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DATA TRANSMISSION METHOD AND 
APPARATUS IN RELAY TRANSMISSION TYPE 

RADIO NETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional under 37 C.F.R. S 
1.53(b) Of prior application Ser. No. 10/010,530, filed Dec. 
5, 2001, the entirety of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention relates to a data transmission 
method and an apparatus therefor in a relay transmission 
type radio network. 
0004 2. Description of the Related Art 

1. Field of the Invention 

0005 FIG. 18 is a diagram illustrating a cell configura 
tion of a conventional cellular system. As for the cell 
configuration of this cellular system, it is comprised of cells 
101 and base stations (nodes) 102, where a serviceable area 
is constituted by placing a plurality of cells as in FIG. 18. 
Each of nodes 102 is connected by a wire basic network 104 
and a wire circuit 103, so that service signals such as voice 
and data and various control signals are communicated via 
these links. Moreover, there are cases where each of nodes 
102 is connected to the wire basic network 104 by providing 
concentration stations or the like hierarchically between 
them. A terminal station 105 performs communication with 
the node 102, and transmits and receives various signals 
communicated by the wire basic network 104 and the wire 
circuit 103. The wire basic network 104 has a server 
apparatus installed for managing location information on the 
terminals and radio nodes, and performing accounting and 
SO. O. 

0006. In order to cope with the increase in the number of 
subscribers to the cellular systems such as portable tele 
phones and the Fixed Wireless Access, a technique of 
reducing a cell radius to decrease a processing load per node 
is adopted. In the case of constructing the system with Such 
minimal cells, a very large number of the nodes are placed 
So as to secure a service area. 

0007. In addition, in the case where a high density data 
transmission system such as multilevel modulation is 
applied in order to Sup-linkport high-speed data transmis 
sion, the area covered by one node inevitably becomes 
Smaller to secure required received quality, and so a very 
large number of the nodes are also placed in this case. 
0008 Furthermore, while the cellular systems were 
mainly designed in quasi-micro and microwave Zones in the 
past, construction of the cellular systems using quasi-milli 
meter and millimeter wave Zones is expected because of a 
crisis of frequency pressure. A higher frequency weakens a 
diffraction effect and makes it markedly straight so that an 
unexpected call becomes difficult, which inevitably leads to 
a smaller area covered by each node. To be more specific, a 
very large number of the nodes are also placed in Such a case 
since a call area must be secured with the minimal cells. 

0009. In the case of constructing the systems with a large 
number of the minimal cells, it is essential to consolidate a 

Oct. 12, 2006 

wire network for the purpose of connecting the node group 
link to the basic network. To connect a very large number of 
the geographically unevenly distributed nodes with the basic 
network, however, it is necessary to install the wire networks 
everywhere and so the cost of the entire system increases. 
Therefore, there is a technique of connecting the nodes by 
radio and performing relay transmission so as to expand the 
service area. 

0010 FIG. 19 is a diagram illustrating an example of the 
cell configuration wherein relay nodes 204, 205 and 206 are 
placed around a core node 203 connected to a wire network 
201 by a wire circuit 202 and the relay nodes and the core 
node are connected by radio. A symbol 208 indicates an 
example of an area covered by the node. The up-link packet 
transmitted from a terminal 207 reaches the core node 203 
via the relay nodes 205 and 204, and then the packet 
received by the core node 203 is communicated to the wire 
network 201 by way of the wire circuit 202. On the other 
hand, the down-link packet to the terminal 207 sent from the 
wire network 201 is sent to the core node 203 first by way 
of the wire circuit 202 and then is communicated from the 
core node 203 to the terminal 207 by way of the relay nodes 
204 and 205. 

0011. In the case of transmitting the down-link packet in 
the cell configuration shown in FIG. 19, there was a 
challenge that the appropriate relay route must be selected 
out of a plurality of the relay routes according to the location 
of the terminal 207, and that, if the terminal station moves, 
the relay route of the down-link packet to the terminal 
station must be changed as appropriate following the move. 

SUMMARY OF THE INVENTION 

0012. Thus, an object of the present invention is to 
provide the data transmission method and apparatus in a 
relay transmission type radio network capable of selecting 
the appropriate down-link relay route according to the 
location of the terminal station. 

0013 Another object of the present invention is to pro 
vide the data transmission method and apparatus in the relay 
transmission type radio network allowing the down-link 
relay route to be changed following the move of the terminal 
station and capable of selecting the down-link relay route 
appropriate to the above described move. 
0014. According to the first aspect of the present inven 
tion, a data transmission method in a relay transmission type 
radio network including a core node connected to a wire 
network, relay nodes relaying a down-link packet transmit 
ted from said core node and an up-link packet directed 
toward said core node and a terminal station capable of 
transmission and reception of packet with both of said core 
node and said relay node, comprising: 
00.15 a registration step for registering with a relay node 

list held by the node, as a pair, ID information on said 
terminal station and a relay Source node included in the 
up-link packet transmitted by said terminal station, in each 
of said core node and said relay node; and 
0016 a selection step for selecting a down-link relay 
route of the down-link packet addressed to said terminal 
station on the basis of said relay node list, in each of said 
core node and said relay node. 
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0017 According to the second aspect of the present 
invention, a relay node relaying a down-link packet trans 
mitted from a core node connected to a wire network and an 
up-link packet directed toward said core node, and capable 
of communication with a terminal station, comprising a 
relay node list for having recorded ID information on said 
terminal station and a relay Source node included in the 
up-link packet directed toward said core node by said 
terminal station and giving a down-link relay route of the 
down-link packet addressed to said terminal station on the 
basis of said ID information. 

0018. According to the third aspect of the present inven 
tion, a core node connected to a wire network, and capable 
of transmission and reception of packet with both of a 
terminal station and a relay node, comprising a relay node 
list for having recorded ID information on said terminal 
station and the relay node that is a relay source node 
included in a received up-link packet and giving a down-link 
relay route of a down-link packet addressed to said terminal 
station on the basis of said ID information is provided. 
0.019 According to the fourth aspect of the present inven 
tion, a terminal station capable of transmission and reception 
of packet with both of a core node connected to a wire 
network and a relay node relaying a down-link packet 
transmitted from said core node and an up-link packet 
directed toward said core node, setting ID information on a 
Source terminal station registered with a relay node list of 
said core node or said relay node as a pair with ID infor 
mation on a relay source node on said up-link packet and 
transmitting said up-link packet to a relay destination node. 

