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(57) Abstract: A packet data transmitting method and mobile communication 
110 system using the same enables transmission of common ACK/NACK informa

tion from each sector of a base station (110) to a mobile terminal (120) in softer 
sector handover. The method includes receiving at the base station (110) via at least 

yj one of the plurality of sectors a data packet from the mobile terminal (120), the sector 
se8 data packet being correspondingly received for each of the at least one of the 

sectorplurality of sectors; combining the correspondingly received data packets, to 
Y3 obtain a signal having a highest signal-to-noise ratio; decoding the value ob

tamned by the combining; determining a transmission status of the data packet 
according to the decoding; and transmitting to the mobile terminal (120) a com

Sh 1 h3  mon ACK/NACK signal including one of a common ACK signal and a common 
NACK signal according to the determination made, the common ACK/NACK 
signal being transmitted from the base station (110) via each of the at least one 
sector to the mobile terminal (120).  
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Packet Data Transmitting Method and 

Mobile Communication System Using the Same 

Technical Field 

[0001] The present invention relates to packet data transmission in a mobile 

communication system.  

Background Art 

[0002] Currently, high-speed downlink packet transport in a mobile communication 

system uses hybrid automatic repeat request (HARQ) transmission schemes, which apply 

channel coding to ARQ techniques, and adaptive modulation and coding (AMC), which achieves 

an optimal data rate by varying the modulation order and coding rate according to a current 

channel status. In a system adopting ARQ transmission, erroneous packets are detected at the 

receiving side and retransmitted according to an ACK/NACK signal fed back to the transmitting 

side in correspondence with each packet transfer. The feedback signal is either an 

acknowledgement (ACK) signal for confirming a successful instance of packet transmission or a 

negative acknowledgement (NACK) signal for confirming an unsuccessful instance of packet 

transmission. After checking the received data packets and detecting an erroneous packet, the 

ARQ system discards the erroneous packet, which is then wholly replaced by a retransmitted 

packet, but a HARQ system preserves the erroneous packet, which is combined with a 

correspondingly retransmitted packet, thereby achieving increased diversity gain and coding gain.
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While delays in the ARQ system occur when the ACK/NACK signal is transmitted by high layer 

signaling, the delay in the HARQ system is caused by the ACK/NACK signal being transmitted 

by physical layer signaling.  

[0003] ARQ techniques include the stop-and-wait (SAW) method, in which a new 

packet is transmitted only after receiving the previous ACK/NACK signal, the go-back-N (GBN) 

method, in which packet transmission continues for a number of packets and a retransmission is 

performed for N packets preceding reception of a NACK signal, and the selective repeat (SR) 

method, in which only erroneous packets are retransmitted. Although implementation of the 

stop-and-wait method is simple, data transport efficiency suffers since each new packet must 

await ACK/NACK signal reception. The go-back-N method improves transport channel 

efficiency but is more complicated to implement. In the selective repeat method, which is the 

most complicated since the transmitted packets require rearrangement on the receiving side to 

recover their original sequencing, transport channel efficiency can be maximized.  

[0004] Meanwhile, HARQ transmission schemes also retransmit a previously 

transmitted packet in the event of an error being present (detected) in the packet. HARQ systems, 

whereby a signal-to-noise ratio is increased to enable improved transport efficiency, include the 

chase combining (CC) method to achieve higher signal-to-noise ratios through time diversity and 

the incremental redundancy (IR) method to achieve higher signal-to-noise ratios through coding 

diversity. Chase combining employs multiple channels to transmit the packets, such that a 

channel for retransmission packets in the event of packet error detection differs from the channel 

used for previously transported packets. Each retransmission of a packet using incremental
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redundancy, on the other hand, applies a different (incremented) redundancy. Thus, incremental 

redundancy is characterized in that one packet is transported with various versions, such that if 

transmission of a packet of a first version fails, the packet is transmitted as a second or third 

version. For example, for a code rate of 1/3, a transmitted packet x can be sent as three versions, 

namely, x1, x2, or x3, but for a code rate of 1/2, the transmitted packets include versions xi and x2.  

