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GENERATE ACCESS PROBABILITY SEQUENCE I«xgloo

(57) Abstract: A method of controlling uplink
access in a wireless communication system is
provided. The method includes: generating an ac-
cess probability sequence consisting of an access
probability determined with respect to a radio re-
source used for data transmission; transmitting
data according to the access probability included

TRANSMIT DATA ACCORDING TO ACCESS
PROBABIUTY INCLUDED IN ACCESS
PROBABILTY SEQUENCE

in the access probability sequence; receiving a
success / failure result on the data transmission;
and regulating the access probability used in the
data transmission according to the success / fail-
ure result. Accordingly, each user equipment per-
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RECEIVE SUCCESS/FAILURE RESULT ON
DATA TRANSMISSION

forms a simple control process for attempting
random uplink access according to an access
probability sequence and for changing the access

5300 probability sequence according to success / fail-
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REGULATE ACCESS PROBABILITY USED FOR
DATA TRANSMISSION ACCORDING TO
SUCCESS/FAILURE RESULT

ure of uplink data transmission, thereby decreas-
ing a probability of collision between user equip-
ments, thereby increasing data transmission effi-
ciency in a system employing a plurality of user
equipments.
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Description
Title of Invention: METHOD FOR CONTROLLING UPLINK

ACCESS IN WIRELESS COMMUNICATION SYSTEM
Technical Field

[0001] The present invention relates to wireless communications, and more particularly, to a
method of controlling uplink access of a user equipment in a wireless communication

system.

Background Art

[0002]  Spatial division multiple access (SDMA) is a technique for the effective use of finite
frequency resources in a wireless communication system. The SDMA is a method of
allowing a plurality of user equipments (UEs) to simultaneously access a base station
(BS) by using a spatial channel property of UEs that can be spatially divided. The
SDMA can be used for system performance improvement in a system in which the BS
employs a plurality of antennas and each EU employs at least one antenna.

[0003]  Examples of the conventional method for implementing the SDMA will be described
below.

[0004] 1) In one method, each UE transmits a preamble before data transmission and the BS
estimates a channel of each UE by using the received preamble, and then the BS im-
plements the SDMA by performing beamforming so that as many messages as possible
can be received when several UEs performs channel access according to an estimated
channel state.

[0005] 2) In another method, under the assumption that the BS knows channel information
of UEs desiring channel access, a signal to interference and noise ratio (SINR) is
calculated for a case where all or some of UEs access the channel in one time slot, and
the UEs are allocated to the time slot so that an SINR of each time slot satisfies a
threshold.

[0006]  3) In another method, UEs capable of simultaneously receiving services are grouped
according to a metric determined by the BS under the assumption that the BS entirely
knows channel information of each UE.

[0007]  In the above description, the method 1) is inferior in performance to the method of
controlling channel access by grouping the UEs capable of performing channel access.

[0008]  In the method 2) and the method 3), in order to know channel information of each
UE, the BS has to receive a channel request message as well as information indicating
whether each UE desires channel access. Further, after grouping the UEs capable of
performing simultaneous channel access, the BS has to report a group of each UE

through a downlink to each UE. Such a process requires a lot of resources. In addition,
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[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

as the number of UEs increases, a computational complexity also increases in the
grouping of the UEs, which results in the increase of time delay.

Summary of Invention

Technical Problem

The present invention relates to a method of controlling uplink access for the
effective use of spatial division multiple access (SDMA) in a wireless communication
system.

Solution to Problem

According to an aspect of the present invention, a method of controlling uplink
access in a wireless communication system is provided. The method includes:
generating an access probability sequence consisting of an access probability de-
termined with respect to a radio resource used for data transmission; transmitting data
according to the access probability included in the access probability sequence;
receiving a success/failure result on the data transmission; and regulating the access
probability used in the data transmission according to the success/failure result.

According to another aspect of the present invention, a method of controlling uplink
access in a wireless local area network (WLAN) system is provided. The method
includes: determining whether a clear-to-send (CTS) signal is received; if the CTS
signal is received, determining a channel correlation with a different user equipment by
using the CTS signal; generating an access probability for the different user equipment
as a probability of accessing a channel at a time of transmitting data by the different
user equipment according to the channel correlation; and transmitting the data
according to the access probability for the different user equipment.

In the aforementioned aspect of the present invention, the method further includes:
receiving a success/failure result on the data transmission; and regulating the access
probability for the different user equipment according to the success/failure result.
Advantageous Effects of Invention

According to the present invention, each user equipment performs a simple control
process for attempting random uplink access according to an access probability
sequence and for changing the access probability sequence according to success/failure
of uplink data transmission, thereby decreasing a probability of collision between user
equipments. Since each user equipment regulates the access probability sequence, user
equipments having a high channel correlation have a high probability of channel access
at different time points, thereby increasing data transmission efficiency in a system
employing a plurality of user equipments.

Brief Description of Drawings

FIG. 1 shows a structure of a wireless communication system according to an em-
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bodiment of the present invention.
FIG. 2 shows an access probability assigned to a time slot.

FIG. 3 shows an access probability change in a next frame when a user equipment
(UE) does not attempt data transmission in one frame.

FIG. 4 shows an access probability changing in a next frame according to success/
failure of data transmission when a UE attempts data transmission in one frame.

FIG. 5 shows an exemplary structure of data transmitted by a UE according to an em-
bodiment of the present invention.

FIG. 6 is a flowchart showing a method of controlling uplink access of each UE
according to an embodiment of the present invention.

