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Description

[Technical Field]

[0001] The disclosure relates to a mobile communication technology and, in particular, to multilink packet distribution
methods and devices.

[Background Art]

[0002] To meet the increased demand for wireless data traffic since the deployment of 4G communication systems,
efforts have been made to develop an improved 5G or pre-5G communication system. Therefore, the 5G or pre-5G
communication system is also called a "Beyond 4G Network" or a "Post LTE System".
[0003] Implementation of the 5G communication system in higher frequency (mmWave) bands, e.g., 60 GHz bands,
is being considered in order to accomplish higher data rates. To decrease propagation loss of radio waves and increase
the transmission distance, beamforming, massive multiple-input multiple-output (MIMO), Full Dimensional MIMO (FD-
MIMO), array antenna, analog beam forming, and large scale antenna techniques are being discussed for the 5G
communication system
[0004] In addition, in the 5G communication system, there are developments under way for system network improve-
ment based on advanced small cells, cloud Radio Access Networks (RANs), ultra-dense networks, device-to-device
(D2D) communication, wireless backhaul, moving network, cooperative communication, Coordinated Multi-Points
(CoMP), reception-end interference cancellation, and the like.
[0005] In the 5G system, Hybrid FSK and QAM Modulation (FQAM) and sliding window superposition coding (SWSC)
as advanced coding modulation (ACM) and filter bank multi carrier (FBMC), non-orthogonal multiple access (NOMA),
and sparse code multiple access (SCMA) as advanced access technology have been developed.
[0006] WO 2015/188874 A1 proposes a technology relating to wireless meshed networks and in particular relates to
sending a data packet from a first node to a second node, wherein the data packet is divided into sub packets and sent
via at least two different transmission paths to the second node from the first node.
[0007] US 9,264,353 B2 describes a multipath transport protocol such as multipath TCP which can utilize metrics such
as a wireless link condition corresponding to one or more paths as a parameter for controlling a dynamic allocation of
data and control signaling over respective paths.
[0008] Standardization of the 5G as a next generation wireless communication technology is underway in an environ-
ment where various wireless communication technologies such as 3G, 4G (e.g., LTE), and WLAN (e.g., Wi-Fi) are being
deployed in an interwoven manner. In such an environment where various wireless communication technologies are
used, for achieving optimal performance it is very important to make a determination on which technology is to be used
at which timing. Throughput, cost, and safety may be considered as performance determination metrics. In the case of
determining the performance from the throughput viewpoint, the best method is to maximize a bandwidth by using all
available radio channels simultaneously. For example, simultaneous use of all available LTE, 5G, and Wi-Fi links may
be considered for data transmission through bandwidth aggregation for aggregating bandwidths of the links.
[0009] Typically, such bandwidth aggregation can be realized by distributing packets to multiple radio links. That is,
the bandwidth aggregation can be achieved by transmitting a packet alternately on the links. In the case of transmitting
sufficiently large data over two links similar in bandwidth to each other, it may be possible to expect a performance to
the extent when the bandwidths of the two links are aggregated through packet distribution. However, the links differ in
various properties such as packet processing scheme, radio channel scheduling scheme, and base station parameters,
and their bandwidths and delay times also vary frequently according to a user’s location and the congestion situation.
Particularly in the case of a link of the 5G standard under development, loss of line-of-sight (LOS) that is caused by a
vehicle passing by or change of terminal’s location may cause an abrupt drop in the data rate and, depending on the
situation, result in temporary breakage of the links. Accordingly, it is necessary that, even when one of the two links
becomes temporarily unavailable, the other link is maintained with a guarantee of reliable performance and, upon recovery
of the out-of-use link, the bandwidth of the recovered link is used quickly. That is, even when the bandwidth varies
significantly, the aggregated throughput has to quickly follow the bandwidth variation.
[0010] There is therefore a need of a packet distribution method that is capable of securing a stable and high aggregated
throughput even in an environment where link state varies dynamically.

[Disclosure of Invention]

[Technical Problem]

[0011] The invention is defined by packet distribution methods and devices, such as a gateway, a switch, and a base
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station in a mobile communication network.
[0012] The invention provides packet distribution methods that are capable of efficiently aggregating bandwidths of
multiple links of a multilink-enabled arbitrary network device.

[Solution to Problem]

[0013] According to an embodiment of the disclosure, a transmitting device supporting a plurality of radio links in a
mobile communication network is provided, as defined by appended claim 1.
[0014] According to another embodiment of the disclosure, a receiving device supporting a plurality of radio links in a
mobile communication network is provided, as defined by appended claim 3.
[0015] According to another embodiment of the disclosure, a method of a transmitting device supporting a plurality of
radio links in a mobile communication network, as defined by appended claim 6, is provided,
[0016] According to another embodiment, a method of a receiving device supporting a plurality of radio links in a mobile
communication network, as defined by appended claim 8, is provided.

[Advantageous Effects of Invention]

[0017] The disclosed method is advantageous in terms of aggregating bandwidths efficiently in an environment where
link status varies dynamically, particularly in a 5G communication environment.
[0018] The disclosed method is also advantageous in terms of being applicable regardless of a layer and a structure.
[0019] The disclosed method is also advantageous in terms of operating independently from a higher layer protocol
or application service such as a transmission control protocol (TCP), a user datagram protocol (UDP), and a real-time
transport protocol (RTP).
[0020] The disclosed method is also advantageous in terms of allowing an aggregated throughput quickly following a
change of links in an environment where states of links and available bandwidth vary continuously.

[Brief Description of Drawings]

[0021]

FIG. 1 is a diagram illustrating an MPTCP-based packet distribution method;
FIG. 2 is a diagram illustrating configurations of a transmitting entity and a receiving entity according to an embodiment
of the disclosure;
FIG. 3 is a diagram illustrating a transmission mode transition and operation method of a packet distributor;
FIG. 4 is a diagram illustrating transmission mode transitions of a link status manager;
FIG. 5 is a flowchart illustrating an operation of exchanging data between a packet distributor and a link status
manager;
FIG. 6 is a flowchart illustrating an operation method of a transmitting device in a mobile communication network
supporting multiple radio links according to an embodiment of the disclosure;
FIG. 7 is a flowchart illustrating an operation method of a receiving device in a mobile communication network
supporting multiple radio links according an embodiment of the disclosure;
FIGS. 8 to 10 are diagrams illustrating standalone-based 4G-5G interworking and non-standalone-based interwork-
ing architectures to which the proposed method is applied;
FIG. 11 is a diagram for explaining aggregation performance in a scenario where a bandwidth varies dynamically;
FIG. 12 is a diagram for explaining aggregation performance in a scenario where a link failure occurs aperiodically;
FIG. 13 is a block diagram illustrating a configuration of a transmitting device according to an embodiment of the
disclosure; and
FIG. 14 is a block diagram illustrating a configuration of a receiving device according to an embodiment of the
disclosure.

