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Abstract of the Disclosure

The invention relates to devices and methods for transmitting data on a radio channel comprising
to jointly encode (S4) a preamble format with a first random access configuration, forming an

extended random access configuration. The extended random access configuration is then
transmitted (S6) on the radio channel.
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METHODS AND DEVICES FOR COMMUNICATING ON A RADIO CHANNEL BASED
ON JOINTLY ENCODING A PREAMBLE FORMAT WITH RANDOM ACCESS
CONFIGURATION

TECHNICAL FIELD

The present invention relates to methods and devices in a telecommunication system, in
particular, for fransmitting/receiving data on a radio channe!.

BACKGROUND

In modern cellular radio systems, a radio network has a strict control on the behavior of a
terminal. Uplink transmission parameters like frequency, timing, and power are regulated
via downlink control signaling from a base station to the terminal.

At power-on or after a long standby time, a user equipment (UE) is not synchronized in
the uplink. The UE can derive an uplink frequency and power estimate from the downlink
(control) signals. However, a timing estimate is difficult to make since the round-trip
propagation delay between a base station, eNodeB, and the UE is unknown. So, even if
UE uplink timing is synchronized to the downlink, it may arrive too iate at the eNodeB
receiver because of propagation delays. Therefore, before commencing traffic, the UE
has to carry out a Random Access (RA) procedure to the network. After the RA, the
eNodeB can estimate the timing misalignment of the UE uplink and send a correction
message. During the RA, uplink parameters like timing and power are not very accurate.
This poses extra challenges to the dimensioning of a RA procedure.

Usually, a Physical Random Access Channel (PRACH) is provided for the UE to request
access to the network. An access burst is used which contains a preamble with a specific
sequence with good autocorrelation properties. The PRACH may be orthogonal to the
traffic channels. For example, in GSM a special PRACH time slot is defined. Because
muitiple UEs may request access at the same time, collisions may occur between the
requesting UEs. A contention resolution scheme has to be implemented to separate the
UE transmissions. The RA scheme usually includes a random back off mechanism. The
timing uncertainty is accounted for by extra guard time in the PRACH slot. The power

uncertainty is usually less of a problem as the PRACH is orthogonal to the traffic
channels.
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To distinguish between the different requesting UEs performing RA typically many
different RA preambles exist. A UE performing RA picks randomly a preamble out of a
pool and transmits it. The preamble represents a random UE ID which is used by a
eNodeB when granting the UE access to the network via the eNodeB. The eNodeB
receiver can resolve RA attempts performed with different preambles and send a
response message to each UE using the correspending random UE IDs. In case that
requesting UEs simultaneously use the same preamble a collision occurs and most likely
the RA attempts are not successful since the eNodeB cannot distinguish between the two
users with a different random UE ID.

In E-UTRAN, evolved UMTS Terrestrial Radio Access Network, 64 preambles are
provided in each cell. Preambles assigned to adjacent celis are typically different to insure
that a RA in one cell does not trigger any RA events in a neighboring cell. Information that

must be broadcasted is therefore the set of preambles that can be used for RA in the
current cell.

Since E-UTRAN is capable of operation under very different operation conditions, from
femto- and pico-cells up to macro-celis, different requirements are put on RA. Whereas
the achievable signal quality for RA is less of a problem in small cells and more
challenging in large cells. To also ensure that enough RA preamble energy is received, E-
UTRAN defines different preamble formats. Only one such preamble format may be used
in a cell and also this parameter must therefore be broadcasted. For Frequency Division
Duplex, FDD, four preamble formats are defined.

Yet another parameter that is broadcasted is the exact time-frequency location of a RA
resource, aiso called siot or opportunity. Such a RA time resource spans always 1.08
MHz in frequency and either 1, 2, or 3 ms in time, depending on the preamble format. For
FDD, 16 configurations exist, each defining a different RA time resource configuration.

in an FDD system in addition to the signaling required to point out the 64 preambles that
can be used in the current cell another 6 bits are required to indicate preamble format (2
bits) and RA subframe configuration (4 bits).

Referring to, for example, E-UTRAN time division duplex, TDD, mode, TDD mode has
some particularities relative to the FDD mode which make a simple reuse impossible or
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impractical including, e.g., that TDD defines in total 5 RA preamble formats and not 4
requiring 3 bits to signal the format. This additional preamble format will be called format 4

in the following. The increased number of preamble formats thereby requires an increased
transmission capacity.

SUMMARY

It is an object of some embodiments to provide an efficient random access configuration
signaling between two communication devices.

Embadiments disclose a method in a second communication device for transmitting data
on a radio channe!l. The method comprises to jointly encode a preamble format with a first
random access configuration, forming an extended random access configuration, and
transmitting the extended random access configuration on the radio channel.

The extended random access configuration makes the signalling mare efficient without
the need of more transmission capacity.

Embodiments disclose a second communication device comprising a control unit
arranged to jointly encode a preamble format with a first random access configuration. An
extended random access configuration is thereby formed. The second communication
device further comprises a transmitting arrangement adapted to transmit the extended
random access configuration on a radio channel.

Embodiments disclose a method in a first device for performing a random access process
comprising to receive data containing an extended random access configuration on a
radio channel. The extended random access configuration is decoded and thereby a
preamble format and a first random access configuration is retrieved. The preamble
format and the first random access configuration is then used in order to perform a

random access process.

Embodiments disclose a first communication device comprising a receiving arrangement
adapted to receive data on a radio channel from a second communication device. The
data comprises an extended random access configuration. The first communication
device further comprises a control unit being arranged to decode the extended random
access configuration to obtain a preamble format and a first radio access configuration,
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and arranged to use the preamble format and the random access configuration
when performing a random access process.

Embodiments disclose an apparatus comprising: at least one processor; at least
one memory including computer program code, the memory and the computer
program code configured to, working with the processor, cause the apparatus to
perform at least the following: receiving data comprising a configuration;
determining from the configuration, a first access configuration; and performing an
access process based, at least in part, on the determined first access
configuration.
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By joint coding of RA configuration and preamble format only reasonable combinations
5 are encoded, resulting in, for example, that signaling overhead is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described in more detail in relation to the enclosed drawings, in
which:

10 Figure 1 shows a schematic overview of a first communication device communicating with
a second communication device,
Figure 2 shows a combined signaling and method diagram of a random access
procedure,
Figure 3 shows a table of extended random access configurations,

15 Figure 4 shows a flow chart of a method in a second communication device,
Figure 5 shows a schematic overview of a second communication device,
Figure 6 shows a flow chart of a method in a first communication device,
Figure 7 shows a schematic overview of a first communication device,
Figure 8 shows a schematic overview of UL subframes within the duration of one RA

20 period,
Figure 9 shows a schematic overview of examples how RA opportunities are mapped to
uplink subframes, and
Figure 10 shows a schematic overview of mapped resources when using frequency
hopping.

