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(57) ABSTRACT

In order to provide a more robust contention-free random
access procedure for use in a cellular wireless network and
specifically, a contention-free random access procedure that
is able to recover more quickly in case of failure a method for
aradio access node (10) that is arranged in a wireless network
and communications with user equipment, UE (20) and a
radio access node are proposed. The method includes: receiv-
ing a first random access message (40) from a UE, the first
message containing a pre-assigned contention-free random
access preamble and representing a start of a random access
procedure; responding to the received first message by send-
ing a second message (50) to the UE, the second message
containing time alignment information to enable a scheduled
transmission of a third message (60) by the UE; ascertaining
that no third message is received from the UE within a pre-
determined period of time and transmitting a command (80)

Int. Cl. to the UE ordering a restart of the random access procedure
HO04W 74/08 (2006.01) with the same pre-assigned contention-free random access
HO4W 74/04 (2006.01) preamble.
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CONTENTION-FREE RANDOM ACCESS
PROCEDURE IN WIRELESS NETWORKS

TECHNICAL FIELD

[0001] The disclosure generally relates to random access
procedures in wireless telecommunication networks and has
particular relevance to random access procedures between a
user equipment and radio access node in Long Term Evolu-
tion (LTE) cellular networks.

BACKGROUND

[0002] Wireless communication networks include a num-
ber of Radio Access Nodes or RANSs that provide access to a
communication core network and a number of mobile sta-
tions or terminals. RANs are also commonly called base
stations. In the 3GPP standardization of Long Term Evolution
(LTE) wireless networks, also known as Evolved Universal
Terrestrial Radio Access Networks (E-UTRAN), a RAN is
referred to as an evolved NodeB or eNodeB, while the mobile
station or mobile terminal is referred to as User Equipment,
UE. In LTE networks the access scheme for downlink com-
munication, i.e. communication from the RAN to the UE, is
Orthogonal Frequency Division Multiple Access (OFDMA),
while the access scheme for uplink communication, i.e. com-
munication from the UE to the RAN, is Single Carrier
OFDMA (SC-OFDMA). UEs are time and frequency multi-
plexed on a physical uplink shared channel (PUSCH), which
requires time and frequency synchronisation between an UE
and the RAN.

[0003] A fundamental procedure in any cellular system is
the random access procedure, which enables a mobile termi-
nal or station to contact the network in an unsynchronised
manner. In LTE wireless networks a non-synchronised uplink
Random Access Channel (RACH) is used by the UE to send
random access requests to the RAN. In response, the RAN
sends back timing advance information to allow the UE to
adjust its time alignment and thus to transmit successfully on
the PUSCH. The random access procedure is used to request
an initial access, to re-establish uplink (UL) synchronisation
or as part of handover. As defined in 3GPP Technical Speci-
fication 36.300 the LTE random access procedure comes in
two forms, allowing access to be either contention-based or
contention-free. The contention-free random access proce-
dure is used only to re-establish synchronisation prior to
downlink data transmission and for incoming handover, when
the UE contacts the RAN in the cell targeted for handover.
The contention-based random access procedure may also be
used for re-establishing synchronisation prior to downlink
data transmission and for incoming handover, but it is also
used for establishing initial access of the UE when it is in an
idle state (i.e. the Radio Resource Control state: RRC-IDLE)
and for re-establishing synchronisation prior to uplink data
transmission. In both contention-based and contention-free
random access procedures, the UE transmits a random access
preamble to the RAN on the uplink RACH. In the contention-
based random access procedure, the preamble is randomly
chosen by the UE from a number of available preambles, with
the result that more than one UE may transmit the same
preamble simultaneously. Hence there is a need for signalling
to resolve any contention. In the contention-free random
access procedure, on the other hand, the RAN allocates a
dedicated preamble to a UE, enabling contention-free access.
This results in a faster procedure, which is particularly impor-
tant for handover.
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[0004] The UE initiates a contention-free random access
(CFRA) procedure by transmitting the CFRA preamble. The
RAN acknowledges receipt of the detected CFRA preamble
by transmitting a random access response. This response
includes a timing advance (TA) update to enable uplink syn-
chronisation. The UE then adjusts the terminal transmit tim-
ing or time alignment using the TA update before transmitting
a scheduled message on the uplink shared channel. This third
message serves as an acknowledgment to the RAN that the
random access response was received.

