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(54) ENHANCED TRANSMISSION OF RANDOM ACCESS SIGNALS

(57) There is provided a method of performing a
RACH procedure to provide a User Equipment UE ac-
cess to a network (3) in a communication system (100),
the network comprising at least one base station, the
RACH procedure comprising at least one step in which
a RACH message is sent from the UE to the base station
on one or more uplink channels, the message comprising
a PRACH preamble transmission, the PRACH preamble
being selected among a number of available preambles,
the PRACH preamble transmission being made within a

set of RACH slots. The method comprises encoding aux-
iliary information in said PRACH occasions and transmit-
ting said auxiliary information to the base station (2), said
auxiliary information being encoded using an outer code
and an additional code determined from the bits of the
PRACH preamble. The auxiliary information may be for
example PUSCH transmission information when the
RACH message comprises a PUSCH transmission or
self-contained information or user data.
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Description

TECHNICAL FIELD

[0001] The disclosure generally relates to digital communications and in particular to device and a method for enhanced
transmission of random access signals.

BACKGROUND

[0002] Many technical challenges have arisen to enable the transition of Mobile communication systems from the 4th
generation (4G) mobile communication system to the future 5th generation (5G) mobile communication systems and
beyond generations. In particular, 5G New Radio (5G NR) technology is being standardized to provide rich, reliable and
hyper-connected communications.
[0003] A communications system forms a network comprising base stations providing radio coverage over a geo-
graphical area forming a cell. The cells serve User equipments (UE) through the base stations. A User equipment can
communicate using base stations. A user equipment transmit data over an air or radio interface to the base stations in
uplink (UL) transmissions and radio base stations transmit data over an air or radio interface to the user equipments in
downlink (DL) transmissions.
[0004] Existing mobile communication systems use multiple-access technologies to support communication with mul-
tiple users by sharing available system resources.
[0005] Examples of such multiple-access technologies include orthogonal multiple access (OMA) techniques such as
time division multiple access (TDMA), frequency division multiple access (FDMA) or code division multiple access
(CDMA) together. OMA schemes provide orthogonal access to the users in time, frequency, code or space. However,
none of these techniques can meet the high demands of future radio access systems.
[0006] Non-orthogonal multiple access (NOMA) technology has been proposed as a candidate radio access technology
for the 5G networks.
[0007] NOMA differs from OMA schemes in that each user operates in the same band and at the same time where
they are distinguished by their power levels. NOMA uses superposition coding at the transmitter such that the successive
interference cancellation (SIC) receiver can separate the users both in the uplink and in the downlink channels.
[0008] Non-orthogonal Multiple Access (NOMA) has been studied for 3GPP Release-15 (3GPP TR 38.812: Study on
Non-Orthogonal Multiple Access (NOMA) for NR V16.0.0," 2018-12) without resulting in a specification. One use case
addressed in this study is the mMTC scenario with massive number of connection and low control signaling overhead
where the UEs transmit in RCC inactive mode (called RRC_INACTIVE state) without a RACH procedure.
[0009] A Random Access (RACH) refers to a procedure where a User Equipment (UE) wants to create an initial
connection with the network. In some networks, like LTE, the RACH procedure is performed in 4 steps (4 step RACH)
using 4 signals transmitted between the UE and the base station.
[0010] A two-step RACH procedure (two step RACH WI) was approved for 3GPP Release 16 (ZTE, "RP-200085
Revised WID on 2-step RACH for NR," 2020) after the failure of specifying a design based on non-orthogonal multiple-
access (NOMA). The two-step RACH procedure (two-step RACH) improves the overall latency of RACH procedure.
[0011] The two-step RACH procedure is performed in 2 steps using only two signals transmitted between the UE and
the base station, including a message transmission (MsgA) from the User Equipment to the base station and a message
reception at the User Equipment from the base station. The message MsgA transmitted from the User Equipment to the
base station include a PRACH preamble transmission and a PUSCH transmission.
[0012] For the transmission of message MsgA, two preamble groups can be defined. Each preamble group is linked
to a specific configuration of the PUSCH transmission of message MsgA (referred to hereinafter as ’MsgA-PUSCH
configuration’).
[0013] The MsgA-PUSCH configuration includes:

- PUSCH transmission parameters; and
- the time-frequency mapping of the PUSCH Occasions (PO).

[0014] According to the conventional two-step RACH WI procedure, the UE directly transmits the message A (MsgA)
which comprises the PRACH preamble and the PUSCH transmission, without for the base station to allocate PUSCH
resources after the PRACH preamble reception.
[0015] With both UL and DL-oriented small data traffic, the requirements of the different packets may vary significantly
so that PUSCH configuration information are needed to configure the PUSCH carrying this traffic.
[0016] An existing method specified in Rel-16 RAN1 standardization work on 2-step RACH, uses a signaling through
preamble index, which reduces the preamble resource pool. According to this approach, the preamble pool can be
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separated into 2 sets, each of them being associated with a different PUSCH configuration. However, only two PUSCH
configurations can be used.
[0017] Another approach relies on transmitting control information within MsgA that is separately decoded, and contains
the necessary information to decode the PUSCH.
[0018] Therefore, existing RACH procedures only provide two possible MsgA PUSCH semi-statically configured con-
figurations so that the PUSCH channel is not adapted to the different kinds of traffic (for example in terms of payload
size, QoS requirements, etc).
[0019] There is accordingly a need for improvements in the RACH procedure.

Summary of the disclosure

[0020] To address these and other problems, there is provided a method of performing a RACH procedure to provide
a User Equipement (UE) access to a network in a communication system , the network comprising at least one base
station, the RACH procedure comprising at least one step in which a RACH message MsgA is sent from the UE to the
base station on one or more uplink channels, the message comprising a PRACH preamble transmission, the PRACH
preamble being selected among a number of available preambles, the PRACH preamble transmission being made within
a set of RACH slots, a RACH slot comprising a number of RACH occasions, the PRACH preamble being sent using a
PRACH occasion corresponding to a time-frequency resource. Advantageously, the method comprises encoding auxiliary
information in the PRACH occasions and transmitting the auxiliary information to the base station , the auxiliary information
being encoded using an outer code and an additional code determined from the bits of the PRACH preamble.
[0021] In some embodiments, the number of PRACH occasions being N, the encoding of the auxiliary information
comprises:

- splitting an input message m comprising B channel bits into a first component comprising Bv bits corresponding to
the PRACH preamble bits and a second component comprising Bh bits corresponding to the auxiliary information
bits, such that B = Bv + Bh;

- generating a vertical code from the first component of Bv bits;
- generating a horizontal code from the second component of Bh bits, which provides the outer code;
- combining the vertical code with the horizontal code which provides the encoded auxiliary information rvm(n) in

PRACH occasion n.

[0022] In one embodiment, the horizontal bits are such that 2Bv is equal to the number of available preambles.
[0023] The combining step may comprise determining the encoded auxiliary information as the product of the vertical
code and the horizontal code or as the product of the vertical code, a phasor term and the horizontal code.
[0024] In one embodiment, if the number Bh is inferior or equal to log2 N, an orthogonal encoding scheme may be
used to generate the outer code W from the horizontal component, the PRACH preamble constituting the vertical code
generated from the Bv bits.
[0025] In one embodiment, the orthogonal encoding scheme may consist in determining the outer code W as a discrete
Fourier transform (DFT) matrix of size N, and the codewords wm of the outercode W being the rows or the columns of
the DFT matrix, such that m = 0,1, ... , 2Bh-1.
[0026] Alternatively, if the number of bits Bh is superior to log2 N, the outer code may be generated using a non-
coherent linear code.
[0027] In particular, the outer code may be chosen as a codeword am2-B

vÌ from a (N,Bh) linear error correcting code,
having a length N and a rank (Bh), the linear error correcting code being represented by a generator matrix G(Bh,N)
given in the form: 

[0028] In some embodiments, the vertical code may be generated as a Zadoff-Chu sequence for the preamble v, and
wherein the combining step is performed according to the following Equation: 

wmn being the nth component of codeword wm of the outer code W, rv denoting the Zadoff-Chu sequence generated for
the preamble v transmitted in all PRACH occasions and rvm(n) designates the encoded auxiliary information m transmitted
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in PRACH occasion n.
[0029] In one embodiment, the random access preamble may be identified based on information on a number of
synchronization signal blocks (SSBs) per RACH occasion, and the outer code may be applied to time-consecutive RACH
occasions per frequency resource per synchronization signal blocks SSB.
[0030] In some cases, the PRACH preamble may be a short PRACH preamble having a format derived from a PRACH
format (A0) deprived of repetitions, specifying a duration of one modulation symbol or a non-integer number of modulation
symbols, a CP length related to the time sample, and a sequence length depending on the time sample.
[0031] In some embodiments, the random access preamble may be identified based on information on a number of
synchronization signal blocks (SSBs) per RACH occasion, a mapping being defined between a sync signal block (SSB),
the mapping comprising a:

- RRC parameter specifying the number of time-consecutive RACH Occasions for transmission of the PRACH pre-
amble per SSB, and/or

- another RRC parameter having integer value inferior or equal to the total number of consecutive ROs per SSB and
defining the number of RACH Occasions per SSB for the PRACH preamble transmission, and/or

- a further RRC parameter indicating the number of PRACH preambles per SSB reserved for the transmission of the
PRACH preamble among a total number of available preambles.

[0032] In some embodiments, only a subset of the total number of the PRACH slots may be used for the PRACH
preamble transmissions.
[0033] The outer code may be applied on consecutive RACH Occasions in time and repeated in frequency domain.
[0034] The PRACH transmission may use Frequency Division Multiplexing (FDM), the PRACH preamble being re-
peated on the available frequency resources, with a same or different encoding on each resource, or the PRACH
preamble being transmitted on a single frequency resource.
[0035] In some embodiments, the auxiliary information may comprise at least a part of user data and/or of user
information and/or of control information related to subsequent PUSCH transmissions.
[0036] In some embodiments, the RACH message may be configured to transmit user data comprising D bits, the
auxiliary information comprising B bits, and:

- if D<=B, the auxiliary information comprise the D bits;
- if D>B, the RACH message further comprises a PUSCH data transmission, the PRACH preamble and the PUSCH

data transmission being sent in a different time slot, and the auxiliary information comprises only a part of the user
data bits comprising Dp bits, the remaining bits Du of the user data being transmitted in the PUSCH transmission.

