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(54) SYSTEM AND A METHOD FOR IMPROVED ROUND TRIP TIME ESTIMATION

(57) There is provided amethod of positioning a user
equipment (1) implemented in a communication system
(100) comprising at least the user equipment and a base
station (2), the method comprising the following steps
implemented at the base station (2):
- Generating (506, 512) a DCI scrambled with a type of
RNTI, the RNTI type depending on the RRC state of the
user equipment, the generated DCI being configured to
trigger a Round Trip Time (RTT) procedure;
- Transmitting (506, 512) the generated DCI to the User
Equipment (1).

An uplink synchronisation procedure (e.g. RACH
procedure) is initiated by the user equipment (1) in re-
sponse to the receipt of the generated DCI, the user
equipment sending the uplink synchronisation signal
(e.g. RACH preamble) and a wideband signal (e.g. aper-
iodic SRS) next to the uplink synchronisation signal, in
the same time slot, the method estimating (1302) the
round trip time RTT between the base station (2) and the
user equipment (1) from the timeof arrival estimated from
saidwidebandsignal impulse responseand the sampling
rate of communication system.
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Description

Technical field

[0001] Thedisclosure generally relates to digital communications and in particular to systemandamethod for improved
round trip time estimation.

Background

[0002] Mobile communications systems are widely deployed to support communication with multiple users.
[0003] To meet the increasing demands for high-speed and low-latency connectivity, for more reliable communication
networks to support emerging applications and technologies, mobile communication technologies are advancing to the
future 5th generation (5G)mobile communication systems and beyond generations. In particular, 5GNewRadio (5GNR)
technology is being standardized to provide rich, reliable and hyper-connected communications.
[0004] A communication system forms a network comprising base stations providing radio coverage over a geogra-
phical 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.
[0005] Existing mobile communication systems use multiple-access technologies to support communication with
multiple users by sharing available system resources.
[0006] A RandomAccess (RACH) refers to a procedure where a User Equipment (UE) can 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 theUEand the base station. A two-stepRACHprocedure (two stepRACHWI)was also approved for
3GPPRelease 16 (ZTE, "RP‑200085 RevisedWID on 2-step RACH for NR," 2020) after the failure of specifying a design
based on non-orthogonal multiple-access (NOMA). The two-stepRACHprocedure 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.
[0007] ARACHprocedure uses aRound Trip Time (RTT) estimation procedure to estimate the range between the user
and the base-station antenna.
[0008] However, existing RTTschemes suffer from a number of shortcomings. In particular, they require transmitting a
wideband signal in the downlink, which increases the frequency resources and the computational complexity at the UE.
Further, the time needed to obtain the RTT is high as in existing RTTschemes, it is required to send a sounding reference
signal (SRS) for positioning in the uplink and a positioning reference signal (PRS) in the downlink.
[0009] There is accordingly a need for an improved round trip time estimation scheme.

Summary of the disclosure

[0010] Toaddress theseandother problems, there is providedamethodof positioningauser equipment implemented in
a communication system comprising at least the user equipment and a base station, the user equipment and the base
station using state-based signalling mechanism based on the state of the user equipment to communicate through a
network, the state being an inactive state or active state. Advantageously, the method comprises the following steps
implemented at the base station:

- Determining a wideband signal configuration using the state-based signalling mechanism;
- GeneratingaDownlinkControl InformationDCI scrambledwitha typeof radionetwork temporary identifier, the typeof

radio network temporary identifier RNTI depending on the state of the user equipment,
- Transmitting the generated DCI to the User Equipment.

[0011] The method further comprises, in response to an uplink synchronisation procedure initiated by the user
equipment from the received generated DCI, the following steps implemented at the base station:

- Receiving a first uplink synchronisation message from the user equipment comprising an uplink synchronisation
signal in a given time slot;

- Receivingawidebandsignal impulse responsecorresponding to thewidebandsignal configurationbesides theuplink
synchronisation signal, in the given time slot ;

- Estimating the round trip timeRTTbetween the base station and theuser equipment from the timeof arrival estimated
from the wideband signal impulse response and the sampling rate of the modulation system used by the commu-
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nication system;
- Estimating at least one positioning parameter related to the user equipment position from the estimated RTT.