[0005] A problem may occur if the TA update information
received by the UE is incorrect, as the UE will then not be able
to synchronize with the network and not be able to transmit
messages over the uplink shared channel (PUSCH) success-
fully. This may occur, for example, if the RAN fails to cor-
rectly detect the random access preamble sent by the UE, or
rather, performs an estimate of transmission timing using
different received preamble sequence yet assigns this to the
UE so that an incorrect TA update is sent to the UE. This may
occur in the case of very high speed UEs. Preambles are
generated by cyclic shifts of a number of root sequences,
which are configurable on a cell basis. At high velocity, fre-
quency offset due to the Doppler shift causes spurious or
aliased peaks. Sometimes a second peak or third peak of a
given preamble sequence may shift into the detection window
of'an adjacent preamble and, depending on the power settings
of the UE, with a signal strength that is greater than the
detection threshold for the adjacent preambles. If the adjacent
preamble is a contention-free random access preamble, the
RAN may use the detected second or third peak to calculate
time alignment then erroneously assign this TA to the adja-
cent preamble. Because these spurious peaks occur at known
cyclic shift values, it is possible to reduce the risk of detecting
an incorrect preamble by not using some cyclic shifts. The
CFRA preamble set is then referred to as a restricted set.
However even if UE is configured with such a restricted set,
when the UE velocity is around 350 km/hour with a frequency
offset in the range of around -1705 Hz to 1705 Hz, the third
peak of an earlier preamble may have a sufficiently high
signal strength to be detected in place of the real preamble.
When the restricted set is not configured in the UE, frequency
offsets greater than 625 Hz already allow both a second and a
third peak of a preamble to become dominant in adjacent
detection windows resulting in a higher risk of failure.

[0006] When the TA information used by the UE is incor-
rect, the subsequent uplink message sent to the RAN will fail.
The RAN is expecting the uplink message, as this serves as an
acknowledgment that the random access response and the
information contained therein has been received. In the
absence of this uplink message, or rather upon failure to
detect this uplink message, the RAN thus sends a non
acknowledgment to the UE by way of an automatic repeat
request. The UE will then retransmit the message on the
shared uplink channel (PUSCH). This process continues until
the UE has retransmitted the message a maximum number of
times, at which point no further non-acknowledgement mes-
sages are sent by the RAN. The UE takes no further action as
it assumes that the CFRA procedure is successful after receipt
of'the random access response and may ultimately return to an
idle mode. The delay caused by this failure is a particular
problem when the CFRA procedure is used for handover as it
may lead to call drops and negatively impact an operator’s
key performance indicators.
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[0007] In the light of view of the problems associated with
the prior art there is a need for an improved contention-free
random access procedure.

SUMMARY

[0008] It is an object to obviate at least some of the above
disadvantages and provide a more robust contention-free ran-
dom access procedure and specifically, a contention-free ran-
dom access procedure that is able to recover more quickly in
case of failure.

[0009] This and other objects are achieved in accordance
with a first aspect of the present disclosure in a radio access
node in a wireless telecommunication network for perform-
ing a random access procedure with a user equipment UE.
The radio access node comprises a transceiver element for
transmitting information to, and receiving information from,
UEs. The transceiver element is configured to receive a first
message from a UE, the first message containing a pre-as-
signed contention-free random access preamble and repre-
senting a start of a random access procedure. The transceiver
element is also configured to respond to the received first
message by sending a second message to the UE, the second
message containing time alignment information for enabling
a scheduled transmission of a third message by the UE. The
transceiver element is further configured to ascertain that no
third message is received from the UE within a predetermined
period of time and to subsequently transmit a command to the
UE ordering a restart of the random access procedure with the
same assigned contention-free random access preamble.
[0010] By virtue of this configuration, the RAN not only
determines that the random access procedure has failed by
ascertaining that no third message is received, but by ordering
the restart of the random access procedure with the same
contention-free random access preamble used in the first mes-
sage, also secures the restart of the random access procedure
within a defined timeframe, so ensuring that delays are mini-
mised and the following random access procedure, whether
handover or downlink data transmission, may be pursued
successfully.

