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Description

[0001] BACKGROUND
[0002] The invention relates to bus data transfers. In
particular, the invention relates to reducing the number
of lines used to transfer bus data.
[0003] One example of a bus used to transfer data is
shown in Figure 1. Figure 1 is an illustration of a receive
and transmit gain controllers (GCs) 30, 32 and a GC con-
troller 38 for use in a wireless communication system. A
communication station, such as a base station or user
equipment, transmits (TX) and receives (RX) signals. To
control the gain of these signals, to be within the operating
ranges of other reception/transmission components, the
GCs 30, 32 adjust the gain on the RX and TX signals.
[0004] To control the gain parameters for the GCs 30,
32, a GC controller 3 8 is used. As shown in Figure 1,
the GC controller 38 uses a power control bus, such as
a sixteen line bus 34, 36, to send a gain value for the TX
36 and RX 34 signals, such as eight lines for each. Al-
though the power control bus lines 34, 36 allow for a fast
data transfer, it requires either many pins on the GCs 30,
32 and the GC controller 38 or many connections be-
tween the GCs 30, 32 and GC controller 38 on an inte-
grated circuit (IC), such as an application specific IC
(ASIC). Increasing the number of pins requires additional
circuit board space and connections. Increasing IC con-
nections uses valuable IC space. The large number of-
pins or connections may increase the cost of a bus de-
pending on the implementation.
[0005] Accordingly, it is desirable to have other data
transfer approaches.
[0006] "DS90CR211/DS90CR212 21-Bit Channel
Link", National Semiconductor discloses a transmitter
converting 21 bits of input data into three data streams,
and a receiver converting the data streams back into 21
bits.
[0007] In "Serielle Schnittstellentechnik und Protokol-
lanalyser-Anwendungen : Serielle Schnittstellen und
deren Protokolle verstehen; aufbauen und testen" Dri-
galsky I discloses use of a start bit for asynchronous
transfer.
[0008] SUMMARY
[0009] The invention relates to method employed by a
base station as defined in independent claim 1.
[0010] BRIEF DESCRIPTION OF THE DRAWING(S)
[0011] Figure 1 is an illustration of an RX and TX GC
and a GC controller.
[0012] Figure 2 is a block diagram of a hybrid parallel/
serial bus interface.
[0013] Figure 3 is a flow chart for transferring data
blocks using a hybrid parallel/serial bus interface.
[0014] Figure 4 illustrates demultiplexing a block into
a most significant and least significant nibble.
[0015] Figure 5 illustrates demultiplexing a block using
data interleaving.
[0016] Figure 6 is a block diagram of a bi-directional
hybrid parallel/serial bus interface.