[0037] In some embodiments, the RACH message may further comprise a PUSCH transmission, the PRACH preamble
and the PUSCH transmission being sent in a different time slot, and the encoded auxiliary information may comprise
PUSCH transmission parameters of the PUSCH transmission. The auxiliary information may be used by the base station
to decode the PUSCH transmission.
[0038] The PUSCH transmission parameters of the PUSCH transmission may comprise at least one PUSCH trans-
mission parameters among a MCS parameter, a Time-frequency resources parameter, a PUSCH Mapping Type pa-
rameter, a DMRS configuration parameter, a Redundancy Version parameter, and Repetition parameter.
[0039] The PUSCH transmission parameters may be stored in at least one data structure comprising entries, each
entry corresponding to an index, the index to the data structure entry being comprised in the auxiliary information.
[0040] In one embodiment, the auxiliary information may comprise repetition mode information indicating whether
repetition is used for the PUSCH transmission and/or information about the type of PUSCH Transmission.
[0041] In one embodiment, the auxiliary information may comprise a number of extension bits extending the PRACH
preamble capacity.
[0042] There is further provided a user Terminal configured to performing a RACH procedure to access to a network
in a communication system, the network comprising at least one base station, the RACH procedure comprising at least
one step in which a RACH message MsgA is sent from the user terminal to the base station on one or more uplink
channels, the message comprising a PRACH preamble transmission, the PRACH preamble transmission being made
within a set of RACH slots, a RACH slot comprising a number of RACH occasions, the PRACH preamble being sent
using a PRACH occasion corresponding to a time-frequency resource. The user terminal comprises an encoding unit
configured to encode auxiliary information in the PRACH occasions and transmit the encoded auxiliary information to
the base station, the auxiliary information being encoded using an outer code and an additional code determined from
the bits of the PRACH preamble.
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Brief description of the drawings

[0043] The accompanying drawings, which are incorporated in and constitute a part of this specification, illustrate
various embodiments of the disclosure together with the general description of the disclosure given above, and the
detailed description of the embodiments given below.

Figure 1 schematically represents an exemplary communication system in which embodiments of the present dis-
closure may be implemented.

Figure 2A is a flowchart representing a method of performing a RACH procedure according to embodiments of the
invention.

Figure 2B represents the basic format of a PRACH preamble sent by a UE to the base station gNB over the PRACH
channel.

Figure 3 shows exemplary PRACH formats that may be used in some embodiments of the invention.

Figure 4 shows an example of PRACH format with a horizontal code.

Figure 5A is a diagram schematically representing a User Equipment according to some embodiments.

Figure 5B is a block diagram representing the outer code generator according to an embodiment in which the outer
code is generated as an outer code using a generator matrix.

Figure 6 depicts a PRACH format A0 without repetition, according to some embodiments.

Figure 7 depicts an exemplary PRACH format A0 without repetition, according to an embodiment.

Figure 8 shows a mixed configuration with a conventional PRACH format C0 and a PRACH format A0, according
to an embodiment.

Figure 9 shows an exemplary RACH configuration in spectrum range FR1 where one beam SSB is associated with
8 RACH Occasions and where all K preambles are available per RO.

Figure 10 depicts a RACH configuration in FR1 with 4 beams SSBs.

Figure 11 represents another exemplary RACH configuration in which the RACH Occasions are frequency multi-
plexed with two frequency locations and 2 beams.

Figure 12 represents another example of a RACH configuration, in which 32 preambles are allocated per SSB and
using 2 beams sharing the same RO.

Figure 13 represents another exemplary RACH configuration using two beams, one of the two beams being asso-
ciated to 8 ROs in a FDM setting.

Figure 14 shows a time/frequency diagram showing an example of PRACH and MsgA PUSCH resource allocation
with dynamically configurable PUSCH transmission parameters, according to some embodiments.

Detailed description

[0044] Referring to Figure 1, there is shown an exemplary communication system 100 in which embodiments of the
present disclosure may be implemented.
[0045] The communication system 100 comprises a mobile communication network 3, one or more user terminals 1
(also referred to as User Equipments UEs, according to 3GPP standard), and one or more base stations 2 (also referred
to as a Node, designated by a derivative of the term ’NodeB’ such as gNodeB node or gNB in 5G NR). The User terminals
1 will be referred to hereinafter as User Equipments. The base station 2 is associated with a cell defining a geographical
cell area. The cell associated with the base station 2 is served by the base station.
[0046] The communication system 100 may be for example a wireless communication system such as a new radio
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(NR), a 5G and beyond 5G network.
[0047] Although reference will be mainly made to 3GPP network in the following description, the skilled person will
readily understand that the embodiments of the disclosure also apply to similar or equivalent networks, such as a
successor of the 3GPP network. In the following description, enclosed drawings and appended claims, the use of the
term 3GPP and terms related to the 3GPP network should be interpreted accordingly. Similarly, although reference will
be made to 5G NR, for illustration purpose, such reference should be interpreted as encompassing any future xG network
(6G and beyond) having similar functional components.
[0048] A user equipment UE 1 is configured to transmit data to a base station 2 (such as a gNB node) on one or more
uplink (UL) channels. The User Equipment 1 may receive data from the base station through one or more downlink
channels (DL).
[0049] A user equipment 1 may be fixed or mobile and/or may be remotely monitored and/or controlled. A user
equipment 1 may be equipped with power sources that provide power to the different components ensuring the UE
operation. A User Equipment 1 may be, without limitation, a mobile phone, a computer, a laptop, a tablet, a drone, an
loT device, etc.
[0050] The communication network 3 may be any wireless network enabling loT. Exemplary wireless networks comprise
low-power short range networks and LPWANs.
[0051] Further, the communication network 3 may accommodate several pairs of user equipments 1. In such embod-
iments, multiple access techniques and/or network coding techniques may be used in combination with error correction
codes and modulation. Exemplary multiple access techniques comprise without limitation Time Division Multiple Access
(TDMA), Frequency Division Multiple Access (FDMA), Code Division Multiple Access (CDMA), and Space Division
Multiple Access (SDMA), and Non-Orthogonal Multiple Access (NOMA) technology.
[0052] In some embodiments, data transmission between a UE 1 and a base station 2 in the communication system
100 may correspond to an uplink communication scenario during which the base station 2 receives data from the UE 1
through the uplink channels (the transmitter is the UE 1 and the receiver is the base station 2) or a downlink communication
scenario during which the base station 2 transmit data to the UE 1 through the downlink channels (the transmitter is the
base station 2 and the receiver is the UE 1).
[0053] The UEs 1 and/or the base stations 2 may be equipped with a plurality of transmit and/or receive antennas,
and may implement space-time coding and/or space-time decoding techniques may be used in combination with coded
modulations for encoding data both in the time and space dimensions.
[0054] A UE 1 may communicate with a base station 2 using a RRC mechanism (RCC is the acronym for Radio
Resource Control).
[0055] Radio Resource Control (RRC) refers to a layer within the 5G NR protocol stack. The RRC mechanism exists
only in the control plane, in a UE 1 and in the base station 2 (gNB).
[0056] A UE 1 and a base station 2 may communicate through the communication network 3, via the radio channel
using the RRC control mechanism. RRC enables both parties (UE and base station) of a communication to exchange
information. Further, the RRC operates within each communicating party (e.g. UE 1 and base station 2) as a control
center for all of the lower layers within each system, the lower layers within the UE or the base station representing
’Radio Resources’, that is resources required to enable radio communication. The RRC is configured to control all these
Radio Resources (for example PHY, MAC, RLC, etc) by configuring them to enable communication between UE and
the base station (for example gNB).
[0057] The behaviour and functions of RRC are defined by the current state of RRC.
[0058] For example in 5G NR, the RRC defines three states (or modes):

- A RRC Idle state (or idle mode) called RRC_IDLE state,
- A RRC connected state (or connected mode) called RRC_CONNECTED state, and
- A RRC inactive state (or inactive mode) called RRC_INACTIVE state.

[0059] The ’RRC INACTIVE’ state is a state introduced in NR.
[0060] For each RRC state, applicable functions are defined according the 3GPP NR standard. Further, the state
transitions between two RRC states are defined by state transitions conditions. The state transitions condition may be
represented by a state machine.
[0061] The UE 1 may be in RRC idle state, after power up.
[0062] When a UE 1 wants to connect for outgoing data, calls or SMS (Short Messaging Service), the UE 1 establishes
connection with the network using an initial access via RRC connection establishment procedure.
[0063] As used herein, ’initial access’ refers to a process between the UE 1 and the base station gNB(Network) 2 in
order for UE to acquire Uplink Synchronization and obtain specified ID for the radio access communication, through the
RACH procedure. The uplink synchronization refers to a process enable the UE 1 to determine the exact timing when
it should send the uplink data (e.g. PUSCH data). As a base station 2 (gNB) may serve multiple UEs 1 and the commu-
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nication system 100 has to ensure that the uplink signal from each UE 1 be aligned with a common timer of the network,
this may involve adjusting the UE uplink timing through the RACH procedure.
[0064] Synchronization may be implemented by creating a predefined signal called Sync Signal, by putting the Sync
Signal into a specific modulation symbol in a specific subframe and transmitting it. The synchronisation signals therefore
comprises modulation symbols (for example OFDM symbols). A UE 1 may be configured to detect the exact timing from
decoding the sync signal.
[0065] The synchronization signals may be multiplexed, using multiplexing such as frequency division multiplexing
FDM or time division multiplexing TDM with other channels.
[0066] The UE 1 already has or can derive the sync signal so that it can search and detect the data from the stream
of data reaching the UE 1. The sync signal being located in the predefined location in time, the UE 1 can detect the
exact timing from the decoded sync signal.
[0067] Once the RRC connection is established, the UE is in RRC_CONNECTED state.
[0068] In an application of the disclosure to a 5G NR communication system 100, the UE 1 may be in the
RRC_CONNECTED state when an RRC connection has been established or in the RRC_INACTIVE state when the
RRC connection is suspended. Otherwise (if no RRC connection is established), the UE 1 is in RRC_IDLE state.
[0069] The UE 1 may share a random-access channel (RACH) to access the network for communications.
[0070] For example, the RACH may be used to setup calls, to access the network for data transmissions, for initial
access to a network when the UE transitions from the RRC connected state (RRC_CONNECTED) to the RRC inactive
state (RRC_INACTIVE state), or for handover.
[0071] UEs in RRC_INACTIVE state may transition into RRC_CONNECTED mode using a RRC resume procedure
to transmit user-plane data. This transition may require to complete the RACH procedure.
[0072] RACH may be used for downlink (DL) and/or uplink (UL) data arrival when the UE device 1 is in RRC idle state
(RRC_IDLE) or in the RRC inactive state (RRC_INACTIVE), or transitions to the RRC connected state
(RRC_CONNECTED).
[0073] The Random Access (RACH) procedure refers to the procedure where the User Equipment (UE) 1 requires
the creation of an initial connection with a network 3 using the RACH channel.
[0074] Once the RACH procedure is completed, the UE 1 may move to the connected state (RRC_CONNECTED state).
[0075] In an application of the disclosure to 5G NR, the RACH procedure may be implemented to:

- initial access from RRC_IDLE;
- RRC Connection Re-establishment procedure;
- handover;
- DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
- transition from RRC_INACTIVE;
- to establish time alignment at SCell addition;
- request for Other Synchronization Information; or
- beam failure recovery.