0020. In the data transmission method according to the 
present invention, each of the core node and the relay nodes 
has the relay node list for giving the down-link relay route 
of the down-link packet addressed to the terminal station, 
and selects the appropriate down-link relay route for the 
down-link packet addressed to the terminal station according 
to the location of the terminal station on the basis of the relay 
node list. 

0021. The relay node according to the present invention 
holds as the relay node list the ID information on the 
terminal station and the relay Source node included in the 
up-link packet directed toward the core node by the terminal 
station and selects the appropriate down-link relay route for 
the down-link packet addressed to the terminal station on the 
basis of information on the up-link relay route according to 
the ID information of the relay node list. 
0022. The core node according to the present invention 
holds as the relay node list the ID information on the 
terminal station and the relay Source node included in the 
up-link packet transmitted by the terminal station and 
received by way of the relay destination node, and selects 
the appropriate down-link relay route for the down-link 
packet addressed to the terminal station on the basis of 
information on the up-link relay route according to the ID 
information of the relay node list. 
0023 The terminal station according to the present inven 
tion transmits to the relay destination node the up-link 
packet including the ID information on the Source terminal 
station registered with the relay node list of the core node or 
the relay node as a pair with an ID number of the relay 
Source node. Thus, it becomes possible, in each of the core 
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node and the relay nodes, to generate the relay node list used 
to select the down-link relay route of the down-link packet 
addressed to the terminal station, and thus selection of the 
appropriate down-link relay route for the down-link packet 
is implemented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 is a schematic diagram showing how a 
terminal station having received a broadcast packet sends 
back an up-link ACK packet in a data transmission method 
according to an embodiment of the present invention; 
0025 FIG. 2 is a schematic diagram showing a field 
configuration of the broadcast packet in the data transmis 
sion method according to the embodiment of the present 
invention; 
0026 FIG. 3 is a schematic diagram showing a configu 
ration of the ACK packet in the data transmission method 
according to the embodiment of the present invention; 
0027 FIG. 4 is a flowchart showing an up-link ACK 
packet procedure performed on each relay node and core 
node in the data transmission method according to the 
embodiment of the present invention; 
0028 FIG. 5 is a diagram illustrating an example of the 
relay node list held by the relay node in the data transmission 
method according to the embodiment of the present inven 
tion; 
0029 FIG. 6 is a diagram illustrating how the relay node 
list is generated according to the embodiment of the present 
invention; 
0030 FIG. 7 is a diagram illustrating the relay node list 
generated by the relay node list generation procedure 
according to the embodiment of the present invention; 
0031 FIG. 8 is a diagram illustrating the relay node list 
generated by the relay node list generation procedure 
according to the embodiment of the present invention; 
0032 FIG. 9 is a diagram illustrating the relay node list 
generated by the relay node list generation procedure 
according to the embodiment of the present invention; 
0033 FIG. 10 is a diagram showing how the relay node 

list is generated in the case where the terminal station has 
moved in the data transmission method according to the 
embodiment of the present invention; 
0034 FIG. 11 is a diagram illustrating the relay node list 
that is generated on the relay node in the case where the 
terminal station has moved in the data transmission method 
according to the embodiment of the present invention; 
0035 FIG. 12 is a flowchart showing another example of 
the up-link ACK packet procedure performed on each relay 
node and core node in the data transmission method accord 
ing to the embodiment of the present invention; 
0036 FIG. 13 is a diagram concretely illustrating how 
the relay node list is generated in the data transmission 
method according to the embodiment of the present inven 
tion; 
0037 FIG. 14 is a schematic diagram showing a con 
figuration of an up-link packet in the data transmission 
method according to the embodiment of the present inven 
tion; 
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0038 FIG. 15 is a schematic diagram showing a con 
figuration of a down-link packet in the data transmission 
method according to the embodiment of the present inven 
tion; 
0039 FIG. 16 is a flowchart showing the relay and 
transmission process of the down-link packet in the data 
transmission method according to the embodiment of the 
present invention; 
0040 FIG. 17 is a diagram concretely illustrating the 
down-link packet relay operation in the data transmission 
method according to the embodiment of the present inven 
tion; 
0041 FIG. 18 is a diagram illustrating a cell configura 
tion of a conventional cellular system; and 
0.042 FIG. 19 is a diagram illustrating an example of a 
cell configuration of a radio relay type cellular system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0043. An embodiment of the present invention will be 
described hereafter. 

