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(57) ABSTRACT 

The present invention comprises a method and apparatus for 
synchronizing data frames from a Wide bandwidth data 
stream Which is divided up and transmitted across a plurality 
of parallel channels in a mobile telephone system. Prior to 
transmitting the data frames, a transmit synchronizer syn 
chronizes data frames aligned in the same position in 
different parallel channels by inserting a common bit from a 
repeating PN synchronization sequence into the aligned data 
frames. Upon receiving the data frames at a destination, a 
receive synchronizer extracts the synchronization bit from 
each data frame. A series of sequential bits from each 
parallel channel is compared against the original PN syn 
chronization sequence to identify the position of each data 
frame relative to the other data frames and reconstructs the 
original Wide bandwidth data stream. 
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MULTI-FRAME SYNCHRONIZATION FOR 
PARALLEL CHANNEL TRANSMISSIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention pertains in general to syn 
chroniZation of data frames transmitted across multiple 
parallel channels, and more particularly, to the use of pseudo 
noise sequences to align data frames transmitted across 
multiple parallel channels. 

[0003] 2. Description of Related Art 

[0004] To achieve higher data transmission rates in mobile 
telephone systems, data frames from a Wide bandWidth 
communication channel are sequentially divided up for 
transmission across multiple narroW bandWidth communi 
cation channels as described in Patent Cooperation Treaty 
documents WO 96/18248 and WO 95/31878. Multiple com 
munication channels is are required due to the narroWer 
bandWidth. Data frames transmitted over the communication 
channels are reconstructed at a destination to form the 
original data stream. Various physical channels of the mobile 
telephone system are independent from one another, and 
propagation delay times through the mobile telephone sys 
tem vary from one physical channel to another. As data 
frames are received at the destination, they are reconstructed 
in the appropriate order to form the original data stream. 

[0005] To be able to reconstruct the data frames in the 
appropriate order in the receiver, inband information is 
inserted into each data frame. The inband information typi 
cally consists of three bits identifying a parallel channel 
number Which the data frame has been assigned to, and 
synchroniZation information identifying the position of the 
data frame relative to data frames assigned to other parallel 
channels. Synchronization information is required because 
the propagation delay through the mobile telephone system 
varies betWeen different physical channels. The synchroni 
Zation information is used to insure that data frames from 
one parallel channel are aligned With appropriate data 
frames from another parallel channel. 

[0006] As the data frames are received at the destination, 
they are reassembled into the appropriate parallel channel as 
determined by the inband parallel channel identi?cation 
information. Although the parallel channel affiliation of each 
data frame is immediately knoWn once it is received at the 
destination, the alignment of data frames from one parallel 
channel to another needs to be determined from a series of 
data frames from the same parallel channel. One solution 
uses a single bit to synchroniZe the data frames. For longer 
delay variances, hoWever, a single bit is insuf?cient. Another 
solution uses a series of bits comprising a logical one 
folloWed by logical Zeros. Synchronization betWeen the data 
frames is established only after a suf?cient number of data 
frames are received. Once the data frames from the parallel 
channels are aligned, the original data stream is recon 
structed. 

[0007] A ?rst draWback associated With the current 
method of synchroniZation is that a large number of data 
frames from one parallel channel must be received before 
synchroniZation is achieved. 

[0008] A second draWback involves bit errors Which occur 
frequently on the air interface of mobile telephone systems. 
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The current method of synchroniZation is not robust against 
bit errors and synchroniZation can be lost. 

[0009] A third draWback is the requirement that parallel 
channel identi?cation information must be inserted into each 
of the data frames. This information is “overhead” Which 
reduces the overall bandWidth of the transmission. 

[0010] It Would be advantageous, therefore, to devise a 
method and apparatus for synchroniZing data frames Without 
requiring receipt of a large number of data frames. It Would 
also be advantageous if such a method and apparatus pro 
vided better protection against bit errors. Furthermore, it 
Would be advantageous if such a method and apparatus 
eliminated the need for inserting parallel channel number 
information into the data frames. 