FIG. 7 is a flowchart showing a procedure of regulating an access probability
according to an embodiment of the present invention.

FIG. 8 is a diagram for comparing an access probability of each of a plurality of UEs
after the access probability is regulated by each UE.

FIG. 9 is a diagram showing an example of determining a contention window, a
back-off counter, and a decrement of the back-off counter in a time slot.

FIG. 10 is a flowchart showing a procedure of regulating an access probability in a
time slot.

FIG. 11 is a diagram showing exchange of control signals and data between a
plurality of UEs and a BS.

FIG. 12 is a flowchart showing a procedure of regulating an access probability of
each UE in a system for transmitting data after exchanging a control signal.

FIG. 13 shows a frequency division duplex (FDD) radio frame structure in a 3¢
generation partnership project (3GPP) long term evolution (LTE) system.

FIG. 14 is a flowchart showing a random access procedure according to an em-
bodiment of the present invention.

FIG. 15 shows a random access preamble format.

FIG. 16 shows transmission of a random access preamble when a physical random

access channel (PRACH) configuration index is 7

Mode for the Invention

Hereinafter, an uplink denotes communication from a user equipment (UE) to a base
station (BS), and a downlink denotes communication from the BS to the UE. In the
uplink, a transmitter may be a part of the UE, and a receiver may be a part of the BS.
In the downlink, the transmitter may be a part of the BS, and the receiver may be a part
of the UE. The UE may be fixed or mobile, and may be referred to as another ter-
minology, such as a mobile station (MS), a user terminal (UT), a subscriber station

(SS), a wireless device, etc. The BS is generally a fixed station that communicates with
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the UE and may be referred to as another terminology, such as a node-B, a base
transceiver system (BTS), an access point, etc.

FIG. 1 shows a structure of a wireless communication system according to an em-
bodiment of the present invention.

Referring to FIG. 1, the wireless communication system includes a BS 100 and a
plurality of UEs 101, 102, and 103. Three UEs are shown in FIG. 1 as an example.

In the wireless communication system of the present embodiment, the BS 100 may
use M antennas, where M is a natural number greater than or equal to 2. Thus, the BS
100 can communicate simultaneously with a plurality of UEs having a low channel
correlation without collision. For example, when the three UEs 101, 102, and 103 com-
municate with the BS by using the same frequency, if a channel 10 between the BS
100 and the UE1 101 and a channel 20 between the BS 100 and the UE2 102 have a
low probability of occurrence of mutual interference, that is, if a channel correlation is
low, the BS 100 can communicate simultaneously with the UE1 101 and the UE2 102
without collision. Otherwise, if the channel 10 between the BS 100 and the UE1 101
and a channel 30 between the BS 101 and the UE3 103 have a high probability of oc-
currence of mutual interference, that is, if a channel correlation is high, communication
performed by the BS 100 simultaneously with the UE1 101, and the UE3 103 results in
collision occurrence. Therefore, although the UE1 101 and the UE2 102 can simul-
taneously access a channel without any problem, it is preferable that the UE1 101 and
the UE3 103 access the channel at different time points.

In the wireless communication system of the present embodiment, each UE transmits
data by accessing a channel to the BS according to an access probability. Herein, the
channel is the concept of a communication path between the BS and the UE. Further,
the access probability is defined as a probability indicating whether each UE will
transmit data by accessing an uplink channel. The access probability can be defined
with respect to each radio resource. For example, the radio resource may be any one
type of a time slot, a frequency, and a code.

A case where the access probability is defined with respect to the time slot will be
described hereinafter as an example.

FIG. 2 shows an access probability assigned to a time slot.

Referring to FIG. 2, one frame consists of a plurality of time slots. The access
probability is defined with respect to each of all time slots constituting one frame. In
FIG. 2, one frame consists of S time slots, and S access probabilities are present.

The number of access probabilities generated by each UE is the same as the number
of time slots constituting one frame. A sequence consisting of the plurality of access
probabilities is hereinafter referred to as an access probability sequence. A length of

the access probability sequence is determined by the number of time slots constituting
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one frame. For example, if one frame consists of S time slots (herein, S is any natural

constant greater than or equal to 2), the length of the access probability sequence is S.
If an access probability sequence of a UE k is denoted by Py, P, can be expressed by

Equation 1.

[Math.1]

P, =[Py Py .. PPy

In Equation 1, S is any natural constant greater than or equal to 2, and j is a variable
(1((S, where j is a natural number), and the same is also true hereinafter. In Equation
1, Py; denotes an access probability of the UE k for a j* time slot in one frame. For
example, P,; denotes an access probability of the UE k for a 1¢ time slot in a frame,
and Py denotes an access probability of the UE k for an S* time slot in the frame. The
S access probabilities are defined randomly in an initial time at which the UE k starts
its operation. The UE k transmits data by using an access probability sequence
consisting of the S access probabilities. For example, if the UE k has data to be
transmitted in the j® time slot, whether to transmit data is determined with a probability
of Py. If the UE k transmits no data in the j® time slot, whether to transmit data is de-
termined with a probability of Py, in a next time slot, i.e., a (j+1)® time slot. The UE
k regulates an access probability according to whether data is transmitted and
according to success/failure of data transmission.

FIG. 3 shows an access probability change in a next frame when a UE does not
attempt data transmission in one frame.