0044 First, selection of a down-link relay route in this 
embodiment will be described by using FIGS. 1, 2, 3 and 4. 
In this embodiment, a case where a relay destination node 
(receiver side relay node) for each relay node to relay and 
transmit an up-link packet is already known is assumed. To 
be more specific, the case where the relay route of the 
up-link packet is given in advance is assumed. There are the 
cases where a directional antenna is installed on each relay 
node and core node. There are the cases where the direc 
tional antenna is fixedly installed and where it is adaptably 
installed as to its directivity. Installing the directional 
antenna cuts back interference given to Surrounding nodes 
and the terminal station, whereby it becomes possible to 
achieve high link capacity in the entire system. 
0045 Each relay node and core node periodically trans 
mits a broadcast packet, and there are the cases where the 
broadcast packet is transmitted with fixed transmitting 
power. Details of the broadcast packet and an up-link ACK 
packet are described later by using FIGS. 2 and 3. In FIG. 
1, relay nodes F08, F12 and F09 periodically transmit the 
broadcast packet by way of down-link radio circuits F02, 
F07 and F10 respectively. Each terminal station receives the 
broadcast packets from a plurality of nodes, and selects the 
node having transmitted the broadcast packet of the highest 
received power or of the best received quality of the received 
broadcast packets. Terminals F01, F13 and F11 in FIG. 1 
select the relay nodes F08, F12 and F09 respectively. The 
terminals F01, F13 and F11 having selected the above 
described relay nodes transmit the up-link ACK packets to 
the relay nodes F08, F12 and F09 respectively. The up-link 
ACK packets transmitted from the terminals F01, F13 and 
F11 are communicated to a core node F05 by way of relay 
routes F03, F06 and F04 respectively. 
0046 FIG. 2 is a schematic diagram showing a field 
configuration of the broadcast packet according to the 
embodiment of the present invention. The broadcast packet 
is comprised of a field E02 showing a core node ID, a field 
E03 showing a relay node ID, a field E04 showing data and 
an other field E01. In each of the relay nodes, the ID of the 
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core node of a cell to which the relay node belongs is set in 
the core node ID field E02. On the core node, its own node 
ID is set in the relay node ID field E03. Moreover, there are 
cases where the core node ID field E02 is excluded. The 
other field E01 has a pilot signal, a packet ID and the like set 
therein. There are cases where the order of the fields is 
changed. There are also the cases where the other field E01 
is divided and placed. 
0047 FIG. 3 is a schematic diagram showing a configu 
ration of the up-link ACK packet that is a response signal in 
the case where the terminal station according to the embodi 
ment of the present invention receives the broadcast packet. 
The up-link ACK packet is comprised of a field G02 
showing a relay destination node (receiver side relay node) 
ID, a field G03 showing a relay source node (sender side 
relay node) ID, a field G04 showing a source terminal station 
ID, and an other field G01. Each of the relay nodes sets an 
up-link relay destination node ID as the relay destination 
node ID, sets its own node ID as the relay source node ID, 
and sets the ID of the terminal station having transmitted the 
up-link ACK packet as the source terminal station ID. In the 
case where each of the terminal stations sends the up-link 
ACK packet, the terminal station sets the information indi 
cating that it has transmitted in the relay source node ID field 
G03. It is also possible to simultaneously set a plurality of 
the relay destination node IDs in the relay destination node 
ID field G02. The other field G01 has a pilot, an up-link and 
down-link link indicator, a packet ID, data and the like set 
therein. The order of the fields may change. The other field 
G01 may be divided and placed. 
0048 FIG. 4 shows an up-link ACK packet procedure 
performed on each relay node and the core node of the 
embodiment of the present invention. Each node detects 
arrival of the up-link ACK packet in a step H01, and it 
proceeds to a step H02 in the case where the up-link ACK 
packet is detected, and it returns to the step H01 in the case 
where the up-link ACK packet is not detected. In the step 
H02, each node determines whether the received up-link 
ACK packet is the packet being relayed or the packet 
transmitted from the terminal station. Here, the determina 
tion is made by referring to the field G03 representing the 
relay source node included in the up-link ACK packet, and 
if information set in the field G03 indicates anything other 
than the relay source node, each node determines that the 
received up-link ACK packet is the packet from the terminal 
station. In the case where it is determined to be the up-link 
ACK packet from the terminal station in the step H02, each 
node transmits the up-link ACK packet to the relay desti 
nation node after setting necessary information Such as the 
relay source node ID in a step H05. In the case where the 
terminal station or the relay node transmits the up-link ACK 
packet, it may control the transmitting power of the up-link 
ACK packet so as to meet predetermined received power or 
predetermined received quality at a transmission destination 
node. It is possible to cutback the interference and increase 
the link capacity by controlling the transmitting power of the 
up-link ACK packet. In the case where it is determined to be 
the up-link ACK packet from the relay source node in the 
step H02, each node refers to the relay destination node ID 
included in the up-link ACK packet in a step H03, and it 
proceeds to a step H04 if its own node ID is set in the field 
G02, or returns to the step H01 if anything other than its own 
node ID is set in the field G02. In the step H04, each node 
obtains the information on the relay source node ID and the 
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source terminal station ID included in the received up-link 
ACK packet, and records their relationship on a relay node 
list. In the case where the above described source terminal 
station ID is already registered with the relay node list, each 
node cancels the registration and then registers the relay 
source node ID and the source terminal station ID of this 
time. If there is no change in the relationship between the 
relay source node ID and the source terminal station ID, 
however, neither of them needs to be registered. Details of 
the relay node list will be described later by referring to FIG. 
5. After registering it with the relay node list, each node 
transmits the up-link ACK packet to the relay destination 
node after setting necessary information Such as the relay 
source node ID in the step H05. 
0049 FIG. 5 is a diagram illustrating an example of the 
relay node list held by the relay node according to the 
embodiment of the present invention. In FIG. 5, it describes 
the relationship between the node ID showing a relay 
destination node of a down link and a destination terminal 
station ID showing the terminal station receiving a down 
link packet. For instance, in the case where a terminal station 
MS-3 is specified as the destination terminal station of a 
certain down-link packet, the relay node holding the relay 
node list of FIG. 5 transmits the received down-link packet 
to a relay node BS-C. In the case where the node ID for the 
terminal station is not registered on the relay node list on the 
relay node or the core node, it is regarded as the down-link 
packet sent to the terminal station. When registering a pair 
of new node ID and terminal station ID on the relay node 
list, in the case where the terminal station ID is already 
registered, the registration is canceled and then the pair of 
the new node ID and terminal station ID are registered. 
However, in the case where, as a result of making an inquiry 
about the relationship between the node ID and the terminal 
station registered on the relay node list, the same pair as the 
new node ID and terminal station ID are already registered, 
neither ID needs to be registered. In the case where the pair 
of the node ID and the terminal station ID on the relay node 
list is not up-linkdated or inquired about for a fixed time or 
longer, the registration of the pair may be deleted. 
0050 FIG. 6 is a diagram illustrating how the relay node 

list according to the embodiment of the present invention is 
generated. It is assumed that the up-link relay destination 
node is already known. In FIG. 6, relay nodes RN-1, RN-2, 
RN-3 and RN-4 are periodically transmitting the broadcast 
packet respectively. 