SUMMARY OF THE INVENTION 

[0011] The present invention comprises a method and 
apparatus for synchroniZing data frames from a Wide band 
Width data stream Which is divided up and transmitted across 
a plurality of parallel channels in a mobile telephone system. 
Alignment betWeen equally positioned data frames Within 
different parallel channels is achieved by inserting a com 
mon bit from a repeating pseudo noise synchroniZation 
sequence into equally positioned data frames before trans 
mission. Upon receiving the data frames at a destination 
receiver, the synchroniZation bit is extracted from each data 
frame. A series of sequential synchroniZation bits from each 
parallel channel is compared against the original pseudo 
noise synchroniZation sequence to identify the position of 
each data frame relative to the other data frames in order to 
reconstruct the original Wide bandWidth data stream. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a more complete understanding of the present 
invention, reference is made to the folloWing detailed 
description taken in conjunction With the accompanying 
draWings Wherein: 

[0013] FIG. 1 is a functional block diagram of a ?rst 
embodiment of the present invention, Wherein, a single 
pseudo noise sequence is used as a synchroniZation 
sequence; 

[0014] FIG. 2 is a functional block diagram of a second 
embodiment of the present invention, Wherein, each parallel 
channel is assigned a distinct pseudo noise synchroniZation 
sequence; 

[0015] FIG. 3 is a How diagram of a method for synchro 
niZing and transmitting data frames, in accordance With the 
present invention; and 

[0016] FIG. 4 is a How diagram of a method for receiving 
and synchroniZing data frames, in accordance With the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] Referring noW to FIG. 1, there is illustrated a 
functional block diagram of a ?rst embodiment of the 
present invention. A Wide bandWidth data stream 100 com 
prised of data frames 110 enters a transmit synchroniZer 120. 
The transmit synchroniZer 120 demultipleXes the Wide band 
Width data stream 100 and assigns individual data frames 
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110 to distinct parallel channels 170A-P The transmit syn 
chroniZer 120 inserts parallel channel identity information 
consisting of identi?cation bits and synchronization infor 
mation into each data frame 110. The transmit synchroniZer 
120 then transmits the data frames 110 assigned to the 
parallel channels 170A-P across the mobile telephone net 
Work 130. The mobile telephone netWork 130 comprises a 
plurality of physical channels 140. Data frames 110 are 
received at a destination receiver and enter a receive syn 
chroniZer 145. The receive synchroniZer 145 extracts par 
allel channel identity and synchroniZation information from 
each data frame 110 and reconstructs the original Wide 
bandWidth data stream 100 by multiplexing the individual 
data frames 110 into a single data stream 100. 

[0018] The transmit synchroniZer 120 and the receive 
synchroniZer 145 provide a means to generate a pseudo 
noise (PN) synchroniZation sequence 150 comprised of 
individual bits 160. PN sequences are Well knoWn in the 
industry and are described in a book entitled, “Spread 
Spectrum Communications,” co-authored by Marvin K. 
Simon, Jim K. Omura, Robert A. ScholtZ and Barry K. 
Levitt. The PN sequence 150 is generated by PN sequence 
source 159 such as being shifted out of a memory. A PN 
generator such as a microprocessor can also be programed to 
generate the PN sequence 150 in the transmit synchroniZer 
120 and the receive synchroniZer 145. The sequence 150 is 
K bits in length, Wherein K is determined by the expression 
K§2D+1, and D is equal to the maximum propagation delay 
difference betWeen any physical channels 140 through the 
mobile telephone netWork 130, as measured by the number 
of data frames Which can be transmitted on one physical 
channel 140 through the mobile telephone netWork 130 
during the propagation delay difference. There exist such PN 
sequences for any K, for example, a thirteen bit PN sequence 
is “11001001101111011 ” and a ?fteen bit PN sequence is 
“11000100110101111.” 

[0019] A property of PN sequences involves a sequential 
series of bits Within the PN sequence knoWn as a unique 
sequence 155. The unique sequence 155 is the smallest 
number, N, of bits necessary to determine position of a bit 
160 Within the PN sequence 150 relative to other bits 160 in 
the PN sequence 150. Although the number of bits, N, 
forming the unique sequence 155 varies With the number of 
bits, K, forming the PN sequence 150, in a carefully chosen 
PN sequence, N is much smaller than K. It is understood that 
the present invention is not limited to any particular value K. 