[0012] In some embodiments, the round trip time RTT may be estimated according to:

where p designates the peak index of the time of arrival estimated from the SRS channel impulse response and fs is the
sampling rate of the communication system.
[0013] In some embodiments, the at least one positioning parameter may comprise the distance d between the base
station and the User Equipment, the distance being determined as:

where c designates the speed of light.
[0014] In some aspects, the base station may comprise a plurality of antennas, the plurality of antenna comprising at
least a calibrated antenna and a single base-station, and the at least one positioning parameter may comprise angular
information estimated using the plurality of wideband signal received at the plurality of multiple antennas from the user
equipment.
[0015] In some aspects, the uplink synchronization procedure may be a RACH procedure, the uplink synchronization
signal being a RACH preamble, the state-based signalling mechanism being a RRCmechanism, the active state being a
RRC-CONNECTED state and the inactive state being a RRC_INACTIVE state, and the wideband signal being an
aperiodic SRS signal.
[0016] In such embodiments related to the RACH procedure, the user equipment and the base station use a Radio
Resource Control (RRC) mechanism (as the base-state signalling mechanism) to communicate through a network, the
User Equipment being in a given Radio Resource Control (RRC) state, the RRC state being an inactive RRC state or a
connected RRC state, and the method may comprise the following steps implemented at the base station:

- Determining an aperiodic Sounding Reference Signal (SRS) configuration;
- GeneratingaDownlinkControl InformationDCI scrambledwitha typeof radionetwork temporary identifier, the typeof

radio network temporary identifier RNTI depending on the RRC state of the user equipment,
- Transmitting the generated DCI to the User Equipment (1).

[0017] The method further comprises, in response to a RACH procedure initiated by the user equipment from the
received generated DCI, the following steps implemented at the base station:

- Receiving a first RACH message from the user equipment comprising a RACH preamble in a given time slot;
- Receiving an aperiodic SRS channel impulse response corresponding to the SRS configuration besides the RACH

preamble, in the given time slot ;
- Estimating the round trip timeRTTbetween the base station and theuser equipment from the timeof arrival estimated

from the SRS channel impulse response and the sampling rate of the communication system (sampling rate used to
generate modulation symbols such as OFDM symbols);

- Estimating at least one positioning parameter related to the user equipment position from the estimated RTT.

[0018] The step of determining the wideband signal configuration, at the base station, may then comprise using a RRC
Setup in the beginning of the User Equipment connection or using a RRC Reconfiguration.
[0019] In some embodiments, if the given RRC state of the User Equipment is a RRC_INACTIVE state, the type of the
radio network temporary identifier is a P-RNTI, the DCI generation stepmay comprise generating a DCI scrambled with a
P-RNTI.
[0020] Alternatively, if the given RRC state of the User Equipment is a RRC_CONNECTED state, the type of the radio
network temporary identifier is a C-RNTI, the DCI generation step may comprise generating a DCI scrambled with a C-
RNTI.
[0021] In some aspects, the method may comprise an initialization step comprising selecting a DCI based signalling
procedure chosen among a first DCI based signalling procedure and a second DCI based signalling procedure.
[0022] In some embodiments, in the first DCI based signalling procedure, the step of generating the DCI may comprise
using a scrambled DCI format derived from the DCI Format 1_0, the DCI format derived from the DCI Format 1_0
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comprising a SRS request field, the SRS request field being used by the user equipment to determine if the SRS is to be
transmitted to the base station, in the given time slot along with the RACH procedure, in response to the receipt of the
generated DCI.
[0023] The DCI format derived from the DCI Format 1_0 may comprise the fields of the DCI Format 1_0 with CRC
scrambled with P-RNTI for RAN Paging, and an additional field corresponding to the SRS request field comprising 2 or 3
bits.
[0024] Alternatively, theDCI format derived from theDCIFormat 1_0maycomprise the fieldsof theDCIFormat 1_0with
CRC scrambled byC-RNTI for PDCCH order, and an additional field corresponding to the SRS request field comprising 2
or 3 bits.
[0025] In some embodiments, the secondDCI based signalling proceduremay comprise scrambling a DCI in a specific
DCI Format X_Y, theDCI Format X_Y being used by the user equipment to determine if the SRS is to be transmitted to the
base station, in the given time slot along with the RACH procedure, in response to the receipt of the generated DCI.
[0026] In one embodiment, the DCI Format X_Y may comprise:

- A full I-RNTI or short I-RNTI field for identifying a suspended User Equipment context of a user equipment in
RRC_INACTIVE state;

- A Random Access Preamble index field for indicating the index of the Random access preamble;

- An Uplink/Supplemental Uplink indicator for indicating which uplink carrier to be used in the base station cell to
transmit the PRACH;

- A Synchronization Signal / Physical Broadcast Channel (SS/PBCH) index field for indicating the SS/PBCH that shall
be used to determine the RACH occasion for a PRACH transmission; and

- APRACHMask index field for indicating theRACHoccasionassociatedwith theSS/PBCH indicatedby theSS/PBCH
index for the PRACH transmission; and

- A SRS request field.