[0076] The RACH procedure (also ’called Random Access process’) may be performed in 4 steps (4-step RACH
procedure).
[0077] The four step RACH procedure comprises exchange of 4 signals. In a first step (step 1), the UE 1 sends a
Random Access Preamble Transmission in a message Msg1 to the base station 2 to transmit the RACH preamble on
a determined PRACH time-frequency resource to an appropriate beam of the base station 2. In a second step (step 2),
the base station 2 sends to the UE 1 a Random Access Response in a second message Msg2 (RA response over the
PDSCH channel), the random access response comprising parameters such as the random access preamble identifier,
timing alignment information, initial uplink grant and a temporary cell radio network temporary identifier (C-RNTI). In a
third step (step 3), the UE 1 sends a Scheduled UL Transmission in a third message Msg3, comprising uplink scheduling
information, over the PUSCH channel. In a fourth step (step 4), the base station 2 sends to the UE 1 Contention Resolution
in a fourth message Msg4.
[0078] Alternatively, the RACH procedure may be performed in 2 steps (2-step RACH procedure) using 2 signals
exchanged between the UE and the base station (gNB), for example in a 5G NR network.
[0079] The 2-step RACH is applied to RRC_inactive and RRC-connected and RRC-IDLE states.
[0080] The RACH channel structure comprises a RACH preamble and data.
[0081] According to the 2-step RACH procedure, in a first step (step 1) a first message MsgA may be sent from the
UE 1 to the base station 2 on the physical random access channel (PRACH).
[0082] According to the two-step RACH procedure, a first message MsgA is sent from the UE to the base station on
a physical random access channel (PRACH). The message MsgA may include a RACH preamble for random access
and a demodulation reference signal (RS) for RACH payload demodulation. eMSG1 may also include a RACH message
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containing the UE-ID and other signaling information (e.g., buffer status report (BSR)) or scheduling request (SR).
[0083] In a second step (step 2), the base station 2 responds with a random access response (RAR) message MsgB
which may include the ID of the RACH preamble, a timing advance (TA), a back off indicator, a contention resolution
messages, UL/DL grant, and a transmit power control (TPC) commands.
[0084] The following description of some embodiments of the invention will be made with reference to the 2-step RACH
procedure for illustration purpose, although the invention applies to any similar RACH process such as 4-step RACH
procedure comprising steps equivalent to step 1 of the 2-step RACH procedure. Indeed, step 1 of the 2-step RACH
procedure is equivalent to step 1 and step 3 of the 4-step RACH procedure and step 2 of the 2-step RACH procedure
is equivalent to step 2 and step 4 of the 4-step RACH procedure.

- the two-step RACH procedure comprises:
- transmitting a message MsgA from the UE1 to the base station 2; and
- transmission of a message MsgB from the base station 2 to the UE1.

[0085] The message MsgA comprises:

- a PRACH Preamble Transmission; and
- a PUSCH Transmission.

[0086] The transmission of the PRACH preamble by the UE 1 to the base station 2 comprises a Preamble Selection
and a Preamble transmission (similarly to the 4-Step RACH procedure).
[0087] The PRACH preamble selection comprises selecting a preamble among a number K of available preambles
(for example K=64 in 5G NR).
[0088] In response to the msgA transmission, UE expects a Response from the base station 2 comprising the MsgB
information.
[0089] According to the conventional two-step RACH procedure, the UE directly transmits the message MsgA which
comprises the PRACH preamble and the PUSCH transmission, without for the base station gNB to allocate PUSCH
resources after the PRACH preamble reception.
[0090] This reduces the initial access time, which represents the time required for the UE to transition into a
RRC_CONNECTED state.
[0091] In some cases, if the UE is in RRC_CONNECTED state, it may use pre-configured resources to transmit data,
such as for example configured grant type resources. In some cases (for example according to the two-step RACH WI
procedure specification in 3GPP Release 17), the UE 1 may not be required to be in the RRC_CONNECTED state to
enable User-plane data transmission in MsgA, on small data transmission (SDT). In some applications of the invention,
Small Data Transmission (SDT) is only allowed in RRC_INACTIVE.
[0092] The PRACH Preamble corresponds to a specific pattern (also called "Signature").
[0093] The selection of a PRACH preamble by the UE1, for the PRACH preamble transmission, may comprise selecting
one of the PRACH preambles among the total number K of available preambles (for example K=64). This selection may
be performed randomly.
[0094] The PRACH preamble and the PUSCH transmission may not be transmitted in the same slot. The minimum
time gap between the PRACH preamble and the PUSCH transmission may be set to a number of symbols for a given
frequency range of Subcarrier Spacing (SCS), such as for example 2 or 4 symbols for 15/30kHz SCS and 60/120kHz
SCS, respectively.
[0095] PRACH Preamble transmission may be made within a configurable subset of RACH slots that repeats itself
every RACH configuration period, within a cell. The amount of resources for the PRACH is configurable. The resources
for PRACH may be set in time and frequency. The time part of the PRACH resources indicates how often it is occurring
in UL and the frequency part of the PRACH resources indicates how wide the resources are.
[0096] A RACH periodicity indicates how often the resources pattern with resources is repeated (RACH Slot).
[0097] Each RACH Slot comprises a number of RACH occasions.
[0098] A RACH Occasion (RO) refers to an area specified in time and frequency domain that are available for the
reception of RACH preamble, and indicates how many different resources there are for each RACH slot. Therefore,
within each RACH Slot, there may be a number of RACH occasions which indicates how many different resources there
are for the RACH slot.
[0099] A PRACH Occasion specifies when to send PRACH. In NR, the time and frequency resource on which a PRACH
preamble is transmitted is defined as a PRACH occasion.
[0100] A PUSCH Occasion (PO) associated with a PUSCH transmission is defined by a frequency resource and a
time resource and is associated with a DMRS resource (DRMS stands for ’DeModulation Reference Signal’). A PUSCH
occasion therefore provides time and frequency resources where a UE can send PUSCH in the PUSCH transmission.
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[0101] Each PRACH preamble is mapped to a specific PO, in frequency then DMRS and time domain.
[0102] By detecting the RACH preambles, the base station gNB can therefore identify exactly which PO to decode.
[0103] The PRACH preamble may be used to perform:

- time-frequency synchronization; and/or
- PUSCH resource identification.

[0104] The message MsgA comprises a message payload having a payload size. The message payload in PUSCH
may depend on the event (’triggering event’) that triggered the RACH procedure. The triggering event may be for example
an initial access, a handover, a RRC resume request, etc. The payload size may be for example equal to 56 bits or 72
bits. Larger payloads may be used for the small data transmission (SDT) use case.
[0105] In 3GPP Release 17, Small Data Transmission (SDT) WI was approved and is driven by radio layer RAN2
(RAN stands for Radio Access Network) to reduce the latency for transmission of small packets if the UE is in a
RRC_INACTIVE state.
[0106] Existing 2-step RACH procedures provide only 2 MsgA PUSCH configurations so that the PUSCH channel is
not well adapted to the different kinds of traffic (for example in terms of payload size, QoS requirements, etc.).
[0107] Embodiments of the present disclosure provide a UE 1 and a method implemented in a UE1 to perform a
enhanced RACH procedure.
[0108] Figure 2A is a flowchart representing a method of performing a RACH procedure to provide the UE 1 access
to the network 3 according to embodiments of the invention. Figure 2A specifically shows the first step (Step 1) of the
2-step RACH procedure corresponding to message MsgA (this alternatively applies to the equivalent steps Step 1 and
Step 3 of the 4-step RACH procedure or to any equivalent RACH procedure comprising at least one step in which at
least one RACH message (MsgA for 2-step RACH procedure) is sent from the UE 1 to the base station 2 on one or
more uplink channels, the at least one message (MsgA for 2-step RACH procedure) comprising a PRACH preamble
transmission. The message Msg1 may comprise a PUSCH data transmission sent in a different time slot. The PRACH
preamble is selected among a number of K available preambles. The PRACH preamble transmission is made within a
set of RACH slots, a RACH slot comprising a number of RACH occasions. The PRACH preamble is sent using a PRACH
occasion corresponding to a time-frequency resource.
[0109] According to the embodiments of the invention, the method comprises encoding auxiliary information in said
PRACH occasions in step 200, and transmitting 202 said auxiliary information to the base station 2, the auxiliary infor-
mation being encoded using an outer code W and an additional code determined from the bits of the PRACH preamble.
[0110] The auxiliary information may comprise for example PUSCH transmission information when the RACH message
(MsgA) comprises a PUSCH transmission or self-contained information.
[0111] In some embodiments the encoded auxiliary information may by encoded PUSCH configuration information
related to the subsequent PUSCH transmission. Such PUSCH configuration auxiliary information may thus be used to
dynamically control parameters of the subsequent PUSCH transmission forming part of message MsgA. The encoded
auxiliary information transmitted on the PRACH occasions may for example enable to dynamically adapt the transmission
parameters to the individual channel or traffic type, for example by dynamically varying the Modulation and Coding
Scheme (MCS).
[0112] This obviates the need for separating the preamble pool into two sets each associated with a respective semi-
static PUSCH configuration. In contrast, according to the embodiment of the invention, the preamble pool remains
unchanged and the PUSCH configuration parameters are signaled via an outer code encoding the PUSCH configuration
information (auxiliary information) onto the PRACH occasions (PO).
[0113] The embodiments of the disclosure thereby enable encoding auxiliary information in the PRACH preamble
transmission, in any PRACH preamble formats, such as existing or future PRACH formats.
[0114] Figure 2B represents the basic format of a PRACH preamble sent by the UE 1 to the base station gNB 2 over
the PRACH channel (for example to obtain the UL synchronization). The PRACH preamble comprises two parts:

- cyclic prefix (CP), and

- a Preamble Sequence with may be repeated using a number of sequence repetitions.