25

DETAILED DESCRIPTION OF EMBODIMENTS

Embodiments of the present solution will be described more fully hereinafter with
reference to the accompanying drawings, in which embodiments of the solution are

30 shown. This solution may, however, be embodied in many different forms and should
not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the solution to those skilled in the art. Like numbers refer

to like elements throughout.
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The terminology used herein is for the purpose of describing particular embodiments only
and is not intended to be limiting of the invention. As used herein, the singular forms “a",
"an" and "the" are intended to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the terms "comprises” "comprising,"”
“includes" and/or “including" when used herein, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

Unless otherwise defined, all terms (including technical and scientific terms) used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terms used herein should
be interpreted as having a meaning that is consistent with their meaning in the context of
this specification and the relevant art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

The present solution is described below with reference to block diagrams and/or flowchart
ilustrations of methods, apparatus (systems) and/or computer program products
according to embodiments of the invention. It is understood that several blocks of the
block diagrams and/or flowchart illustrations, and combinations of blocks in the block
diagrams and/or flowchart illustrations, can be implemented by computer program
instructions. These computer program instructions may be provided to a processor ofa
general purpose computer, special purpose computer, and/or other programmable data
processing apparatus to produce a machine, such that the instructions, which execute via
the processor of the computer and/or other programmable data processing apparatus,
create means for implementing the functions/acts specified in the block diagrams and/or
flowchart block or blocks.

These computer program instructions may also be stored in a computer-readable memory
that can direct a computer or other programmable data processing apparatus to function
in a particular manner, such that the instructions stored in the computer-readable memory
produce an article of manufacture including instructions which implement the function/act
specified in the block diagrams and/or flowchart block or blocks.
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The computer program instructions may also be loaded onto a computer or other
programmable data processing apparatus to cause a series of operational steps to be
performed on the computer or other programmable apparatus to produce a computer-
implemented process such that the instructions which execute on the computer or other

programmable apparatus provide steps for implementing the functions/acts specified in
the block diagrams and/or flowchart block or blocks.

Accordingly. the present invention may be embodied in hardware and/for in software
(including firmware, resident software, micro-code, etc.). Furthermore, the present
invention may take the form of a computer program product on a computer-usable or
computer-readable storage medium having computer-usable or computer-readable
program code embodied in the medium for use by or in connection with an instruction
execution system. In the context of this document, a computer-usable or computer-
readable medium may be any medium that can contain, store, communicate, propagate,

or transport the program for use by or in connection with the instruction execution system,
apparatus, or device.

The computer-usable or computer-readable medium may be, for example but not limited
to, an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system,
apparatus, device, or propagation medium. More specific examples (a non-exhaustive list)
of the computer-readable medium would inciude the following: an electrical connection
having one or more wires, a portable computer diskette, a random access memory
(RAM), a read-only memory (ROM), an erasable programmable read-only memory
(EPROM or Flash memory), an optical fiber, and a portable compact disc read-only
memary (CD-ROM). Note that the computer-usable or computer-readable medium could
even be paper or another suitable medium upon which the program is printed, as the
program can be electronically captured, via, for instance, optical scanning of the paper or
other medium, then compiled, interpreted, or otherwise processed in a suitable manner, if
necessary, and then stored in a computer memory.

As used herein a communication device may be a wireless communications device. In the
context of the invention, the wireless communication device may e.g. be anodeina
network such as a base station or the like, a mobile phone, a PDA (Personal Digital
Assistant) or any other type of portable computer such as laptop computer,.
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The wireless network between the communication devices may be any network such as
an |EEE 802.11 type WLAN, a WiMAX, a HiperLAN, a Bluetooth LAN, or a cellular mobile
communications network such as a GPRS network, a third generation WCDMA network,
or E-UTRAN. Given the rapid development in communications, there will of course also
be future type wireless communications networks with which the present invention may be

embodied, but the actual design and function of the network is not of primary concern for
the solution.

In figure 1 a schematic overview of a first communication device 10 communicating with a
second communication device 20 is shown. The communication is performed over a first
interface 31 such as an air interface or the like. In the illustrated example, the first
communication device 10 is a portable unit, such as a mobile phone, a PDA or the like
and the second communication device 20 is a base station, such as an eNobeB, NodeB,
RBS or the like.

The second communication device sets up and transmits random access, RA,
configurations in order for the first communication device to perform a random access
process. The RA related data comprising preamble format, RA configurations, such as,
cyclic shift length, subframes to use for random access and the like.

The present invention proposes a joint encoding between preamble formats and RA
configurations. Since not all RA configurations are applicable to all RA preambles, for
example, the RA preamble format requiring a RA resource duration of 3 ms cannot be
scheduled every 2™ subframe, i.e. every 2 ms, the joint encoding will improve the

signaling.

By joint coding of RA configuration and preamble format the number of reasonable
combinations may be reduced enabling reuse of FDD signaling.

In the FOD mode of E-UTRAN, 6 different “densities” of RA opportunities are defined to
accommodate the different expected loads on PRACH: 0.5, 1, 2, 3, 5, and 10 RA
opportunities within 10ms indepenéent of the system bandwidth. As a starting paint it
makes therefore sense to assume these densities for TDD as well. In total there are 5
preamble formats for TDD and for each preamble format up to 6 densities resulting in 30
different combinations. n addition it is desirable to have different “versions™ of each
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combination. For example, in the case with 1 RA opportunity per 10ms and preamble
format Q (basic preamble) it is desirable to have 3 different patterns with the same density
but where the RA opportunities are allocated at different sub-frames. This enables an
eNodeB that serves multiple cells to use different RA pattern across served cells thus
spreading processing load in time.

Thus, three versions multiplied with five preambles multiplied with six densities results in
total in ninety combinations that need to be encoded. However, this exceeds the available
number of six bits. Looking more detailed into the different combinations shows that not all
combinations actually make sense: Preamble formats 1 and 3 are designed for very large
cells where RA load is typically not so high. It is probably for these formats not very
important to support the highest densities. Preamble format 3 furthermore requires three
subframes which makes it for most common DL/UL splits impossible to support three
different versions not overlapping in time. The number of densities and versions could
thus be reduced to 3x4 = 12 for format 1 and 2x2=4 for format 3.