[0027] In some aspects, the DCI Format X_Y may be further adapted to enable Contention Free Random Access.
[0028] In some aspects, the random access preamble may be associated with a RACH preamble index, the method
comprising mapping the RACH preamble index with a cyclic shift of the SRS.
[0029] In some embodiments, the RACH Preamble transmission may be made within a configurable subset of RACH
slots, a RACH Slot comprising a number of RACH occasions and a number of SRS occasions, a RACH Occasion being
mapped with a SRS occasion.
[0030] The method may further comprise the following steps performed at the user equipment:

- Receiving, at the user equipment, the DCI sent from the base station;
- Determining if the received DCI comprises at least one field related to a round trip time estimation scheme;
- Initiating theuplink synchronisationprocedure comprisingexchangingat least a firstmessageandasecondmessage

with the base station,
- Transmitting theuplink synchronisation firstmessage comprising theuplink synchronisation signal to the base station

in the given time slot;
- Transmitting the wideband signal to the base station in the given time slot according to the wideband signal

configuration.

[0031] There is further provided a communication system comprising at least a user equipment and a base station, the
user equipment and the base station using a state-based signalling based on the state of the user equipment to
communicate through a network, the state being an inactive state or an active state, wherein the base station comprises
apositioningdeviceconfigured todeterminepositioning information related to theuser equipment,wherein thepositioning
device comprises:

- A wideband signal configuration Unit configured to determine wideband signal configuration using the state-based
signalling mechanism;

- A DCI generation unit configured to generate a Downlink Control Information DCI scrambled with a type of radio
network temporary identifier, the type of radio network temporary identifier RNTI depending on the state of the user
equipment,
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- A transmission unit configured to transmit the generated DCI to the User Equipment.

[0032] The base station is configured to receive a first uplink synchronisation message from the user equipment
comprising an uplink synchronisation signal in a given time slot and wideband signal impulse response corresponding to
the wideband signal configuration besides the uplink synchronisation signal, in the given time slot.
[0033] The positioning device further comprises:

- ARTTestimationunit configured toestimate the round trip timeRTTbetween thebase station and theuser equipment
from the time of arrival estimated from thewideband signal impulse response and the sampling rate of themodulation
system of the communication system;

- A positioning information estimation unit configured to estimate at least one positioning parameter related to the user
equipment position from the estimated RTT.

[0034] In some embodiments, the user equipment may comprise:

- A DCI verification unit configure to determining if the DCI received from the base station comprises at least one field
related to a round trip time estimation scheme;

- An uplink synchronisation signal transmission unit configured to initialize an uplink synchronisation procedure
comprising exchanging at least a first message and a second message transmission with the base station, and to
transmit the uplink synchronisation first message comprising the uplink synchronisation signal to the base station in
the given time slot;

- A wideband signal transmission unit configured to transmit the wideband signal to the base station in the given time
slot according to the wideband signal configuration.

[0035] In anapplication of thedisclosure to theRACHprocedure, theuser equipment and thebase stationusingaRadio
Resource Control (RRC) mechanism to communicate through a network, the User Equipment being in a given Radio
[0036] Resource Control (RRC) state, the RRC state being an inactive RRC state or a connected RRC state, the
positioning device may comprise:

- An aperiodic SRS configuration Unit configured to determine an aperiodic Sounding Reference Signal (SRS)
configuration;

- A DCI generation unit configured to generate a Downlink Control Information DCI scrambled with a type of radio
network temporary identifier, the type of radio network temporary identifier RNTI depending on the RRC state of the
user equipment,

- A transmission unit configured to transmit the generated DCI to the User Equipment.