0051 A terminal station MS-A receives the broadcast 
packet by way of a radio propagation path I01, and selects 
the relay node RN-1 as a connection node. The terminal 
station MS-A transmits the up-link ACK packet to the relay 
node RN-1 by way of a radio propagation path I04. At this 
time, the up-link ACK packet has the ID “MS-A' set as the 
source terminal station ID and the ID “RN-1 set as the relay 
destination node ID respectively. The relay node RN-1 
receives the up-link ACK packet transmitted from the ter 
minal station MS-A, and then transmits the up-link ACK 
packet to the relay node RN-3 that is the up-link relay 
destination node by way of a radio propagation path I02. At 
this time, the up-link ACK packet has the ID “RN-1 set as 
the relay source node ID, the ID “MS-A' set as the source 
terminal station ID and the ID “RN-3 set as the relay 
destination node ID respectively. The relay node RN-3 refers 
to the relay source node ID “RN-1 and the source terminal 
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station ID “MS-A included in the up-link ACK packet 
transmitted from the relay node RN-1 to register the pair of 
the node ID “RN-1 and the terminal Station ID “MS-A 
with the relay node list. The relay node RN-3 transmits the 
up-link ACK packet received from the relay node RN-1 to 
the relay node RN-4 that is the up-link relay destination node 
of the relay node RN-3 by way of a radio propagation path 
I03. At this time, the up-link ACK packet has the ID “MS-A” 
set as the source terminal station ID, the ID “RN-3' set as 
the relay source node ID and the ID “RN-4' set as the relay 
destination node ID respectively. The relay node RN-4 
receives the up-link ACK packet transmitted from the relay 
node RN-3 by way of the radio propagation path I03, and 
registers with the relay node list held by the relay node RN-4 
the source terminal station ID “MS-A' and the relay source 
node ID “RN-3 included in the up-link ACK packet as a 
pa1r. 

0.052. In FIG. 6, a terminal station MS-B receives the 
broadcast packet from the relay node RN-2 by way of a radio 
propagation path I09, and selects the relay node RN-2 as the 
connection node. The terminal station MS-B transmits the 
up-link ACK packet to the relay node RN-2 by way of a 
radio propagation path I08. At this time, the up-link ACK 
packet has the ID “MS-B” set as the source terminal station 
ID and the ID “RN-2 set as the relay destination node ID 
respectively. The relay node RN-2 receives the up-link ACK 
packet transmitted from the terminal station MS-B, and then 
transmits the up-link ACK packet to the relay node RN-3 
that is the up-link relay destination node for the relay node 
RN-2 by way of a radio propagation path I05. At this time, 
the up-link ACK packet has the ID “RN-2 set as the relay 
source node ID, the ID "MS-B' set as the source terminal 
station ID and the ID “RN-3' set as the relay destination 
node ID respectively. The relay node RN-3 refers to the relay 
source node ID “RN-2 and the source terminal station ID 
“MS-B” included in the up-link ACK packet transmitted 
from the relay node RN-2 to register the pair of the node ID 
“RN-2 and the terminal station ID “MS-B” with the relay 
node list held by the relay node RN-3. The relay node RN-3 
transmits the up-link ACK packet received from the relay 
node RN-2 to the relay node RN-4 that is the up-link relay 
destination node of the relay node RN-3 by way of the radio 
propagation path I03. At this time, the up-link ACK packet 
has the ID "MS-B' set as the source terminal station ID, the 
ID “RN-3' set as the relay source node ID and the ID 
“RN-4' set as the relay destination node ID respectively. 
The relay node RN-4 receives the up-link ACK packet 
transmitted from the relay node RN-3 by way of the radio 
propagation path I03, and registers with the relay node list 
held by the relay node RN-4 the source terminal station ID 
“MS-B” and the relay source node ID “RN-3” included in 
the up-link ACK packet as a pair. 
0053. In FIG. 6, a terminal station MS-D receives the 
broadcast packet from the relay node RN-5 by way of a radio 
propagation path I12, and selects the relay node RN-5 as the 
connection node. The terminal station MS-D transmits the 
up-link ACK packet to the relay node RN-5 by way of a 
radio propagation path I11. At this time, the up-link ACK 
packet has the ID “MS-D' set as the source terminal station 
ID and the ID “RN-5” set as the relay destination node ID 
respectively. The relay node RN-5 receives the up-link ACK 
packet transmitted from the terminal station MS-D, and then 
transmits the up-link ACK packet to the relay node RN-2 
that is the up-link relay destination node for the relay node 
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RN-5 by way of a radio propagation path I10. At this time, 
the up-link ACK packet has the ID “RN-5’ set as the relay 
source node ID, the ID "MS-D' set as the source terminal 
station ID and the ID “RN-2 set as the relay destination 
node ID respectively. 

0054) The relay node RN-2 refers to the relay source 
node ID “RN-5 and the Source terminal Station ID “MS-D 
included in the up-link ACK packet transmitted from the 
relay node RN-5 to register the pair of the node ID “RN-5” 
and the terminal station ID “MS-D” with the relay node list 
held by the relay node RN-2. The relay node RN-2 transmits 
the up-link ACK packet received from the relay node RN-5 
to the relay node RN-3 that is the up-link relay destination 
node of the relay node RN-2 by way of the radio propagation 
path I05. At this time, the up-link ACK packet has the ID 
“MS-D' set as the source terminal station ID, the ID “RN-2 
set as the relay source node ID and the ID “RN-3' set as the 
relay destination node ID respectively. The relay node RN-3 
refers to the relay source node ID “RN-2 and the source 
terminal station ID “MS-D included in the up-link ACK 
packet transmitted from the relay node RN-2 to register the 
pair of the node ID “RN-2 and the terminal station ID 
“MS-D” with the relay node list held by the relay node 
RN-3. The relay node RN-3 transmits the up-link ACK 
packet received from the relay node RN-2 to the relay node 
RN-4 that is the up-link relay destination node of the relay 
node RN-3 by way of the radio propagation path I03. At this 
time, the up-link ACK packet has the ID “MS-D' set as the 
source terminal station ID, the ID “RN-3” set as the relay 
source node ID and the ID “RN-4' set as the relay destina 
tion node ID respectively. 