Assuming that, at a code rate of 1/2, a transmission of versions x1 and x2 each fails, a transmitter 

can send another two versions, namely, x2 and x3. Hence, from the viewpoint of the receiving 

side, the 1/2 code rate is changed to a code rate of 1/3.  

[00051 HARQ is applicable for packet transmission in an uplink, i.e., a user entity 

transmitting to a base station. When the user entity communicates with multiple base stations, as 

in the case of a soft handover, each of the base stations determines the presence or absence of an 

error in the transmitted packet and accordingly transmits an ACK/NACK signal in a downlink.  

Thus, if each of the base stations transmits an ACK/NACK signal to the user entity, the user 

entity detects multiple ACK/NACK signals coming from the various base stations. Under softer 

handover conditions, however, where the user entity moves between the sectors of a single cell, 

one base station receives multiple transmissions of the same packet, which is transmitted from 

the user entity to each of the sectors and is then separately transferred from each sector to the 

base station. Hence, if transmission status at the receiving side, i.e., the state of an ACK/NACK 

signal to be transmitted by a downlink, is determined by decoding the packets transmitted via the 

respective sectors and in turn each of the sectors transmits the ACK/NACK signal to the user 

entity, the efficiency of ACK/NACK signal transmission is lowered.
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Disclosure of Invention 

100061 Accordingly, embodiments of the present invention are directed to a packet data 

transmitting method and mobile communication system using the same that substantially obviate 

one or more problems due to limitations and disadvantages of the related art.  

5 100071 An object of an embodiment of the present invention is to provide a packet data 

transmitting method and mobile communication system using the same, by which common data 

transmission success/failure (ACK/NACK) information can be transmitted from each sector of a 

base station to a user entity in softer handover.  

100081 Another object of an embodiment of the present invention is to provide a packet data 

10 transmitting method and mobile communication system using the same, which reduces 

ACK/NACK signalling errors.  

100091 Another object of an embodiment of the present invention is to provide a packet data 

transmitting method and mobile communication system using the same, which enables improved 

channel efficiency when using a dedicated channel for ACK/NACK transmission.  

15 100101 Another object of an embodiment of the present invention is to provide a packet data 

transmitting method and mobile communication system using the same, which can increase data 

transport rates.  

100111 Additional advantages, objects, and features of embodiments of the invention will be set 

forth in part in the description which follows and in part will become apparent to those having 

20 ordinary skill in the art upon examination of the following or may be learned from practice of the 

invention. The objectives and other advantages of the invention may be realized and attained by
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the structure particularly pointed out in the written description and claims hereof as well as the 

appended drawings.  

100121 To achieve these objects and other advantages in accordance with the purpose of some 

embodiments of the invention, as embodied and broadly described herein, there is provided a 

5 method of transmitting packet data in a mobile communication system including a base station 

having a plurality of sectors and a mobile terminal in softer handover. The method comprises 

receiving via at least one of the plurality of sectors a data packet from the mobile terminal, the 

data packet being correspondingly received for each of the at least one of the plurality of sectors; 

combining the correspondingly received data packets, to obtain a signal having a highest signal

10 to-noise ratio; decoding the value obtained by the combining; determining a transmission status 

of the data packet according to the decoding; and transmitting to the mobile terminal a common 

ACK/NACK signal including one of a common ACK signal and a common NACK signal 

according to the determining, the common ACK/NACK signal being transmitted via each of the 

at least one sector.  