Referring to FIG. 3, if the UE does not attempt data transmission in a specific frame,
the same access probability is used in a next frame without being updated. For
example, if a UE k does not attempt data transmission in all time slots of a frame 1, an
access probability Py, of a 1% time slot of the frame 1 is equally used as an access
probability of a time slot S+1, i.e., a 1t time slot of a frame 2. Likewise, if an access
probability of an S* time slot of the frame 1 of the UE k is denoted by P, an access
probability of a time slot 28, i.e., an S* time slot of the frame 2 is Pys. That is, an
access probability can be used with a period of one frame.

FIG. 4 shows an access probability changing in a next frame according to success/
failure of data transmission when a UE attempts data transmission in one frame.

Referring to FIG. 4, for example, when the UE successfully transmits data in a time
slot 1, i.e., a 1% time slot of a frame 1, an access probability at a time slot S+1, i.e., a 1¢
time slot of a frame 2, is increased. It can be seen in FIG. 4 that an access probability P
s+ at the time slot S+1 is increased to Py, +Py,. Herein, Py, denotes a predetermined

increment. Otherwise, if data transmission at a time slot S-1, i.e., an (S-1)® time slot of
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the frame 1, is unsuccessful, an access probability at a time slot 2S-1, i.e., an (S-1)®
time slot of the frame 2, is decreased. It can be seen in FIG. 4 that an access probability
Pys.1y at the time slot 2S-1 is decreased to (Pys 1))/, where a>1.

FIG. 5 shows an exemplary structure of data transmitted by a UE according to an em-
bodiment of the present invention.

Referring to FIG. 5, data 500 transmitted by the UE may include a preamble 510, a
header 520, and a payload 530. The preamble 510 may be predetermined such that
different UEs use different preambles by using a higher layer signal or the like, or may
be randomly selected from a set of preambles. The preamble may be used by a BS for
channel estimation.

The header 520 contains information required for decoding of information stored in
the payload 530. The payload 530 includes information or data to be transmitted by the
UE to the BS.

FIG. 6 is a flowchart showing a method of controlling uplink access of each UE
according to an embodiment of the present invention.

Referring to FIG. 6, a UE generates an access probability sequence including at least
one access probability defined with respect to a radio resource used in data
transmission (step S100). Initially, the UE may generate the access probability
sequence randomly.

As described above, the radio resource used before data transmission may be a time
slot, a frequency, a code, etc. For example, if the radio resource is the time slot, the UE
generates the access probability sequence including access probabilities in the same
number as the number of time slots constituting one frame. Then, the access proba-
bilities are in association with the respective time slots.

The UE transmits data according to the access probability included in the access
probability sequence (step S200). Since the UE transmits the data according to the
access probability, the data may be transmitted or not transmitted at a specific time
slot. If the data is not transmitted at the specific time slot, data transmission is
attempted again at a next time slot according to a corresponding access probability.

If the UE transmits data 500 at a certain time slot, the UE receives from a BS a
success/failure result on transmission of the data 500 (step S300). If the UE transmits
the data 500, the BS transmits a success/failure result in response to transmission of the
data 500 of the UE. For example, the BS estimates channel information by receiving
the data 500 from each UE, determines whether reception is successful by using the
estimated channel information and a multi-user receiver (e.g., a minimum mean square
error (MMSE) receiver), and transmits the determination result to the UE either ex-
plicitly or implicitly.

If the BS transmits the reception success/failure result to the UE explicitly, in
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response thereto, the BS may transmit acknowledgement (ACK) to the UE for which
data is successfully transmitted, and may transmit a negative acknowledgement
(NACK) to a UE for which data transmission fails. Otherwise, if the BS transmits the
reception success/failure result to the UE implicitly, the BS may transmit ACK only to
a UE for which data transmission is successful, and a UE may regard data transmission
as a failure when the UE fails to receive ACK within a specific time. In order to deliver
information more accurately to UEs for which data transmission fails, ACK/NACK
related information transmitted by the BS may include not only a data reception
success/failure result of each UE but also additional information such as an identifier
(ID) of a UE which performs channel access simultaneously with other UEs and for
which data transmission is successful or fails.

The UE regulates an access probability used for the data transmission according to
the success/failure result (step S400). If the UE transmits data in any time slot and
receives ACK from the BS, an access probability for that time slot is increased. If the
UE fails to receive ACK from the BS, the access probability for that time slot is
decreased. The increased or decreased access probability is applied to the next frame.

FIG. 7 is a flowchart showing a procedure of regulating an access probability
according to an embodiment of the present invention.

Referring to FIG. 7, a case where a UE transmits data according to an access
probability Pj; at a specific time slot, e.g., a j* time slot, is taken into consideration
(step S710). If the UE does not transmit data in the j* time slot, an operation for the j®
time slot is terminated to perform an operation of a next time slot, i.e., (j+1)® time slot.

If the UE transmits the data in the j* time slot, a success/failure result on the data
transmission is determined, e.g., whether ACK is received is determined (step 720).
When the UE receives ACK, it is a case where data transmission is successful in the j®
time slot, and it can be determined that no collision occurs with other UEs. Therefore,
the access probability of the j* time slot is regulated to be increased (step S730). The
access probability can be increased by a predetermined value Py. Once the access
probability is increased, the increased access probability is applied to the same time
slot of a next frame. For example, if an access probability at an (S+1)* time slot is
denoted by Py, and data transmission is successful, an access probability of an (25+1)®
time slot may be updated to P,+P, (see FIG. 4). In this case, since the access
probability cannot be greater than 1, the access probability is updated to a smaller
value between 1 and Py;+Py,.