0055. The relay node RN-4 receives the up-link ACK 
packet transmitted from the relay node RN-3 by way of the 
radio propagation path I03, and registers with the relay node 
list held by the relay node RN-4 the source terminal station 
ID “MS-D” and the relay source node ID “RN-3” included 
in the up-link ACK packet as a pair. 

0056. In FIG. 6, a terminal station MS-C receives the 
broadcast packet from the relay node RN-3 by way of a radio 
propagation path I06, and selects the relay node RN-3 as the 
connection node. The terminal station MS-C transmits the 
up-link ACK packet to the relay node RN-3 by way of a 
radio propagation path I07. At this time, the up-link ACK 
packet has the ID “MS-C set as the source terminal station 
ID and the ID “RN-3” set as the relay destination node ID 
respectively. The relay node RN-3 receives the up-link ACK 
packet transmitted from the terminal station MS-C, and then 
transmits the up-link ACK packet to the relay node RN-4 
that is the up-link relay destination node for the relay node 
RN-3 by way of the radio propagation path I03. At this time, 
the up-link ACK packet has the ID “RN-3 set as the relay 
source node ID, the ID "MS-C set as the source terminal 
station ID and the ID “RN-4' set as the relay destination 
node ID respectively. The relay node RN-4 receives the 
up-link ACK packet transmitted from the relay node RN-3 
by way of the radio propagation path I03, and registers with 
the relay node list held by the relay node RN-4 the source 
terminal station ID “MS-C and the relay source node ID 
“RN-3” included in the up-link ACK packet as a pair. 

0057 FIG. 7 is a diagram illustrating the relay node list 
on the relay node RN-2 generated by the relay node list 
generation procedure described by using FIG. 6. As shown 
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in FIG. 7, the list indicating the down-link relay destination 
node to relay the down-link packet for each terminal station 
is generated on the relay node RN-2 shown in FIG. 6, and 
accordingly, selection of the down-link relay route for each 
terminal station is autonomously implemented in the relay 
node RN-2. 

0058 FIG. 8 is a diagram illustrating the relay node list 
on the relay node RN-3 generated by the relay node list 
generation procedure described by using FIG. 6. As shown 
in FIG. 8, the list indicating the down-link relay destination 
node to relay the down-link packet for each terminal station 
is generated on the relay node RN-3 shown in FIG. 6, and 
accordingly, selection of the down-link relay route for each 
terminal station is autonomously implemented in the relay 
node RN-3. 

0059 FIG. 9 is a diagram illustrating the relay node list 
on the relay node RN-4 generated by the relay node list 
generation procedure described by using FIG. 6. As shown 
in FIG. 9, the list indicating the down-link relay destination 
node to relay the down-link packet for each terminal station 
is generated on the relay node RN-4 shown in FIG. 6, and 
accordingly, selection of the down-link relay route for each 
terminal station is automously implemented in the relay 
node RN-4. 

0060 Next, FIG. 10 is a diagram showing how the relay 
node list is generated in the case where the terminal station 
MS-A in FIG. 6 has moved. FIG. 10 shows the case where 
the terminal station MS-A moves from the area covered by 
the relay node RN-1 to the area covered by the relay node 
RN-2. 

0061. In FIG. 10, the terminal station MS-A receives the 
broadcast packet from the relay node RN-2 by way of a radio 
propagation path I14, and selects the relay node RN-2 as the 
connection node. The terminal station MS-A transmits the 
up-link ACK packet to the relay node RN-2 by way of a 
radio propagation path I13. At this time, the up-link ACK 
packet has the ID “MS-A' set as the source terminal station 
ID and the ID “RN-2 set as the relay destination node ID 
respectively. The relay node RN-2 receives the up-link ACK 
packet transmitted from the terminal station MS-A, and then 
transmits the up-link ACK packet to the relay node RN-3 
that is the up-link relay destination node for the relay node 
RN-2 by way of the radio propagation path I05. At this time, 
the up-link ACK packet has the ID “RN-2 set as the relay 
source node ID, the ID "MS-A set as the source terminal 
station ID and the ID “RN-3' set as the relay destination 
node ID respectively. The relay node RN-3 refers to the relay 
source node ID “RN-2 and the source terminal station ID 
“MS-A included in the up-link ACK packet transmitted 
from the relay node RN-2 to register the pair of the node ID 
“RN-2 and the terminal station ID “MS-A” with the relay 
node list held by the relay node RN-3. Here, while the 
terminal station MS-A pairing off with the relay node RN-1 
is already registered with the relay node list held by the relay 
node RN-3 as shown in FIG. 8, the terminal station MS-A 
pairs off with the relay node RN-2 this time, so that the relay 
node RN-3 changes it by deleting the ID “MS-A’ registered 
for the ID “RN-1 to newly have the ID “RN-2 and the ID 
“MS-A' as a pair. The relay node RN-3 transmits the up-link 
ACK packet received from the relay node RN-2 to the relay 
node RN-4 that is the up-link relay destination node of the 
relay node RN-3 by way of the radio propagation path I03. 
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At this time, the up-link ACK packet has the ID “MS-A' set 
as the source terminal station ID, the ID “RN-3’ set as the 
relay source node ID and the ID “RN-4' set as the relay 
destination node ID respectively. The relay node RN-4 
receives the up-link ACK packet transmitted from the relay 
node RN-3 by way of the radio propagation path I03, and 
attempts to register with the relay node list held by the relay 
node RN-4 the source terminal station ID "MS-A' and the 
relay source node ID “RN-3” included in the up-link ACK 
packet as a pair. However, the relay node RN-4 does not 
need to newly register it since the pair of the ID “MS-A' and 
the ID “RN-3” is already registered with the relay node list 
held by the relay node RN-4 as shown in FIG. 9. 
0062 FIG. 11 shows the relay node list that is generated 
on the relay node RN-3 in the case where the terminal station 
MS-A moves from the area covered by the relay node RN-1 
to the area covered by the relay node RN-2 as shown in FIG. 
10. As shown in FIG. 11, the relay node RN-3 shown in 
FIG. 10 cancels the registration of the terminal station 
MS-A pairing off with the relay node RN-1 and registers the 
ID “MS-A” so that it pairs off with the relay node RN-2. 
There are cases where cancellation of the terminal station 
MS-A pairing off with the relay node RN-1 is performed 
after some time has elapsed. In this case, the two relay routes 
by way of the relay nodes RN-1 and RN-2 is set to one 
terminal station MS-A, which receives the packets from 
those two relay nodes RN-1 and RN-2 so as to have the 
effect of site diversity. 
0063 As above, according to the embodiment of the 
present invention, it is possible to adaptably select the 
down-link relay route even in the case where the terminal 
station has moved. The shorter a transmission cycle of the 
broadcast packet is, the faster move of the terminal station 
can be the subject of implementation of the down-link relay 
route selection. 