[0017] Figure 7 is a diagram ofan implementation of
one bi-directional line.
[0018] Figure 8 is a timing diagram illustrating start bits.
[0019] Figure 9 is a block diagram of a function con-
trollable hybrid parallel/serial bus interface.
[0020] Figure 10 is a timing diagram of start bits for a
function controllable hybrid parallel/serial bus interface.
[0021] Figure 11 is a table of an implementation of start
bits indicating functions.
[0022] Figure 12 is a block diagram of a destination
controlling hybrid parallel/serial bus interface,
[0023] Figure 13 is a table of an implementation of start
bits indicating destinations.
[0024] Figure 14 is a table of an implementation of start
bits indicating destinations/functions.
[0025] Figure 15 is a block diagram of a destinations/
functions controlling hybrid parallel/serial bus interface.
[0026] Figure 16 is a flow chart for start bits indicating
destinations/functions.
[0027] Figure 17 is a block diagram for a positive and
negative clock edge hybrid parallel/serial bus interface.
[0028] Figure 18 is a timing diagram for a positive and
negative clock edge hybrid parallel/serial bus interface.
[0029] Figure 19 is a block diagram of a 2-line GC/GC
controller bus.
[0030] Figure 20 is a block diagram of a 3-line GC/GC
controller bus.
[0031] DETAILED DESCRIPTION OF THE PRE-
FERRED EMBODIMENT(S)
[0032] Figure 2 is a block diagram of a hybrid parallel/
serial bus interface and Figure 3 is a flow chart of hybrid
parallel/serial bus interface data transfer. A data block is
to be transferred across the interface from node 150 to
node 2 52. A data block demultiplexing device 40 re-
ceives the block and demultiplexes it into i nibbles for
transfer over i data transfer lines 44, (56). The value for
i is based on a tradeoff between number of connections
and transfer speed. One approach to determine i is to
first determine a maximum latency permitted to transfer
the data block. Based on the allowed maximum latency,
a minimum number of lines required to transfer the block
is determined. Using the minimum number of lines, the
lines used to transfer the data is selected to be at least
the minimum. The lines 44 may be the pins and their
associated connections on a circuit board or connections
on an IC. One approach to demultiplex into nibbles di-
vides the block into a most significant to a least significant
nibble. To illustrate for an eight bit block transfer over two
lines as shown in Figure 4, the block is demultiplexed
into a four bit most significant nibble and a four bit least
significant nibble.
[0033] Another approach interleaves the block across
the i nibbles. The first i bits of the block become the first
bit in each nibble. The second i bits become the second
bit in each nibble and so on until the last i bits. To illustrate
for an eight bit block over two connections as shown in
Figure 5, the first bit is mapped to the first bit of nibble
one. The second bit is mapped to the first bit ofnibble
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two. The third bit is mapped to the second bit of nibble
one and so on until the last bit is mapped to the last bit
of nibble two.
[0034] Each nibble is sent to a corresponding one of i
parallel to serial (P/S) converters 42, (58), converted from
parallel bits to serial bits, and transferred serially across
its line, (60). On the opposing end of each line is a serial
to parallel (S/P) converter 46. Each S/P converter 46 con-
verts the transmitted serial data into its original nibble,
(62). The i recovered nibbles are processed by a data
block reconstruction device 48 to reconstruct the original
data block, (64).
[0035] In another, bidirectional approach, the i connec-
tions are used to transfer data in both directions as shown
in Figure 6. Information data may be transferred in both
directions or information may be sent in one direction and
an acknowledgment sent back in the other direction. A
data block for transfer from node 1 50 to node 2 52 is
received by the data block demultiplexing and recon-
struction device 66. The demultiplexing and reconstruc-
tion device 66 demultiplexes the block into i nibbles. i P/S
converters 68 convert each nibble into serial data. A set
of multiplexers (MUXs)/DEMUXs 71 couples each P/S
converter 68 to a corresponding one of the i lines 44. At
node 2 52, another set of MUXs/DEMUXs 75 connects
the lines 44 to a set of S/P converters 72. The S/P con-
verters 72 convert the received serial data of each nibble
into the originally transmitted nibbles. The received nib-
bles are reconstructed by a data block demultiplexing
and reconstruction device 76 into the original data block
and output as the received data block.
[0036] For blocks transferred from Node 2 52 to Node
150, a data block is received by the data block demulti-
plexing and reconstruction device 76. That block is de-
multiplexed into nibbles and the nibbles are sent to a set
of P/S converters 74. The P/S converters 74 convert each
nibble into serial format for transfer across the i lines 44.
A Node 2 set of MUXs/DEMUXs 75 couples the P/S con-
verters 74 to the i lines 44 and a Node 1 set of MUXs/
DEMUXs 71 couples the lines 44 to i S/P converters 70.
The S/P converters 70 convert the transmitted data into
its original nibbles. The data block demultiplexing and
reconstruction device 66 reconstructs the data block from
the received nibbles to output the received data block.
Since data is only sent in one direction at a time, this
implementation operates in a half duplex mode.
[0037] Figure 7 is a simplified diagram of one imple-
mentation of bidirectional switching circuits. The serial
output from the node 1 P/S converter 68 is input into a
tri-statable buffer 78. The buffer 78 has another input
coupled to a voltage representing a high state. The output
of the buffer 78 is the serial data which is sent via the line
85 to a Node 2 tri-statable buffer 84. A resistor 86 is cou-
pled between the line 85 and ground. The Node 2 buffer
84 passes the serial data to a Node 2 S/P converter 72.
Similarly, the serial output from the Node 2 P/S converter
74 is input into a tristatable buffer 82. That buffer 82 also
having another input coupled to a high voltage. The serial