If the UE transmits data at the j® time slot and fails to receive ACK, data
transmission at the j* time slot can be regarded as a failure, and it can be seen that
collision occurs at the j* time slot due to a high channel correlation with other UEs.

Therefore, the access probability at the j* time slot is preferably regulated to be
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[0060] However, for example, when two UEs transmit data at the same time slot and both of

[0061]

[0062]

[0063]
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the two UE:s fail to transmit the data to the BS due to a high channel correlation
between the two UEs, there is a great possibility that no collision occurs at the same
time slot of a next frame even if a access probability of only one UE is decreased.
Preferably, a UE having a low access probability at a specific time slot between the
two UEs is decreased. This is because, in doing so, a deviation of the access proba-
bilities is further increased between the two UEs. In this sense, if the UE fails to
transmit data at the j* time slot and thus decreases access probability, the UE de-
termines whether the access probability at that time slot is greater than an average
value of access probabilities (e.g., in case of a UE k, mean {P,} = ((P,; + P+ ... + P
-1+ Pis)/S) for one frame (step S740). If the access probability of that time slot is less
than the average value, the UE may decrease the access probability to 1/a (where ais a
specific value greater than 1) (step S760), and otherwise may maintain the access
probability without change.

If the access probability of that time slot is greater than the average value of the
access probabilities, whether data transmission fails contiguously is determined (step
S750). If the data transmission fails contiguously, the access probability may be
decreased. This is because it can be seen as a case where the access probability of that
time slot is requested to be changed rapidly.

FIG. 8 is a diagram for comparing an access probability of each of a plurality of UEs
after the access probability is regulated by each UE.

Referring to FIG. 8, a UE k and a UE m have a low channel correlation with each
other, and have a low probability of collision occurrence even if they simultaneously
transmit data to a BS. Therefore, when the UE k and the UE m respectively regulate
their access probabilities, the access probabilities have a similar pattern as shown in
FIG. 8. On the other hand, the UE k and a UE n have a high channel correlation with
each other, and have a high probability of collision occurrence if they simultaneously
transmit data to the BS. Therefore, when the UE k and the UE n respective regulate
their access probabilities, access probability sequences are significantly different from
each other as shown in FIG. 8. Likewise, access probability sequences of the UE m and
the UE n are also significantly different from each other.

As described above, if each UE updates its access probability according to a success/
failure result of data transmission at each time slot, a probability that UEs having a
high channel correlation transmit data at the same time slot decreases, and a probability
that UEs having a low channel correlation transmit data at the same time slot increases.
As such, by simply regulating the access probability of each UE, an SDMA effect is

generated.
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Although it has been described above that the present invention applies to a system
which directly transmits data, e.g., a slotted ALOHA system, the present invention is
not limited thereto. That is, the present invention can also apply to a system which first
determines whether a channel is currently used by another UE before data
transmission, e.g., a carrier sense multiple access/collision avoidance (CSMA/CA)
system. An example of applying the present invention to such a wireless system will be
described hereinafter.

As described above, the CSMA/CA system is an example of a system for
transmitting data after evaluating a channel state. In the CSMA/CA system, itis de-
termined whether an output signal with a specific level or higher is detected in a
frequency band at which a signal is to be currently transmitted before data transmission
of each UE, and thus it can be determined whether a channel is currently used by
another UE. A method of the present invention applied to such a system is char-
acterized in that an access probability is regulated by controlling a decrement of a
back-off counter.

FIG. 9 is a diagram showing an example of determining a contention window, a
back-off counter, and a decrement of the back-off counter in a time slot.

Referring to FIG. 9, each UE divides a frame into time slots, and determines a
contention window in each time slot. A size of the contention window of any UE, e.g.,
a UE k, may be denoted by Wk. In Wk, k denotes that the contention widow is for the
UE k.

The UE k randomly determines the back-off counter in the range of [0, (Wk)-1] in
each of all time slots for one frame. In FIG. 9, back-off counters are denoted by By, B
12> --+» Bis-1)» Bis. Further, the UE k may differently determine a decrement of the back-
off counter of each of all time slots for one frame. In FIG. 9, the decrements of the re-
spective back-off counters may be denoted by Cy;, Cy, ..., Cys.1), Cys. Initially, these
values may be randomly determined.

If the UE k does not perform data transmission in one frame, the contention window,
the back-off counter, and the decrement of the back-off counter can be directly used in
a next frame. That is, these values can be periodically used.

FIG. 10 is a flowchart showing a procedure of regulating an access probability in a
time slot.

Referring to FIG. 10, if a UE k has data to be transmitted at a specific time slot, e.g.,
a 1+t slot time, it is determined whether a channel is used by a different UE at the 1
time slot (step S810). If the determination result shows that the channel is not used, a
back-off counter By, of the 1% time slot is decreased by Cy, (step S820). It is de-
termined whether the back-off counter of the 1% time slot is less than O (step S830). If

the back-off counter of the 1%t time slot is greater than 0, an operation of the 1% time
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slot is terminated to perform an operation of a next slot, i.e., a 2 time slot (step S860).

If the back-off counter is less than O in step 830, the UE k transmits data (step S840).
Then, the UE k regulates an access probability according to success/failure of data
transmission (step S850).