[0011] In accordance with a preferred embodiment of the
disclosure, the transceiver element, which preferably
includes transceiver circuitry and a control module coupled
to, and configured to control the transceiver circuitry, is fur-
ther configured to transmit the command ordering the restart
of the random access procedure to the UE on a downlink
control channel and to include the same assigned contention-
free random access preamble in this command. By ordering
the restart with a direct order that is conventionally used to
assign a contention-free random access preamble and request
uplink synchronisation, the UE may respond in the conven-
tional manner by initiating a random access procedure, but
using the same preamble. The UE thus does not require spe-
cific modification to use the improved random access proce-
dure.

[0012] In a particularly advantageous embodiment of the
disclosure, the predetermined period of time is selected to
ensure that the UE does not return to an idle mode of opera-
tion. This greatly reduces any delays and means that han-
dover, in particular, is far less likely to fail.

[0013] This predetermined time is preferably the time
required for the transceiver element to transmit a request for
a repeat transmission of a third message from the UE at least
a predetermined number of times to the UE. In this way it is
ensured that a transient error in a single transmission does not
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cause the restart of the random access procedure, yet still
enables the delay to be kept to a minimum. The predetermined
number of requests is preferably a predefined maximum num-
ber of requests stored in the radio access node. In LTE, such
arequest is a Hybrid Automatic Repeat Request (HARQ) and
the maximum number configured for a UE may vary from one
to around eight.

[0014] The consequences of a failed random access proce-
dure are severe when uplink synchronisation is required for
handover, so the transceiver element is preferably configured
to ascertain that the random access procedure relates to a
handover procedure in which the radio access node is a target
node before transmitting the command to the UE ordering the
restart of the random access procedure. However, other pro-
cedures also benefit from the considerably reduction in delay
when the random access procedure is revived in this way.
[0015] The radio access node is preferably configured to
operate in an LTE wireless network, however, radio access
nodes operating in any wireless cellular network that requires
a contention-free random access procedure for time-sensitive
operations will benefit by this configuration.

[0016] The above objects are further achieved in accor-
dance with a second aspect of the present disclosure in a
method as defined in the appended claims, and, in accordance
with a third aspect, in a computer program product for use in
a radio access node of a wireless network as defined in the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Further objects and advantages of the present dis-
closure will become apparent from the following description
of the embodiments that are given by way of example with
reference to the accompanying drawings. In the figures:

[0018] FIG. 1 schematically illustrates a wireless access
network,
[0019] FIG. 2 shows signalling for a contention-free ran-

dom access procedure in accordance with prior art,

[0020] FIG. 3 schematically illustrates the spread of a pre-
amble relative to adjacent detection windows,

[0021] FIG. 4 shows signalling for an improved contention-
free random access procedure,

[0022] FIG. 5 is a flow chart illustrating an improved con-
tention-free random access procedure and

[0023] FIG. 6 schematically illustrates elements of a radio
access node.

DETAILED DESCRIPTION

[0024] FIG. 1 shows elements of a cellular wireless access
network relevant for the present disclosure. In the exemplary
embodiment the wireless network is a Long Term Evolution
(LTE) wireless network, or Evolved Universal Radio Access
Network (E-UTRAN) as defined in 3GPP technical specifi-
cation 36.300. However, a variety of wireless networks
employ random access techniques and the disclosed embodi-
ments are applicable to all such networks.