A reasonable set of supported densities for format 1 could be 0.5, 1, 2, and 3 RA
opportunities within 10ms. For format 3 only densities 0.5 and 1 RA opportunities within
10ms are supported. This results for format 0 to 3 in total 3x6 + 3x4 + 3x6 + 2x2 = 52
combinations to encode.

With six bits, sixty four combinations may be encoded leaving twelve combinations for
format 4. This format 4 is special since it is very short and may only occur in a special field
called Uplink Pilot Timestot, UpPTS. Because of its short duration the link budget of this
preambile is inferior compared to other preambles, therefore it is important to have
different non-overiapping RA opportunities to create “interference-free” slots. itis
important to support three different versions leaving space for four densities for preamble
format 4. In total 52 + 3x4 = 64 combinations exist. Table 1 summarizes these allocations
for the different preambles. The proposed configurations are only examples, it is of course
possible to have more combinations for one preamble format and less for another one or
trade number of versions vs. number of densities.

CA 2994007 2018-02-02
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Preamble

format RA resources per 10 ms #Versions

0 0.51,2,3,5,10 3

1 05123 3

2 0.5,1,2,35,10 3

3 0.5.1 2

4 WWW, XXX, YYY,Z2Z 3

Table1: Example of version and density

Another possibility is to generally support at the most five densities and not six when

5 assuming that the 6™ density (10 RA opportunities in 10 ms) is very high. Using the same
arguments as above, the densities and number of versions shown in table 2 are obtained
for the different preamble formats. Here is one combination reserved for future use. Also
this set of combinations is only an example and different tradeoffs between preamble
formats and densities vs. versions can also be made here.

10
Preamble ]
RA resources per 10 ms #Versions

format

0 0.5,1,2,35 3

1 05123 3

2 051235 3

3 0.5.1 3

4 5 different densities 3

Table 2: Another example of version and density allocation for different preamble formats:

in the following a combination of preamble format, density, and version is referred to as
15 extended RA configuration.

Even though above explanations were done in the context of a TDD system the same
ideas are also applicable to a half-duplex FDD system.

20 In figure 2, an example of a schematic combined signaling and method diagram between
a first communication device 10 and a second communication device 20 is shown. The
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first communication device 10 may be a user equipment UE, such as a mobile phone, a
PDA, or the like. The second communication device 20 may be a base station, such as a
RBS, NodeB, eNodeB, a combined RBS and RNC, or the like.

In step S10, the second communication device 20 jointly encodes a preamble format with
a first random access configuration, forming an extended random access configuration.

In step S20, the second communication device 20 transmits the extended random access
configuration on a radio channel, such as a broadcast channel or the like.

In step S$30, the first communication device 10 receives the extended random access
configuration on the broadcast channel and processes the extended random access
configuration by, for example, looking up the extended random access configuration value
in a stored table of extended random access configurations. Thereby, the first
communication device 10 determines what preamble format and random access
configuration to use when performing a random access process.

In step S40, the first communication device 10 transmits a random access request to gain
access to a network on, for example, a physical random access channel PRACH using
the preamble format and the random access configuration to the second communication
device 20.

In step S50, the second communication device 20 process the random access request in
order to allow or decline access to a network. The second communication device 20 may

as well confirm reception of the random access request.

It should be noted that the UE may transmit the access request to a different
communication device, base station; this might be the case during, for example,
handover. In this case, wherein the first communication device 10 performs a random
access procedure with a different communication device, the different communication
device processes the random access request. '

In figure 3, a schematic overview of a table listing extended random access configurations
and the corresponding preamble format, PRACH density value and version index is
provided.
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in a first column C1 PRACH configuration index is indicated. Each PRACH configuration
index, that is, the extended random access configuration, corresponds to a certain
combination of a preamble format, a PRACH density value and a version index. The
preamble format is listed in a second column C2, density per 10 ms in a third column C3,
and the version in a fourth column C4.

In figure 4, a schematic flow chart of a method in a second communication device is
shown.

In optional step 52, the second communication device determines a first random access
configuration and a preamble format to use in a cell of the second communication device.
The determination may be based on the size of the cell and the like. These random
access settings may also be manually inputted during installation or setup.

In step S4, the second communication device jointly encodes the determined preamble
format with the first random access configuration, forming an extended random access
configuration. The extended random access configuration may in some embodiments
correspond to a combination of a preamble format, a density value of a Physical Random
Access Channel and a version index defined in a table.

Within one radio frame we have multiple RA opportunities according to the RA density.
Each RA opportunity consists of a number of subframes, for example, 1,2, 0r 3
subframes, depending on the preamble format.

A version may be defined by a collection of random access opportunities belonging to the
cell of the second communication device.

The extended random access configuration may in some embodiments require maximum
six bits.

The preamble format may be one out of five preambie formats.

In step S6, the second communication device transmits the extended random access
configuration on a radio channel in the cell of the second communication device.

CA 2994007 2018-02-02
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The radio channel may in some embodiments be a broadcast channel.

In order to perform the method steps a second communication device is provided. The
second communication device 20 may be a base station, such as a RBS, NodeB,
eNodeB, a combined RBS and RNC, or the like.

in figure 5 a schematic overview of a second communication device 20 is shown.

The second communication device 20 comprises a control unit CPU 201, such as a
pprocessor, a plurality of processors or the like, configured to jointly encode a preamble
format with a first random access configuration, thereby forming an extended random
access configuration. The first random access configuration may correspond to a
combination of a density value of a Physical Random Access Channel and a version
index. The control unit 201 may further create a data packet comprising the extended
random access configuration, for example, a value of six bits.

In addition, the control unit 201 may, in some embodiments, be arranged to determine cell
related parameters, such as, the first random access configurations, the preamble format

and/or the like. The determination may be performed in real time based on load, size of a

cell and/or the like. The values of preamble format, random access configurations and the
like may also be inputted manually.

The second communication device 20 further comprises a transmitting arrangement 205
adapted to transmit the data packet comprising the extended random access
configuration. The data packet is transmitted over a radio channel of the cell of the second
communication device 20. The radio channel may be, for example, a broadcast channel.