15 100131 In another aspect of an embodiment of the present invention, there is provided a method 

of transmitting a data packet in a mobile communication system including a base station having a 

plurality of sectors and a mobile terminal in softer handover. The method comprises receiving, 

by an uplink transmission from the mobile terminal, a corresponding data packet via at least one 

of the plurality of sectors; maximal-ratio-combining the correspondingly received data packets; 

20 decoding a resultant of the maximal-ratio-combining; determining a transmission status of the 

data packet from the mobile terminal according to the decoding; and transmitting, by a downlink 

transmission to the mobile terminal, a common ACK/NACK signal including one of a common 

ACK signal and a common NACK signal according to the determining, the common 

ACK/NACK signal being transmitted via each of the at least one sector.
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100141 Preferably, the data packet is transmitted via an enhanced uplink dedicated channel, and 

the mobile communication system adopts a hybrid automatic repeat request transmission scheme 

for the uplink transmission.  

10015] A method of detecting an ACK/NACK in a mobile terminal comprising a physical layer 

5 and higher layers, the method comprising: 

. receiving and detecting, by the physical layer in the mobile terminal, the 

ACK/NACK in the downlink channel; 

. delivering the ACK/NACK information to the higher layers, 

wherein, when the mobile terminal is in soft handover, said step of receiving and 

l0 detecting comprises receiving and detecting a plurality of ACK/NACKs is received via 

one or more radio links from different cells in an active set a radio link set comprises the 

one or more radio links and delivering step comprises: 

. combining, by the physical later in the mobile terminal, the plurality of 

ACK/NACKs received from said one or more radio links into a combined 

15 ACK/NACK information, when the radio links are in the same radio link set; and 

delivering the combined ACK/NACK information to at least one of the higher layers.  

100161 In another aspect of the present invention, there is provided a mobile communication 

system comprising a base station having a plurality of sectors and a mobile terminal. The mobile 

terminal comprises a transmitter for transmitting a data packet to at least one of the plurality of 

20 sectors of the base station; a receiver for receiving from the at least one sector a common 

ACK/NACK signal according to a transmission status of the data packet; a decoder for
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combining the common ACK/NACK signals received from the at least one sector, to obtain a 

value having a highest signal-to-noise ratio, and for decoding the obtained value; and a controller 

for determining whether a transmission of the packet data is successful according to the 

decoding.  

5 100171 It is to be understood that both the foregoing general description and the following 

detailed description of the present invention are exemplary and explanatory and are intended to 

provide further explanation of the invention as claimed.  

10017A] As used herein, except where the context requires otherwise the term "comprise" and 

variations of the term, such as "comprising", "comprises" and "comprised", are not intended to 

10 exclude other additives, components, integers or steps.  

10017B] It is not admitted that any of the information in this specification is common general 

knowledge, or that the person skilled in the art could be reasonably expected to have ascertained, 

understood, regarded it as relevant or combined it in anyway at the priority dates.  

Brief Description of Drawings 

15 100181 The accompanying drawings, which are included to provide a further understanding of 

the invention and are incorporated in and constitute a part of this application, illustrate 

embodiment(s) of the invention and together with the description serve to explain the principle 

of the invention. In the drawings: 

100191 FIG. 1 is a diagram of a mobile communication system according to the present 

20 invention; 

100201 FIGS. 2A, 2B, and 2C are each flowcharts of a method for transmitting packet data in a 

mobile communication system according to first, second, and third embodiments of the present 

invention, respectively, whereby a common ACK/NACK signal is transmitted to a user entity in 

softer handover
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an ACK/NACK signal transmitted according to any one of the methods of FIGS. 2A, 2B, or 2C.  

Best mode for carrying out the Invention 

[00221 Reference will now be made in detail to the preferred embodiments of the present 

invention, examples of which are illustrated in the accompanying drawings. Wherever possible, 

like reference numbers will be used throughout the drawings to refer to the same or similar parts.  

[0023] An enhanced uplink dedicated channel (E-DCH) has been proposed as a channel 

for high-speed data transmission from a user entity (UE) to a base station (Node-B).  