[Mode for the Invention]

[0022] In the specification, terms such as "first" and "second" are used herein to arbitrarily distinguish between the
elements such terms describe and are not intended to indicate or imply relative importance or significance. Such terms
should be used only for the purpose of distinguishing one element from another.
[0023] The terminology used herein is for the purpose of describing particular embodiments only and is not intended
to be limiting of the disclosure. As used herein, singular forms are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be understood that the terms "comprises" and/or "has" when used in this
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specification, specify the presence of stated feature, number, step, operation, component, element, or a combination
thereof, but they do not preclude the presence or addition of one or more other features, numbers, steps, operations,
components, elements, or combinations thereof.
[0024] In the disclosed embodiments, a module or a unit carries out at least one function or operation and may be
implemented in hardware or software or as a combination of hardware and software. Also, a plurality of modules or units
may be integrated into one module in the form of at least one processor (not shown) with the exception of the module
or unit that should be implemented with specific hardware.
[0025] As a representative bandwidth aggregation enabler protocol, there is a multipath transmission control protocol
(MPTCP) standardized by the Internet Engineering Task Force (IETF). The MPTCP is basically an extended version of
transmission control protocol (TCP).
[0026] FIG. 1 is a diagram illustrating an MPTCP-based packet distribution method.
[0027] In the MPTCP supporting multiple TCP sub-flows, packet distribution is performed in such a way that a sub-
flow with the least round trip time (RTT) is prioritized. If a congestion window (CWND) of the corresponding sub-flow is
full such that no more packets can be transmitted therein, a sub-flow with the next least RTT is selected.
[0028] In detail, the MPTCP opens an independent TCP sub-flow per path (i.e., link). A packet scheduler determines
a sub-flow for transmitting a packet based on link information (e.g., RTT) collected per the TCP sub-flow. A less-delay
first policy is applied in a default packet scheduling method for MPTCP reference codes. The less-delay first policy
means the link with the highest speed is preferentially used among multiple links. That is, a TCP sub-flow with the least
RRT is preferentially selected for assigning a packet thereto and, if the CWND becomes full such that no more packets
can be transmitted therein, another TCP sub-flow with the next lest RRT is selected. It may also be possible to use a
round-robin policy or a policy of copying the same packet onto all links for transmission.
[0029] In reference to FIG. 1, there is TCP sub-flow 1 with an RTT of 30 ms and TCP sub-flow 2 with an RTT of 10
ms. According to the less-delay first policy, i.e., a policy of prioritizing sub-flows for packet distribution based on delay,
the TCP sub-flow 2 is prioritized over the TCP sub-flow 1 because the RRT of the TCP sub-flow 2 is less than the RRT
of the TCP sub-flow 1. Accordingly, at first packets are transmitted through the TCP sub-flow 2 (i.e., link 2). Afterward,
if the CWND of the TCP sub-flow 2 becomes full (e.g., CWND is 100), packets are transmitted through the TCP sub-
flow 1 (i.e., link 1).
[0030] In the case where packet distribution is performed at a TCP endpoint as in MPTCP, the TCP sub-flows are
independently used for transmission/reception, which is advantageous in that, even when a problem arises on a sub-
flow, other sub-flows operate normally. Furthermore, because TCP sub-flow information (e.g., RTT, CWND, and receive
buffer size) can be collected without any separate path probing processes, it is possible to secure a sufficient amount
of information for use in packet distribution.
[0031] However, the MPTCP-based packet distribution is applicable only at a TCP endpoint, and it cannot be applied
to an intermediate network entity such as a router, a switch, and a gateway. In order for an intermediate network entity
to take charge of distributing packets, the packet distribution should be performed in a lower layer such as the Internet
Protocol (IP) layer below the TCP layer. In the case where a lower layer distributes packets, it is necessary to determine
information to be collected for use in packet distribution because no link information is provided separately. Given that
the intermediate network entity distributes TCP traffic by packet within a TCP session rather than independent TCP
session per session, if a link experiences excessive delay or is broken, this causes significant impact to the total through-
put. Because an intermediate network entity, unlike an endpoint server, cannot easily collect end-to-end path information,
it is difficult to apply the MPTCP packet scheduling that is performed based on various kinds of legacy TCP information,
and it is necessary to reduce overhead in collecting information by minimizing information demanded for packet distri-
bution.
[0032] In order to solve the above problems, the disclosure provides a packet distribution method that is capable of
allowing an arbitrary network entity supporting multiple links to efficiently aggregate bandwidths of the multiple links.
The packet distribution method is characterized by collecting and measuring state information of multiple links and
determining a packet distribution scheme, and performing packet distribution through feedback message exchange.
Unlike conventional methods that are applicable in a layer-specific manner (e.g., MPTCP - TCP layer, multipath routing
- IP layer, and dual connectivity - packet data convergence protocol (PDCP) layer) or in a structure-specific manner
(e.g., MPTCP - proxy structure and dual connectivity - non-standalone (NSA) structure), the proposed method is applicable
regardless of layer and structure. The proposed method may also operate transparently to a higher layer protocol such
as TCP, UDP, and RTP or an application service. The proposed method is capable of allowing the aggregated throughput
to quickly follow change of a link in an environment where the link status and available bandwidth are changing contin-
uously.
[0033] FIG. 2 is a diagram illustrating configurations of a transmitting entity and a receiving entity according to an
embodiment of the disclosure.
[0034] A transmitting device (not shown) may establish a transmit entity 200 per receiver (not shown) in communication
with the transmitting device. For example, if the transmitting device is a gateway inside a mobile communication network
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and the receiving device is a mobile terminal, the transmitting device may establish a transmitting entity 200 per mobile
terminal. The transmitting entity 200 may include a packet distributor 210 and output ports 211, 212, 213, ... that are
functionally connected to the packet distributor 210. For example, the output port 1 211 may be configured for use of a
4G communication technology, the output port 2 212 may be configured for use of a 5G communication technology, and
the output port 3 213 may be configured for use of a Wi-Fi radio technology.
[0035] The receiving entity 300 may include input ports 311, 312, 313, ... for receiving data from the output ports 211,
212, 213, ..., a link status manager 310 that is functionally connected to the input ports 311, 312, 313, ..., and a packet
aggregator 320. The link status manager 310 and the packet aggregator 320 may be implemented in the same device
or separate devices. For example, the packet aggregator 320 may be included in a terminal, and the link status manager
310 may be included in a base station or in a separate device.
[0036] In the following description, it is assumed that all packets have unique sequence numbers. A sequence number
of the TCP or PDCP layer may be reused or newly assigned per packet according to a packet distribution layer, a service,
and a situation.
[0037] Basically, the transmitting entity 200 and the receiving entity 300 operate in a corresponding manner. Descrip-
tions are made of the functions of the components depicted in FIG. 2 hereinafter.
[0038] The packet distributor 210 of the transmitting entity 200 is configured to update per-link weights and internal
state information based on per-link feedback information received from the link status manager 310 of the receiving
entity 300 and distribute packets to the output ports 211, 212, 213, ... corresponding to the respective links. Although
not shown in FIG. 2, the packet distributor 210 may include a component for receiving the feedback information
[0039] The link status manager 310 of the receiving entity 300 measures and collects various kinds of link information
such as estimated link rate, delay, and radio channel status and transmits the link information to the packet distributor
210 of the transmitting entity 200 periodically or aperiodically based on the link status. Upon detecting a change in a
link, the link status manager 310 may transmit a mode transition message to the packet distributor 210. Although not
shown in FIG. 2, the link status manager 310 may include a component for transmitting the feedback information, i.e.,
link information and/or mode transition message.
[0040] The packet aggregator 320 of the receiving entity may reorder the out-of-order packets incoming through
multiple links based on the sequence numbers and deliver the reordered packets to an upper layer or a next node.
[0041] Detailed descriptions of the link weight calculation, internal state update, and reordering are made later.
[0042] In a disclosed embodiment, three transmission modes are defined as follows: 1) splitting mode for distributing
packets based on weights calculated for all available links, 2) duplicating mode for copying the same packets into all
links, and 3) pre-splitting mode for distributing packets to a specific link temporarily.
[0043] Descriptions are made hereinafter of the operation methods in the transmission modes. In the splitting mode,
the packet distributor 210 performs bandwidth aggregation based on the link information being received from the link
status manager 310. That is, the packet distributor 210 distributes the packets based on the weights calculated for all
available links. In the splitting mode, if the packet distributor 210 detects a problem on a link that causes a data rate to
drop significantly or causes transmission failure, it may immediately switch the transmission mode to the duplicating
mode. In the duplicating mode, it is possible to guarantee at least a performance expected with the data rate on the links
that are still operating normally because the same packets are transmitted on all the links. If the problem is resolved
such that the data rate of the corresponding link is recovered, the transmission mode may be switched backed to the
splitting mode.
[0044] Even though the transmission mode is switched back to the splitting mode, transmission pipes of the links that
are operating normally for transmission in the duplicating mode are likely to be full. For this reason, if a normal packet
distribution is performed for the links that have been normally transmitting packets and the link recovers immediately,
this may lead to performance degradation. Let’s suppose that a link 1 and link 2 are operating in the splitting mode and
transmission on link 2, which has a bandwidth much broader and faster than that of link 1, is temporarily broken. The
transmission mode may be switched to the duplicating mode, and the TCP transmission amount may become fit for the
speed of link 1. Afterward, if link 2 is recovered such that the transmission mode is switched back to the splitting mode,
per-link information is collected in a situation where the full bandwidth is in use for link 1 while a transmission pipe of
link 2 is not filled fully. Accordingly, although link 2 has been recovered already, the speed of link 2 is still underestimated
such that link 2 is assigned a low weight for packet distribution. Meanwhile, the data being transmitted through link 2,
which is not filled fully, is likely to arrive relatively early at the receiving device and thus be held in a reordering buffer of
the receiving device. As a consequence, transmission of an acknowledgement (ACK) corresponding to the data trans-
mitted through link 2 is delayed, which causes continuous underflow on the link and results in an increase in the probability
of failure of immediate TCP transmission amount recovery.
[0045] Meanwhile, an abrupt increase of link bandwidth in the split mode is likely to cause a problem. In a 5G com-
munication environment, it may occur that the communication environment changes from a non-LOS situation to an
LOS situation, for example when a truck is passing by. In this case, it may take a long time to fill the increased bandwidth
using the conventional technology.
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[0046] In order to solve the above problems, the pre-splitting mode is defined for the proposed method. That is, if a
peak bandwidth is equal to or greater than a predetermined threshold before transitioning from the duplicating mode to
the splitting mode or during the splitting mode, the transmission mode may be temporarily set to the pre-splitting mode.
In the pre-splitting mode, a link that is estimated as being underutilized, among the links available for transmission, is
set as a target link such that packets are distributed only to the target link. During the pre-splitting mode, information
update of the links except for the target link is suspended, and the link information updated before entering the pre-
splitting mode is maintained. Afterward, if the transmission mode transitions from the pre-splitting mode to the splitting
mode, the packet distribution is performed based on the link information of the target link that has been updated and
the link information of other links that has been maintained during the pre-splitting mode. This makes it possible to
perform the packet distribution with the weights calculated in the state where the bandwidths of all of the links are
sufficiently filled.
[0047] Descriptions are made of the detailed operations of the individual components in the above-described trans-
mission modes with reference to FIGS. 3 to 5.
[0048] FIG. 3 is a diagram illustrating a transmission mode transition and operation method of the packet distributor 210.
[0049] The packet distributor 210 performs packet distribution in one of the aforementioned three transmission modes
(splitting mode, duplicating mode, and pre-splitting mode). If data transmission is triggered, the packet distributor 210
starts distributing packets in the splitting mode. In the splitting mode, a weight random splitting operation is performed
based on weights of links. For example, assuming that packet distribution is performed to two links, i.e., link 1 with a link
weight of 0.7 and link 2 with a link weight of 0.3, each packet may be distributed to link 1 with a probability of 70% and
link 2 with a probability of 30%. At the initial stage of the transmission, initial values are assigned to the respective links
because there is no collected information on the links.
[0050] The link weights may be calculated by Equation 1 based on per-link estimated link rates received from the link
status manager 310. 