If the back-off counter is less than O in the 2™ slot time and thus the UE k suc-
cessfully transmits data (e.g., if ACK is received from a BS), the UE k doubles C,, to
increase an access probability of the 27 time slot. Doubling of C,, results in the
increase of a probability that the back-off counter is less than O in the 2 time slot of a
next frame, and thus it has the same meaning that the access probability of the 27 time
slot is increased.

If the UE fails to transmit data in the 2 time slot (e.g., if ACK is not received from
the BS), the UE k preferably decreases the access probability of the 2 time slot.

A method of decreasing the access probability of the 2¢ time slot can be im-
plemented in various manners. For example, there is a method of simply decreasing Cy,
. Or, there is a method of updating a decrement of the back-off counter and a size of
the contention window for other time slots except for the 22 time slot. That is, the UE
k may double the size of the contention window for all time slots, and may double the
back-off counter and the decrement of the back-off counter for the remaining time slots
other than the 2" time slot at which data transmission fails. As a result, an access
probability is maintained in the remaining time slots other than the 2" time slot, and an
access probability of the 2 time slot at which data transmission fails is decreased.

In addition, in a case where the UE fails to transmit data in a specific time slot,
instead of decreasing an access probability of the time slot unconditionally, the access
probability may be decreased only when data transmission fails continuously.

For example, when an average value of decrements of back-off counters of all time
slots for one frame (i.e., mean{Cy} = ((Cy + Co + ... + Cys.py + Cio)/S) 1s determined
as a threshold, if a decrement of a back-off counter of a j* time slot at which data
transmission fails is greater than the mean{C.}, an access probability of the j* time slot
can be decreased by using a method of decreasing Cy; only when data transmission fails
continuously.

As described above, in the system for directly transmitting data after evaluating the
channel state, the method of the present invention can regulate an access probability by
independently regulating a decrement of a back-off counter. When each UE regulates
the decrement of the back-off counter according to a success/failure result of data
transmission in each time slot, a probability that UEs having a high channel correlation
transmit data at the same time slot decreases, and a probability that UEs having a low
channel correlation transmit data at the same time slot increases. As such, by simply

regulating the decrement of the back-off counter of each UE, an SDMA effect is
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generated.

Hereinafter, an example of applying the present invention to a system for
transmitting data after exchanging a control signal among wireless systems will be
described. The system for transmitting the data after exchanging the control signal may
be a wireless local area network (WLAN) system. In the WLAN system, data can be
transmitted after exchanging a control signal such as a request to send (RTS)/clear to
send (CTS) signal.

The RTS signal may include a frame control field, a duration value field for setting a
network allocation vector (NAV), an address field consisting of a receiver address
(RA) and a transmitter address (TA), a frame check sequence field for detecting an
error in frame contents, etc. The CTS signal may include a frame control field, a
duration value field for setting or updating an NAV, an address field, a frame check
sequence field, an ID of a UE transmitting the RTS, channel information, etc.

In the wireless system in which a BS and a UE transmit data after exchanging the
RTS/CTS signal, the purpose of exchanging the RTS/CTS signal is to avoid collision
occurrence with another UE. Therefore, if it is known that no collision occurs between
a specific UE with a different UE, it is not mandatory to transmit data after exchanging
the RTS/CTS signal.

FIG. 11 is a diagram showing exchange of control signals and data between a
plurality of UEs and a BS. In FIG. 11, the UEs are indicated by stations, and the BS is
indicated by an AP.

Referring to FIG. 11, a UE] transmits an RTS signal. It is assumed that the RTS
signal is received by the BS and UEs 2, 3, and 4 which are neighbor UEs of the UE 1.
The BS transmits a CTS signal in response to the RTS signal transmitted by the UE 1.
If the BS transmits the CTS signal omni-directionally without performing
beamforming, the UEs 1, 2, 3, and 4 can receive the CTS signal.

After receiving the CTS signal according to the conventional method, the UE 1
transmits data. On the other hand, the UEs 2, 3, and 4 may evaluate a channel cor-
relation with respect to the UE 1 and thus may operate differently according to the
channel correlation. The channel correlation may be obtained by a modulation and
coding scheme (MCS) level, a channel quality indicator (CQI), a signal to noise ratio
(SNR), and a signal to interference and noise ratio (SINR), or the like which can be
obtained by a complex channel matrix. However, this is for exemplary purposes only,
and thus other well-known method may also be used.

For example, it is assumed that the UE 2 and the UE 3 have a low channel correlation
with the UE 1, and have a high channel correlation with the UE 4. Then, the UE 4 sets
an NAV. The NAV is a type of counter existing in each UE, and has information in-

dicating when a channel enters an idle state by referencing a duration field included in
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the CTS signal. The UE 4 does not access the channel until the NAV is less than 0. As
a result, the UEs 1 and 4 having a high channel correlation do not simultaneously
access the channel, thereby avoiding collision.

The UEs 2 and 3 have a low channel correlation with the UE 1, and thus can simul-
taneously transmit data during the UE 1 transmits data. Here, if a channel correlation is
low between the UE 2 and the UE 3, no collision occurs even if the UE 2 and the UE 3
simultaneously transmit data, whereas collision may occur when the channel cor-
relation is high between the UE 2 and the UE 3. It can be seen in FIG. 11 that the UE 2
successfully transmits data (i.e., ACK is received from the BS), whereas the UE 3 fails
to transmit data (i.e., ACK is not received from the BS). Therefore, there is a need to
regulate an access probability between the UE 2 and the UE 3.

FIG. 12 is a flowchart showing a procedure of regulating an access probability of
each UE in a system for transmitting data after exchanging a control signal.