[0115] A number K of preambles is defined in each time-frequency PRACH occasion (PO). In 5G NR, K=64 for example.
[0116] The PRACH preamble sequence corresponds to a Sequence duration.
[0117] In addition, the PRACH configuration includes a parameter specifying the number of PRACH occasions within
a slot, i.e. multiple occasions of the basic PRACH format. Figure 3 shows various exemplary PRACH formats for example,
format A1 is configured with 6 occasions.
[0118] The PRACH Preamble sequence may be generated based on the Zadoff Chu based sequence. Zadoff-Chu
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(ZC) sequences enable encoding up to a number of K RACH preambles (e.g. in 5G NR, K=64), through a combination
of different cyclic shifts and roots.
[0119] The generation of a PRACH Preamble sequence based on the Zadoff Chu based sequence may comprise:

- generating a base Zadoff Chu Sequence;
- performing cyclic shift which comprises applying cyclic shift to the generated base Zadoff Chu Sequence by a term,

which provides an intermediary sequence. Several other intermediary sequences may be generated from the base
Zadoff Chu Sequence by applying cyclic shifting;

- spreading the generated intermediary sequence over frequency domain, which provides a RACH preamble sequence
by applying IFFT (Inverse fast Fourier transform).

[0120] The PRACH preamble sequence may for example corresponds to one or multiple RACH sequence repetitions
of the base length 139-ZC sequence.
[0121] A length-139 ZC sequence can encode up to 138 PRACH sequences. If only every second cyclic shift is used,
64 preambles may be encoded with a single root, i.e. 6 bits.
[0122] The PRACH preamble sequences may be long, for example of length 839 symbols, or short, for example of
length 139 symbols.
[0123] The preamble may have different PRACH formats.
[0124] For long PRACH preambles, several PRACH preamble formats are defined with one or more PRACH OFDM
symbols and different cyclic prefix and guard time values.
[0125] For short PRACH preambles, a number of PRACH preamble formats are also defined, such formats defining
the number of repetitions of the preamble sequences associated with the format in a RACH occasion (indicating that
the preamble sequence is repeated after every L OFDM symbols).
[0126] For example, in 5G NR, 13 types of preamble formats are supported called Format 0, Format 1, Format 2,
Format 3, Format A1, Format A2, Format A3, Format B1, Format B2, Format B3, Format B4, Format C0, and Format
C1. These 13 types of preamble format are grouped in the two categories:

- long Preamble;
- short Preamble.

[0127] The long PRACH preambles are associated with the 4 different formats 0,1,2,3 whereas the short PRACH
preambles are associated with the 9 formats A1, A2, A3, B1, B2, B3, B4, C0, C2.
[0128] Differences in the time domain of different preamble formats include different CP length, Sequence Length,
GP length and/or number of repetitions.
[0129] Short preamble formats of types A and B are identical except that B formats have shorter cyclic prefix.
[0130] In some applications of the disclosure (for example in 5G NR), mixed formats mixing formats A" and "B" may
be used such as for example A1/B1, or A2/B2.
[0131] Short preambles may be particularly suitable for indoor deployment scenarios and small/medium cells.
[0132] For short PRACH preambles, there may be multiple RACH occasions (RO) in the frequency domain and in the
time domain within a single RACH slot.
[0133] According to embodiments of the disclosure, the Auxiliary information AUX_INFO may be encoded through
the RO occasions.
[0134] For example for short preambles, PUSCH configuration information may be encoded through the ROs (RACH
occasions) of short formats, which are configured within a slot.
[0135] The following description of some embodiments of the disclosure will be made with reference to such embod-
iments in which Auxiliary information AUX_INFO is encoded through the RO occasions of short formats, for illustration
purpose only and to facilitate the understanding of the following embodiments of the invention. However, the invention
similarly applies to long preamble formats.
[0136] A short PRACH preamble occupies K resource blocks in the frequency domain (K=12 in 5NR).
[0137] Short preambles formats may be designed such that the last part of each OFDM symbol acts as a CP for the
next OFDM symbol. Further, the length of a preamble OFDM symbol may be equal to the length of data OFDM symbols.
[0138] Each short PRACH preamble may comprise multiple shorter OFDM symbols.
[0139] With the use of short PRACH preambles, a same PRACH preamble may be received with different beams at
the base station (e.g. gNB) 2.
[0140] Figure 4 shows an example of PRACH format A1 with a horizontal code.
[0141] As shown in the example of figure 4, format A1 is configured with 6 PRACH occasions, each corresponding to
2 symbols wi.
[0142] Figure 5A is a diagram schematically representing a User Equipment 1 according to some embodiments.
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[0143] As shown in Figure 5A, the User equipment 1 comprises an encoder 101 configured to encode the auxiliary
information AUX_INFO onto the PRACH occasions.
[0144] The encoder 101 may comprises a codeword generator 1012 configured to select a codeword wm = [wm0,
wm1, ..., wmN-1] for message m from a code W = {w0, w1, ..., wM-1} where m is the auxiliary information, N is the number
of PRACH occasions, m is the message index, m = 0,1, ..., 2B-1, wmn, n = 0,1, ..., N - 1 is a complex number, M = 2B

and B is the number of bits of the message m.
[0145] In some cases, in particular in the context of small data transmission (SDT), user data comprising D bits can
be transmitted in the PUSCH transmission of the RACH message, for example msgA of the 2-step RACH procedure,
where the message transmission (e.g. msgA) comprises a preamble transmission and a PUSCH transmission. The
preamble consists of at most K different sequences. In a 3GPP application, the preamble consists of at most 64 different
sequences, i.e. B = 6 bits.
[0146] In such application, the invention enables using a preamble that can encode B>6 bits.
[0147] According to the embodiments of the invention, the B bits of information can be utilized to encode:

- user identification;
- control information for the subsequent PUSCH transmission;
- user data.

[0148] If all of the user data D can be encoded in the preamble, i.e. D≤B, a subsequent PUSCH transmission is not
necessary and only the enhanced preamble is transmitted (ie. the transmission is self-contained).
[0149] If D>B, part of the data D can be transmitted in the (enhanced) preamble. The number of user data bits D may
be defined by D = Dp + Du, where Dp are the bits transmitted in the preamble (Dp<=B) and Du are the bits transmitted
in the PUSCH. Advantageously, the bits Dp enjoy higher error protection than the Du bits.
[0150] In some embodiments, the encoding unit 101 may also comprise a splitter 1010 configured to split the B channel
bits into the two components using a set of splitting parameters. The two components include a first component BV
(vertical component) comprising Bv bits which are encoded in a vertical domain (e.g. frequency) and a second component
BH (horizontal component) comprising Bh bits encoded in a horizontal domain (e.g. time), where B = Bv + Bh. The vertical
bits Bv are such that 2Bv = K total number of available preambles used. B therefore corresponds to the number of total
bits in vertical and horizontal domains.
[0151] The vertical bits Bv correspond to the preamble c while the horizontal bits correspond to the auxiliary information
bits and are used to generate the outer code.
[0152] The partition of the B channel bits enables providing two levels of error protection as the decoding process for
the Bv bits has a lower error probability than the decoding process of the Bh bits.
[0153] To facilitate the understanding of the disclosure, the following description of some embodiments of the disclosure
will be made with an application of the disclosure to the 3GPP network, for illustration purpose. Therefore, it will be
considered that Bv = 6, which corresponds to the legacy 26 = 64 preambles (K=64) used which are defined in the 3GPP
standard. However, the skilled person will readily understand that the disclosure is not limited to Bv = 6 and encompasses
any value of Bv. In particular, the preamble sequences may be augmented/extended to encode more information in
frequency domain, such that Bv > 6.
[0154] The horizontal code BH, also referred to as the ’outer code’ hereinafter, may be either orthogonal or non-
orthogonal depending on the number of PRACH occasions N.
[0155] The outer code generator 1012 corresponds to an horizontal code generator configured to generate a horizontal
code W (referred to as the ’outer code’) from the second component of Bh bits and a vertical code generator 1013
configured to generate a vertical code from the first component of Bv bits.
[0156] The UE 1 comprises one or more modulators adapted to apply a single carrier or multi-carrier modulation to
the sequences transmitted from the UE1 to the base station 2, which provide modulation symbols grouped into resource
blocks, each resource block comprising resource elements. The vertical code corresponds to a vertical dimension
representing the resource elements (for example frequency dimension) and the horizontal code corresponds to a hori-
zontal dimension representing time dimension or modulation symbols.
[0157] The vertical code generator 1013 is configured to map the Bv bits into the vertical code corresponding to the
preamble v.
[0158] The horizontal code (outer code) generator 1012 is configured to map the Bh bits of into the horizontal code
(outer code) corresponding to the encoded auxiliary information.
[0159] The vertical code generator 1013 may be configured to generate the vertical code rv as a Zadoff-Chu sequence
(for example length-139 Zadoff-Chu sequence) for the preamble v transmitted in all PRACH occasions.
[0160] The outer code generator 1012 configured to generate the outer code W depending on a condition related to
the Bh bits.
[0161] The encoding unit 101 may further comprise a combiner 1014 configured to combine the vertical code rv,
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provided by the vertical code generator 1013, with the horizontal code W provided by the outer code generator 1012,
in the PRACH occasion n, which provides a combined code sequence corresponding to the encoded Auxiliary information
AUX_INFO.
[0162] The code rv represents the coded sequence transmitted in the frequency domain. At least a part of the code
rv may correspond to the PRACH preamble.
[0163] The combined code sequence may be determined by combining the vertical code rv corresponding to the
preamble and the horizontal code W corresponding to the auxiliary information.
[0164] In particular, in one embodiment, the combined code sequence may be the product of the vertical code rv and
of the horizontal code W.
[0165] In one embodiment, the combiner 1014 may determine the encoded auxiliary information m as the sequence
rvm(n) transmitted in PRACH occasion n defined according to Equation (1): 