[0051] Here, Weight_i denotes a weight of the ith link, and Link-rate_i denotes an estimated link rate of the ith link. The
weights of links may be updated upon receipt of a link status feedback from the link status manager 310. If a newly
calculated Weight_i is greater than the old value, a check is made to determine whether the Link-rate_i is increased to
update the Weight_i only if the Link-rate_i is actually increased.
[0052] If the feedback from the link status manager 210 is indicative of transmission mode transition or if the transmitting
entity 200 makes a determination of transmission mode transition, the transmission mode may transition from the splitting
mode to the duplicating mode or the pre-splitting mode.
[0053] In the duplicating mode, it is not necessary to update per-link weights because the same packet is copied to
all of the links. However, the link rates are always updated with the new values obtained from the link status feedback.
[0054] In the pre-splitting mode, a target link number may be received from the link state manager 210 (along with the
mode transition request). In the pre-splitting mode, a packet is distributed to only a target link, only the link rate of the
target link is updated, and the link rate of the other link is maintained so as to be identical with that before entering the
pre-splitting mode (i.e., in the splitting mode or duplicating mode). After transitioning from the pre-splitting mode to the
splitting mode, the information updated in the pre-splitting mode in association with the target link and the information
used before entering the pre-splitting mode in association with the other link may be used in calculating the link rate in
the splitting mode.
[0055] By introducing the pre-splitting mode, it is possible to apply the weights based on the information when all of
the links were sufficiently used. After entering the splitting mode, the link rate update is performed per link based on the
per-link status feedback, and the per-link weights are calculated based on a result of the link rate update.
[0056] The link status manager 310 collects status information per link. The link status manager 310 may make a
determination of a transmission mode based on the per-link status information or transmit feedback information for use
by the transmitting entity 200 in determining a transmission mode. The link status manager 310 also calculates a link
rate based on incoming data packets per link. The link status manager 310 takes link rate samples during every prede-
termined period or from every predetermined data amount and performs a moving average based thereon to calculate
an approximate average value of the link rate. For example, if a number of received data packets accumulated from a
time point after elapse of 1 ms is equal to or greater than a predetermined value (e.g., equal to or greater than 10) or if
a predetermined time period elapses (e.g., 10 ms elapse), the Link-rate_sample value may be calculated as Equation 2 
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[0057] The calculated Link-rate_sample may be filtered using Equation 3. 