[0020] As data frames 110 enter the transmit synchroniZer 
120, the data frames 110 are sequentially assigned to a 
plurality of parallel channels 170A-P. Data frames assigned 
to different parallel channels 170A-P Which are aligned in 
the same sequential position in the plurality of parallel 
channels 170A-P form a data frame set 180. Prior to trans 
mission across the mobile telephone netWork 130, the trans 
mit synchroniZer 120 inserts information into each data 
frame 110 identifying the parallel channel to Which the 
respective data frame 110 has been assigned. For example, 
in the case Where eight channels are available, the channel 
identity information consists of three bits. Furthermore, data 
frames in each set of data frames 180 are inserted With a 
single bit 160 from the PN synchroniZation sequence 150 
Where sequential sets of data frames 180 receiving sequen 
tial bits 160 from the synchroniZation sequence 150. Once 
the sequence is exhausted, the sequence 150 Wraps around 
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and is repeated. The parallel channels 170A-P are then 
transmitted over the plurality of physical channels 140 
comprising the mobile telephone netWork 130. An exem 
plary mobile telephone netWork 130 can include a plurality 
of base stations communicating With a plurality of Wireless 
telephones via an air interface, and further communicating 
With each other and a public sWitched telephone netWork via 
base station controller and mobile sWitching centers. 

[0021] Upon arriving at the destination, the parallel chan 
nel identity information is extracted from each data frame 
110 and parallel channels 170A-P are identi?ed. Due to the 
varying propagation delay on the physical channels 140, 
hoWever, the data frames 110 are not aligned to form the sets 
of data frames 180 necessary to reconstruct the original Wide 
bandWidth data stream 100. The receive synchroniZer 145, 
therefore, extracts the PN synchroniZation bit 160 from each 
data frame 110 and identi?es a unique sequence 155 of N 
bits for each parallel channel 170A-P. The receive synchro 
niZer 145 compares the unique sequences 155 against the PN 
sequence 150 and identi?es the position of each unique 
sequence 155 in the PN sequence 150. The results of this 
comparison are used to align the data frames in the parallel 
channels 170A-P. Once the data frames 110 comprising the 
parallel channels 170A-P are aligned, the original Wide 
bandWidth data stream 100 is reconstructed by removing the 
synchroniZation bit 160 and the parallel channel identity 
information and multiplexing the data frames 110 belonging 
to the same set of data frames 180. Subsequent bits 160 
extracted from subsequent data frames 110 create a sliding 
WindoW of bits 160, Which form the unique sequences 155 
of the PN sequence 150. 

[0022] In an alternative embodiment to the embodiment 
described in FIG. 1, each parallel channel 170A-P is asso 
ciated With a distinct physical channel 140 according to a 
prede?ned assignment. Whereas in the ?rst embodiment 
each parallel channel 170A-P could be transmitted over any 
physical channel 140 of the mobile telephone netWork 130 
each parallel channel 170A-P in the second embodiment is 
assigned to a speci?c physical channel 140. By imposing 
this requirement, the receive synchroniZer 145 is aWare of 
Which parallel channel 170A-P is received across Which 
physical channel 140 of the mobile telephone netWork 130. 
Thus, information identifying the parallel channel to Which 
the data frames 110 are assigned does not need to be inserted 
into the data frame 110. 

[0023] An example of prede?ned assignment in a Time 
Division Multiple Access System is to assign the ?rst 
parallel channel 170A to the loWest number time slot With 
subsequent parallel channels 1703-P assigned to subsequent 
time slots. The prede?ned assignment can be changed as 
long as both the transmit synchroniZer 120 and the receive 
synchroniZer 145 are both informed of the change by 
signaling or stated rules. 

[0024] Referring noW to FIG. 2, there is illustrated a 
functional block diagram of a second embodiment of the 
present invention. This embodiment functions in a manner 
consistent With that of the ?rst embodiment shoWn in FIG. 
1, except that separate parallel channel identity information 
bits are not inserted into the data frames 110. Instead, each 
parallel channel 170A-P is assigned a distinct PN sequence 
151A-P. Both the transmit synchroniZer 120 and the receive 
synchroniZer 145 are programed, either in memory or 
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through PN sequence generator, With copies of the PN 
sequences 151A-P and can determine the relative position of 
any bit 160 from any PN sequence 151A-P relative to bits 
160 from any other PN sequences 151A-P. For a given 
length of bits K there is a ?xed number of distinct PN 
sequences With the desired properties. The number of dis 
tinct PN sequences increases as the length K increases. 
Therefore, it may be necessary to increase the length K of 
the PN sequences used to obtain enough PN sequences to 
accommodate the number of parallel channels 170A-P. 