[0025] FIG. 1 illustrates two Radio Access Nodes (RAN)
10and 10,, each defining its own cell or coverage area, 11 and
11,. Under the LTE specification the RANSs are referred to as
eNodeB’s, however, these elements may also be referred to as
base stations. In general the RAN hardware, when deployed,
is fixed and stationary. Two User Equipments (UE) 20 and 20,
are also illustrated in FIG. 1. A UE may also be referred to as
a terminal or mobile station and may be a fixed or mobile
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device, such as a mobile phone, smart phone, personal digital
assistant, a wireless modem card, etc. For the purposes of
illustration, the UEs illustrated in FIG. 1 are mobile devices.
When synchronised with the network, each UE may commu-
nicate with its serving RAN over a synchronised uplink chan-
nel called the Physical Uplink Shared Channel (PUSCH).
When a UE is not uplink synchronised with the network it
uses a random access procedure to transmit requests to the
RAN by sending a random access preamble on a Physical
Random Access Channel (PRACH). LTE wireless networks
may use two forms of random access procedures, contention-
based random access (CBRA) or contention-free random
access (CFRA). The present disclosure is directed towards
providing an improved, which also may be described as a
modified, and more robust CFRA procedure and thus only the
CFRA process will be discussed here.

[0026] In LTE wireless networks, the CFRA procedure is
used for downlink data arrival, positioning and handover. The
signalling for the current CFRA procedure is illustrated in
FIG. 2, which shows the signalling between a UE and a RAN.
This procedure is described in 3GPP Technical Specification
36.300. Before any random access process may be initiated,
the RAN first assigns a contention-free random access pre-
amble (CFRA-P) to the UE via dedicated signalling in the
downlink. This is shown at event 30 in FIG. 2. The CFRA-P
is taken from a set used only for the CFRA procedure and is
dedicated to the UE which ensures no contention. The
CFRA-P is sent in two ways depending on the purpose of the
random access procedure. This is illustrated in FIG. 1. When
the purpose is the handover of UE 20 from a serving cell 11,
defined by serving RAN 10, to target cell 11 defined by target
RAN 10, the CFRA-P is sent from the RAN 10 in the target
cell 11 to the source RAN 10, via radio resource control
(RRC) signalling (specifically using a RACH-Config Dedi-
cated Information Element) and from the source RAN 10, to
UE 20. When the random access procedure is for downlink
data arrival or positioning, as illustrated for UE 20, it is the
serving RAN 10 that sends the CFRA-P via a downlink con-
trol channel, specifically the Physical Downlink Control
CHannel (PDCCH). This is considered as an order for uplink
synchronisation to enable a subsequent downlink data trans-
mission. Thus the CFRA-P is assigned to the UE 20 by the
RAN 10 either directly or indirectly before any CFRA pro-
cedure may be initiated.

[0027] Asshown in FIG. 2, the random access procedure is
initiated by the UE, which sends the assigned CFRA-P on the
uplink RACH to the RAN 10 at event 40. The RAN 10 uses
the CRFA-P to estimate the transmission timing of the UE,
and then responds to this first message with a second message
MSG?2, or random access response, at event 50. This response
conveys a CFRA-P identifier and timing alignment informa-
tion, or timing advance (TA) update, to enable the UE to
adjust the timing of its uplink transmission or for receipt of
data on the downlink channel. When the random access pro-
cedure is for handover, the random access response sent at
event 50 also includes an initial uplink grant to be used by the
UE 20 on the uplink shared channel (PUSCH). At event 60 in
FIG. 2 the UE 20 transmits a scheduled third message
(MSG3) on the uplink shared channel, including the received
grant if this precedes handover. This third message (MSG3)
serves the purpose of verifying to the RAN 10 that the UE 20
received the random access response atevent 50. The RAN 10
acknowledges receipt of MSG3 using a Hybrid Automatic
Repeat Request Acknowledgement (HARQ ACK).
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[0028] When UEs operate at very high speed, the resulting
high frequency offset may cause spurious peaks in preamble
sequences sent in a CFRA message, such as that sent at event
40 in FIG. 2. This is illustrated in FIG. 3, which shows a graph
schematically depicting signal strength plotted against detec-
tion window slots, which may represent frequency or time
slots depending on the modulation technology used. Three
detection windows are shown for preamble sequences P48,
P50 and P52. These preambles form part of a restricted set
selected to minimise false detection. Thus the detection win-
dows of each preamble are not contiguous, but separated by
guard bands. It is assumed that preamble P50 is assigned to
and being used by a very high speed UE. The signal power for
preamble P50 is shown in FIG. 3 and consists of a main peak
P50, two second peaks P50 and two third peaks P50>. Also
shown is the signal strength for preamble P52, which occurs
in the detection window for this preamble. As may be seen
from this graph, the signal strength of the 3’7 peak of pre-
amble P50, P50° is above the detection threshold and even
exceeds the signal strength of preamble P52. If preamble P52
is a CFRA-P that is currently being used by a UE, the RAN
may erroneously detect the 3™ peak of P50 in the detection
window for P52 in place of the real preamble P52 and use this
wrongly detected preamble to estimate the transmission tim-
ing for that UE. This means that the timing alignment infor-
mation (TA update) sent by the RAN 10 in the random access
response MSG2 to UE 20 at event 50 in FIG. 2 will be wrong.
If the restricted set of preambles is not implemented by a UE
it is clear from FIG. 3 that the risk of such an erroneous
detection is still greater as both the third and second peaks of
a given preamble will land in detection windows of adjacent
preambles.