[0058] Here, α may be set to 7/8. The per-link information such as the link rate measured in this manner may be
periodically transmitted to the packet distributor 210. For example, this information may be transmitted at an interval of
100 ms. The per-link information may also be transmitted to the packet distributor 210 aperiodically.
[0059] If a speed problem is detected on a certain link during link status monitoring or reporting, transmission mode
transition may occur. FIG. 4 is a diagram illustrating transmission mode transitions of a link status manager. Although
FIG. 4 is directed to the case where the link status manager of the receiving entity makes a determination of a transmission
mode, the link status manager may also be configured to transmit information to the transmitting entity in order for the
transmitting entity to make a determination of a transmission mode based on the information.
[0060] In reference to FIG. 4, if a data rate of a link, i.e., link rate, decreases to a predetermined level (MODE_THRESH),
e.g., 1 Mbps, the link status manager determines that there is a problem on the corresponding link, designates the
corresponding link as a target link, and makes a determination of transmission mode transition to the duplicating mode.
Afterward, if the data rate of the target link recovers to be equal to or greater than the predetermined level, the link status
manager may make a determination of transmission mode transition to the splitting mode via the pre-splitting mode.
[0061] As described above, the pre-splitting mode is an intermediate transmission mode for filling the pipe of the target
link sufficiently; if the data transmitted on the other link arrives at the receiving side (i.e., Link-rate_sample value becomes
0), the link status manager makes a determination of transmission mode transition to the splitting mode. In order to
quickly cope with an abrupt increase of bandwidth during the splitting mode, the link status manager may make a
determination of a transmission mode switching from the splitting mode to the pre-splitting mode. That is, if the link rate
of a certain link increases by a predetermined amount or more (e.g., equal to or greater than double) in comparison with
that indicated by the last feedback, the link state manager may designate the corresponding link as a target link and
transitions from the splitting mode to the pre-splitting mode.
[0062] After making the transmission mode transition determination, the link status manager transmits a transmission
mode transition message to the packet distributor, which transitions to a transmission mode as indicated by the message.
[0063] FIG. 5 is a flowchart illustrating an operation of exchanging data between a packet distributor and a link status
manager.
[0064] If a packet is received at step 511, the packet distributor determines at step 512 whether the packet is a feedback
packet received from the link status manager or a data packet. If it is determined that the received packet is a feedback
packet, the packet distributor updates, at step 513, a link status such as a link rate and a link weight based on feedback
information included in the feedback packet. If it is determined that the arrived packet is a data packet, the packet
distributor performs packet distribution for bandwidth aggregation. That is, at step 514, the packet distributor selects an
output link(s) and distributes packets to the selected output link(s) according to the transmission mode at step 514, and
transmits the data packet to the receiving device through an output port(s) at step 515.
[0065] The link status manager performs measurement with the received data packet to acquire link information. That
is, the link status manager receives the data packet from the transmitting device at step 521 and collects and measures
link information such as link rate estimation at step 522. The link status manager also determines, at step 523, whether
a transmission mode transition is necessary or a feedback period arrives based on the measured and collected information
and, on the basis of a result of the determination, transmits a feedback message to the packet distributor at step 524 or
sends the data packet, at step 525, to a next node or, if the link status manager operates in a terminal, a packet aggregator.
[0066] In the splitting mode and pre-splitting mode, the packet aggregator performs reordering before transmitting the
data to a TCP endpoint of the receiving side. The packet aggregator maintains a variable next_seq internally for reordering.
The variable next_seq means a next in-order sequence number. If a packet arrives at the packet aggregator, the packet
aggregator compares the sequence number packet_seq of the packet with the next_seq. If the packet_seq is greater
than the next_seq, this means that the packet is an out-of-order packet, and the corresponding packet is input to a
reordering queue. However, if the sequences are duplicates, the corresponding packet is dropped. If the packet_seq is
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identical with the nex_seq, this means that the corresponding packet is an in-order packet, and all in-order packets
including the corresponding packet that are queued in the reordering queue are flushed out. Next, the next_seq value
is updated with packet_seq+data_size. If the packet_seq is less than the next_seq, this means that the packet is an old
one, and the packet is just passed through.
[0067] If the transmission mode transition is made to the duplicating mode, reordering is not performed. All packets
remained in the reordering queue before the transmission mode transition are flushed out. If a predetermined time period
(e.g., 200 ms) elapses after the update of the first packet in the reordering queue, a timeout is issued to flush out all of
the packets in the queue.
[0068] FIG. 6 is a flowchart illustrating an operation method of a transmitting device in a mobile communication network
supporting multiple radio links according to an embodiment of the disclosure.
[0069] In reference to FIG. 6, a packet distributor of a transmitting entity receives feedback information on multiple
links from a receiving device at step 610. As described above, the transmitting entity may be implemented, in a transmitting
device such as a gateway, per receiving entity. The feedback information may include link status information such as
link rate, signal strength, and buffer drain rate. The feedback information may also include a transmission mode deter-
mined by the received entity based on such information.
[0070] At step 620, the packet distributor of the transmitting entity distributes packets to the multiple links based on
the received feedback information. The packet distributor may distribute the packets in a transmission mode. As described
above, the transmission mode may include at least one of multiple transmission modes including a splitting mode for
distributing different packets to multiple links based on weight which is determined based on the feedback information,
a duplicating mode for distributing the same packets to multiple links, and a pre-splitting mode for distributing packets
to a specific link among multiple links.
[0071] If the feedback information includes transmission mode, the packet distributor distributes the packets in the
transmission mode indicated in the feedback information. Alternatively, the packet distributor may make a determination
of a transmission mode based on the feedback information. For example, as described with reference to FIGS. 3 and
4, in the case where the transmitting device is currently operating in the duplicating mode, if the feedback information
indicates that the data rate of one of multiple links is equal to or greater than a predetermined threshold value, the packet
distributor may make a determination of transmission mode transition to the pre-splitting mode. In the case where the
transmitting device is currently operating in the splitting mode, if the feedback information indicates that the data rate of
one of multiple links has increased by a predetermined multiple or more, the packet distributor may make a determination
of transmission mode transition to the pre-splitting mode. In the case where the transmitting device is currently operating
in the pre-splitting mode, if the feedback information indicates that the data rate of a non-target link drops to become
equal to or less than a predetermined value (e.g., 0), the packet distributor may make a determination of transmission
mode transition to the splitting mode.
[0072] At step 630, the output ports of the transmitting entity transmit the distributed packets through the corresponding
links.
[0073] FIG. 7 is a flowchart illustrating an operation method of a receiving device in a mobile communication network
supporting multiple radio links according an embodiment of the disclosure.
[0074] In reference to FIG. 7, a link status manager of a receiving entity collects and measures status information on
multiple links to generate feedback information at step 710. As described above, the link status manager of the receiving
entity may be implemented along with a packet aggregator in a mobile terminal. The link status manager may be
implemented in a base station while the packet aggregator is implemented in the mobile terminal. The feedback infor-
mation may include link status information such as link rate, signal strength, and buffer drain rate. In the case where the
receiving entity makes a determination of the transmission mode of a transmitting entity, the feedback information may
include transmission mode.
[0075] If the feedback information includes transmission mode for a transmission device to distribute packets to multiple
links, the link status manager may make a determination of the transmission mode based on the status information on
the multiple links. As described above, the transmission mode may include at least one of a splitting mode for distributing
different packets to multiple links based on weight which is determined based on the feedback information, a duplicating
mode for distributing the same packets to multiple links, and a pre-splitting mode for distributing packets to a specific
link among multiple links. For example, as described with reference to FIGS. 3 and 4, in the case where the transmitting
device is currently operating in the duplicating mode, if the feedback information indicates that the data rate of one of
multiple links is equal to or greater than a predetermined threshold value, the link status manager may make a deter-
mination of transmission mode transition of the transmitting device to the pre-splitting mode. In the case where the
transmitting device is currently operating in the splitting mode, if the feedback information indicates that the data rate of
one of multiple links has increased by a predetermined multiple or more, the link status manager may make a determination
of transmission mode transition of the transmitting device to the pre-splitting mode. In the case where the transmitting
device is currently operating in the pre-splitting mode, if the feedback information indicates that the data rate of a non-
target link drops to become equal to or less than a predetermined value (e.g., 0), the link status manager may make a
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determination of transmission mode transition of the transmitting device to the splitting mode.
[0076] The link status manager transmits, at step 720, the generated feedback information to the transmitting entity
and receives, at step 730, packets that the transmitting entity transmits based on the feedback information.
[0077] The disclosed embodiments can be applied in various communication environments, especially when an LTE
link and a 5G link are aggregated in a mobile communication network. Although standardization of architecture for
interworking between LTE and 5G is not finalized yet, it may be possible to consider a standalone-based 4G-5G inter-
working architecture and a non-standalone-based interworking architecture.
[0078] FIGS. 8 to 10 are diagrams illustrating standalone-based 4G-5G interworking and non-standalone-based in-
terworking architectures to which the proposed method is applied.
[0079] In the case of the standalone-based architecture, a packet distributor may be implemented at a gateway of a
core network, and a link state manager and a packet aggregator may be implemented in a terminal. That is, the terminal
may collect link information and transmit the link information to the packet manager of the gateway. In a disclosed
embodiment, the components responsible for uplink traffic may be disposed in a symmetrical manner.
[0080] FIGS. 9 and 10 show how the proposed method is applicable to a dual connectivity situation in a non-standalone-
based interworking architecture under discussion in the 5G standardization organization. The link status manager in
charge of collecting and transmitting link information may be implemented at the terminal as shown in FIG. 9 in the same
manner as shown in FIG. 8 or at base stations in a distributed manner as shown in FIG. 10. In the case where the link
information is received from the base stations, it may be possible to use buffer drain-rates of the base stations instead
of estimated link rates. For example, instead of the link-rate_sample of Equation 2, a buffer-drain-rate_sample may be
derived by Equation 4. 