Referring to FIG. 12, a UE receives an RTS signal from a different neighbor UE
(step S910). For example, if the UE 1 of FIG. 11 transmits an RTS signal omni-
directionally, not only the BS but also the UEs 2, 3, and 4 can receive the RTS signal
of the UE 1.

UEs (i.e., the UEs 2, 3, and 4) receiving the RTS signal from a different UE (i.e., the
UE 1) determine whether a CTS signal is received for the different UE (i.e., the UE 1)
(step S920).

When the UEs 2, 3, and 4 receive the CTS signal transmitted to the UE 1 by the BS,
a channel correlation with the UE 1 is determined by using the CTS signal (step S930).
Since the CTS signal includes an ID of a UE transmitting the RTS signal, channel state
information, or the like, the UEs 2, 3, and 4 can determine the correlation with the UE
1 by using the CTS signal. (If the BS transmits the CTS signal in a direction of the UE
transmitting the RTS signal by performing beamforming, a UE which receives an RTS
signal of a different UE but fails to receive a CTS signal of the different UE can be
regarded as a UE having a low correlation with the UE transmitting the RTS signal.
For example, if the UEs 2 and 3 receive the RTS signal transmitted by the UE1 and fail
to receive the CTS signal transmitted to the UE 1 by the BS by performing
beamforming, the UEs 2 and 3 can be regarded as UEs having a low channel cor-
relation with the UE 1.)

If each UE (i.e., the UEs 2, 3, and 4) determines that a channel correlation with the
UE transmitting the RTS signal (i.e., the UE 1) is greater than or equal to a prede-
termined threshold, each UE (i.e., the UEs 2, 3, and 4) sets an NAV (step S940). For
example, if the UE 4 of FIG. 11 determines that the channel correlation is greater than
the threshold, the NAYV is set. Therefore, no collision occurs between the UE 1 and the
UE 4. On the other hand, the UE 2 and the UE 3 do not set the NAV since the channel
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correlation with the UE 1 is low.

Conventionally, each of all UEs receiving a CTS signal of a different UE sets the
NAV. However, the present invention is different in that the NAV may either be set or
not be set according to a channel correlation. Such a method of setting the NAV
according to the present invention will be referred to as a selective NAV method.

If each UE determines that a channel correlation determined by receiving the CTS
signal of the different UE (step S930) is less than a threshold or if each UE fails to
receive the CTS signal of the different UE, each UE generates an access probability for
the different UE as a probability of accessing a channel at a time of transmitting data
by the different UE (step S950).

If the number of UEs is n, each UE generates the access probability for other UEs
with respect to (n-1) UEs except for the UE itself. For convenience, the access
probability for other UEs is expressed by « = {115 - -+ ke Dk - - - k- Herein,
denotes an access probability of a UE k with respect to a UE 1, and , denotes an
access probability of the UE k with respect to a UE n. According to such an ex-
pression, the UE 2 generates an access probability {,12:24} for other UEs, and the UE 3
generates an access probability {334} for other UEs.

Initially, each UE may randomly generate the access probability for a different UE.
To generate the access probability for the different UE is to generate the access
probability for the different UE according to each UE in a UE axis rather than
generating of the access probability for time slots in a time axis. In other words, a UE
have different access probabilities for different UEs.

Each UE transmits data according to the access probability for the different UE (step
S960). For example, the UE 2 accesses a channel by using the access probability ,; for
the UE 1 and transmits data. Further, the UE 3 accesses the channel by using the access
probability 5, for the UE 1 and transmits data.

Upon transmitting the data, each UE receives a success/failure result on data
transmission from the BS (step S970). According to the success/failure result on the
data transmission, the access probability of each UE with respect to the different UE is
regulated (step S980). As a method of regulating the access probability for the different
UE, similarly to the aforementioned method of regulating the access probability, a
method is used in which the access probability for the different UE is increased when
data transmission is successful and the access probability for the different UE is
decreased when data transmission fails. In FIG. 11, the UE 2 increases ,; since data
transmission is successful, and the UE 3 decreases 5, since data transmission fails.
Although the access probability is provided in the time axis or the UE axis in the above
description, the access probability may also be provided for each frequency or code.

The present invention can be applied by determining the access probability according
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to each of situations where multiple accesses are possible. For example, the present
invention may apply to transmission of a random access preamble in a random access
procedure. The random access procedure is used when uplink synchronization is not
achieved by the UE with respect to the BS, or when the UE transmits data to the BS in
a situation where there is no uplink radio resource. The UE can perform the random
access procedure on the BS in the following cases.

(1) When the UE performs initial access since there is no RRC connection with the
BS.

(2) When the UE first accesses to a target cell in a handover procedure.

(3) When it is requested by the command of the BS.

(4) When uplink data is generated in a condition where uplink time alignment is not
adjusted or where uplink radio resource is not allocated.

(5) When a recovery procedure is performed due to radio link failure or handover
failure.

The random access procedure can be classified into a contention based random
access procedure and a non-contention based random access procedure. A greatest
difference between the two random access procedures lies in whether a random access
preamble is dedicatedly assigned to one UE. In the non-contention based access
procedure, since a UE uses only the random access preamble dedicatedly assigned to
the UE, contention (or collision) with another UE does not occur. The contention
occurs when two or more UEs attempt the random access procedure by using the same
random access preamble through the same resource. In the contention based random
access procedure, there is a possibility of collision since a random access preamble
used by the UEs is randomly selected.