[0029] If the TA update information sent to the UE 20 at
event 50 in FIG. 2 is wrong, clearly the subsequent scheduled
transmission sent by the UE 20 on the PUSCH will fail, as it
will either not be received at all or fail to be decoded by the
RAN 10. The RAN 10 will then send a HARQ non-acknowl-
edgement (HARQ NACK) and, since repeat transmissions of
MSG3 will also fail, repeat this HARQ transmission as many
times as is configured for the UE. The random access proce-
dure will thus end without the UE achieving synchronisation
with the network and may only be restarted after the assign-
ment of anew CFRA-P by the RAN 10 to the UE 20, resulting
in significant delays. When the procedure is related to han-
dover, these delays may lead to call drops, which impact
negatively on an operator’s key performance indicators.

[0030] In accordance with an improved CFRA procedure,
these delays are significantly reduced and the contention-free
random access procedure revived by the introduction of addi-
tional features in the RAN. This is described below with
reference to the signalling diagram in FIG. 4 and flow chart of
FIG. 5, which illustrates the steps performed by the RAN 10.
The first four signals shown in FIG. 4 are identical to those
shown in FIG. 2 and consequently, the same numbering has
been applied to these events.

[0031] FIG. 4 illustrates a signalling diagram according to
the disclosure of this application. The random access proce-
dure is preceded by the allocation by RAN 10 of a CFRA
preamble (CFRA-P), denoted P, -, in this example, to the UE
as shown at event 30 of FIG. 4. This is done either directly or
indirectly via a source RAN when the purpose is handover.
The random access procedure then starts when the UE 20
transmits the assigned CFRA-P, P, as MSG1, which is
received by RAN 10 at event 40. It is the transmission of this
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message from the UE 20 to the RAN 10 that represents the
start of the random access procedure. The RAN 10 acknowl-
edges receipt by sending a random access response or second
message, denoted MSG2, having first estimated the transmis-
sion timing based on the preamble, P,,;,, sent in MSG1 and
includes timing advance information in MSG2. The UE 20
then responds by sending a third message (MSG3) as a sched-
uled transmission on the PUSCH at event 60. The RAN 10
listens out for this third message or scheduled transmission
and, when it has determined or ascertained that none is
detected, sends an automatic repeat request message, specifi-
cally a Hybrid Automatic Repeat Request Non-Acknowl-
edgement (HARK NACK) at event 70. Assuming that the
RAN’s failure to detect this third message or scheduled trans-
mission is due to the use of incorrect time alignment infor-
mation sent in MSG2, a repeat transmission of MSG3 will
also fail. The RAN 10 resends the automatic repeat request or
HARK NACK until this has been sent a maximum number of
times, which is configured for the UE in question. In LTE, the
maximum number of Hybrid Automatic Repeat Requests
(HARQ) configured for a UE may vary from one to around
eight. After this time, the RAN 10 reassigns the same CFRA
preamble, P, via a direct order to the UE on the Physical
Downlink Control Channel (PDCCH) commanding the UE to
perform uplink synchronisation at event 80. This is consid-
ered as a command to restart the random access procedure
with the same preamble, as the UE 20 will respond by trans-
mitting the random access preamble P, on the PRACH,
which effectively amounts to resending MSG1, although the
UE is actually responding to the direct order sent at event 80.
The whole procedure is then repeated with the same random
access preamble P, ., . The likelihood of the preamble in this
second MSG1 being wrongly detected is low, so the time
alignment information transmitted in a second MSG2 by
RAN 10 should enable the UE 20 to synchronise with the
network, resulting in a successful detection of the scheduled
transmission by the UE 20. It is noted that the UE 20 is
configured to respond to a direct order for uplink synchroni-
sation, so that this command does not alter the function of a
conventional UE 20 in any way.