[0166] In Equation (1), wmn is the nth entry (or component) of codeword wm, rv denotes the Zadoff-Chu sequence (for
example length-139 Zadoff-Chu sequence) for preamble v transmitted in all PRACH occasions which constitutes the
vertical code, and rvm(n) designates the sequence transmitted in PRACH occasion n corresponding to message m.
[0167] Alternatively, the combined sequence rv may be the product of the vertical code rv, of a phasor term, and of
the horizontal code W.
[0168] In one embodiment, the phasor term may be equal to ejβkmod2.
[0169] In such embodiment, the sequence rvm(n) transmitted in PRACH occasion n is defined according to Equation (2): 

[0170] k is the kth element of vector rv In Equation (2), β may be chosen to minimize the Peak-to-Average Power Ratio
(PAPR) and depends on the modulation chosen for the vertical code. For example for a QPSK modulation, β = π/4. This
ensures that the "even" dimensions are the original constellation and the "odd" dimensions be rotated. This further
ensures that the trajectory between the two dimensions (in time) can never cross the origin. The phasor ejβkmod2 enables
avoiding zero-crossings.
[0171] It should be noted that in some embodiments, the phasor term can be omitted. The phasor term may be used
in embodiments where it is needed to limit peak-to-average power ratio when applied on the time-domain signal.
[0172] In some embodiments, the condition related to the Bh bits is a comparison between Bh and log2 N. Depending
on this condition, the outer code generator 1012 is configured to determine the outer code W.
[0173] The condition related to the Bh bits may consist in comparing whether Bh is inferior or equal to log2 N.
[0174] In such embodiment, if Bh ≤ log2 N, an orthogonal encoding scheme may be used by the outer code generator
1012 to generate the outer code W from the horizontal component (horizontal bits Bh).
[0175] The orthogonal encoding scheme may consist in determining the outer code W as the discrete Fourier transform
(DFT) matrix of size N, and the codewords wm may be the rows or columns of W, such that m = 0,1, ..., 2Bh-1.
[0176] Alternatively, if Bh > log2 N, the outer code (and the codewords wm) may be generated using a non-coherent
linear code.
[0177] In some embodiments, the non-coherent code W = {w0,w1,...,wM-1} may be a non-coherent code generated
with a generator matrix G according to patent application EP 20305929.
[0178] In such embodiment, the outer code W may be chosen as a codeword am2-BvÌ from a (N,Bh) linear error
correcting code, having a length N and a rank (Bh), the linear error correcting code being represented by a generator
matrix G(Bh,N) given in a systematic form: 

[0179] In Equation (3), IN designates the identity matrix of dimensions N3N and GN3Bh-N designates a rectangular
matrix comprising N lines or row vectors and Bh - N columns or column vectors. The linear error correcting code may
be generated for example as described in EP application N°20305929.0.
[0180] Figure 5B is a block diagram representing the outer code generator 1014 according to an embodiment in which
the outer code is generated as an outer code using the generator matrix G(Bh,N).
[0181] In such embodiment, the outer code generator 1014 may be configured to map the message m to a given base
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E (m is mapped to d in the base), using a mapper 140, such as for example and without limitation a base 4. For example
if Bh = 4, the mapping may map m to d as follows:

d will be referred hereinafter as the ’mapped message’ in E.
[0182] The outer code generator 1014 may be further configured to determine an encoded sequence c by encoding
the mapped message d using a generator matrix G such that c = dG, using a sequence encoder 142.
[0183] The outer code generator 1014 may be further configured to modulate the encoded sequence c to obtain
complex symbols wmn using a modulator 144. In one exemplary embodiment, the modulation according to Equation (4)
may be applied to determine wmn: 

[0184] wmn is the nth entry of codeword wm and cn is the nth component of the encoded sequence c.
[0185] This provides a non-coherent linear code W.
[0186] For example, the generator matrix G may be equal to: 

[0187] The above exemplary generator matrix G, also noted G(4,12) is written in base-4, takes 4 input bits and
generates 12 coded bits. The 12 coded bits are modulated to obtain 6 complex symbols.
[0188] The encoder 101 may encode the auxiliary information AUX_INFO with the outer code W applied on top of
PRACH occasions n, in any PRACH format configurable with a number of PRACH occasions per slot.
[0189] In some embodiments, the PRACH format may be any short preamble PRACH format, except the PRACH
Format B4, which consists of 12 repetitions, all the short preamble PRACH formats, except PRACH format B4, being
configured with different a number of PRACH occasions per slot.
[0190] In one embodiment, the PRACH format may by a novel PRACH format referred to hereinafter as "PRACH
format A0", configured to maximize the amount of information bits that can potentially be additionally transmitted.
[0191] The PRACH format A0 according to this embodiment comprise is deprived of sequence repetitions.
[0192] Figure 6 depicts a PRACH format A0 without repetition that can be used for the PRACH preamble while enabling
encoding of the auxiliary information AUX_INFO by applying the outer code W on top of the PRACH occasion, according
to an embodiment.
[0193] Depending on the length of CP, the PRACH format A0 has a duration of one OFDM symbol or a non-integer
number of ODFM symbols.
[0194] The PRACH format A0 is associated with a CP length, a total sequence length and a total duration.
[0195] The following table ’Table 1’ provides features of a PRACH format A0, with a sample time Ts, in terms of CP
length, sequence length and total duration:

[0196] Such format A0 may be the default symbol configuration for normal cyclic prefix length. The format A0 may not
use a guard period (which refers to an unused portion of time up to the end of the last subframe occupied by the PRACH)
so that the propagation delay is assumed small to limit interference or the UE to estimate the timing advance from DL
(Downlink) signals and adjusts the transmission time.
[0197] All formats A0 may be combined (or mixed) with the conventional PRACH formats A1, A2, A3, B1, B2, B3, B4,
C0, C2.
[0198] Figure 7 depicts an exemplary PRACH format A0 without repetition, with configurable PRACH occasions per
slots. The exemplary configuration of Format A0 of figure 7 comprises 8 POs (PRACH Occasions).
[0199] Figure 8 shows a mixed configuration with a conventional PRACH format C0 and novel PRACH format A0.

Table 1

Format CP Length Sequence Length Total Duration

A0 144TS · 2-m 2048TS · 2-m 1 symbol
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Such mixed configuration allows the base station gNB 2 to estimate a relatively large propagation delay from the format
C0 and can adjust the receive (FFT) window for the subsequent reception of format A0 with minimal interference.
[0200] The application of the outer code W on the PRACH transmission occasions according to the embodiments of
the disclosure enables an enhanced PRACH transmission scheme.
[0201] Such enhanced PRACH scheme may be configured in a TDM-fashion (TDM stands for Time Division Multi-
plexing), the enhanced PRACH transmission occasions (POs) being then subsequent in time domain as opposed to
FDM (FDM stands for Frequency Division Multiplexing).
[0202] The decoding of the outer code W may be performed at the base station 2 to access the auxiliary information
AUX_INFO. The decoding of the outer code may be performed if all associated ROs (RACH Occasions) are transmitted
via the same beam.
[0203] The auxiliary information may comprise parameters which are needed to decode the PUSCH (such as time-
frequency allocation, MCS, etc).
[0204] The base station 2 may comprise a receiving unit configured to receive the signal transmitted by the User
Equipment and decode the received signal to recover the original data.
[0205] It should be noted that the base station 2 implements a reverse processing of the processing implemented in
transmission.
[0206] In one embodiment, the receiving unit of the base station 2 may apply a two-step processing which comprise
first decoding the smaller of BH or BV by non-coherently combining the L received symbols or non-coherently combining
the αP resource elements (with α representing the number of modulation carriers per resource block and P represents
the minimal number of physical resource blocks, and the number L corresponding to the time-window over which the
message is encoded). This enables significantly reducing computational complexity, especially in the case of the larger
payload sizes.
[0207] A general case of the detection problem defined by equation (5) is considered: 

[0208] In Equation (5), yl,p denotes the signal received at the base station 2, Hl,p is defined by Hl,p = diag(Hl,k,p) where
Hl,k,p is the complex channel response for OFDM symbol 1 and subcarrier k on antenna port p.
[0209] In one embodiment, the receiving unit of the base station 2 may be a near-optimal receiver for a completely
unknown channel realization configured to determine an estimate m of the original message m by solving the optimization
problem defined by: 

[0210] In some embodiments, m may be defined from mv and mH. In one embodiment, m may be defined as: 

[0211] Alternatively, the receiving unit of the base station 2 may be a low-complexity receiver which first detects the
BV bits (first detection step) and then separately detects the remaining BH bits (second detection step).
[0212] For example, considering if BV ≤ BH, the receiving unit of the base station 2 may comprise a detector for
detecting the first BV bits (in the first detection step) defined by determining an estimation mv of the BV bits of the original
message m: 

[0213] In equation (8),  and l∗ are arbitrary. The remaining BH bits of the original message m (in the second
detection step) may be chosen as: 

^

^ ^ ^ ^

^
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[0214] Assuming that m is defined according to equation (7), from a complexity standpoint, in the first step of the
detection, the number of complex multiplications may be 12P2BvLK, while in the second step of the detection, the number
of complex multiplications may be 12P2BhLK. For example, the total of complex multiplications for P = 1, K = 1, L = 14,
Bv = 12, Bh = 10 is equal to 860160 complex multiplications.
[0215] In comparison, a full receiver defined by equation (6) would require 704643072 complex multiplications. Per-
formance may be still increased by integrating a list of several hypotheses in addition to the one corresponding to the
maximum defined by equation (6) at the expense of increasing the second term governing the complexity. For example,
with two hypotheses, the total complexity would rise to 1720320 complex multiplications.
[0216] During the synchronisation phase, the sync signal (SSB) is associated with different beams and the UE 1
selects a given beam and sends the PRACH preamble using that beam.
[0217] In order for the network to determine the beam selected by the UE 1, a particular mapping between the sync
signal (SSB) and a RACH Occasion (RO) may be used. This enables determining which RO the UE 1 sends the PRACH
to, and thereby which SSB Beam that UE has selected.
[0218] According to conventional 3GPP systems, the mapping between SSB beams and RACH Occasion is defined
by two RRC parameters:

- a first RRC parameter referred to as "msgA-FDM";
- a second RRC parameter used to configure the ROs per beam, and referred to as "ssb-perRACH-OccasionAndCB-

PreamblesPerSSB" for 4-step RACH or "msgA-SSBPerRACH-OccasionAndCB-PreamblesPerSSB" for 2-step
RACH.