0064. In addition, a radio relay type cellular network as 
a precondition has the effect of allowing more stable com 
munication compared with an ad hoc network wherein a 
moving terminal serves concurrently as the relay center, 
since the relay nodes are deployed fixedly as infrastructure. 
0065. Moreover, it is feasible, by controlling the trans 
mitting power of an up-link data packet or a down-link data 
packet, to cut back interference given to the Surrounding 
nodes and terminal stations, whereby it consequently has the 
effect of allowing the link capacity in the entire system to be 
improved. 

0.066 FIG. 12 is a flowchart showing another example of 
the up-link ACK packet procedure performed on each relay 
node and core node according to the embodiment of the 
present invention. As shown in FIG. 12, each node detects 
arrival of the up-link ACK packet in a step D01, and it 
proceeds to a step D02 in the case where the up-link ACK 
packet is detected, and it returns to the step D01 in the case 
where the up-link ACK packet is not detected. In the step 
D02, each node determines whether the received up-link 
ACK packet is the packet being relayed or the packet 
transmitted from the terminal station. Here, the determina 
tion is made by referring to the field G03 representing the 
relay source node included in the ACK packet, and if 
information set in the field G03 indicates anything other than 
the relay source node, each node determines that the 
received up-link ACK packet is the packet from the terminal 
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station. In the case where it is determined to be the up-link 
ACK packet from the terminal station in the step D02, each 
node transmits the up-link ACK packet to the relay desti 
nation node after setting necessary information Such as the 
relay source node ID in a step D06. In the case where the 
terminal station or the relay node transmits the up-link ACK 
packet, it may control the transmitting power of the up-link 
ACK packet so as to meet predetermined received power or 
predetermined received quality at the transmission destina 
tion node. It is possible to cut back the interference and 
increase the link capacity by controlling the transmitting 
power of the up-link ACK packet. 
0067. In the case where it is determined to be the up-link 
ACK packet from the relay source node in the step D02. 
each node refers to the relay destination node ID included in 
the up-link ACK packet in a step D03, and it proceeds to a 
step D04 if its own node ID is set in the field G02, or returns 
to the step D01 if anything other than its own node ID is set 
in the field G02. In the step D04, each node obtains the 
information on the relay source node ID and the source 
terminal station ID included in the received up-link ACK 
packet, and determines whether or not their relationship is 
already recorded with the relay node list. In the case where, 
in the step D04, it is determined that the pair of the relay 
source node ID and the source terminal station ID included 
in the received up-link ACK packet is already registered, 
each node does not relay the packet and returns to the step 
D01. In the case where it is not registered, each node 
registers the relationship between the relay source node ID 
and the source terminal station ID with the relay node list in 
a step D05. Here, in the case where the above described 
source terminal station ID is already registered with the 
relay node list, each node cancels the registration thereof and 
then registers the pair of the relay source node ID and the 
source terminal station ID of this time. After registering it 
with the relay node list in the step D05, each node transmits 
the up-link ACK packet to the relay destination node after 
setting the necessary information Such as the relay source 
node ID in the step D06. 
0068 FIG. 13 is a diagram concretely illustrating how 
the relay node list is generated according to the up-link ACK 
packet procedure shown in FIG. 12. In FIG. 13, placement 
of the terminal stations and relay nodes equal to that in FIG. 
6 is assumed, and it represents a situation where the terminal 
stations MS-A, MS-B, MS-D and MS-C transmit or relay 
and transmit the up-link ACK packets to the relay nodes 
RN-1, RN-2, RN-3, RN-4 and RN-5 respectively, and then 
the terminal station MS-B receives the broadcast packet to 
transmit the up-link ACK packet again. In FIG. 13, the 
terminal station MS-B receives the broadcast packet from 
the relay node RN-2 by way of the radio propagation path 
I09, and selects the relay node RN-2 as the connection node. 
The terminal station MS-B transmits the up-link ACK 
packet to the relay node RN-2 by way of the radio propa 
gation path I08. At this time, the up-link ACK packet has the 
ID "MS-B' set as the source terminal station ID and the ID 
“RN-2 set as the relay destination node ID respectively. 
The relay node RN-2 receives the up-link ACK packet 
transmitted from the terminal station MS-B, and then trans 
mits the up-link ACK packet to the relay node RN-3 that is 
the up-link relay destination node for the relay node RN-2 by 
way of the radio propagation path I05. At this time, the 
up-link ACK packet has the ID “RN-2 set as the relay 
source node ID, the ID "MS-B' set as the source terminal 
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station ID and the ID “RN-3' set as the relay destination 
node ID respectively. The relay node RN-3 refers to the relay 
source node ID “RN-2 and the source terminal station ID 
“MS-B” included in the up-link ACK packet transmitted 
from the relay node RN-2 to check whether or not the pair 
of the node ID “RN-2 and the terminal Station ID “MS-B 
is already registered with the relay node list held by the relay 
node RN-3. 