[0081] That is, it may be possible to estimate a bandwidth of a link by calculating how much data is drained from a
buffer during a predetermined time period. Accordingly, it may be possible to designate the link state manager of the
base station in which the packet distributor is implemented as a main link state manager such that the main link state
manager collects information from the link status managers of other base stations and transmits feedback and trans-
mission mode messages to the packet distributor. The packet distributor may be implemented in the PDCP and, in this
case, a legacy PDCP sequence numbering/in-order delivery function may be reused or used in an extended manner.
[0082] The proposed method for quickly coping with a change of links assumes that the transmitting and receiving
sides operate in a corresponding manner. In the case where the link status manager is implemented at the terminal, it
is easy for a terminal vendor to detect the use of the present invention. Even from the viewpoint of a base station vendor,
it is easy to detect use of the disclosed method because the link status manager function is implemented in a distributed
manner in the non-standalone architecture. Because the link information and transmission mode information should be
continuously exchanged for operation accuracy, it is possible to infer the use of the proposed method through packet
monitoring.
[0083] In order to evaluate the aggregated throughput of the proposed method, the proposed method has been sim-
ulated using an NS-3 network simulator. FIG. 11 shows aggregated throughput in a scenario where bandwidth is dy-
namically varying, when measuring file transfer protocol (FTP) downlink performance in a network topology where LTE
and 5G links are emulated in a similar way to the links in the network environment of FIG. 8. The simulation result of
FIG. 11 was obtained by measuring the aggregated throughput while changing the bandwidth of the 5G link from 100
Mbps to 900 Mbps in the state where the bandwidth of the LTE link was fixed at 100 Mbps. In FIG. 11, the dotted line
denotes a sum of the bandwidths of the LTE and 5G links that was measured by changing per-link bandwidths every 5
seconds. In FIG. 11, the solid line denotes aggregated throughput that was measured at every 100 ms. From FIG. 11,
it is observed that the aggregated throughput quickly follows the change of the link, even when the bandwidth varies
significantly, in the case of using the proposed method.
[0084] FIG. 12 shows aggregated throughput in a scenario where a link failure occurs aperiodically. The simulation
result of FIG. 12 was obtained by measuring the aggregated throughput by emulating a link failure event with packet
loss of 100% on the 5G link for between 5 to 8 seconds, between 15 to 20 seconds, and between 30 to 40 seconds in
the state where the bandwidths of the LTE and 5G links were fixed to 100 Mbps and 500 Mbps, respectively. The graph
in the upper part of FIG. 12 shows a link rate measured by the link status manager. It shows that the link rate on the
LTE link is maintained at a level of 100 Mbps over time, while the link rate of the 5G link drops to 0 during the link failure
periods. The graph in the lower part of FIG. 12 shows the aggregated throughput. The aggregated throughput of about
600 Mbps drops to a level of 100 Mbps equal to the throughput of the LTE link during the link failure periods and is
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quickly recovered upon resolution of the link failure on the 5G link.
[0085] FIG. 13 is a block diagram illustrating a configuration of a transmitting device according to an embodiment of
the disclosure.
[0086] In reference to FIG. 13, the transmitting device may include a transceiver 1310, a controller 1320, and a storage
unit 1330. In the disclosure, the controller may be defined as a circuit, an application-specific integrated circuit, or at
least one processor.
[0087] The transceiver 1310 may transmit/receive signals to and from other network entities. The transceiver 1310
may receive feedback information on multiple links from a receiving device and transmit packets through the multiple links.
[0088] The controller 1320 may control overall operations of the transmitting device according to a disclosed embod-
iment. For example, the controller 1320 may control signal flows among the components to perform the operations
described with reference to the flowcharts. In detail, the controller 1320 may control the operations of the proposed
packet distributor.
[0089] The storage unit 1330 may store at least one of information transmitted/received by the transceiver 1310 and
information generated by the controller 1320. For example, the storage unit 1330 may store the feedback information
on the multiple links that is received from the receiving device.
[0090] FIG. 14 is a block diagram illustrating a configuration of a receiving device according to an embodiment of the
disclosure.
[0091] In reference to FIG. 14, the base station may include a transceiver 1410, a controller 1420, and a storage unit
1430. In the disclosure, the controller may be defined as a circuit, an application-specific integrated circuit, or at least
one processor.
[0092] The transceiver 1410 may transmit/receive signals to and from another network entity. For example, the trans-
ceiver 1410 may transmit feedback information on multiple links to a transmitting device and receive packets being
transmitted based on the feedback information.
[0093] The controller 1420 may control overall operations of the receiving device according to a disclosed embodiment.
For example, the controller 1420 may control signal flows among the components to perform the operations described
with reference to the flowcharts. In detail, the controller 1420 may control the operations of the proposed link status
manager and packet aggregator.
[0094] The storage unit 1430 may store at least one of information transmitted/received by the transceiver 1410 and
information generated by the controller 1420. For example, the storage unit may store the feedback information on the
multiple links.
[0095] Although preferred embodiments of the disclosure have been described using specific terms, the specification
and drawings are to be regarded in an illustrative rather than a restrictive sense in order to help understand the present
disclosure.