[0025] Bits 160 from the PN sequences 151A-P are 
inserted into, and eXtracted from, the data frames 110 in a 
manner consistent With that described for FIG. 1 eXcept that 
different PN sequences 151A-P are used for each parallel 
channel 170A-P. The receive synchroniZer identi?es Which 
parallel channel 170A-P is transmitted across Which physi 
cal channel 140 by matching the PN sequence received on 
each physical channel 140 With copies of the PN sequences 
151A-P assigned to the parallel channels 170A-P. Addition 
ally, the receive synchroniZer compares unique sequences 
156A-P With the PN sequences 151A-P to align data frames 
110 of the various parallel channels 170A-P. 

[0026] The embodiments shoWn in FIG. 1 and FIG. 2 
insert a single bit from the PN sequence into each data 
frame. To provide better protection against bit errors, tWo or 
more bits from the PN synchroniZation sequence can be 
inserted into each data frame. This requires a longer PN 
sequence since multiple bits are used on each data frame but 
increases the likelihood that bit errors Will be detected. 
Additionally, since the data frame is subdivided and inter 
leaved With other data frames for transmission across the 
mobile telephone system, still further protection against bit 
errors is possible by inserting the tWo or more bits into 
non-consecutive bit positions in the data frame. Thus, the PN 
sequence bits are transmitted at different times decreasing 
the likelihood that all the bits Will be subjected to bit errors. 

[0027] Referring noW to FIG. 3, there is illustrated a How 
diagram of a method for synchroniZing and transmitting data 
frames in accordance With the present invention. Data 
frames comprising the Wide bandWidth data stream are 
assigned to parallel channels and grouped into data frame 
sets (step 300). Each data frame Within a data frame set is 
inserted With at least one bit from the PN synchroniZation 
sequence (step 310). In one aspect of the invention, a single 
bit is inserted into each data frame of the data frame set. In 
another aspect, more than one bit is inserted in the set of data 
frames. In yet another aspect, multiple bits are inserted in 
different positions Within the data frame. In still another 
aspect, each parallel channel is assigned a distinct PN 
synchroniZation sequence. 

[0028] Once the synchroniZation information is inserted 
into the data frames, the data frames are transmitted across 
the mobile telephone netWork (step 320). Adetermination is 
made as to Whether there are more data frames to transmit 

(step 330). If there are no further data frames to transmit, the 
process terminates. OtherWise, the process is repeated for 
the neXt set of data frames using subsequent bits from the PN 
synchroniZation sequence. 

[0029] Referring noW to FIG. 4, there is illustrated a How 
diagram of a method for receiving and synchroniZing data 
frames in accordance With the present invention. Upon 
receiving data frames from the mobile telephone netWork 
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(step 400), the PN synchroniZation bits are eXtracted from 
each data frame (step 410)to form a unique sequence. The 
unique sequence for each parallel channel is compared 
against the PN synchroniZation sequence assigned to the 
parallel channel (step 430) to determine the position of each 
data frame relative to the others. The data frames from the 
various parallel channels are then aligned (step 440) and the 
original data stream is reconstructed. A determination is 
made as to Whether the transmission has ended (step 450). 
If the transmission has ended the process terminates; other 
Wise, the process repeats for the neXt set of data frames. 

[0030] Although the description of the present invention 
described the use of parallel channels comprising different 
time slots of a carrier frequency in a Time Division Multiple 
Access system, the present invention is also applicable to 
other systems such as a Code Division Multiple Access 
system Wherein parallel channels comprise different spread 
ing codes of a carrier frequency, for eXample, Walsh Codes. 

[0031] Although embodiments of the method and appara 
tus of the present invention have been illustrated in the 
accompanying DraWings and described in the foregoing 
Detailed Description, it is understood that the invention is 
not limited to the embodiments disclosed, but is capable of 
numerous rearrangements, modi?cations, and substitutions 
Without departing from the spirit of the invention as set forth 
and de?ned by the folloWing claims. 