output of that buffer 82 is sent via the line 85 to a Node
1 tri-statable buffer 80. The Node 1 buffer 80 passes the
serial data to a Node 1 S/P converter 70.
[0038] In another implementation, some of the i lines
44 may transfer data in one direction and the other i lines
44 transfer data in another direction. At Node 150, a data
block is received for transmission to Node 2 52. Based
on the data throughput rate required for the block and
the traffic demand in the opposite direction, j, being a
value from I to i, of the connections are used to transfer
the block. The block is broken into j nibbles and converted
to j sets of serial data using j of the i P/S converters 68.
A corresponding number of j Node 2 S/P converters 72
and the Node 2 data block separation and reconstruction
device 76 recovers the data block. In the opposite direc-
tion, up to i-j or k lines are used to transfer block data.
[0039] In a preferred implementation of the bidirection-
al bus for use in a gain control bus, a gain control value
is sent in one direction and an acknowledgment signal
is sent back. Alternately, a gain control value is sent in
one direction and a status of the gain control device in
the other direction.
[0040] One implementation of the hybrid parallel/serial
interface is in a synchronous system and is described in
conjunction with Figure 8. A synchronous clock is used
to synchronize the timing of the various components. To
indicate the start of the data block transfer, a start bit is
sent. As shown in Figure 8, each line is at its normal zero
level. A start bit is sent indicating the beginning of the
block transfer. In this example, all the lines send a start
bit, although it is only necessary to send a start bit over
one line. If a start bit, such as a one value, is sent over
any line, the receiving node realizes that the block data
transfer has begun. Each serial nibble is sent through its
corresponding line. After transfer of the nibbles, the lines
return to their normal state, such as all low.
[0041] In another implementation, the start bits are al-
so used as an indicator of functions to be performed. An
illustration of such an implementation is shown in Figure
9. As shown in Figure 10, if any of the connections’s first
bits are a one, the receiving node realizes block data is
to be transferred. As shown in the table of Figure 11 for
a GC controller implementation, three combinations of
start bits are used, "01," "10" and "11." "00" indicates a
start bit was not sent. Each combination represents a
function. In this illustration, "01" indicates that a relative
decrease function should be performed, such as de-
creasing the data block value by 1. A "10" indicates that
a relative increase function should be performed, such
as increasing the data block value by 1. A "11" indicates
an absolute value function, where the block maintains
the same value. To increase the number of available
functions, additional bits are used. For example, 2 start-
ing bits per line are mapped to up to seven (7) functions
or n starting bits for i lines are mapped up to in + 1 - 1
functions. The processing device 86 performs the func-
tion on the received data block as indicated by the starting
bits.
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[0042] In another implementation as shown in Figure
12, the start bits indicate a destination device. As illus-
trated in Figure 13 for a two destination device/two line
implementation, the combination of start bits relates to a
destination device 88-92 for the transferred data block.
A "01" represents device 1; a "10" represents device 2;
and a "11" represents device 3. After receipt of the start
bits of the data block reconstruction device 48, the re-
constructed block is sent to the corresponding device
88-92. To increase the number of potential destination
devices, additional start bits may be used. For n starting
bits over each of i lines, up to in + 1 - 1 devices are se-
lected.
[0043] As illustrated in the table of Figure 14, the start
bits may be used to represent both function and destina-
tion device. Figure 14 shows a three connection system
having two devices, such as an RX and TX GC. Using
the start bit for each line, three functions for two devices
are shown. In this example, the start bit for line 3 repre-
sents the target device, a "0" representing target device
1 and a "1" representing target device 2. The bits for
connections 2 and 3 represent the performed function.
A "11" represents an absolute value function; a "10" rep-
resents a relative increase function; and a "01" repre-
sents a relative decrease. All three start bits as a zero,
"000," is the normal non-data transfer state and "001" is
not used. Additional bits may be used to add more func-
tions or devices. For n starting bits over each of i lines,
up to in+1 -1 function/device combinations are possible.
[0044] Figure 15 is a block diagram for a system im-
plementing the start bits indicating both function and des-
tination device. The recovered nibbles are received by
the data block reconstruction device 48. Based on the
received start bits, the processing device 86 performs
the indicated function and the processed block is sent to
the indicated destination device 88-92.
[0045] As shown in the flow chart of Figure 16, the start
bits indicating the function/destination are added to each
nibble, (94). The nibbles are sent via the i lines, (96).
Using the start bits, the proper function is performed on
the data block, the data block is sent to the appropriate
destination or both, (98).
[0046] To increase the throughput in a synchronous
system, both the positive (even) and negative (odd) edge
of the clock are used to transfer block data. One imple-
mentation is shown in Figure 17. The data block is re-
ceived by a data block demultiplexing device 100 and
demultiplexed into two (even and odd) sets of i nibbles.
Each set of the i nibbles is sent to a respective set of i
P/S devices 102, 104. As shown in Figure 17, an odd
P/S device set 102, having i P/S devices, has its clock
signal inverted by an invertor 118. As a result, the inverted
clock signal is half a clock cycle delayed with respect to
the system clock. A set of i MUXs 106 select at twice the
clock rate between the even P/S device set 104 and the
odd P/S device set 102. The resulting data transferred
over each connection is at twice the clock rate. At the
other end of each connection is a corresponding DEMUX

