control of the two types of message should be considered accordingly. However, the availability of each of the messages in alternating broadcasting mode should be ensured.

According to Fig.7 and Fig.8, an algorithm of the transmission control, to be as an example, is given in the following recurrence formulae, The educe program are omitted. The computation of TOC0,TOCI was given in[12]. It is presumed that there is one UTC message in a TOCI.
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Where
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Fig.7. The calculation of INTERVAL by 
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Fig.8. DGNSS and UTC message alternative transmission over one data channel

B. UTC Message Receiving

Based on the discussion in all above sections in the paper, a simple state diagram ,in Fig.10, shows the basic receive procedure of the UTC message. The number label has given the basic procedures at the receiving end .

















Fig.10. State Diagram of receiving UTC Message

V . CONCLUSIONS

   We have given the detail discussion about the UTC message broadcasting over Loran-C data channel. The paper focus on the basic principle and methods. In the future, we will do experiment to validate them. The message format will be optimized and necessary modifications of the transmission control will be done. The appropriate method of receive will be accordingly considered at that time. 
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