Claims

1. A transmitting device supporting a plurality of radio links in a mobile communication, the transmitting device com-
prising:

a packet distributor (210) configured to receive feedback information on a plurality of links from a receiving
device and distribute packets to the plurality of links based on the feedback information; and
output ports (211, 212, 213) corresponding to the plurality of links and configured to transmit the distributed
packets through the plurality of links,
wherein the packet distributor is configured to determine a transmission mode from a plurality of transmission
modes for distributing the packets based on the feedback information, the transmitting device being charac-
terised in that
in case the feedback information comprises information that a link of the plurality of links is estimated as being
underutilized in relation to a bandwidth threshold, the packet distributor is configured to set the link as a target
link and set the transmission mode as a pre-splitting mode for distributing the packets only to the target link
among the plurality of links.

2. The transmitting device of claim 1, wherein the packet distributor (210) is configured to:
when operating in the pre-splitting mode, transition the transmitting device to a splitting mode for distributing different
packets to the plurality of links based on a weight, in case that the feedback information indicates that data rates of
other links drop to be equal to or less than a predetermined value.

3. A receiving device supporting a plurality of radio links in a mobile communication network, the receiving device
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comprising:

a link status manager (310) configured to generate feedback information on a plurality of links and transmit the
feedback information to a transmitting device; and
input ports (311, 312, 313) corresponding to the plurality of links and configured to receive packets transmitted
by the transmitting device based on the feedback information,
wherein the link status manager is configured to determine a transmission mode from a plurality of transmission
modes for the transmitting device to distribute the packets to the plurality of links based on the feedback infor-
mation, the receiving device being characterised in that
in case the feedback information comprises information that a link of the plurality of links is estimated as being
underutilized in relation to a bandwidth threshold, the link status manager is configured to set the link as a target
link and set the transmission mode for the transmitting device as a pre-splitting mode for distributing, by the
transmitting device, the packets only to the target link among the plurality of links.

4. The receiving device of claim 3, further comprising a packet aggregator (320) configured to reorder the packets and
deliver the reordered packets to an upper layer or another node.

5. The receiving device of claim 3, wherein the link status manager is configured to:
when the transmitting device operating in the pre-splitting mode, determine to transition the transmitting device to
the splitting mode, in case that the feedback information indicating that data rates of other links drop to be equal to
or less than a predetermined value.

6. A method of a transmitting device supporting a plurality of radio links in a mobile communication network, the method
comprising:

receiving feedback information on a plurality of links from a receiving device;
determining a transmission mode from a plurality of transmission modes for distributing packets based on the
feedback information;
distributing the packets to the plurality of links based on the feedback information; and
transmitting the distributed packets through the plurality of links,
the method being characterised by in case that the feedback information comprises information that a link of
the plurality of links is estimated as being underutilized in relation to a bandwidth threshold, the determining the
transmission mode comprises setting the link as a target link and setting the transmission mode as a pre-splitting
mode for distributing the packets to the target link among the plurality of links.

7. The method of claim 6, wherein determining the transmission mode comprises:
when operating in the pre-splitting mode, transitioning the transmitting device to a splitting mode for distributing
different packets to the plurality of links based on a weight, in case that the feedback information indicates that data
rates of other links drop to be equal to or less than a predetermined value.

8. A method of a receiving device supporting a plurality of radio links in a mobile communication network, the method
comprising:

generating feedback information on a plurality of links;
determining a transmission mode from a plurality of transmission modes for a transmitting device to distribute
packets to the plurality of links;
transmitting the feedback information to the transmitting device; and
receiving the packets transmitted by the transmitting device based on the feedback information and the trans-
mission mode,
the method being characterised by in case the feedback information comprises information that a link of the
plurality of links is estimated as being underutilized in relation to a bandwidth threshold, the determining the
transmission mode comprises setting the link as a target link and setting the transmission mode for the trans-
mitting device as a pre-splitting mode for distributing, by the transmitting device, the packets only to the target
link among the plurality of links.

9. The method of claim 8, wherein determining the transmission mode comprises:
when the transmitting device operating in the pre-splitting mode, determining to transition the transmitting device to
a splitting mode for distributing different packets to the plurality of links based on a weight, in case that the feedback
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information indicates that data rates of other links drop to be equal to or less than a predetermined value.