108. The DEMUXs 108 sequentially couple each line 44
to an even 112 and odd 110 buffer, at twice the clock
rate. Each buffer 112, 110 receives a corresponding even
and odd bit and holds that value for a full clock cycle. An
even 116 and odd 114 set of S/P devices recover the
even and odd nibbles. A data block reconstruction device
122 reconstructs the data block from the transferred nib-
bles.
[0047] Figure 18 illustrates the data transfer over a line
of a system using the positive and negative clock edge.
Even data and odd data to be transferred over line 1 is
shown. The hatching indicates the negative clock edge
data in the combined signal and no hatching the even.
As shown, the data transfer rate is increased by two.
[0048] Figure 19 is a preferred implementation of the
hybrid parallel/serial interface used between a GC con-
troller 38 and a GC 124. A data block, such as having 16
bits of GC control data (8 bits RX and 8 bits TX), is sent
from the GC controller 38 to a data block demultiplexing
device 40. The data block is demultiplexed into two nib-
bles, such as two eight bit nibbles. A start bit is added to
each nibble, such as making 9 bits per nibble. The two
nibbles are transferred over two lines using two P/S con-
verters 42. The S/P converters 462 upon detecting the
start bits2 convert the received nibbles to parallel format.
The data block reconstruction device reconstructs the
original 16 bits to control the gain of the GC 124. If a
function is indicated by the start bits, such as in Figure
11, the AGC 124 performs that function on the received
block prior to adjusting the gain.
[0049] Figure 20 is another preferred implementation
for a hybrid parallel/serial converter, using three (3) lines,
between a GC controller 38 and an RX GC 30 and TX
GC 32. The GC controller 38 sends a data block to the
GC 30, 32 with proper RX and TX gain values and start
bits, such as per Figure 14. If the start bits per Figure 14
are used, Device 1 is the RX GC 30 and Device 2 is the
TX GC 32. The data block demultiplexing device 40 de-
multiplexes the data block into three nibbles for transfer
over the three lines. Using the three P/S converters 42
and three S/P converters 46, the nibbles are transferred
serially over the lines and converted into the original nib-
bles. The data block reconstruction device 48 recon-
structs the original data block and performs the function
as indicated by the start bits, such as relative increase,
relative decrease or absolute value. The resulting data
is sent to either the RX or TX GC 30, 32 as indicated by
the start bits.