The second communication device 20 may further comprise a receiving arrangement 203
adapted to receive data from different communication devices, for example, a first
communication device using the preamble format and the first random access
configuration on, for example, a physical random access channel.

in the illustrated example, the second communication device 20 comprises a memory unit
207 arranged to have application installed thereon that when executed on the control unit
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makes the control unit perform the method steps. Furthermore, the memory unit 207 may
have data stored, such as random access related data or the like, thereon. The data may
comprise a table listing extended random access configurations and the cofresponding
preamble format, PRACH density value and version index that may be used when

creating the data packet. The memory unit 207 may be a single unit or a number of
memory units.

Furthermore, the second communication device 20 may comprise an interface 209 for

communicating with, for example, a network to which a first communication device
requests access.

In figure 6 a schematic flow chart of a method in a first communication device is shown.

In step R4, the first communication device receives data containing an extended random

access configuration over a radio channel. The radio channe! may be a broadcast channel
or the like.

in step R6, the first communication device decodes the received data, reading the
extended random access configuration as, for example, a value of maximum six bits. The
extended random access configuration value may from a table generate a preamble
format and a random access configuration. In some embodiments, the random access
configuration comprises a combination of a density of a PRACH and a version index. As
stated above, a version may be defined by a collection of random access opportunities
belonging to a cell of the second communication device.

In optional step R8, the first communication device performs a random access process
using the preamble format and the first random access configuration.

The random access process may be performed to the second communication device,
base station, or a different communication device, such as a different base station. This
may be the case when a handover is performed.

In order to perform the random access procedure a first communication device is
provided. The first communication device may be a user equipment, such as, a mobile
phone, a PDA or the like.
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in figure 7, a schematic overview of a first communication device 10 is shown.

The first communication device 10 comprises a receiving arrangement 103 adapted to
receive data over a radio channel, such as a broadcast channel or the like, from a second
communication device. The data comprises an extended random access configuration.

The first communication device 10 further comprises a control unit 101 arranged to
decode the extended random access configuration to obtain a preamble format and a first
radio access configuration. The extended random access configuration may be a value of
maximum six bits and by comparing the extended random access configuration value with
index values in a table a preamble format, a density value of a PRACH and a version
index may be retrieved, upon matching of values.

The control unit 101 may additionally be arranged to perform a random access process in
order to access a network. In the random access process, the control unit 101 uses the

preamble format and the random access configuration and transmits the connection
request using a transmitting arrangement 105.

The first communication device 10 may further contain a memory arrangement 107,
comprising a single memory unit or a number of memory units. Applications arranged to
be executed on the control unit may be stored on the memory that when executed on the
control unit makes the control unit perform the method steps. Furthermore, the memory
unit 207 may have data stored thereon, such as RA configurations data, such as,
preambie format, random access configurations and the like. The data may comprise a
table listing extended random access configurations and the corresponding preamble
format, PRACH density value and version index that may be used when creating the data

packet. The memory unit 207 may be a single unit or a number of memory units.

it should be noted that a version may be defined by a collection of random access
opportunities belonging to the cell of the second communication device.

The extended random access configuration may in some embodiments require maximum
six bits.

CA 2994007 2018-02-02
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The preamble format may be one of five preamble formats.

It should be understood that the receiving and transmitting arrangements in the

communication devices may be separated devices or arranged as a combined device,
5 such as a transceiving unit or the like.

Depending on the DL/UL allocation the different RA configurations have different
interpretations. In order to reduce the required signaling it is therefore proposed to
number the subframes allocated to RA in terms of UL subframes rather than subframes.

10
One paossibility may be to define for each extended RA configuration and each possible
DUL/UL allocation a pattern describing the UL subframes and frequency region allocated to
RA. In addition to DL/UL split the system bandwidth also has an impact since for lower
system bandwidth less frequency regions are available than for higher bandwidth.

15
A more systematic approach is described in the following: in figure 8 all UL subframes
within the duration of one RA period are shown. RA subframes are denoted 81 and non
RA subframes are denoted as 83. The RA period is 10 ms for RA densities larger or equal
to 1 per 10 ms and 20 ms for 0.5 RA opportunities per 10 ms. The number of UL

20 subframes within the RA period is denoted L. The number of subframes allocated to each
RA resource is M. N is then the number of RA resources that can be placed non-
overlapping in each RA period. The considered extended RA configuration has a density
of D RA opportunities within the RA period. The gaps A1 and A2 are the numbers of UL
subframes between two consecutive RA resources and the number of RA subframes left

25 after the last RA subframe, respectively. R denotes the number of different versions that
exist of the given extended RA configuration.

N =min([—é—J, R-D)

L-N-M
A,—':[——-]‘V——J

A, =L-N-M—-(N-1)-4,

30
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The number {; & to be the UL subframe number where RA opportunity k of version / of the

given extended RA configuration starts. Here is assumed that the numbering of UL
subframes and versions start with 0. If not enough versions may be placed non-
overlapping into one RA period the placement starts over starting from UL subframe 0 at

5 another frequency. Further, the number f,,;( denotes the logical index to the predefined
frequency at which RA apportunity k of version / is located at (logical index since the
predefined frequencies neither have to be contiguous nor assigned to monotonic
increasing/ decreasing frequencies). Since in total only Nrasw predefined RA frequency

regions exist a modulo operations is required to constrain the allocated frequency band to
10 those predefined frequencies. For smaller system bandwidth not enough RA frequency

bands Nrasw may exist and placement of different RA resources overlap.

t,, =(k-D+Imod N)-(M +A,)

k-D+1
Joi = T mod N o,/ zw

15 Figure 9 shows different examples of extended RA configurations and their actual
mapping to UL subframes.

in the top figure the RA opportunity 0 of version 0 is firstly allocated followed by
opportunity 0 of versions 1 and 2, that is, I= 1 and 2. RA opportunity 1 of version 0 is then

20 allocated along the time domain and RA opportunity 1 of versions 1 and 2 are allocated in
a different frequency.

In the middie figure, the RA opportunity 0, version 0 is followed by RA opportunity 0 of
versions 1. RA opportunity O of version 2 is then frequency multiplexed into the same UL

25 subframes as RA opportunity O of version 0. Here one RA opportunity consists of 2 UL
subframes.

In the lower figure, each version is allocated at different frequencies.

30 The simplest way to define the predefined RA frequency regions is to extend the concept
from FDD where these regions are placed at the band edges of the uplink shared
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channel. If multiple RA resources are distributed over time within a RA period (i.e. N>1)
the position of these frequency regions may hop according to a predefined hopping
pattern. In the simplest case the only allowed hopping positions are at the two band edges
of the uplink shared channel.