[0024] In a mobile communication system, a UE in soft handover transmits packet data 

to a plurality of Node-Bs and receives from each Node-B an ACK/NACK signal indicating 

whether the packet data transmission was successful. Accordingly, while in soft handover, the 

UE receives multiple ACK/NACK signals, and the received signals may indicate differing 

ACK/NACK statuses from one Node-B to another Node-B; namely, one of the Node-Bs may 

receive and successfully decode a data packet and transmit to the UE an ACK signal while 

another Node-B fails in receiving or decoding the corresponding data packet and thus transmits 

to the UE a NACK signal. In doing so, each Node-B of a soft handover receives from the UE the 

transmitted packet data, determines based on the received packet data whether an unacceptable 

error has occurred in the transmission, and then transfers or reports to an higher layer (e.g., a 

radio network controller) information on the determination results for a corresponding data 

packet. The higher layer uses a "selection combining" technique to determine the transmission 

status of a UE in soft handover. That is, a determination of successful packet data transmission
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from a UE in soft handover occurs if at least one of the Node-Bs indicates to the higher layer a 

successful transmission of a corresponding data packet from the UE, and a determination of 

transmission failure occurs if none of the Node-Bs indicates a successful transmission.  

[0025] Meanwhile, apart from the above determination of the higher layer, each of the 

Node-Bs of a soft handover transmits to the UE an ACK/NACK signal according to its own 

packet data reception, that is, its own determination of transmission status. The UE side, 

however, has no capability under soft handover conditions to combine possibly differing 

ACK/NACK signals from each of the Node-Bs, for example, to ascertain a signal or definitive 

transmission status during soft handover, and simply detects each of the ACK/NACK signals.  

100261 On the other hand, in the case of transiting between sectors of a given cell (within 

a single Node-B) by a UE in softer handover, the UE differentiates between the sectors and 

transmits packet data accordingly. Therefore, the Node-B of the softer handover decodes the 

packet data received per sector and applies a HARQ transmission scheme to transmit to the UE 

one ACK/NACK signal for each data packet transmitted by the UE.  

[00271 In an enhanced uplink dedicated channel for uplink high-speed data 

communication employing a HARQ transmission scheme, the present invention proposes a 

method of transmitting one common ACK/NACK signal in the downlink while a UE is in softer 

handover. The common ACK/NACK signal, which is transmitted via each of at least one sector 

(or cell), includes one of a common ACK signal and a common NACK signal according to a 

process for determining transmission status based on a detection of the presence or absence of 

errors in the transmitted packets.
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100281 In the present invention, a UE (or mobile terminal) in soft handover may receive, 

during a transmission time interval of an enhanced uplink dedicated channel, multiple 

ACK/NACK signals from different cells (or sectors) in the active set (or Node-B). In some cases, 

such as a softer handover, the UE knows that some of the transmitted ACK/NACK signals are 

the same, since the radio links are part of the same radio link set. For these cases, ACK/NACK 

signals from the same radio link set shall be combined to form one instance (e.g., for one packet) 

of ACK/NACK information, which is then delivered to higher layers.  

[0029] Referring to FIG. 1, a mobile communication system according to the present 

invention includes a base station 110 having a plurality of sectors, but assumed herein to have a 

total of three sectors, and a mobile terminal 20. The mobile terminal 120 includes a transmitter 

121 for transmitting the same packet data to at least one of the plurality of sectors of the base 

station 110, a receiver 122 for receiving a common ACK or NACK signal according to a 

transmission status of the packet data from the at least one sector of the base station, a decoder 

123 for combining the common ACK or NACK signals received from the at least one sector into 

a signal (or value) having a highest signal-to-noise ratio to decode the corresponding value, and a 

controller 124 for determining whether transmission of the packet data is successful according to 

a result of the decoding.  