[0219] The first RRC parameter (msgA-FDM) indicates how many ROs are allocated in frequency domain at the same
location in the time domain (number of PRACH transmission occasions FDMed in one time instance).
[0220] The second RRC parameter (ssb-perRACH-OccasionAndCB-PreamblesPerSSB or msgA-SSBPerRACH-Oc-
casionAndCB-PreamblesPerSSB) indicates how many SSB can be mapped to one RO and how many preamble indexes
can be mapped to a single SSB. The second RRC parameter thereby defines how many beams share one RO (e.g.
eight = 8 beams per RO) or how many ROs there are per beam (e.g. oneEighth = 8 ROs per beam). Moreover, the
second RRC parameter may be used to define how many preambles there are per beam, e.g. oneEighth = 8 ROs per
beam with up to 8 preambles per beam.
[0221] According to some embodiments of the disclosure, the enhanced PRACH transmission scheme may be con-
figured to transmit multiple ROs (more than two ROs) on the same beam.
[0222] Advantageously, the mapping between SSB beams and RACH Occasion may be defined by an additional RRC
parameter (referred to hereinafter as "third RRC parameter" or "numRO-enhancedPRACH-perSSB") specifying the
number of time-consecutive ROs for transmission of the enhanced PRACH (PRACH preamble including the outer code
overlaid onto the PRACH occasions to encode PUSCH configuration information) per SSB.
[0223] The third RRC parameter may take any integer value up to the total number of consecutive ROs per SSB and
thereby defines the number of ROs for enhanced PRACH per SSB.
[0224] In one embodiment, a number of PRACH preambles per SSB may be reserved for the transmission of enhanced
PRACH via a fourth RRC parameter (also referred to as "numPreamblesEnhPrachPerSSB". The fourth RRC parameter
thereby specifies the number of reserved preambles per SSB for the use of enhanced PRACH scheme according to the
embodiments of the disclosure (the other preambles out of the K preambles, e.g. K=64, being used for conventional
PRACH transmission).
[0225] In some embodiments, the enhanced PRACH scheme may be configured so that not all PRACH slots are
available for enhanced PRACH transmission (for example every k slots) within the PRACH configuration period. This
enables a separate configuration of slots for enhanced PRACH.
[0226] Figure 9 shows an exemplary RACH configuration in spectrum range FR1 (Frequency range 1), where one
beam SSB is associated with 8 ROs and where all K preambles (e.g. K=64) are available per RO. The example of figure
9 corresponds to 2 SSBs (SBB0 and 1), a first RRC parameter msg1-fdm=one, a second RRC parameter ssb-perRACH-
OccasionAndCB-PreamblesPerSSB=oneEighth, 64 available preambles, and a third RRC parameter numRO-enhanced-
PRACH-perSSB=6. In the example of figure 9, SBB0 is associated with ROs 0 to 7, and SSB1 is associated with ROs
8 to 15.
[0227] In the example of figure 9, the fourth RRC parameter numPreamblesEnhPrachPerSSB may be configured
between 1 ...64. For example, a value of the fourth RRC parameter numPreamblesEnhPrachPerSSB equal to 16 means
the first 16 preambles per SSB are used for enhanced PRACH and the other 48 for normal PRACH transmission.

^
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[0228] Figure 10 depicts a RACH configuration in FR1 (sub-6 GHz) with 4 beams SSBs (SSBO, SSB1, SSB2, and
SSB3). The 4 beams share one RO in the preamble domain, i.e. each beam is associated with 16 preambles.
[0229] The RACH configuration of figure 10 corresponds to a first RRC parameter msg1-fdm=1, and a second RRC
parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 4.
[0230] The UE 1 transmits the preamble associated to the strongest beam in a valid RACH occasions. In figure 10,
the third RRC parameter numRO-enhancedPRACH-perSSB = 4 but could take alternatively any integer value until the
end of ROs of the RACH configuration period, such as for example 8, 16, 32, etc. The crossing of slot boundaries does
not impact the performances as long as the channel remains coherent.
[0231] In some embodiments, the outer code may be applied to time-consecutive ROs per frequency resource per
SSB, as represented in figure 11.
[0232] Figure 11 represents another exemplary RACH configuration in which the ROs are frequency multiplexed with
two frequency locations and 2 beams SSB0 and SSB1 are used. In the example of Figure 11, one SSB per RO is used
and all the 64 preambles available in the RO are configured for one SSB. The first RRC parameter msg1-fdm is equal
to 2 (msg1-fdm=2), the second RRC parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB is equal to 1 (ssb-
perRACH-OccasionAndCB-PreamblesPerSSB = one) and the number of available preambles is equal to 64 (K=64)
[0233] In the example of Figure 11, the outer code is applied to time-consecutive ROs per frequency resource per
SSB. Therefore, the UE 1 selects a preamble out of the 64 available preamble and transmits the selected preamble, for
example on RO 1,2,6,7,9,11 for SSB1.
[0234] In some embodiments, the outer code W may be applied such that:

- the same signal is transmitted on the RACH frequency resources, i.e. the outer code W is only applied on consecutive
ROs in time and repeated in frequency domain;

- a permutation of the outer code input bits could be transmitted; and
- the signal is only transmitted on a single frequency resource.

[0235] This is illustrated for example by figure 12 which represents another example of a RACH configuration, in which
32 preambles are allocated per SSB and using 2 beams SSB0 and SSB1 sharing the same RO. In the example of Figure
12, the first RRC parameter msg1-fdm is equal to 2 (msg1-fdm=2), the second RRC parameter ssb-perRACH-Occasio-
nAndCB-PreamblesPerSSB is equal to 2 (ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 2) and the total number
of available preambles is equal to 32 (K=32)
[0236] The potential transmissions on different frequency resources may be non-coherently combined that the receiver
to increase the decoding probability.
[0237] In the embodiments using Frequency Division Multiplexing (FDM) (FDM of the ROs configured by parameter
msg1-fdm), the enhanced PRACH signal may be repeated on the available frequency resources.
[0238] Further, in FDM embodiments, the enhance PRACH signal may be transmitted only on a single frequency
resource, which may be pre-configured, specified or chosen randomly by the UE 1.
[0239] In some embodiments using FDM, the enhanced PRACH signal may be transmitted on all frequency resource,
with a different encoding (such as a permutation of the input sequence to the encoder) on each resource.
[0240] Figure 13 represents another exemplary RACH configuration using two beams SSB0 and SSB1, one of the
two beams (SSBO, SSB1) being associated to 8 ROs in a FDM setting. In the example of Figure 13, the first RRC
parameter msg1-fdm is equal to 2 (msg1-fdm=2), the second RRC parameter ssb-perRACH-OccasionAndCB-Pream-
blesPerSSB is equal to oneEighth (ssb-perRACH-OccasionAndCB-PreamblesPerSSB = oneEighth) and the number of
available preambles is equal to 64 (K=64). Similarly to Figure 12, the enhanced PRACH is transmitted on one frequency
resource but there are less consecutive ROs available compared to the non-FDM case of figure 9.
[0241] It should be noted that the description of the embodiments represented in figures 9 to 13 has been made with
reference to PRACH Format A1 for illustration purpose only. The skilled person will readily understand that the embod-
iments of the disclosure are not limited to PRACH Format A1 and apply similarly to any PRACH format including the
PRACH format A0 or a mixed format base on format A0.
[0242] In some embodiments, the auxiliary information AUX_INFO encoded on the PRACH Occasions, using the outer
code W, may be used to adapt the PUSCH transmission parameters.
[0243] In particular, in one embodiment, the auxiliary information AUX_INFO may be used to control the parameters
of the subsequent associated PUSCH transmission. Although the base station (gNB 2) may still semi-statically configure
the start positions and global parameters of the PUSCH occasions, the PUSCH transmission parameters may be ad-
vantageously signaled by the UE 1.
[0244] Figure 14 shows a time/frequency diagram showing an example of PRACH and MsgA PUSCH resource allo-
cation with dynamically configurable PUSCH transmission parameters, using the encoded auxiliary information
AUX_INFO, in which the start position is configured semi-statically while the exact time-frequency allocation is dynamically
chosen by the UE.
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[0245] It should be noted that POs with different DMRS (Demodulation Reference Signal) configuration (for example
2 and 6) can have different PUSCH transmission parameters so that their time-frequency resources may only partially
overlap. The overall DMRS configuration, comprising a definition of the configuration type, of the single/double symbols,
of the CDM groups (CDM stands for Code Division Mulitplexing) and/or of the number of ports may also be configured
semi-statically. For example, the UE 1 may dynamically adapt the number of DMRS symbols to improve PUSCH decoding
depending on the channel conditions, using the auxiliary information AUX_INFO.
[0246] In some embodiments, the auxiliary information AUX_INFO encoded via the outer code in the enhanced PRACH
may be used to control at least one PUSCH transmission parameters among a MCS parameter, a Time-frequency
resources parameter, a PUSCH Mapping Type parameter, a DMRS configuration parameter, a RV parameter, and
Repetition parameter.
[0247] The MCS parameter (MCS stands for Modulation and Coding Scheme) defines the numbers of useful bits
which can carried by one symbol. In 5G NR, a symbol is defined as Resource Element (RE) and MCS defined as how
many useful bits can be transmitted per Resource Element (RE); A MCS basically defines the following the Modulation
and the Code rate. Therefore, different MCS values modify coding rate and the modulation scheme.
[0248] The Time-frequency resources parameter designates the number of available resources for transmission, that
is the number of modulation symbols (e.g. OFDM symbols) and number of physical resource blocks (PRBs).
[0249] The PUSCH Mapping Type parameter refers to the mapping type for PUSCH resources.
[0250] The DMRS configuration parameter refers to the Number of additional positions.
[0251] The RV parameter refers to a redundancy version.
[0252] The Repetition parameter refers to repeated transmissions. The UE 1 can transmit on multiple consecutive
POs, if payload is larger or a ultra-reliable transmission. However, additional transmissions may lead to contention. The
base station gNB 2 may then allocate specific preambles for this type of transmission corresponding to repetitions.
[0253] In some embodiments, the PUSCH transmission parameters controlled by the encoded auxiliary information
AUX_INFO may be stored in at least one data structure (also referred to as ’configuration data structure’) comprising
entries, each corresponding to an index, such as a table.
[0254] The index to the data structure entry may be signaled (i.e specified or comprised) in the auxiliary information
AUX_INFO of the PRACH preamble.
[0255] An index of the data structure may therefore be associated with an entry comprising the different PUSCH
transmission parameters controlled by the auxiliary information AUX_INFO encoded with the outer code.
[0256] The following table ’Table 2’ is an example of such data structure, the index used in the auxiliary information
AUX_INFO corresponding to the row index indicated in the first column. In this example, 3 bits may be used to signal a
row, corresponding to the PUSCH transmission parameters.