[0032] FIG. 5 illustrates the modified function of the RAN
10 in accordance with a preferred embodiment. However,
before this function is described, reference will first be made
to an exemplary structure of a RAN 10 as illustrated sche-
matically in FIG. 6.

[0033] FIG. 6 shows a RAN 10 connected via a number of
transport channels (a physical random access channel,
PRACH, a physical uplink shared channel, PUSCH, a physi-
cal downlink control channel, PDCCH and a physical down-
link shared channel, PDSCH) to a UE 20. Within the RAN 10
there is shown a transceiver element 100 that includes trans-
ceiver circuitry 110 arranged to transmit and receive infor-
mation wirelessly to and from UEs over the illustrated trans-
port channels, and a control module 120 that controls the
operation of the transceiver circuitry 110. The control module
120 typically comprises one or more processing units with
associated working memory and memory containing a num-
ber of applications or software modules, two of which are
illustrated at 122, 124. Also shown is a network interface 130
intended to represent the circuitry and functions associated
with communication with the network and specifically with
other RANSs in the network. Within the control module 120
two modules are illustrated. A first module, CF Preamble
Assignment, 122 has the function of assigning a CFRA pre-
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amble to a UE. This function is conventionally used when a
UE requires uplink synchronisation for handover, downlink
data transmission or positioning. In this case, the CFRA pre-
amble is assigned either by sending a direct order to the UE 20
via the physical downlink control channel PDCCH, or when
the RAN 10 is in a target cell for handover of the UE, by
sending the preamble to the RAN in the source cell via Radio
Resource Control RRC signalling. This latter function is rep-
resented schematically by the dashed arrow between CF Pre-
amble Assignment module 122 and the network interface
130. The second module, RA MSG Monitor, 124 has the
function of monitoring the messages received from the UE 20
as part of the random access procedure.

[0034] The function of this modified RAN will now be
described with reference to FIGS. 5 and 6. At step 200 illus-
trated in FIG. 5, the RAN 10, and specifically the transceiver
element 100 allocates a CFRA preamble (P, 5, ) using the CF
Preamble Assignment module 122 and transceiver circuitry
110 to a UE 20. As described previously and illustrated in
FIG. 1, this may be done by sending a direct order on the
Physical Downlink Control Channel (PDCCH). Alterna-
tively, when uplink synchronisation is required for handover
and the RAN 10 is the target RAN, the RAN 10 sends the
CFRA preamble to the RAN 10, located in the UE’s serving
cell using the CF Preamble Assignment module 122 and the
network interface 130. The serving RAN then sends the pre-
amble to the UE 20.