The random access procedure can be performed much faster if a collision probability
of the random access preamble is reduced. Therefore, the random access procedure
may be further effective when the access probability is applied to transmission of the
random access preamble.

Although transmission of a random access preamble in 3 generation partnership
project (3GPP) long term evolution (LTE) will be described hereinafter, this is for
exemplary purposes only. Thus, technical features of the present invention can also
apply to other system. The 3GPP LTE is a part of an evolved UMTS (E-UMTS) using
the E-UTRA. The 3GPP LTE uses the OFDMA in a downlink and uses the SC-FDMA
in an uplink. LTE-advance (LTE-A) is an evolution of the LTE.

FIG. 13 shows a frequency division duplex (FDD) radio frame structure in a 3GPP
LTE system. The section 4.1 of 3GPP TS 36.211 V8.4.0 (2008-09) "Technical Speci-
fication Group Radio Access Network; Evolved Universal Terrestrial Radio Access
(E-UTRA); Physical Channels and Modulation (Release 8)" may be incorporated
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herein by reference. The radio frame consists of 10 subframes. One subframe consists
of two slots. A time required to transmit one subframe is defined as a transmission time
interval (TTI). For example, one subframe may have a length of 1 millisecond (ms),
and one slot may have a length of 0.5 ms. In the radio frame, a subframe number of a 1
st subframe is 0, and a subframe number of a last subframe is 9.

One slot includes a plurality of orthogonal frequency division multiplexing (OFDM)
symbols in a time domain and includes a plurality of subcarriers in a frequency
domain. The OFDM symbol is for expressing one symbol period since the 3GPP LTE
uses OFDMA in a downlink. According to a system, the OFDM symbol may be
referred to as an SC-FDMA symbol or a symbol period. A resource block (RB) is a
resource allocation unit, and includes a plurality of consecutive subcarriers in one slot.

The radio frame of FIG. 13 is shown for exemplary purposes only. Thus, the number
of subframes included in the radio frame or the number of slots included in the
subframe, or the number of OFDM symbols included in the slot may change variously.

FIG. 14 is a flowchart showing a random access procedure according to an em-
bodiment of the present invention. A UE receives random access information from a
BS (step S310). The random access information is information for transmission of the
random access preamble. The random access information may include information for
generating a physical random access channel (PRACH) resource and/or a random
access preamble set. Further, the random access information may include information
on access probability generation and/or access probability regulation. The random
access information may be transmitted by using a part of system information, a radio
resource control (RRC) message, and/or a downlink control channel.

FIG. 15 shows a random access preamble format. The random access preamble
consists of a cyclic prefix (CP) with a length of T¢p and a random access sequence with
a length of Tggo. The length Tep and the length Tgg are determined by the random
access preamble format.

Table 1 below shows the length T and the length Tsgq according to the random
access preamble format. In Table 1, Ts is 1/(15000 x 2048) second.
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[Table 1]
[Table |
Preamble format Tep Tsro
0 3168*T, 24576*T,
1 21024*T, 24576*T,
2 6240*T, 2*%24576*T,
3 21024*T, 2*%24576*T,
4(frame structure type 2 only) 448*T, 4096*T,

[0115] A PRACH resource is a time/frequency resource used for transmission of the random
access preamble. The BS indicates the random access frame format and a subframe
number by using a PRACH configuration index. Table 2 below shows the PRACH
resource according to the PRACH configuration index.

[0116]
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[Table 2]
PRACH Preamble | System | Subframe PRACH | Preamble | System | Subframe
Configuration | Format | frame number | configuration | Format | frame | number
Index number ingex number
0 0 Even 1 32 2 Even 1
1 0 Ever 4 33 Z Even 4
2 I Even 7 34 2 Even i
3 0 Aty 1 % Z Ay 1
4 0 Any 4 b 2 Any 4
5 0 Any i 37 2 Any i
£ I Any 1,6 38 2 Any 1,6
7 0 Ady 2.7 38 Z Aoy 2.
8 0 Ay 38 40 ? Aniy 38
9 0 Any 147 4 2 Any 147
10 0 Any 258 42 2 Any 258
11 0 Aniy 369 43 Z Aniy 369
12 0 Any | 02488 44 ? Ay 02468
13 0 Any 13574 45 2 Ay [ 1,357.9
14 0 Ay | 01,2354 46 NIA i, A,
56788
13 0 Fven g 47 7 Fuan 4
16 1 Even 1 48 3 Even 1
17 1 Even 4 4G 3 Even 4
18 1 Even 7 50 3 Even i
19 1 Any 1 31 3 Any 1
20 1 Any 4 3 3 Any 4
21 1 Any i 33 3 Any i
22 1 Any 1.6 24 3 Any 1.6
23 1 Ay 21 36 3 Any N
24 1 Ay 3,8 56 3 Any 3.8
25 1 Any 1.47 57 3 Any 1.4.7
20 1 Any 298 3B 3 Any 258
th 1 Any 350 2 3 Any 369
28 1 Ay | 02488 Bl iR, i, NI,
23 1 Any 13579 61 NiA NiA, NIA,
30 HIA NI NI 62 NIA NiA, NiA,
3 1 Even g 63 3 Even g
[0117] FIG. 16 shows transmission of a random access preamble when a PRACH con-

figuration index is 7. When the PRACH configuration index is 7, a UE can transmit the

random access preamble at subframe numbers 2 and 7. That is, the UE transmits the

random access preamble by using a subframe randomly selected by the UE from the

subframes having the subframe numbers 2 and 7 of each radio frame. Therefore, if the
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subframes with the subframe numbers 2 and 7 correspond to time slots for the afore-
mentioned access probability, the access probability may be determined for each
subframe, and an access probability sequence with a length of 2 may be defined for
one radio frame. Alternatively, the access probability sequence may be defined across
a plurality of radio frames.