0069. As shown in FIG. 8, the pair of the ID “RN-2 and 
the ID “MS-B” is already registered with the relay node list 
held by the relay node RN-3. And according to this example 
of relay node list generation, in the case where, as shown in 
FIG. 12, the pair of the relay source node ID and the source 
terminal station ID included in the relayed and transmitted 
up-link ACK packet is already registered with the relay node 
list, the relay node RN-3 does not relay and transmit the 
up-link ACK packet to the relay node (relay node RN-4) of 
higher order. Thus, it becomes possible to transmit the 
up-link ACK packet only in the case where the relay route 
needs to be changed, and traffic for transmitting the up-link 
ACK packet can be reduced, thus allowing the interference 
to be cut back and the link capacity in the entire system to 
be improved. 
0070 Moreover, when generating the relay node list in 
the embodiment of the present invention, it is also possible 
to generate the relay node list with the up-link packets other 
than the up-link ACK packet. Here, the up-link packets refer 
to up-link data packets transmitted by the terminal station, 
which are transmitted none the less whether or not the 
broadcast packet is received. 
0071 FIG. 14 is a schematic diagram showing the con 
figuration of the up-link packet. In FIG. 14, the up-link 
packet is comprised of a field 502 showing the relay desti 
nation node ID, a field 503 showing the relay source node 
ID, a field 504 showing the source terminal station ID and 
the other field 501. In the relay node, the up-link relay 
destination node ID is set as the relay destination node ID, 
its own node ID is set as the relay source node ID, and the 
ID of the terminal station having transmitted the up-link 
packet is set as the source terminal station ID. In the case 
where the terminal station transmits the up-link packet, the 
terminal station sets the information, as the relay source 
node ID, indicating that the packet was transmitted by the 
station. It is also possible to simultaneously set a plurality of 
the relay destination node IDs in the field 502. The other 
field 501 has a pilot, an up-link and down-link indicator, a 
packet ID, data and so on set. The order of the fields may 
change. The other field 501 may be divided and placed. 
0072. In FIGS. 4 and 12 showing the ACK packet 
procedure respectively, the relay node list is generated by 
replacing the portion equivalent to the up-link ACK packet 
with the up-link packet shown in FIG. 14. 
0073. Next, the down-link packet relay and transmission 
method according to the embodiment of the present inven 
tion will be described. FIG. 15 is a schematic diagram 
showing the field configuration of the down-link packet. In 
FIG. 15, the down-link packet is comprised of a field 602 
showing the relay destination node ID, a field 603 showing 
the relay source nodeID, a field 604 showing the destination 
terminal station ID and the other field 601. In the case where 
a certain relay node relays and transmits the down-link 
packet, the relay node determines the relay destination node 
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ID corresponding to the destination terminal station ID from 
the relay node list, and then sets the relay destination node 
ID in the relay destination node ID field 602, sets the 
destination terminal station ID in the destination terminal 
station ID field 604, and sets the node ID of the relay node 
in the relay source node ID field 603. In the case where a 
certain relay node transmits the down-link packet directly to 
the terminal station, the relay node sets the information 
dedicated to indication thereof in the relay destination node 
ID field 602. The other field 601 has a pilot, an up-link and 
down-link link indicator, a packet ID, data and so on stored. 
The order of the fields may change. The other field 601 may 
be divided and placed. 
0074 FIG. 16 is a flowchart showing the relay transmis 
sion process of the down-link packet shown in FIG. 15, and 
this process is one executed on the core node and the relay 
node. In FIG. 16, each node detects arrival of the down-link 
packet in a step S701, and it proceeds to a step S702 if the 
down-link packet arrives, and it returns to the step 701 if the 
arrival of the packet is not detected. In the step S702, each 
node determines whether or not the relay destination node 
ID included in the down-link packet is its own node ID, and 
if its own node ID is set in the field 602, it proceeds to a step 
S706, and if not, it returns to the step S701. In the step S706, 
each node checks the destination terminal station ID indi 
cating the destination of the down-link packet, and deter 
mines whether or not the destination terminal station ID is 
included in the relay node list. In the case where the 
destination terminal station ID is included in the relay node 
list, it proceeds to a step S703, and if the ID is not included 
therein, it proceeds to a step S705. In the step S703, each 
node selects from the relay node list the node ID to pair off 
with the destination terminal station, sets the node ID as the 
relay destination node ID on the down-link packet. In a step 
704, each node transmits the down-link packet to the relay 
destination node selected in the step S703. Here, the down 
link packet to be relayed and transmitted has its own node 
ID set as the relay source node ID and also has the 
destination terminal station ID and the relayed data and so 
on set respectively. When the core node or the relay node 
transmits the down-link packet, it may control the transmit 
ting power of the down-link packet So as to meet predeter 
mined received power or predetermined received quality at 
a transmission destination node or terminal station. It is 
possible, by controlling the transmitting power of the down 
link packet, to cut back the interference given to the Sur 
roundings, whereby allowing high link utilization to be 
attained. 