Figure 10 depicts examples how such a frequency hopping could look like. In figure 10, it
is shown how logical index -LI-, also denoted as f « in the formula above, is mapped to

physical frequencies.

10 The described way is an example how to calculate the exact mapping of UL subframes to
RA subframes. Important is 1) to try to spread out opportunities in time and 2) (if not
enough UL subframes are available to separate all opportunities of a version in time) to
place muiltiple RA subframes into the same UL subframe(s) at different frequencies.

15 Inthe drawings and specification, there have been disclosed exemplary embodiments of
the invention. However, many variations and modifications can be made to these
embodiments without substantially departing from the principles of the present invention.
Accordingly, although specific terms are employed, they are used in a generic and
descriptive sense only and not for purposes of limitation, the scope of the invention being

20 defined by the following claims.
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What is claimed is:

1. An apparatus comprising:

at least one processor;

at least one memory comprising computer program code, the memory and the
computer program code configured to, working with the processor, cause the
apparatus to perform at least the following:

receiving data comprising a Physical Random Access Channel (PRACH)
configuration index;

determining from the PRACH configuration index, a preamble format and
a first random access configuration; and

performing a random access process based, at least in part, on the
determined preamble format and the determined first random access
configuration.

2. The apparatus of claim 1, wherein the memory comprises computer program
code configured to, working with the processor, cause the apparatus to perform:
transmitting a random access request using the preamble format and the

determined first random access configuration.

3. The apparatus of claim 1, wherein the apparatus is configured to operate in a

time divisional duplex (TDD) mode.

4. The apparatus of claim 1, wherein the determined first random access

configuration comprises a density value and a version index.

5. The apparatus of claim 4, wherein the density value defines a density of
random access opportunities on a Physical Random Access Channel (PRACH).

6. The apparatus of claim 4, wherein the version index defines one of several
patterns of opportunities on the Physical Random Access Channel (PRACH)
corresponding with the density value, each pattern allocating opportunities to different
sub-frames of the PRACH.
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7. The apparatus of claim 6, wherein the preamble format is associated with a

plurality of version indexes.

8. The apparatus of claim 1, wherein the data is received on a radio channel.

9. The apparatus of claim 8, wherein the radio channel comprises a broadcast

channel.

10. The apparatus of claim 1, wherein the Physical Random Access Channel
(PRACH) configuration index is comprised by an extended random access

configuration.

11. The apparatus of claim 10, wherein the extended random access

configuration comprises a maximum of six bits.

12. A method comprising:

receiving, by a user equipment, data comprising a Physical Random Access
Channel (PRACH) configuration index;

determining, from the PRACH configuration index, a preamble format and a
first random access configuration; and

performing a random access process based, at least in part, on the determined

preamble format and the determined first random access configuration.
13. The method of claim 12, further comprising transmitting a random access
request using the preamble format and the determined first random access

configuration.

14. The method of claim 12, wherein the user equipment is operating in a time

divisional duplex (TDD) mode.

15. The method of claim 12, wherein the determined first random access

configuration comprises a density value and a version index.
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16. The method of claim 15, wherein the density value defines a density of

random access opportunities on a Physical Random Access Channel (PRACH).

17. The method of claim 15, wherein the version index defines one of several
patterns of opportunities on the Physical Random Access Channel (PRACH)
corresponding with the density value, each pattern allocating opportunities to different
sub-frames of the PRACH.

18. The method of claim 17, wherein the preamble format is associated with a

plurality of version indexes.

19. The method of claim 12, wherein the data is received on a radio channel.

20. The method of claim 19, wherein the radio channel comprises a broadcast

channel.

21. The method of claim 20, wherein the Physical Random Access Channel
(PRACH) configuration index is comprised by an extended random access

configuration.

22. The method of claim 21, wherein the extended random access

configuration comprises a maximum of six bits.

23. An apparatus comprising:

at least one processor;

at least one memory comprising computer program code, the memory and the
computer program code configured to, working with the processor, cause the
apparatus to perform at least the following:

receiving data;

determining from the data, a first random access configuration; and

performing an access process based, at least in part, on the determined first

random access configuration.
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24. The apparatus of claim 1, wherein performing the access process
comprises transmitting a random access request using a Physical Random Access
Channel (PRACH) resource which is:

based, at least in part, on the determined first access configuration; and

multiplexed in frequency into a same random access subframe with another
PRACH resource.

25. The apparatus of claim 24, wherein the Physical Random Access Channel
(PRACH) resource is first distributed in a time domain and then in a frequency
domain.

26. The method of claim 12, wherein performing the access process comprises
transmitting a random access request using a Physical Random Access Channel
(PRACH) resource which is:

based, at least in part, on the determined first random access configuration;
and

multiplexed in frequency into a same random access subframe with another
PRACH resource.

27. The method of claim 26, wherein the Physical Random Access Channel
(PRACH) resource is first distributed in a time domain and then in a frequency

domain.

28. An apparatus comprising:

at least one processor;

at least one memory comprising computer program code, the memory and the
computer program code configured to, working with the processor, cause the
apparatus to perform at least the following:

receiving data comprising a Physical Random Access Channel (PRACH)
configuration index;

decoding a preamble format and a first random access configuration,

based, at least in part, on the PRACH configuration index, the preamble format

being jointly encoded with the first random access configuration; and
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performing a random access process based, at least in part, on the decoded

preamble format and the decoded first random access configuration.

29. The apparatus of claim 28, wherein the memory comprises computer
program code configured to, working with the processor, cause the apparatus to
perform:

transmitting a random access request using the preamble format and the

decoded first random access configuration.

30. The apparatus of claim 28, wherein the apparatus is configured to operate

in a time divisional duplex (TDD) mode.

31. The apparatus of claim 28, wherein the first random access configuration

comprises a density value and a version index.

32. The apparatus of claim 31, wherein the density value defines a density of

random access opportunities on a Physical Random Access Channel (PRACH).

33. The apparatus of claim 31, wherein the version index defines one of several
patterns of opportunities on the Physical Random Access Channel (PRACH)
corresponding with the density value, each pattern allocating opportunities to different

sub-frames of the PRACH.

34. The apparatus of claim 33, wherein the preamble format is associated with

a plurality of version indexes.