[0257] The use of the auxiliary information AUX_INFO thereby enables dynamic signaling of the PUSCH transmission
parameters.
[0258] A PRACH time-frequency resource refers to a PRACH occasion and corresponds to a time-frequency resource
unit used to send the random access preamble.
[0259] A PUSCH time-frequency resource refers to a PUSCH occasion (PO) and corresponds to a time-frequency
resource unit used to send the PUSCH transmission.
[0260] A PRACH slot includes a PRACH time-frequency resource.
[0261] A guard band may be used to avoid overlap on the base station (2) side, between msgA PUSCH transmissions,
in consecutive PUSCH occasions, according to a guard period. A guard band parameter (’guardBandMsgA-PUSCH-

Table 2

Row Index MCS PUSCH Mapping Type S L Number of PRBs DMRS Additional Position

0 0 Type A 0 14 12 pos3

1 9 Type A 0 12 8 pos2

2 12 Type A 0 10 4 pos2

3 16 Type A 0 14 2 pos1

4 6 Type B 2 10 10 pos2

5 11 Type B 4 8 16 pos1

6 13 Type B 4 6 18 pos0

7 9 Type B 8 6 8 pos1
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r16’) and a guard period parameter (’guardPeriodMsgA-PUSCH-r16’) are configured to define the guard band and the
guard period.
[0262] The size of the configuration data structure may be limited by the number of bits encoded over the ROs.
Therefore, in some embodiments, multiple smaller data structures may be used instead of only one big configuration
data structure.
[0263] Further, in some embodiments, the time-frequency resources may be chosen such that the configured guard
band (guardBandMsgA-PUSCH-r16) and guard period (guardPeriodMsgA-PUSCH-r16) are not exceeded. Advanta-
geously, in such embodiments, the configuration data structures may comprise a plurality of configuration data structures
(for example tables) with specified values and an additional data structure semi-statically configured along with the
PUSCH resource configuration for MsgA.
[0264] Each configuration data structure may correspond to different types of use cases. For example, one configuration
data structure may be adapted for reliable transmission with low MCS values and another configuration data structure
may be adapted for high data rates with larger MCS and larger resource allocations.
[0265] In some embodiments, PUSCH repetition may be configured using the enhanced PRACH signal, by specifying
the repetition mode in the auxiliary information AUX_INFO. A repetition mode bit may be for example used to specify
the repetition mode, the repetition mode bit having a first value indicating that PUSCH transmission repetitions will be
used and a second value indication that no PUSCH transmission repetition will be used.
[0266] In Ultra-Reliable Low-Latency Communication (URLLC) applications of the disclosure, to transmit URLLC pack-
ets, a single PUSCH transmission may not be sufficient to satisfy the reliability requirements. Hence, the UE 1 may
indicate in the PRACH preamble that it will use multiple POs to transmit its packet repeatedly. For instance, as shown
in the example of figure 14, a UE 1 may choose the preamble 1 to transmit on PO 1. In the auxiliary information AUX_INFO,
the UE1 may further indicate the PUSCH configuration by specifying the data structure index (e.g. 3 bits for Table 2),
and specifying the repetition mode, using for example one bit value indicating that the UE 1 will use repetition. For
example, the UE 1 may transmit on PO 1, 9, 17 and 25.
[0267] A number of PUSCH transmission parameters may be the same for all associated POs. Alternatively, some
particular PUSCH transmission parameters may be different for all associated POs. For example, the RV parameter is
different for each transmission. The RV for the repetitions may be pre-configured or specified directly (e.g. 0,1,2,3 for 4
repetitions).
[0268] In some embodiments, only a subset of POs among all the POs may be configured for PUSCH repetitions
using a configuration of associated preambles (in such embodiment, the subset of POs comprises a number of POs
inferior to the total number of POs).
[0269] In one embodiment, the base station 2 (e.g. gNB) may be adapted to configure the associated preambles by
selecting a particular subset of preambles that are allowed for repetitions, which thereby determines the subset of POs
which comprises the POs associated with the selected subset of preambles. For example, in Figure 14, preambles 1-8
are configured for use of 4 repetitions.
[0270] In some embodiments, the auxiliary information AUX_INFO encoded with the outer code on the POs may be
used to extend the PRACH preamble capacity.
[0271] In one embodiment, the auxiliary information AUX_INFO may comprise a number of extensions bits configured
to extend the PRACH preamble capacity, the number of bits being chosen to increase the cell size (size of the cell
defined by the base station 2) while maintaining a reasonable root-sequence reuse pattern. If the auxiliary information
AUX_INFO comprises T bits (for example T= 4), the preamble capacity may be thereby increased from 2Bh = K to 2Bh+T

(for example from 26 = 64 to 210= 1024 if Bh=6, K=64 and T=4).
[0272] There are only a limited number of PRACH sequences available depending on the root of the ZC-sequence
and the cyclic shift. This pool of PRACH sequences may be shared by all the cells. This may create a lot of interference
if neighboring cells use the same PRACH sequences, especially if the cell size is small. A root-sequence reuse pattern
defines how many different PRACH preambles can be configured before the roots are exhausted and have to be reused.
For example, if a large cyclic shift is configured, then only a single PRACH sequence per root is available. If 64 PRACH
sequences are further configured per cell, one cell may exhausts already 64 roots. For length 139 sequences, there are
only 138 roots. Hence after 2 cells, the third cell may need to use some of the same sequences as cells 1 and 2, given
the same PRACH configuration is used.
[0273] It should noted that such preamble additional capacity does not impact the cell size since the auxiliary information
AUX_INFO does not modify the underlying PRACH sequence. For instance, considering a Zero Correlation Zone Con-
figuration of 0, which means that there is only a single sequence per root, and that the cell size is about 10km, only 128
PRACH sequences are available and the root-sequence reuse pattern is 2, which is a challenge for a network configu-
ration. By applying an outer code of non-coherent type (e.g. a (4,6)-code) in time domain on the PRACH sequence,
according to some embodiments, the capacity may be increased by a factor 16 so that the root-sequence reuse pattern
is 32, which is much more amenable to network planning.
[0274] In some embodiments, the auxiliary information AUX_INFO may be used to include information about the type
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of Transmission in the outer code. In one embodiment a transmission type bit may be used in the auxiliary information
AUX_INFO to specify if the transmission type is an SDT transmission or not. The transmission type bit may have a first
value indicating that the transmission type is an SDT transmission and a second value indicating that the transmission
type is not a SDT transmission.
[0275] This obviates the need from using prior art preamble partitioning that is conventionally used for MsgA trans-
mission in the context of SDT, the preamble partioning consisting in setting aside a certain number of dedicated preambles
among the set of K available preambles to indicate SDT, so that if the UE 1 sends MsgA using the dedicated preambles,
the base station 2 (gNB) identifies that this is a SDT transmission.
[0276] By signaling the transmission type in the outer code W, according to the embodiments of the disclosure, using
one bit will indicate if the transmission is SDT or not, dedicated preambles are not needed to be reserved to indicate
SDT transmission.
[0277] Additionally or alternatively, the auxiliary information AUX_INFO may comprise one or more transmission in-
dicators related to the message transmission among:

- a Transmission cause indicator;
- a Priority indicator which indicates the priority of the transmission based on a set of predefined priorities. The use

of a priority indicator has particular advantages when there is a lot of contention and the base station 2 has to decide
which UE 1 to prioritize in terms of decoding or further resource allocation; and/or

- a RRC resume cause indicator used to indicate the resume cause in a RRC Resume Request (RRCResumeRequest)
such as an emergency, a highPriorityAccess, a mt-Access indicator. The RRC resume cause indicator may be
transmitted in the auxiliary information AUX_INFO to increase decoding probability and to decrease payload size
of subsequent PUSCH (meaning increase decoding probability for PUSCH).

[0278] One example of a transmission cause indicator may be used for SDT. Alternatively, a transmission cause
indicator may be used for different types of SDT. A transmission cause indicator may be an indicator indicating what is
the message in the PUSCH. For example, considering a temperature sensor of the User Equipment 1:

- the transmission cause may be initially set to 1;

- if alert temperature is too high, the transmission cause indicator may take the value 2;

- if the alert temperature is too low, the transmission cause indicator may take the value 3;

- If the alert temperature is in normal range, the transmission cause indicator may take the value 4;

- In case of sensor failure, the transmission cause indicator may take the value 5.