0075. On the other hand, in the case where the destination 
terminal station ID is not included in the relay node list in 
the step S706, each node transmits the down-link packet 
directly to the terminal station in a step S705. At this time, 
the down-link packet has its own node ID set as the relay 
Source node ID and also has the information indicating that 
the down-link packet is transmitted to the terminal station 
set in the relay destination node ID field 602. In addition, the 
down-link packet has the destination terminal station ID, the 
down-link data and so on set respectively. 
0076 FIG. 17 is a diagram concretely illustrating the 
down-link packet relay operation by the down-link packet 
relay transmission shown in FIG. 16. In FIG. 17, placement 
of the terminal stations and relay nodes that is the same as 
FIG. 6 is assumed, and the relay node lists to the terminal 
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stations MS-A, MS-B, MS-C and MS-D are already gener 
ated on the relay nodes RN-1, RN-2, RN-3 and RN-4. Now, 
the down-link packet sent to the terminal station MS-B 
arrives at the relay node RN-4. The relay node RN-4 refers 
to the relay node list shown in FIG. 9, and it grasps that the 
relay destination node to pair off with the terminal station 
MS-B is the relay node RN-3. The relay node RN-4 relays 
the down-link packet to the relay node RN-3. Here, the relay 
node RN-4 sets the ID “RN-4” as the relay source node ID, 
sets the ID “RN-3 as the relay destination nodeID, and sets 
the ID "MS-B” as the destination terminal station ID on the 
down-link packet to be relayed. In addition, the other 
information (transmission data or the like) included in the 
down-link packet sent to the terminal station MS-B having 
arrived at the relay node RN-4 is also set on the down-link 
packet. After the relay node RN-4 transmits the down-link 
packet to the relay node RN-3 by way of a radio propagation 
path 301, the relay node RN-3 receives the down-link 
packet. The relay node RN-3 checks the destination terminal 
station of the down-link packet transmitted from the relay 
node RN-4, and checks whether or not the terminal station 
is included in the relay node list held by the relay node RN-3 
shown in FIG.8. As the terminal station MS-B pairs off with 
the relay node RN-2 as shown in FIG. 8, the relay node 
RN-3 transmits the down-link packet to the relay node RN-2 
just as in the case where the relay node RN-4 relayed and 
transmitted the down-link packet to the relay node RN-3. 
The relay node RN-2 likewise checks whether or not the 
terminal station MS-B is registered with the relay node list 
held by the relay node RN-2 shown in FIG. 7. As the ID 
“MS-B” that is the ID of the destination terminal station 
MS-B is not registered with the relay node list held by the 
relay node RN-2 as shown in FIG. 7, the relay node RN-2 
determines that the terminal station MS-B belongs to the 
area of its own node, and transmits the down-link packet to 
the terminal station MS-B. At this time, on the down-link 
packet to be sent to the terminal station MS-B, the relay node 
RN-2 sets the ID “RN-2 as the relay source node ID, sets 
the information dedicated to the indication of transmission 
to the terminal station in the relay destination node ID field 
602, and sets the ID "MS-B” as the destination terminal 
station ID. In addition, the relay node RN-2 also sets a data 
signal or the like included in the down-link packet received 
by the relay node RN-2 on the down-link packet as appro 
priate. 
0077. The terminal station MS-B receives the down-link 
packet from the relay node RN-2, confirms that it is the 
packet sent to its own terminal and then demodulates the 
data. 

0078. As above, according to the embodiment of the 
present invention, it is possible to adaptably select the 
down-link relay route even in the case where the terminal 
station has moved. The shorter the transmission cycle of the 
broadcast packet is, the faster move of the terminal station 
can be the subject of implementation of the down-link relay 
route selection. 

0079. In addition, a radio relay type cellular network as 
a precondition has the effect of allowing more stable com 
munication compared with the ad hoc network wherein the 
moving terminal serves concurrently as the relay center, 
since the relay nodes are deployed fixedly as infrastructure. 
0080 Moreover, it is feasible, by controlling the sending 
power of the up-link data packet or the down-link data 
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packet, to cut back interference given to the Surrounding 
nodes and terminal stations, whereby it consequently has the 
effect of allowing the link capacity in the entire system to be 
improved. 

0081. According to the present invention, the information 
on the relay route of the up-link packet is held as the relay 
node list on the core node and the relay node, and the relay 
route of the down-link packet is selected based on the above 
described information recorded on the relay node list, so that 
it has the advantage of allowing selection of the appropriate 
down-link relay route according to the location of the 
terminal and further allowing selection of the down-link 
relay route to be automously implemented in each of the 
relay nodes. 
0082 In addition, the present invention has the effect 
that, in the case where the terminal station moves, the relay 
route of the down-link packet to the terminal station can be 
changed as appropriate following the move. 
What is claimed is: 

1. A data transmission method in a relay transmission type 
radio network including a core node connected to a wire 
network, relay nodes relaying a down-link packet transmit 
ted from said core node and an up-link packet directed 
toward said core node and a terminal station capable of 
transmission and reception of packet with both of said core 
node and said relay node, comprising: 

a registration step for registering with a relay node list 
held by the node, as a pair, the terminal station ID and 
a relay source node ID, which is used as a relay 
destination node ID in the case of sending packets to 
said terminal station, included in the up-link packet 
transmitted by said terminal station, in each of said core 
node and said relay node; and 

a selection step for selecting a down-link relay route of the 
down-link packet addressed to said terminal station on 
the basis of said relay node list, in each of said core 
node and said relay node. 

2. The data transmission method according to claim 1, 
comprising: 

a step for periodically transmitting a broadcast packet to 
said terminal station in each of said core node and said 
relay node: 

a connection node determination step for receiving said 
broadcast packet and determining a connection node 
out of said core node and said relay node in said 
terminal station; 

a step for transmitting to said connection node an up-link 
ACK packet, as said up-link packet, including the ID 
information on said terminal station and directed 
toward said core node following a predetermined up 
link relay route in said terminal station; and 

a step for, in each of said relay nodes, setting on said 
received up-link ACK packet the ID information on the 
relay node as the ID information on said relay source 
node and transmitting it to a relay destination node. 

3. A relay node relaying a down-link packet transmitted 
from a core node connected to a wire network and an up-link 
packet directed toward said core node, and capable of 
communication with a terminal station, comprising a relay 
node list for having recorded ID information on said termi 
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nal station and a relay source node included in the up-link 
packet directed toward said core node by said terminal 
station and giving a down-link relay route of the down-link 
packet addressed to said terminal station on the basis of said 
ID information. 

4. A core node connected to a wire network, and capable 
of transmission and reception of packet with both of a 
terminal station and a relay node, comprising a relay node 
list for having recorded ID information on said terminal 
station and the relay node that is a relay source node 
included in a received up-link packet and giving a down-link 
relay route of a down-link packet addressed to said terminal 
station on the basis of said ID information is provided. 
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5. A terminal station capable of transmission and recep 
tion of packet with both of a core node connected to a wire 
network and a relay node relaying a down-link packet 
transmitted from said core node and an up-link packet 
directed toward said core node, setting ID information on a 
Source terminal station registered with a relay node list of 
said core node or said relay node as a pair with ID infor 
mation on a relay source node on said up-link packet and 
transmitting said up-link packet to a relay destination node. 