35. The apparatus of claim 28, wherein the data is received on a radio channel.

36. The apparatus of claim 35, wherein the radio channel comprises a

broadcast channel.
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37. The apparatus of claim 28, wherein the Physical Random Access Channel
(PRACH) configuration index is comprised by an extended random access

configuration.

38. The apparatus of claim 37, wherein the extended random access
configuration comprises a maximum of six bits.

39. A method comprising:

receiving, by a user equipment, data comprising a Physical Random Access
Channel (PRACH) configuration index;

decoding a preamble format and a first random access configuration, based, at
least in part, on the PRACH configuration index, the preamble format being jointly
encoded with the first random access configuration; and

performing a random access process based, at least in part, on the decoded

preamble format and the decoded first random access configuration.

40. The method of claim 39, further comprising transmitting a random access
request using the preamble format and the decoded first random access configuration.

41. The method of claim 39, wherein the user equipment is operating in a time

divisional duplex (TDD) mode.

42. The method of claim 39, wherein the decoded first random access

configuration comprises a density value and a version index.

43. The method of claim 42, wherein the density value defines a density of

random access opportunities on a Physical Random Access Channel (PRACH).

44. The method of claim 42, wherein the version index defines one of several
patterns of opportunities on the Physical Random Access Channel (PRACH)
corresponding with the density value, each pattern allocating opportunities to different
sub-frames of the PRACH.
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45. The method of claim 44, wherein the preamble format is associated with a

plurality of version indexes.

46. The method of claim 39, wherein the data is received on a radio channel.

47. The method of claim 46, wherein the radio channel comprises a broadcast

channel.

48. The method of claim 47, wherein the Physical Random Access Channel
(PRACH) configuration index is comprised by an extended random access

configuration.

49. The method of claim 48, wherein the extended random access

configuration comprises a maximum of six bits.

50. A method in a base station of an evolved UMTS Terrestrial Radio Access
Network (E-UTRAN), operating in time divisional duplex (TDD) mode for transmitting
data on a radio channel, the method comprising:

jointly encoding a preamble format with a first random access configuration,

forming an extended random access configuration, wherein the first random
access configuration comprises a combination of:

a density value defining a density of random access opportunities on a Physical
Random Access Channel (PRACH); and

a version index defining one of several patterns of opportunities on the PRACH
for that density, each pattern allocating opportunities to different sub-frames of the
PRACH; and

transmitting the extended random access configuration on the radio channel.

51. The method of claim 50, further comprising determining the first random

access configuration and the preamble format to use in a cell of the base station.

52. The method of claim 51, wherein said determining comprises selecting the

first random access configuration and the preamble format from a subset of nominal

Date Regue/Date Received 2021-11-16



25

combinations of a first random access configuration and a preamble format, wherein
the subset includes a number of combinations less than the number of nominal

combinations.

53. The method of claim 52, wherein the subset excludes at least one of:

a nominal combination of a preamble format having a first value and

a first random access configuration that comprises a density value higher than
a defined threshold; and

a nominal combination of a preamble format having a second value and a first
random access configuration that comprises a density value higher than the defined

threshold and a version index having a third value.

54. The method of claim 50, wherein the extended random access

configuration comprises a maximum of six bits.

55. The method of claim 50, wherein the radio channel comprises a broadcast

channel.

56. A base station of an evolved UMTS Terrestrial Radio Access Network
(EUTRAN) configured to operate in time divisional duplex (TDD) mode, the base
station comprising:

control circuit configured to jointly encode a preamble format with a first random
access configuration, thereby forming an extended random access configuration,

wherein the first random access configuration comprises a combination of:

a density value defining a density of random access opportunities on a Physical
Random Access Channel (PRACH); and

a version index defining one of several patterns of opportunities on the PRACH
for that density, each pattern allocating opportunities to different sub-frames of the
PRACH; and

a transmitting circuit configured to transmit the extended random access
configuration on a radio channel.
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57. The base station of claim 56, wherein the control circuit is further configured
to determine the first random access configuration and the preamble format to use in

a cell of the base station.

58. The base station of claim 57, wherein the control circuit is configured to
select the first random access configuration and the preamble format from a subset of
nominal combinations of a first random access configuration and a preamble format,
wherein the subset includes a number of combinations less than the number of
nominal combinations.

59. The base station of claim 58, wherein the subset excludes at least one of:

a nominal combination of a preamble format having a first value and a first
random access configuration that comprises a density value higher than a defined
threshold; and

a nominal combination of a preamble format having a second value and a first
random access configuration that comprises a density value higher than the defined

threshold and a version index having a third value.

60. The base station of claim 56, further comprising a receiving circuit
configured to receive random access data from a user equipment, and wherein the

control circuit is configured to process the random access data.

61. The base station of claim 56, wherein the extended random access

configuration comprises a maximum of six bits.

62. The base station of claim 56, wherein the radio channel comprises a
broadcast channel.

63. A method in a user equipment of an evolved UMTS Terrestrial Radio
Access Network (E-UTRAN) operating in time divisional duplex (TDD) mode for
performing a random access process, the method comprising:

receiving on a radio channel data containing an extended random access

configuration,
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decoding the extended random access configuration, thereby retrieving a
preamble format and a first random access configuration, wherein the first random
access configuration comprises a combination of:

a density value defining a density of random access opportunities on a Physical
Random Access Channel (PRACH); and

a version index defining one of several patterns of opportunities on the PRACH
for that density, each pattern allocating opportunities to different sub-frames of the
PRACH; and

performing a random access process using the preamble format and the first
random access configuration.

64. The method of claim 63, wherein the extended random access

configuration comprises a maximum of six bits.

65. The method of claim 63, wherein receiving said data comprises receiving

said data on a broadcast channel.

66. A User Equipment of an evolved UMTS Terrestrial Radio Access Network
(EUTRAN) configured to operate in time divisional duplex (TDD) mode, the User
Equipment comprising:

a receiving circuit configured to receive on a radio channel data comprising an
extended random access configuration;

a control circuit configured to decode the extended random access
configuration to obtain a preamble format and a first random access configuration, the
first random access configuration comprising a combination of:

a density value defining a density of random access opportunities on a Physical
Random Access Channel (PRACH); and

a version index defining one of several patterns of opportunities on the PRACH
for that density, each pattern allocating opportunities to different sub-frames of the
PRACH; and

wherein the control circuit is further configured to perform a random access

process using the preamble format and the first random access configuration.
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67. The User Equipment of claim 66, wherein the extended random access

configuration comprises a maximum of six bits.