Patentansprüche

1. Übertragungsvorrichtung, die eine Vielzahl von Funkverbindungen in einer mobilen Kommunikation unterstützt,
wobei die Übertragungsvorrichtung Folgendes umfasst:

einen Paketverteiler (210), der so konfiguriert ist, dass er Feedback-Informationen über eine Vielzahl von Ver-
bindungen von einer Empfangsvorrichtung empfängt und Pakete basierend auf den Feedback-Informationen
an die Vielzahl von Verbindungen verteilt; und
Ausgangsports (211, 212, 213), die der Vielzahl von Verbindungen entsprechen und so konfiguriert sind, dass
sie die verteilten Pakete über die Vielzahl von Verbindungen übertragen,
wobei der Paketverteiler so konfiguriert ist, dass er einen Übertragungsmodus aus einer Vielzahl von Übertra-
gungsmodi zum Verteilen der Pakete basierend auf den Feedback-Informationen bestimmt, wobei die Über-
tragungsvorrichtung dadurch gekennzeichnet ist, dass,
falls die Feedback-Informationen Informationen darüber umfassen, dass eine Verbindung der Vielzahl von
Verbindungen in Bezug auf eine Bandbreitenschwelle als nicht ausgelastet eingeschätzt wird, der Paketverteiler
so konfiguriert ist, dass er die Verbindung als Zielverbindung einstellt und den Übertragungsmodus als Vorauf-
teilungsmodus einstellt, um die Pakete nur an die Zielverbindung unter der Vielzahl von Verbindungen zu
verteilen.

2. Übertragungsvorrichtung nach Anspruch 1, wobei der Paketverteiler (210) zu Folgendem konfiguriert ist:
beim Betrieb in dem Voraufteilungsmodus, Überführen der Übertragungsvorrichtung in einen Aufteilungsmodus,
um verschiedene Pakete basierend auf einer Gewichtung an die Vielzahl von Verbindungen zu verteilen, falls die
Feedback-Informationen anzeigen, dass Datenraten anderer Verbindungen fallen, um gleich oder kleiner als ein
vorbestimmter Wert zu sein.

3. Empfangsvorrichtung, die eine Vielzahl von Funkverbindungen in einem Mobilkommunikationsnetz unterstützt, wo-
bei die Empfangsvorrichtung Folgendes umfasst:

einen Verbindungsstatusmanager (310), der so konfiguriert ist, dass er Feedback-Informationen über eine
Vielzahl von Verbindungen erzeugt und die Feedback-Informationen an eine Übertragungsvorrichtung überträgt;
und
Eingangsports (311, 312, 313), die der Vielzahl von Verbindungen entsprechen und so konfiguriert sind, dass
sie Pakete empfangen, die von der Übertragungsvorrichtung basierend auf den Feedback-Informationen über-
tragen werden,
wobei der Verbindungsstatusmanager so konfiguriert ist, dass er einen Übertragungsmodus aus einer Vielzahl
von Übertragungsmodi für die Übertragungsvorrichtung bestimmt, um die Pakete basierend auf den Feedback-
Informationen an die Vielzahl von Verbindungen zu verteilen, wobei die Empfangsvorrichtung dadurch ge-
kennzeichnet ist, dass,
falls die Feedback-Informationen Informationen darüber umfassen, dass eine Verbindung der Vielzahl von
Verbindungen in Bezug auf eine Bandbreitenschwelle als nicht ausgelastet eingeschätzt wird, der Verbindungs-
statusmanager so konfiguriert ist, dass er die Verbindung als Zielverbindung einstellt und den Übertragungs-
modus für die Übertragungsvorrichtung als Voraufteilungsmodus einstellt, um die Pakete durch die Übertra-
gungsvorrichtung nur an die Zielverbindung unter der Vielzahl von Verbindungen zu verteilen.

4. Empfangsvorrichtung nach Anspruch 3, die ferner einen Paketaggregator (320) umfasst, der so konfiguriert ist, dass
er die Pakete neu ordnet und die neu geordneten Pakete an eine obere Schicht oder einen anderen Knoten liefert.

5. Empfangsvorrichtung nach Anspruch 3, wobei der Verbindungsstatusmanager zu Folgendem konfiguriert ist:
wenn die Übertragungsvorrichtung in dem Voraufteilungsmodus arbeitet, Bestimmen, die Übertragungsvorrichtung
in den Aufteilungsmodus zu überführen, falls die Feedback-Informationen anzeigen, dass Datenraten anderer Ver-
bindungen fallen, um gleich oder kleiner als ein vorbestimmter Wert zu sein.

6. Verfahren einer Übertragungsvorrichtung, die eine Vielzahl von Funkverbindungen in einem Mobilkommunikations-
netz unterstützt, wobei das Verfahren Folgendes umfasst:
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Empfangen von Feedback-Informationen über eine Vielzahl von Verbindungen von einer Empfangsvorrichtung;
Bestimmen eines Übertragungsmodus aus einer Vielzahl von Übertragungsmodi zum Verteilen von Paketen
basierend auf den Feedback-Informationen;
Verteilen der Pakete basierend auf den Feedback-Informationen an die Vielzahl von Verbindungen; und
Übertragen der verteilten Pakete über die Vielzahl von Verbindungen,
wobei das Verfahren dadurch gekennzeichnet ist, dass,
falls die Feedback-Informationen Informationen darüber umfassen, dass eine Verbindung der Vielzahl von
Verbindungen in Bezug auf eine Bandbreitenschwelle als nicht ausgelastet eingeschätzt wird, das Bestimmen
des Übertragungsmodus das Einstellen der Verbindung als Zielverbindung und das Einstellen des Übertra-
gungsmodus als Voraufteilungsmodus umfasst, um die Pakete an die Zielverbindung unter der Vielzahl von
Verbindungen zu verteilen.

7. Verfahren nach Anspruch 6, wobei das Bestimmen des Übertragungsmodus Folgendes umfasst:
beim Betrieb in dem Voraufteilungsmodus, Überführen der Übertragungsvorrichtung in einen Aufteilungsmodus,
um verschiedene Pakete basierend auf einer Gewichtung an die Vielzahl von Verbindungen zu verteilen, falls die
Feedback-Informationen anzeigen, dass Datenraten anderer Verbindungen fallen, um gleich oder kleiner als ein
vorbestimmter Wert zu sein.

8. Verfahren einer Empfangsvorrichtung, die eine Vielzahl von Funkverbindungen in einem Mobilkommunikationsnetz
unterstützt, wobei das Verfahren Folgendes umfasst:

Erzeugen von Feedback-Informationen über eine Vielzahl von Verbindungen;
Bestimmen eines Übertragungsmodus aus einer Vielzahl von Übertragungsmodi für eine Übertragungsvorrich-
tung, um Pakete an die Vielzahl von Verbindungen zu verteilen;
Übertragen der Feedback-Informationen an die Übertragungsvorrichtung; und
Empfangen der von der Übertragungsvorrichtung übertragenen Pakete basierend auf den Feedback-Informa-
tionen und dem Übertragungsmodus,
wobei das Verfahren dadurch gekennzeichnet ist, dass,
falls die Feedback-Informationen Informationen darüber umfassen, dass eine Verbindung der Vielzahl von
Verbindungen in Bezug auf eine Bandbreitenschwelle als nicht ausgelastet eingeschätzt wird, das Bestimmen
des Übertragungsmodus das Einstellen der Verbindung als Zielverbindung und das Einstellen des Übertra-
gungsmodus für die Übertragungsvorrichtung als Voraufteilungsmodus umfasst, um die Pakete durch die Über-
tragungsvorrichtung nur an die Zielverbindung unter der Vielzahl von Verbindungen zu verteilen.