Referring back to FIG. 14, the UE generates an access probability sequence by using
random access information (step S320). The UE generates the access probability
sequence corresponding to subframe(s) capable of transmitting the random access
preamble in the radio frame.

The UE transmits the random access preamble to the BS by using the PRACH
resource according to the access probability generated in each time slot (step S330).
The UE randomly selects one random access sequence belonging to a random access
preamble set and transmits the random access preamble at the subframe selected
according to the access probability.

The UE may receive a random access response in response to the random access
preamble (step S340). The random access response may be transmitted through a
downlink shared channel (DL-SCH). The random access response may include at least
one of timing alignment information, an initial uplink grant, and a temporary cell-radio
network temporary identifier (C-RNTI). The timing alignment information is timing
correction information for uplink transmission. The initial uplink grant is information
on a resource used by a UE attempting channel access so as to initially perform
scheduled transmission in an uplink. The temporary C-RNTI is a C-RNTI which may
not be permanent until collision is solved.

According to whether the UE receives the random access response, the UE may
regulate an access probability of a specific subframe (step S350). Further, the UE
performs scheduled uplink transmission through a UL-SCH (step S360).

Although an access probability for a subframe is applied among PRACH resources in
the above description, the access probability may also apply to a frequency resource
for sending the random access preamble among the PRACH resources. For example,
the access probability can be defined for each frequency resource in a frequency
resource set such as f={f1, {2, {3, .... {N}.

The present invention can be implemented with hardware, software, or combination
thereof. In hardware implementation, the present invention can be implemented with
one of an application specific integrated circuit (ASIC), a digital signal processor
(DSP), a programmable logic device (PLD), a field programmable gate array (FPGA),
a processor, a controller, a microprocessor, other electronic units, and combination
thereof, which are designed to perform the aforementioned functions. In software im-

plementation, the present invention can be implemented with a module for performing



19

WO 2010/126327 PCT/KR2010/002740

[0124]

the aforementioned functions. Software is storable in a memory unit and executed by
the processor. Various means widely known to those skilled in the art can be used as
the memory unit or the processor.

While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended claims. The exemplary
embodiments should be considered in descriptive sense only and not for purposes of
limitation. Therefore, the scope of the invention is defined not by the detailed de-
scription of the invention but by the appended claims, and all differences within the

scope will be construed as being included in the present invention.
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Claims

A method of controlling uplink access in a wireless communication
system, the method comprising:generating an access probability
sequence consisting of an access probability determined with respect to
a radio resource used for data transmission; transmitting data according
to the access probability included in the access probability
sequence;receiving a success/failure result on the data transmission; an-
dregulating the access probability used in the data transmission
according to the success/failure result.

The method of claim 1, wherein the access probability used in the data
transmission is increased when the data transmission is successful,
whereas the access probability used in the data transmission is
decreased when the data transmission fails.

The method of claim 2, wherein, when the data transmission fails, the
access probability used in the data transmission is decreased if the
access probability used in the data transmission is less than a prede-
termined value.

The method of claim 3, wherein, when the data transmission fails, the
access probability used in the data transmission is decreased if the
access probability used in the data transmission is greater than the pre-
determined value and the data transmission fails contiguously.

The method of claim 1, wherein the radio resource comprises any one
of at least one time slot, frequency, and code.

The method of claim 5, wherein the access probability is determined by
a back-off counter value and a back-off counter decrement value inde-
pendently controlled in each time slot, andwherein, the back-off
counter value means a value for admitting data transmission in a time
slot if the back-off counter value is less than a specific value, and the
back-off counter decrement value means a value for decreasing the
back-off counter value if a channel is not used at the time slot.

The method of claim 1, wherein the data is a random access preamble,
and the radio resource is a physical random access channel (PRACH)
resource used for transmission of the random access preamble.

The method of claim 7, wherein the success/failure result on the data
transmission is determined according to whether a random access
response is received in response to the random access preamble.

A method of controlling uplink access in a wireless local area network
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(WLAN) system, the method comprising:determining whether a clear-
to-send (CTS) signal is received;if the CTS signal is received, de-
termining a channel correlation with a different user equipment by
using the CTS signal;generating an access probability for the different
user equipment as a probability of accessing a channel at a time of
transmitting data by the different user equipment according to the
channel correlation; andtransmitting the data according to the access
probability for the different user equipment.

The method of claim 9, wherein the access probability for the different
user equipment is generated when the channel correlation is less than a
threshold.

The method of claim 9, further comprising, if the channel correlation is
greater than a threshold, setting a network allocation vector (NAV).
The method of claim 9, further comprising, before the determining of
whether the CTS signal is received, receiving a request-to-send (RTS)
signal transmitted by the different user equipment.

The method of claim 12, further comprising, if the CTS signal is not
received:generating an access probability for the different user
equipment as a probability of accessing to a channel at a time of
transmitting data by the different user equipment; andtransmitting a
data according to the access probability for the different user
equipment.

The method of claim 9, further comprising:receiving a success/failure
result on the data transmission; andregulating the access probability for
the different user equipment used in the data transmission according to

the success/failure result.
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