68. The User Equipment of claim 66, further comprising a transmitting circuit
configured to transmit a random access request using the preamble format and the
first random access configuration.

69. The User Equipment of claim 66, wherein the receiving circuit is configured

to receive data on a radio channel that comprises a broadcast channel.

70. An apparatus comprising:
at least one processor,

at least one memory comprising computer program code, the memory and the

computer program code configured to, working with the processor, cause the
apparatus to perform at least the following:

generate an extended random access configuration based on a network-
defined preamble format and a random access configuration for transmission on a
radio channel;

receive an uplink subframe comprising plural physical random access channels
(PRACHSs) multiplexed in frequency on the uplink subframe, the plural PRACHSs being
received from respective plural devices, at least one of the plural PRACHs being
received from the respective one of the plural devices and comprising the preamble
format and the random access configuration of the extended random access
configuration as decoded by the respective one of the plural devices;

perform a random access procedure with the respective one of the plural

devices.

71. The apparatus of claim 70, wherein the extended random access
configuration corresponds to a physical random access channel (PRACH)
configuration index, and wherein the PRACH configuration index corresponds to a
combination of the network-defined preamble format, a PRACH density value, and a

version index.
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72. The apparatus of claim 71, wherein the physical random access channel
(PRACH) density value defines a density of random access opportunities on a
PRACH.

73. The apparatus of claim 71, wherein the version index defines one of
several patterns of opportunities on the physical random access channel (PRACH)
corresponding with the density value, each pattern allocating opportunities to different
sub-frames of the PRACH.

74. The apparatus of claim 73, wherein the preamble format is associated with

a plurality of version indexes.

75. The apparatus of claim 70, wherein the apparatus is configured to operate

in a time divisional duplex (TDD) mode.

76. The apparatus of claim 70, wherein the random access configuration

comprises a density value and a version index.

77. The apparatus of claim 70, further comprising a transmitter for transmitting

the extended random access configuration on the radio channel.

78. The apparatus of claim 77, wherein the radio channel comprises a

broadcast channel.

79. The apparatus of claim 70, wherein the extended random access

configuration comprises a maximum of six bits.

80. The apparatus of claim 70, wherein the apparatus is a base station.

Date Regue/Date Received 2021-11-16



30

81. The apparatus of claim 70, wherein the network-defined preamble format is
an Evolved Universal Mobile Telephone System Terrestrial Radio Access Network
(UTRAN)-defined preamble format.

82. The apparatus of claim 70, wherein the network-defined preamble format is

an only one of plural network-defined preamble formats which is usable in a cell.

83. The apparatus of claim 70, wherein the physical random access channel
(PRACH) received from at least one of the plural devices includes the extended
random access configuration based on the network-defined preamble format, the
network-defined preamble format being an only network-defined preamble format
usable in a cell by the at least one of the plural devices among a plural number of
network-defined preamble formats.

84. The apparatus of claim 71, wherein the version index defines one of
several patterns of opportunities on the physical random access channel (PRACH) for

a given density.

85. The apparatus of claim 82, wherein in a time division duplex system the

plural number of network-defined preamble formats is five.

86. The apparatus of claim 82, wherein the extended random access
configuration is a joint coding of the network-defined preamble format and the random

access configuration.

87. A method of operating a communications apparatus comprising:
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generating an extended random access configuration based on a network-
defined preamble format and a random access configuration for transmission on a
radio channel;

receiving over the radio interface an uplink subframe comprising plural physical
random access channels (PRACHs) multiplexed in frequency on the subframe, the
plural PRACHSs being received from respective plural devices, at least one of the
plural PRACHS being received from the respective one of the plural devices and
comprising the preamble format and the random access configuration of the extended
random access configuration as decoded by the respective one of the plural devices;

performing a random access procedure with the respective one of the plural

devices.

88. The method of claim 87, wherein the extended random access
configuration corresponds to a PRACH configuration index, and wherein the physical
random access channel (PRACH) configuration index corresponds to a combination of
the network-defined preamble format, a PRACH density value, and a version index.

89. The method of claim 88, wherein the physical random access channel
(PRACH) density value defines a density of random access opportunities on a
PRACH.

90. The method of claim 88, wherein the version index defines one of several
patterns of opportunities on the physical random access channel (PRACH)
corresponding with the density value, each pattern allocating opportunities to different
sub-frames of the PRACH.

91. The method of claim 90, wherein the preamble format is associated with a

plurality of version indexes.

92. The method of claim 87, wherein the apparatus is configured to operate in

a time divisional duplex (TDD) mode.

Date Regue/Date Received 2021-11-16



32

93. The method of claim 87, wherein the random access configuration

comprises a density value and a version index.

94. The method of claim 87, further comprising transmitting the extended

random access configuration on a radio channel.

95. The method of claim 94, wherein the radio channel comprises a broadcast

channel.

96. The method of claim 87, wherein the extended random access

configuration comprises a maximum of six bits.

97. The method of claim 87, wherein the communications apparatus is a base

station.

98. The method of claim 87, the network-defined preamble format is an
Evolved Universal Mobile Telephone System Terrestrial Radio Access Network
(UTRAN)-defined preamble format.

99. The method of claim 87, wherein the network-defined preamble format is
an only one of plural network-defined preamble formats which is usable in a cell.

100. The method of claim 87, wherein the physical random access channel
(PRACH) received from at least one of the plural devices includes the extended
random access configuration based on the network -defined preamble format, the
network-defined preamble format being an only Evolved Universal Mobile Telephone
System Terrestrial Radio Access Network (UTRAN)-defined preamble format usable
in a cell by the at least one of the plural devices among a plural number of UTRAN-

defined preamble formats.
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101. The method of claim 88, wherein the version index defines one of several
patterns of opportunities on the physical random access channel (PRACH) for a given

density.

102. The method of claim 99, wherein in a time division duplex system the

plural number of network-defined preamble formats is five.

103. The method of claim 99, wherein the extended random access
configuration is a joint coding of the network-defined preamble format and the random

access configuration.

104. A method in a base station of an evolved UMTS Terrestrial Radio
Access Network (E-UTRAN) operating in time divisional duplex (TDD) mode for
transmitting data on a radio channel, comprising:

jointly encoding a preamble format with a first random access configuration
to form an extended random access configuration, wherein the first random access
configuration comprises a combination of a density value of a Physical Random Access
Channel (PRACH) and a version index defining one of several patterns of opportunities
on the PRACH for that density, each preamble format being associated with a plurality
of version indices, each pattern allocating opportunities to different sub-frames of the
PRACH; and

transmitting the extended random access configuration on the radio channel.