9. Verfahren nach Anspruch 8, wobei das Bestimmen des Übertragungsmodus Folgendes umfasst:
wenn die Übertragungsvorrichtung in dem Voraufteilungsmodus arbeitet, Bestimmen, die Übertragungsvorrichtung
in einen Aufteilungsmodus zu überführen, um verschiedene Pakete basierend auf einer Gewichtung an die Vielzahl
von Verbindungen zu verteilen, falls die Feedback-Informationen anzeigen, dass Datenraten anderer Verbindungen
fallen, um gleich oder kleiner als ein vorbestimmter Wert zu sein.

Revendications

1. Dispositif de transmission prenant en charge une pluralité de liaisons radio dans une communication mobile, le
dispositif de transmission comprenant :

un distributeur de paquets (210) configuré pour recevoir des informations de rétroaction sur une pluralité de
liaisons d’un dispositif de réception et distribuer des paquets à la pluralité de liaisons sur la base des informations
de rétroaction ; et
des ports de sortie (211, 212, 213) correspondant à la pluralité de liaisons et configurés pour transmettre les
paquets distribués à travers la pluralité de liaisons,
où le distributeur de paquets est configuré pour déterminer un mode de transmission d’une pluralité de modes
de transmission pour distribuer les paquets sur la base des informations de rétroaction, le dispositif de trans-
mission étant caractérisé en ce que
dans le cas où les informations de rétroaction comprennent des informations selon lesquelles une liaison de la
pluralité de liaisons est estimée comme étant sous-utilisée par rapport à un seuil de bande passante, le distri-
buteur de paquets est configuré pour définir la liaison comme une liaison cible et définir le mode de transmission
comme un mode de pré-division pour distribuer les paquets seulement à la liaison cible parmi la pluralité de
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liaisons.

2. Dispositif de transmission selon la revendication 1, où le distributeur de paquets (210) est configuré pour :
lors du fonctionnement en mode de pré-division, faire passer le dispositif de transmission à un mode de division
pour distribuer différents paquets à la pluralité de liaisons sur la base d’un poids, dans le cas où les informations
de rétroaction indiquent que les débits de données d’autres liaisons chutent pour être égaux ou inférieurs à une
valeur prédéterminée.

3. Dispositif de réception prenant en charge une pluralité de liaisons radio dans un réseau de communication mobile,
le dispositif de réception comprenant :

un gestionnaire d’état de liaison (310) configuré pour générer des informations de rétroaction sur une pluralité
de liaisons et transmettre les informations de rétroaction à un dispositif de transmission ; et
des ports d’entrée (311, 312, 313) correspondant à la pluralité de liaisons et configurés pour recevoir des
paquets transmis par le dispositif de transmission sur la base des informations de rétroaction,
où le gestionnaire d’état de liaison est configuré pour déterminer un mode de transmission d’une pluralité de
modes de transmission pour que le dispositif de transmission distribue les paquets à la pluralité de liaisons sur
la base des informations de rétroaction, le dispositif de réception étant caractérisé en ce que
dans le cas où les informations de rétroaction comprennent des informations selon lesquelles une liaison de la
pluralité de liaisons est estimée comme étant sous-utilisée par rapport à un seuil de bande passante, le ges-
tionnaire d’état de liaison est configuré pour définir la liaison comme une liaison cible et définir le mode de
transmission pour le dispositif de transmission comme un mode de pré-division pour distribuer, par le dispositif
de transmission, les paquets seulement à la liaison cible parmi la pluralité de liaisons.

4. Dispositif de réception selon la revendication 3, comprenant en outre un agrégateur de paquets (320) configuré
pour réorganiser les paquets et livrer les paquets réordonnés à une couche supérieure ou à un autre noeud.

5. Dispositif de réception selon la revendication 3, où le gestionnaire d’état de liaison est configuré pour :
lorsque le dispositif de transmission fonctionne en mode de pré-division, déterminer de faire passer le dispositif de
transmission au mode de division, dans le cas où les informations de rétroaction indiquent que les débits de données
d’autres liaisons chutent pour être égaux ou inférieurs à une valeur prédéterminée.

6. Procédé d’un dispositif de transmission prenant en charge une pluralité de liaisons radio dans un réseau de com-
munication mobile, le procédé comprenant :

recevoir des informations de rétroaction sur une pluralité de liaisons d’un dispositif de réception ;
déterminer un mode de transmission d’une pluralité de modes de transmission pour distribuer des paquets sur
la base des informations de rétroaction ;
distribuer les paquets à la pluralité de liaisons sur la base des informations de rétroaction ; et
transmettre les paquets distribués à travers la pluralité de liaisons,
le procédé étant caractérisé par
dans le cas où les informations de rétroaction comprennent des informations selon lesquelles une liaison de la
pluralité de liaisons est estimée comme étant sous-utilisée par rapport à un seuil de bande passante, la déter-
mination du mode de transmission comprend définir la liaison comme une liaison cible et définir le mode de
transmission comme un mode de pré-division pour distribuer les paquets à la liaison cible parmi la pluralité de
liaisons.

7. Procédé selon la revendication 6, où la détermination du mode de transmission comprend :
lors du fonctionnement en mode de pré-division, faire passer le dispositif de transmission à un mode de division
pour distribuer différents paquets à la pluralité de liaisons sur la base d’un poids, dans le cas où les informations
de rétroaction indiquent que les débits de données d’autres liaisons chutent pour être égaux ou inférieurs à une
valeur prédéterminée.

8. Procédé d’un dispositif de réception prenant en charge une pluralité de liaisons radio dans un réseau de commu-
nication mobile, le procédé comprenant :

générer des informations de rétroaction sur une pluralité de liaisons ;
déterminer un mode de transmission d’une pluralité de modes de transmission pour qu’un dispositif de trans-
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mission distribue des paquets à la pluralité de liaisons ;
transmettre les informations de rétroaction au dispositif de transmission ; et
recevoir les paquets transmis par le dispositif de transmission sur la base des informations de rétroaction et du
mode de transmission,
le procédé étant caractérisé par
dans le cas où les informations de rétroaction comprennent des informations selon lesquelles une liaison de la
pluralité de liaisons est estimée comme étant sous-utilisée par rapport à un seuil de bande passante, la déter-
mination du mode de transmission comprend définir la liaison comme une liaison cible et définir le mode de
transmission pour le dispositif de transmission comme un mode de pré-division pour distribuer, par le dispositif
de transmission, les paquets seulement à la liaison cible parmi la pluralité de liaisons.

9. Procédé selon la revendication 8, où la détermination du mode de transmission comprend :
lorsque le dispositif de transmission fonctionne en mode de pré-division, déterminer de faire passer le dispositif de
transmission à un mode de division pour distribuer différents paquets à la pluralité de liaisons sur la base d’un poids,
dans le cas où les informations de rétroaction indiquent que les débits de données d’autres liaisons chutent pour
être égaux ou inférieurs à une valeur prédéterminée.
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