[0030] Referring to FIG. 2A, during a softer handover, the base station (Node-B) 110 

receives a data packet (S210a) transmitted to at least one sector and specifically to each of its 

active sectors from the mobile terminal (UE) 120 via an enhanced uplink dedicated channel (E

DCH) and performs decoding (S220a) on a packet having a highest signal-to-noise ratio. That is,
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rather than separately decoding the packet data received via the respective sectors, the base 

station 110 performs maximal ratio combining (MRC) on the correspondingly received packets 

to obtain for decoding a packet data value whose signal-to-noise ratio is maximized. Then, 

according to the decoded resultant, the base station 110 determines its reception status and thus 

the transmission status (S230a) to thereby generate an ACK/NACK signal, including one of a 

transmission acknowledgement signal (i.e., an ACK signal) or a transmission negative

acknowledgement signal (i.e., a NACK signal), for confirming the presence or absence of a 

successful instance of transmission from the mobile terminal 120. The generated signal, as a 

common ACK/NACK signal, is transmitted by physical layer signaling to the mobile terminal 

120 via at least one of the sectors (S240a), and as shown in FIG. 3, the mobile terminal performs 

maximal ratio combining on the common ACK or NACK signals to obtain the value having the 

highest signal-to-noise ratio. The base station's use of the physical channel, without reporting to 

a higher layer, leads to higher data transport rates.  

[00311 Thus, in the embodiment of FIG. 2A, the ACK/NACK signal is transmitted from 

the base station 110 to the mobile terminal 120 via just one of the sectors of the base station. On 

the other hand, in the embodiment of FIG. 2B, regardless of which sectors of the base station 110 

receive packets from the mobile terminal 120 (S210b), the common ACK/NACK signal that is 

generated (S220b, S230b) is transmitted by physical layer signaling via each one of the base 

station's three sectors (S240b); and in the embodiment of FIG. 2C, according to the sectors of the 

base station receiving packets from the mobile terminal (S210c), the common ACK/NACK 

signal that is generated (S220c, S230c) is transmitted by physical layer signaling via only the
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sector or sectors having received the packet (S240c).  

[0032] In the above maximal ratio combining, which is performed in the same manner 

for each of the embodiments, once the mobile terminal 120 transmits a data packet for reception 

by the base station 110, its three sectors respectively receive the transmitted (uplink) data packet 

via different channels, denoted herein as channels hi, h2, and h3, such that the thus received 

packet data, denoted herein as packet data yi, y2, and y3, can be represented by Expressions 1, 2, 

and 3, respectively, as 

y1 = hix+ni . . . Expression 1 

Y2 = h 2 x + n 2  
... Expression 2 

Y3 = h 3x+n 3  
.. . Expression 3 

where x is the originally transmitted packet data and each of ni, n2, and n3 is a corresponding 

noise component. Expressions 1, 2, and 3 can be converted to Expressions 4, 5, and 6, 

respectively, as 

hi*(yi) = *h1*x + hl*(ni) ... Expression 4 

h2*(y2) = *h2*x + h2*(n2) . . . Expression 5 

h3*(y3) = *h3*x + h3*(n3) .. . Expression 6 

where hl*, h2*, and h3* are the conjugates hi, h2, and h3, respectively. Combining Expressions 4, 

5, and 6, using maximal ratio combining, obtains one received data packet y according to 

Expression 7 thus 

y = (*hi* 2 + *h2*2 + *h3*2)x + Cn .. .Expression 7 

where Cn is the combined noise from all sectors. By thus summing the squares of the absolute
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values of the packet data received per sector, Expression 7 obtains a maximal ratio combining 

value of the packet data. Thus, the signal-to-noise ratio of the data packet y has a maximized 

value.  

100331 Referring to FIG. 3, the mobile terminal (UE) 120 in softer handover receives 

and processes the common ACK/NACK signal transmitted from the base station (Node-B) 110.  