[0279] In the associated PUSCH transmission more details may be transmitted depending on the transmission cause
indicator. For instance, if the transmission cause indicator is equal to 4 (sensor failure), the cause of the failure and
related information may be transmitted in the PUSCH transmission and if the transmission cause indicator is equal to 3
(normal range), the current temperature may be transmitted in the PUSCH transmission.
[0280] Hence by decoding the outer code, the base station 2 (e.g. gNB) may already have access to the context of
the data in the PUSCH transmission. Even if the PUSCH is not successfully decoded, the base station 2 can have
information and can act accordingly, for example by shutting down the device.
[0281] It should be noted that the auxiliary information AUX_INFO can be decoded with higher reliability than the
associated PUSCH transmission.
[0282] In some embodiments, the auxiliary information AUX_INFO may comprise a payload without a subsequent
PUSCH transmission. The small payload may be transmitted directly on the PRACH through encoding over PRACH
repetitions. For example, the small payload may indicate some kind of sensor state.
[0283] The payload may be of a small size. The payload may be use case-specific and/or may be used to signal the
activation of a device in the communication system 100, such as a sensor, an actuator or an alarm (e.g. fire alarm). In
such embodiments, the communication system 100 may be configured to ensure that the security protocols and context
are established prior to the transmission.
[0284] The UE 1 may be any physical internet-enabled device/object provided with required hardware and/or software
technologies enabling communication over Internet. The UE 1 may be any standard internet connected-devices such
as desktop computers, servers, virtual machines laptops, smart-phones, tablets. In some applications of the disclosure,
the UE 1 may be any loT/M2M device or connected device operating in an loT/M2M network such as medical devices,
temperature and weather monitors, connected cards, thermostats, appliances, security devices, drones, smart clothes,
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eHealth devices, robots, and smart outlets.
[0285] Embodiments of the present disclosure can take the form of an embodiment containing software only, hardware
only or both hardware and software elements.
[0286] Furthermore, the methods described herein can be implemented by computer program instructions supplied
to the processor of any type of computer to produce a machine with a processor that executes the instructions to
implement the functions/acts specified herein. These computer program instructions may also be stored in a computer-
readable medium that can direct a computer to function in a particular manner. To that end, the computer program
instructions may be loaded onto a computer to cause the performance of a series of operational steps and thereby
produce a computer implemented process such that the executed instructions provide processes for implementing the
functions specified herein.
[0287] It should be noted that the functions, acts, and/or operations specified in the flow charts, sequence diagrams,
and/or block diagrams may be re-ordered, processed serially, and/or processed concurrently consistent with embodi-
ments of the disclosure. Moreover, any of the flow charts, sequence diagrams, and/or block diagrams may include more
or fewer blocks than those illustrated consistent with embodiments of the disclosure.
[0288] While embodiments of the disclosure have been illustrated by a description of various examples, and while
these embodiments have been described in considerable detail, it is not the intent of the applicant to restrict or in any
way limit the scope of the appended claims to such detail.
[0289] In particular, the auxiliary information AUX_INFO encoded using the outer code may comprise a combination
of one or more of the transmission parameters or transmission information (transmission parameters, transmission type,
repetition configuration information, extension bits to extend preamble capacity, etc) described hereinafter in relation
with some embodiments of the disclosure.
[0290] The embodiments of the invention thereby improve the transmission of UL data in MsgA of the two-step RACH
procedure or in message 3 of the conventional 4-step RACH, without a limitation to two static PUSCH configuration
information or the use of a signaling through preamble index.
[0291] The various embodiments of the disclosure therefore provide a RACH procedure dynamically adapted to the
different kinds of traffic and provide an enhanced PRACH to carry small amounts of encoded information. This enables
for example to adapt the subsequent PUSCH transmission parameters.
[0292] The communication system 100 according to the embodiments of the disclosure may be used in various ap-
plications such as Massive MTC (mMTC) to provide connectivity to a large number of devices that transmit sporadically
a low amount of traffic, Machine-To-Machine (M2M), Web-of-Things (WoT), and Internet of Things (loT) (for example
vehicle-to-everything V2X communications) involving networks of physical devices, machines, vehicles, home alliances
and many other objects connected to each other and provided with a connectivity to the Internet and the ability to collect
and exchange data without requiring human-to-human or human-to-computer interactions.
[0293] For example, in loT applications, the communication system 100 may be a wireless network, for example a
wireless loT/M2M network representing low energy power-consumption/long battery life/low-latency/low hardware and
operating cost/high connection density constraints such as low-power wide area networks and low-power short-range
loT networks.
[0294] The communication system 100 may be used in various consumer, commercial, industrial, and infrastructure
applications. Exemplary consumer applications comprise connected vehicles (Internet of Vehicles IoV), home automa-
tion/smart home, smart cities, wearable technology, and connected health. Exemplary commercial applications comprise
medical and healthcare and transportation. In the medical field, a digitized healthcare system connecting medical re-
sources and healthcare services may be used in which special monitors and sensors are used to enable remote health
monitoring and emergency notification. Exemplary industrial applications comprise applications in agriculture, for example
in farming using sensors, to collect data on temperature, rainfall, humidity, wind speed, and soil content. Exemplary
infrastructure applications may comprise the use of loT devices to perform monitoring and controlling operations of urban
and rural infrastructures such as bridges and railway tracks.
[0295] Additional advantages and modifications will readily appear to those skilled in the art. The disclosure in its
broader aspects is therefore not limited to the specific details, representative methods, and illustrative examples shown
and described.
[0296] Further, the embodiments of the invention are not limited to the 2-step RACH procedure and similarly apply to
any RACH procedure including the transmission of a message similar to message MsgA from the UE 1 to the base
station 2, such as the 4-step (message Msg1 transmission) from the UE 1 to the base station.
[0297] Also, although the disclosure has particular advantages when used for Small Data Transmission (SDT) as in
such application the payload size of the RACH payload data can vary significantly, the embodiments of the disclosure
may apply to other types of data transmissions.
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Claims

1. A method of performing a RACH procedure to provide a User Equipment UE access to a network (3) in a commu-
nication system (100), the network comprising at least one base station, the RACH procedure comprising at least
one step in which a RACH message is sent from the UE to the base station on one or more uplink channels, said
message comprising a PRACH preamble transmission, the PRACH preamble being selected among a number of
available preambles, the PRACH preamble transmission being made within a set of RACH slots, a RACH slot
comprising a number of RACH occasions, the PRACH preamble being sent using a PRACH occasion corresponding
to a time-frequency resource,
wherein the method comprises encoding auxiliary information in said PRACH occasions and transmitting said aux-
iliary information to the base station (2), said auxiliary information being encoded using an outer code and an
additional code determined from the bits of the PRACH preamble.

2. The method according to claim 1, wherein the number of PRACH occasions is N and the encoding of the auxiliary
information comprises :

- splitting an input message m comprising said B channel bits into a first component comprising Bv bits corre-
sponding to the PRACH preamble bits and a second component comprising Bh bits corresponding to the auxiliary
information bits, such that B = Bv + Bh;
- generating a vertical code from the first component of Bv bits;
- generating a horizontal code from the second component of Bh bits, which provides the outer code;
- combining said vertical code with said horizontal code which provides the encoded auxiliary information rvm(n)
in a PRACH occasion n and auxiliary information m.

3. The method according to claim 2, wherein the combining step comprising determining the encoded auxiliary infor-
mation as the product of the vertical code and the horizontal code or as the product of the vertical code, a phasor
term and the horizontal code.

4. The method according to any preceding claim 2 and 3, wherein if the number Bh is inferior or equal to log2 N, an
orthogonal encoding scheme is used to generate the outer code W from the horizontal component, the PRACH
preamble constituting the vertical code generated from the Bv bits.

5. The method according to claim 4, wherein the orthogonal encoding scheme consists in determining the outer code
W as a discrete Fourier transform (DFT) matrix of size N, and the codewords wm of the outercode W being the rows
or the columns of the DFT matrix, such that m = 0,1, ..., 2Bh-1.

6. The method according to any preceding claim 2 to 3, wherein if the number Bh is superior to log2 N, the outer code
is generated using a non-coherent linear code.

7. The method according to claim 5, wherein the outer code is chosen as a codeword am2-B
vÌ from a (N,Bh) linear error

correcting code, having a length N and a rank (Bh), the linear error correcting code being represented by a generator
matrix G(Bh,N) given in the form: 

8. The method according to any preceding claim 2 to 7, wherein the vertical code is generated as a Zadoff-Chu
sequence for the preamble v, and wherein the combining step is performed according to the following Equation: 

wmn being the nth component of codeword wm of the outer code W, rv denoting the Zadoff-Chu sequence generated
for the preamble v transmitted in all PRACH occasions and rvm(n) designates the encoded auxiliary information m
transmitted in PRACH occasion n.

9. The method according to any preceding claim, wherein the random access preamble is identified based on information
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on a number of synchronization signal blocks (SSBs) per RACH occasion, and the outer code is applied to time-
consecutive RACH occasions per frequency resource per synchronization signal blocks SSB.

10. The method according to any preceding claim, wherein the random access preamble is identified based on information
on a number of synchronization signal blocks (SSBs) per RACH occasion, a mapping being defined between a sync
signal block (SSB), said mapping comprising a:

- RRC parameter specifying the number of time-consecutive RACH Occasions for transmission of the PRACH
preamble per SSB, and/or
- another RRC parameter having integer value inferior or equal to the total number of consecutive ROs per SSB
and defining the number of RACH Occasions per SSB for the PRACH preamble transmission, and/or
- a further RRC parameter indicating the number of PRACH preambles per SSB reserved for the transmission
of the PRACH preamble among a total number of available preambles.

11. The method according to any preceding claim, wherein the PRACH transmission uses Frequency Division Multi-
plexing (FDM), the PRACH preamble being repeated on the available frequency resources, with a same or different
encoding on each resource, or the PRACH preamble being transmitted on a single frequency resource.

12. The method according to any preceding claim, wherein the auxiliary information comprise at least a part of user
data and/or of user information and/or of control information related to subsequent PUSCH transmissions.

13. The method according to any preceding claim, wherein the RACH message is configured to transmit user data
comprising D bits, the auxiliary information comprising B bits, and wherein:

- if D<=B, the auxiliary information comprise the D bits;
- if D>B, the RACH message further comprises a PUSCH transmission, the PRACH preamble and the PUSCH
transmission being sent in a different time slot, and the auxiliary information comprises only a part of the user
data bits comprising Dp bits, the remaining bits Du of the user data being transmitted in the PUSCH transmission.

14. The method according to any preceding claim, wherein the RACH message further comprises a PUSCH transmission,
the PRACH preamble and the PUSCH transmission being sent in a different time slot, the encoded auxiliary infor-
mation comprises PUSCH transmission parameters of the PUSCH transmission.

15. The method according to claim 14, wherein the PUSCH transmission parameters of the PUSCH transmission
comprises at least one PUSCH transmission parameters among a MCS parameter, a Time-frequency resources
parameter, a PUSCH Mapping Type parameter, a DMRS configuration parameter, a Redundancy Version parameter,
and Repetition parameter.

16. The method of any preceding claim 14 and 15, wherein the auxiliary information comprises repetition mode infor-
mation indicating whether repetition is used for the PUSCH transmission and/or information about the type of PUSCH
Transmission.

17. The method of any preceding claim, wherein the auxiliary information comprises a number of extension bits extending
the PRACH preamble capacity.

18. A User Terminal (1) configured to performing a RACH procedure to access to a network (3) in a communication
system (100), the network comprising at least one base station, the RACH procedure comprising at least one step
in which a RACH message is sent from the user terminal (1) to the base station on one or more uplink channels,
said message comprising a PRACH preamble transmission, the PRACH preamble transmission being made within
a set of RACH slots, a RACH slot comprising a number of RACH occasions, the PRACH preamble being sent using
a PRACH occasion corresponding to a time-frequency resource,
wherein the user terminal (1) comprises an encoding unit configured to encode auxiliary information in said PRACH
occasions and transmit said encoded auxiliary information to the base station (2), said auxiliary information being
encoded using an outer code and an additional code determined from the bits of the PRACH preamble.
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