Claims

1. A method employed by a base station for transferring
data from a first node (50) to a second node (52)
over i lines (44), the method including:

providing a data block;
demultiplexing the data block into a plurality of
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groups of bits, each group having a plurality of
data bits;
adding a start bit to each group of bits and pro-
viding one start bit of any one of the groups with
a given state so as to indicate start of data block
transfer, wherein the start bits in combination
represent functions to be performed; and
for each group of bits:

converting that group of bits into serial data;
and
transferring the group of bits as serial data
over a respective line (44),

and wherein said second node, when detecting
one start bit with a given state on any one of the
lines, for each line performs the steps of:

converting, for each group of bits, the serial
data into parallel data to recover that group
of bits; and
combining the recovered group of bits into
the data block,

and wherein the second node performs the function
indicated by the combination of the start bits.

2. The method of claim 1 wherein a number of bits in
a data block is N and the number of lines i is 1 < i < N.

3. The method of claim 1 wherein a number of bits in
a group of bits is four and the number of lines i is two.

Patentansprüche

1. Von einer Basisstation verwendetes Verfahren zum
Transferieren von Daten von einem ersten Knoten
(50) über i Leitungen (44) an einen zweiten Knoten
(52), wobei das Verfahren umfaßt:

Bereitstellen eines Datenblocks;
Demultiplexen des Datenblocks in mehrere Bit-
gruppen, wobei jede Gruppe mehrere Datenbits
hat;
Hinzufügen eines Anfangsbits zu jeder Bitgrup-
pe und Bereitstellen eines Anfangsbits einer der
Gruppen mit einem gegebenen Zustand, um
den Beginn eines Datenblocktransfers anzuzei-
gen, wobei die Anfangsbits in Kombination
Funktionen darstellen, die ausgeführt werden
sollen; und
für jede Bitgruppe:

Umwandeln dieser Bitgruppe in serielle Da-
ten; und
Transferieren der Bitgruppe als serielle Da-
ten über eine jeweilige Leitung (44), und wo-

bei der zweite Knoten, wenn er ein Anfangs-
bit mit einem gegebenen Zustand auf einer
der Leitungen erkennt, für jede Leitung die
folgenden Schritte ausführt:

für jede Bitgruppe Umwandeln der seriellen Da-
ten in parallele Daten, um diese Bitgruppe wie-
derzugewinnen; und
Kombinieren der wiedergewonnenen Bitgruppe
zu dem Datenblock,

und wobei der zweite Knoten die Funktion ausführt,
die durch die Kombination der Anfangsbits ange-
zeigt wird.

2. Verfahren nach Anspruch 1, wobei eine Anzahl von
Bits in einem Datenblock N ist und die Anzahl der
Leitungen i ist, wobei 1<i<N.

3. Verfahren nach Anspruch 1, wobei eine Anzahl von
Bits in einer Bitgruppe vier ist und die Anzahl von
Leitungen i zwei ist.

Revendications

1. Procédé utilisé par une station de base pour trans-
férer des données d’un premier noeud (50) à un se-
cond noeud (52) sur i lignes (44), le procédé com-
portant les étapes consistant à :

fournir un bloc de données ;
démultiplexer le bloc de données en une plura-
lité de groupes de bits, chaque groupe ayant
une pluralité de bits de données ;
ajouter un bit de départ à chaque groupe de bits
et conférer à un bit de départ de l’un quelconque
des groupes un état donné de manière à indi-
quer le départ du transfert de bloc de données,

dans lequel les bits de départ, en combinaison, re-
présentent des fonctions devant être exécutées ; et
pour chaque groupe de bits :

convertir ce groupe de bits en données série ; et
transférer le groupe de bits sous la forme de
données série sur une ligne respective (44),

et dans lequel ledit second noeud, lors de la détec-
tion d’un bit de départ ayant un état donné sur l’une
quelconque des lignes, pour chaque ligne, exécute
les étapes consistant à :

convertir, pour chaque groupe de bits, les don-
nées série en données parallèles pour récupé-
rer ce groupe de bits ; et
combiner le groupe de bits récupéré dans le bloc
de données, et dans lequel le second noeud
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exécute la fonction indiquée par la combinaison
des bits de départ.

2. Procédé selon la revendication 1, dans lequel un
nombre de bits d’un bloc de données est égal à N
et le nombre de lignes i est 1 < i < N.

3. Procédé selon la revendication 1, dans lequel un
nombre de bits du groupe de bits est égal à quatre
et le nombre de lignes i est égal à deux.
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