That is, the mobile terminal 120 receives the ACK or NACK signal transmitted from the at least 

one sector of the base station 10 (S310). Rather than separately decoding the ACK/NACK 

signals transmitted from the respective sectors, the mobile terminal 120 preferentially performs 

the above-described maximal ratio combining on the received ACK/NACK signals to obtain one 

ACK or NACK signal having a highest signal-to-noise ratio and decodes the maximal-ratio

combined ACK or NACK signal (S320). Then, according to the decoded resultant, the mobile 

terminal 120 confirms the transmission status (S330), that is, whether there has been a 

transmission success or a transmission failure for the correspondingly transmitted data packet, 

and subsequently executes the appropriate transmission procedure accordingly (S340). In 

performing maximal ratio combining, the mobile terminal 120 obtains the value having the 

highest signal-to-noise ratio by combining the common ACK or NACK signals received from 

the at least one sector and then decodes the obtained value to determine the transmission status.  

Here, it is noted that the maximal ratio combining performed by the mobile terminal 120 for 

combining the correspondingly received common ACK/NACK signals obtains a value having 

the highest signal-to-noise ratio and is basically the same process as that performed by the base 

station 110 for combining the variously received data packets.
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Industrial Applicability 

[0034] According to the present invention as described above, for a softer handover 

condition of a mobile terminal, the sectors of a base station each transmit to the mobile terminal 

a common ACK/NACK signal confirming the success or failure of a corresponding transmission, 

and the mobile terminal combines the respectively received ACK/NACK signals to obtain the 

value having the highest signal-to-noise ratio and decodes the obtained value to- confirm 

transmission status, thereby reducing ACK/NACK signaling errors. Since the ACK/NACK 

signal can, as necessary, be transmitted to a mobile terminal in softer handover from a single 

sector of the base station, the present invention also enables improved channel efficiency when 

using a dedicated channel for ACK/NACK transmission. In addition, data transport rates can be 

increased due to the bases station's direct use of a physical channel for transmitting ACK/NACK 

signals to the mobile terminal, thereby eliminating the need to report to a higher layer, such as a 

radio network controller.  

[0035] It will be apparent to those skilled in the art that various modifications and 

variations can be made in the present invention. Thus, it is intended that the present invention 

covers such modifications and variations provided they come within the scope of the appended 

claims and their equivalents.
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The claims defining the invention are as follows: 

1. A method of detecting an ACK/NACK in a mobile terminal comprising a physical layer 

and higher layers, the method comprising: 

. receiving and detecting, by the physical layer in the mobile terminal, the 

5 ACK/NACK in the downlink channel; 

* delivering the ACK/NACK information to the higher layers, 

wherein, when the mobile terminal is in soft handover, said step of receiving and 

detecting comprises receiving and detecting a plurality of ACK/NACKs is received via 

one or more radio links from different cells in an active set a radio link set comprises the 

10 one or more radio links and delivering step comprises: 

. combining, by the physical later in the mobile terminal, the plurality of 

ACK/NACKs received from said one or more radio links into a combined 

ACK/NACK information, when the radio links are in the same radio link set; and 

. delivering the combined ACK/NACK information to at least one of the higher 

15 layers.  

2. The method of claim 1, wherein the ACK/NACK received by said receiving is for a 

success or failure of a data packet transmitted via an enhanced uplink dedicated channel.  

3. The method of claim 1, wherein the plurality of ACK/NACKs received when the mobile 

terminal is in soft handover, are received during a transmission time interval of an enhanced 

20 dedicated channel.
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4. The method of claim 1, wherein the downlink transmission of the ACK/NACK uses 

physical layer signalling.  

5. The method of claim 1, wherein a mobile communication system comprising the mobile 

terminal adopts a hybrid automatic repeat request transmission scheme for the uplink 

5 transmission.  

6. The method of claim 1, wherein the ACK/NACK information obtained by said 

combining is the common ACK/NACK signal having the highest signal-to-noise ratio using the 

plurality of received ACK/NACKs.  

7. The method of claim 6, wherein the combined ACKJNACK information is obtained by 

10 performing maximal ratio combining on the received ACK/NACKs.  

8. The method of claim 1 wherein, when the mobile terminal is in soft handover, and when 

the radio link set comprises one radio link, ACK information is delivered by said delivering if 

ACK is detected by said detecting, else, NACK information is delivered by said delivering.
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