105. The method according to claim 104, wherein each preamble format is
associated with a same number of plural version indices.

106. The method according to claim 104, wherein each preamble format is
associated with three version indices.
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107. The method according to claim 104, wherein the extended random access
configuration comprises one of a listing of plural extended random access
configurations, the listing being configured to include reasonable but not all
combinations of preamble format, physical random access channel (PRACH) density

value and version index.

108. The method according to claim 104, further comprising:
receiving an uplink subframe comprising plural physical random access channels
(PRACHSs) multiplexed in frequency on the uplink subframe, the plural PRACHSs being

received from respective plural devices; and

performing a random access procedure with at least one of the plural devices

1009. The method according to claim 104, wherein the extended random

access configuration requires maximum six bits.

110. The method according to any one of claims 104 to 109, wherein the radio

channel comprises a broadcast channel.

111. The method according to any one of claims 104 to 110, further comprising
an initial step of determining the first random access configuration and the preamble

format to use in a cell of the base station.

112. A base station of an evolved UMTS Terrestrial Radio Access Network (E-
UTRAN) arranged to operate in time divisional duplex (TDD) mode, comprising:

a control unit arranged to jointly encode a preamble format with a first random
access configuration, thereby forming an extended random access configuration
wherein the first random access configuration comprises a combination of a density
value of a Physical Random Access Channel (PRACH) and a version index defining
one of several patterns of opportunities on the PRACH for that density, each preamble
format being associated with a plurality of version indices, each pattern allocating

opportunities to different sub-frames of the PRACH, and
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a transmitting arrangement adapted to transmit the extended random access

configuration on a radio channel.

113. The base station according to claim 112, wherein each preamble format is

associated with a same number of plural version indices.

114. The base station according to claim 112, wherein each preamble format s

associated with three version indices.

115. The base station according to claim 112, wherein the extended random
access configuration comprises one of a listing of plural extended random access
configurations, the listing being configured to include reasonable but not all
combinations of preamble format, physical random access channel (PRACH) density

value and version index.

116. The base station according to claim 112, further comprising:

areceiving arrangement adapted to receive an uplink subframe comprising plural
physical random access channels (PRACHS) multiplexed in frequency on the uplink
subframe, the plural PRACHS being received from respective plural devices; and

wherein the control unit is adapted to perform a random access procedure with

at least one of the plural devices.
117. The base station according to claim 112, comprising a receiving
arrangement adapted to receive random access data from a user equipment, wherein

the control unit is arranged to process the random access data.

118. The base station according to any one of claims 112 to 117, wherein the

extended random access configuration requires maximum six bits.

119. The base station according to any one of claims 112 to 118, wherein the
radio channel comprises a broadcast channel.
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120. The base station according to any one of claims 112 to 119, wherein the
control unit is further arranged to determine the first random access configuration and

the preamble format to use in a cell of the base station.

121. A method in a user equipment of an evolved UMTS Terrestrial Radio Access
Network (E-UTRAN) operating in time divisional duplex (TDD) mode for performing a
random access process, comprising:

receiving data containing an extended random access configuration on a
radio channel;

jointly decoding the extended random access configuration thereby
retrieving a preamble format and a first random access configuration, wherein the first
random access configuration comprises a combination of a density value of a Physical
Random Access Channel (PRACH) and a version index defining one of several patterns
of opportunities on the PRACH for that density, each preamble format being associated
with a plurality of version indices, each pattern allocating opportunities to different sub-
frames of the PRACH; and

performing a random access process using the preamble format and the first
random access configuration.

122. The method according to claim 121, wherein each preamble format is

associated with a same number of plural version indices.

123. The method according to claim 121, wherein each preamble format is

associated with three version indices.

124. The method according to claim 121, wherein the extended random access
configuration comprises one of a listing of plural extended random access
configurations, the listing being configured to include reasonable but not all
combinations of preamble format, physical random access channel (PRACH) density

value and version index.

125. The method according to claim 121, further comprising, in the random

access process, transmitting a physical random access channel (PRACH) based on the
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the preamble format and the random access configuration in an uplink subframe
comprising other plural physical random access channels (PRACHSs) multiplexed in
frequency on the uplink subframe, the other plural PRACHs being transmitted from

respective other user equipments.

126. The method according to claim 121, wherein the extended random access

configuration requires maximum six bits.

127. The method according to any one of claims 121 to 126, wherein the data is

received on a broadcast channel.

128. A User Equipment of an evolved UMTS Terrestrial Radio Access Network
(E-UTRAN) arranged to operate in time divisional duplex (TDD) mode, comprising: a
receiving arrangement adapted to receive data comprising an extended random access
configuration on a radio channel from a base station, and a control unit arranged to
jointly decode the extended random access configuration to obtain a preamble format
and a first random access configuration, wherein the first random access configuration
comprises a combination of a density value of a Physical Random Access Channel
(PRACH) and a version index defining one of several patterns of opportunities on the
PRACH for that density, each preamble format being associated with a plurality of
version indices, each pattern allocating opportunities to different sub-frames of the
PRACH, and wherein the control unit is further arranged to use the preamble format

and the random access configuration when performing a random access process.

129. The User Equipment according to claim 128, wherein each preamble format

is associated with a same number of plural version indices.

130. The User Equipment according to claim 128, wherein each preamble format

is associated with three version indices.
131. The User Equipment according to claim 128, wherein the extended random

access configuration comprises one of a listing of plural extended random access

configurations, the listing being configured to include reasonable but not all
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combinations of preamble format, physical random access channel (PRACH) density

value and version index.

132. The User Equipment according to claim 128, wherein the random access
process includes transmitting a physical random access channel (PRACH) based on
the the preamble format and the random access configuration in an uplink subframe
comprising other plural physical random access channels (PRACHs) multiplexed in
frequency on the uplink subframe, the other plural PRACHs being transmitted from

respective other user equipments.

133. The User Equipment according to claim 128, wherein the extended random

access configuration requires maximum six bits.

134. The User Equipment according to any one of claims 128 to 133, further
comprising a transmitting arrangement adapted to transmit a random access request

using the preamble format and the random access configuration.
135. The User Equipment according to any one of claims 128 to 134, wherein

the receiving arrangement is adapted to receive data on a radio channel being a

broadcast channel.
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