What is claimed is: 
1. A method for synchronizing data frames for transmis 

sion across a plurality of parallel channels comprising the 
steps of: 

grouping a set of data frames for transmission across the 
plurality of parallel channels Wherein each data frame 
is transmitted on a separate parallel channel; and 

inserting at least one bit from a repeating PN synchroni 
Zation sequence into each data frame. 

2. The method recited in claim 1, further including the 
step of inserting parallel channel identity information into 
each data frame. 

3. The method recited in claim 1, Wherein, the plurality of 
parallel channels comprises a mobile telephone netWork. 

4. The method recited in claim 3, Wherein, the mobile 
telephone netWork comprises a plurality of channels in the 
form of time slots of a carrier frequency in a time division 
multiple access system. 

5. The method recited in claim 3, Wherein, the mobile 
telephone netWork comprises a plurality of channels in the 
form of spreading codes of a carrier frequency in a code 
division multiple access system. 

6. The method recited in claim 1, Wherein each parallel 
channel corresponds to a preassigned physical channel. 

7. The method recited in claim 1, Wherein a common 
repeating PN sequence is used for all parallel channels. 

8. The method recited in claim 1, Wherein each parallel 
channel is associated With a preassigned and distinct repeat 
ing PN synchroniZation sequence Wherein the distinct 
repeating PN synchroniZation sequences have a knoWn 
alignment to one another. 

9. An apparatus for synchroniZing data frames for trans 
mission across a plurality of parallel channels in a commu 
nication system, comprising: 
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means for generating a repeating PN synchronization 
sequence; and 

a transmit synchroniZer for grouping sets of data frames 
for transmission across the plurality of parallel chan 
nels With each of the data frames Within the set being 
transmitted across a separate parallel channel, the trans 
mit synchroniZer inserting bits from the repeating PN 
synchronization sequence into the data frames. 

10. The apparatus recited in claim 9, further comprising 
means for inserting parallel channel identity information 
into each data frame. 

11. The apparatus recited in claim 9, Wherein the com 
munication system comprises a mobile telephone system. 

12. The apparatus recited in claim 11, Wherein the mobile 
telephone system has a Time Division Multiple Access air 
interface and a channel comprises a distinct time slot of the 
carrier frequency. 

13. The apparatus recited in claim 11, Wherein the mobile 
telephone system has a code division multiple access air 
interface and a channel comprises a distinct spreading code. 

14. A method for synchroniZing data frames received 
across a plurality of parallel channels, comprising the steps 
of: 

extracting at least one PN synchroniZation sequence bit 
from each of the data frames received across the 
plurality of parallel channels to form a synchroniZation 
sequence for each of the parallel channels; 

identifying a unique sequence for each of the parallel 
channels from the PN synchroniZation sequence bits 
extracted from sequential data frames received across 
the respective parallel channels; 

comparing the positions of the unique sequences identi 
?ed from each of the channels against each other; and 
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aligning the data frames based on the relative positions of 
the unique sequences. 

15. The method recited in claim 14, further including the 
step of extracting parallel channel identity information from 
each of the data frames. 

16. The method recited in claim 14, further including the 
step of determining the identity of the parallel channels 
based on Which physical channel the data frames Were 
received on. 

17. The method recited in claim 14, further comprising the 
step of determining the identity of the parallel channels 
based on a preassigned and distinct PN synchroniZation 
sequence associated With each channel. 

18. An apparatus for synchroniZing data frames received 
across a plurality of parallel channels, comprising: 

means for generating a repeating PN synchroniZation 
sequence; and 

a receive synchroniZer for extracting PN synchroniZation 
sequence bits from received data frames and identify 
ing unique sequences for each of the parallel channels, 
the receive synchroniZer using the identi?ed unique 
sequences to align the received data frames to regroup 
sets of transmitted data frames. unique sequences to 
align the received data frames to regroup sets of 
transmitted data frames. 

19. The apparatus recited in claim 18, further comprising 
means for determining a parallel channel identity based on 
information extracted from each data frame. 

20. The apparatus recited in claim 18, further comprising 
means for determining a parallel channel identity based on 
a preassigned and distinct PN synchroniZation sequence 
associated With each channel. 