[0035] At step 210 illustrated in FIG. 5 the transceiver
element 100 of RAN 10 detects the CFRA preamble using the
RA MSG Monitor module 124. This is part of MSG1 sent at
event 40 in FIG. 4. The RAN 10 then estimates the transmit
timing for the UE based on the detected preamble to calculate
a timing advance (TA) update and, using the transceiver ele-
ment 100, sends a message MSG2 to the UE at step 220. This
message contains a range of information, including the timing
advance (TA) update, identification in the form of the
C-RNTT and, if the procedure concerns handover, an initial
uplink grant to enable the UE to use the physical uplink
shared channel. The RAN 10 then awaits receipt of a sched-
uled transmission (i.e. MSG3) on the PUSCH using the RA
MSG Monitor module 124. If this third message is detected at
step 230, this serves as an acknowledgement of the informa-
tion sent at step 220 and thus, after acknowledgement by the
RAN 10 by way of a HARK ACK acknowledgement, effec-
tively terminates the CFRA procedure successfully at step
240. However, if the transceiver element 100 fails to detect a
scheduled transmission (MSG3) at step 230, the process
moves to step 250 where it is determined whether a maximum
number of automatic repeat requests have been sent, or more
specifically whether a maximum number of Hybrid Auto-
matic Repeat Request Non-Acknowledgements (HARQ
NACK) have been sent. If the maximum number has not been
reached, the RAN 10 sends a HARQ NACK at step 260. The
procedure then returns to step 230 where the transceiver ele-
ment 100 again listens out for a scheduled transmission that is
the third message (MSG3) from the UE using the RA MSG
Monitor module 124. Assuming no scheduled transmissions
are detected or received, this loop continues until the maxi-
mum number of HARQ requests have been sent whereupon
the transceiver element 100 determines or ascertains with the
RA MSG Monitor module 124 that no third message has been
received and the procedure moves to step 270. The time
required to arrive at this decision is determined by the sending
of a maximum configured number of HARQ NACK mes-
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sages and waiting for the retransmitted message in reply,
which preferably results in a predetermined time.

[0036] Instep 270 illustrated in FIG. 5 the RAN 10 checks
whether the CFRA procedure relates to handover. This infor-
mation is available in the RAN 10 or accessible by the RAN
10 as the initial assignment of the CFRA preamble by the
RAN is performed in response to a known situation, e.g. data
for downlink transmission or handover. If the reply is in the
affirmative, the procedure moves to step 280 where a restart or
repeat of the contention-free random access (CFRA) proce-
dure is accomplished by the RA MSG Monitor module 124
signalling the CF Preamble Assignment module 122, as illus-
trated by the dashed arrow between these two modules, to
trigger the generation of a direct order to the UE to initiate a
random access procedure via the PDCCH, but using the same
CFRA preamble P, ;. However, if at step 270 it is ascer-
tained that the random access procedure is not for handover,
the method moves to step 290 with the termination of the
procedure. As in the conventional procedure, no further
action is taken and the UE may ultimately return to idle mode.
It should be noted that step 270, at which the RAN 10 deter-
mines whether the random access procedure relates to han-
dover, is an optional step as indicated by the dashed line.
[0037] Ifstep270illustrated in FIG. 5 is not performed, i.e.
if all failed contention-free random access procedures are to
benefit from the improvement provided by the inventive
mechanism, the method moves directly to step 280 with the
transmission by the transceiver element 100 of a direct order
for uplink synchronisation on the PDCCH giving the same
preamble. The advantages ofthis process are significant when
the random access procedure is for handover, however, delays
are also minimised when the random access procedure is for
uplink synchronisation prior to a downlink data transmission.
[0038] By forcing or triggering a restart of the CFRA pro-
cedure, i.e. the random access procedure that is initiated by
the UE 20 sending the CFRA preamble in MSG1, the random
access procedure is revived with minimum delay. In fact, the
only delay associated with this procedure is a predetermined
time defined by the time required to transmit a maximum
configured number of HARQ NACK messages and receive
the retransmitted message in reply. This ensures that the UE
20 will not return to idle mode or disconnect from the network
so that handover may be completed successfully.

[0039] A further advantage of the improved CFRA proce-
dure according to the present disclosure is that only the RAN
requires modification.

[0040] It will be understood that a RAN, whether a base
station, NodeB, eNodeB or other radio access node suitable
for use in a cellular wireless telecommunication network will
have a range of other components that are well known to one
of ordinary skill in the art and are thus neither illustrated nor
described here. In addition, the illustrated schematic is not
intended to limit the possible configuration of the various
elements making up the RAN, but is merely intended to
illustrate the functional arrangement of a RAN. In practice
these functions may be implemented using any suitable soft-
ware or hardware configurations. For example there may be a
real or functional separation of both software and hardware
resources for handling uplink and downlink traffic.

[0041] The embodiments described above are to be under-
stood as a few illustrative examples of the present disclosure.
It will be understood by those skilled in the art that various
modifications, combinations, and changes may be made to
the embodiments without departing from the scope of the
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present disclosure. In particular, different part solutions in the
different embodiments may be combined in other configura-
tions, where technically possible. The scope of the present
disclosure is, however, defined by the appended claims.

1-17. (canceled)

18. A radio access node in a wireless telecommunication
network for performing a random access procedure with a
User Equipment, UE, said radio access node comprising a
transceiver element for transmitting information to and
receiving information from UEs,

wherein said transceiver element is configured to receive a
first message from a UE, said first message containing a
pre-assigned contention-free random access preamble
and representing a start of a random access procedure
and to respond to said received first message by sending
a second message to said UE, the second message con-
taining time alignment information for enabling a sched-
uled transmission of a third message by said UE to said
radio access node,

wherein said transceiver element is further configured to
ascertain that no third message is received from said UE
within a predetermined period of time and to transmit a
command to said UE ordering a restart of said random
access procedure with the same assigned contention free
random access preamble.

19. A radio access node according to claim 18, wherein said
transceiver element includes transceiver circuitry and a con-
trol module coupled to, and configured to control, said trans-
ceiver circuitry.

20. A radio access node according to claim 18, wherein said
transceiver element is further configured to transmit said
command ordering the restart of said random access proce-
dure to said UE on a downlink control channel, and to include
the same assigned contention-free random access preamble in
said command.

21. Aradio access node according to claim 18, wherein said
predetermined period of time is selected to ensure that said
UE does not return to an idle mode of operation.

22. Aradio access node according to claim 18, wherein said
transceiver element is further configured to transmit a request
to said UE at least a predetermined number of times, before
transmitting said command ordering the restart of said ran-
dom access procedure, wherein said request requests a repeat
transmission of a third message from said UE.

23. Aradio access node according to claim 22, wherein said
radio access node is further configured to store a predefined
maximum value corresponding to the predetermined number
of times said request is transmitted said UE.

24. A radio access node according to claim 18, wherein said
transceiver element is further configured to ascertain that said
random access procedure relates to a handover procedure in
which said radio access node is a target node before transmit-
ting the command to said UE ordering the restart of said
random access procedure.

25. Aradio access node according to claim 18, wherein said
radio access node is further configured to pre-assign said
contention-free random access preamble to said UE prior to
the start of said random access procedure

26. A radio access node according to claim 18, wherein said

radio access node is configured to operate in an LTE wireless
network.
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27. A method of performing a random access procedure in
aradio access node that is arranged in a wireless network and
configured to communicate with User Equipment, UE, said
method comprising:

receiving, a first random access message from a UE, said

first message containing a pre-assigned contention-free
random access preamble and representing a start of a
random access procedure

responding to the received first message by sending a sec-

ond message to said UE, said second message contain-
ing time alignment information for enabling a scheduled
transmission of a third message by said UE to said radio
access node,

ascertaining that no third message is received from said UE

within a predetermined period of time and

transmitting a command to said UE ordering a restart of

said random access procedure with the same pre-as-
signed contention-free random access preamble.

28. A method according to claim 27, wherein said step of
transmitting said command ordering a restart of said random
access procedure includes transmitting a direct order to said
UE on a downlink control channel, said direct order contain-
ing said assigned contention-free random access preamble.

29. A method according to claim 27, wherein said prede-
termined time is selected to ensure that said UE will not return
to an idle mode of operation.
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30. A method according to claim 27, wherein said step of
transmitting said command requesting a restart of said ran-
dom access procedure is performed after transmitting a
request to said UE a predetermined number of times, each
said request requesting a repeat transmission of a third mes-
sage.

31. A method according claim 30, wherein said predeter-
mined number of times said request is transmitted corre-
sponds to a predefined maximum number of requests stored
in said radio access node.

32. A method according to claim 27, further including:
ascertaining that said random access procedure concerns a
handover procedure in which said radio access node is the
target node before transmitting said command ordering the
restart of said random access procedure to said UE.

33. A method according to claim 27, further including:
pre-assigning and transmitting said contention-free random
access preamble to said UE prior to the start of said random
access procedure.

34. A computer program product for use in a radio access
node of a wireless network, said computer program product
including software defining a method according to claim 27.

#* #* #* #* #*