[0037] Thebase stationmaybe then configured to receive a first RACHmessage from the user equipment comprising a
RACH preamble in a given time slot and an aperiodic SRS channel impulse response corresponding to the SRS
configuration besides the RACH preamble, in the given time slot.
[0038] The positioning device may further comprise:

- ARTTestimationunit configured toestimate the round trip timeRTTbetween thebase station and theuser equipment
from the timeof arrival estimated from theSRSchannel impulse responseand thesampling rateof thecommunication
system (sampling rate of the modulation system used in the communication system, such as OFDM system);

- A positioning information estimation unit configured to estimate at least one positioning parameter related to the user
equipment position from the estimated RTT.

[0039] The uplink synchronization signal transmission unit, at theUser Equipmentmay be then configured to initialize a
RACH procedure comprising exchanging at least a first message and a second message transmission with the base
station, and to transmit the RACH first message comprising the RACH preamble to the base station in the given time slot,
while the wideband signal transmission unit at the user equipment may be configured to transmit the SRS to the base
station in the given time slot according to the SRS configuration.

Brief description of the drawings

[0040] 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.
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Figure 1 represents an exemplary communication system in which embodiments of the present disclosure may be
implemented.

Figure 2 illustrates the propagation delay between a base station and a user equipment.

Figure 3 depicts a communication system adapted to position a User Equipment, according to some embodiments.

Figure 4 illustrates a time slot comprising a SRS transmission besides a RACH preamble transmission.

Figure 5 is a flowchart representingamethod for estimating a round trip time, implementedat a base station according
to some embodiments.

Figure6 isaflowchart representingamethod for initiatinga4-stepRACHprocedure, at auserequipment, andsending
SRS for the estimation of the round trip time, according to some embodiments.

Figure7 isaflowchart representingamethod for initiatinga2-stepRACHprocedure, at auserequipment, andsending
SRS for the estimation of the round trip time, according to some embodiments.

Figure 8 is a flowdiagram illustrating the data exchangedbetween thebase station and theuser equipment in a 4-step
RACH procedure to estimate the round trip time, according to some embodiments.

Figure 9 is a flowdiagram illustrating the data exchangedbetween thebase station and theuser equipment in a 2-step
RACH procedure to estimate the round trip time, according to some embodiments.

Figure 10 represents aDCI format derived from theDCI Format 1_0 for RANPaging thatmay be used to generate the
DCI by the base station, for a user equipment in RRC inactive state.

Figure11 representsaDCI formatderived from theDCIFormat1_0 forPDCCHorder thatmaybeused togenerate the
DCI by the base station, for a user equipment in RRC connected state.

Figure 12 represent a DCI format derived from a DCI Format X_Y that may be used to generate the DCI by the base
station.

Figure 13 is a flowchart representing a method for estimating of the round trip time and positioning parameters,
according to some embodiments.

Detailed description

[0041] Referring to Figure 1, there is shown an exemplary communication system 100 in which embodiments of the
present disclosure may be implemented.
[0042] The communication system 100 comprises a mobile communication network 3, one or more user terminals 1
(also referred to asUserEquipmentsUEs, according to 3GPPstandard), and oneormore base stations 2 (also referred to
as a Node, designated by a derivative of the term ’NodeB’ such as gNodeB node or gNB in 5GNR). The User terminals 1
will be referred to hereinafter as User Equipments. The base station 2 is associatedwith a cell defining a geographical cell
area. The cell associated with the base station 2 is served by the base stations. One or more user equipments may be
included in the cell served by a base station 2.
[0043] Thecommunicationsystem100maybe for exampleawireless communicationsystemsuchasanewradio (NR),
a 5G and beyond 5G network.
[0044] 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 3GPPnetwork. In the following description, enclosed drawings and appended claims, the use of the term
3GPPand terms related to the3GPPnetwork shouldbe interpretedaccordingly.Similarly, although referencewill bemade
to 5GNR, for illustration purpose, such reference should be interpreted as encompassing any future xG network (6G and
beyond) having similar functional components.
[0045] 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 2 through one or more downlink
channels (DL).
[0046] A user equipment 1 may be fixed or mobile and/or may be remotely monitored and/or controlled. A user
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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 IoT
device, etc.
[0047] The communication network 3 may be any wireless network enabling IoT. Exemplary wireless networks
comprise low-power short range networks and LPWANs.
[0048] Further, the communication network 3 may accommodate several pairs of user equipments 1. In such embodi-
ments, 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.
[0049] In someembodiments, data transmission betweenaUE1andabase station 2 in the communication system100
may correspond to an uplink communication scenario duringwhich the base station 2 receives data from theUE1 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).
[0050] 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.
[0051] A UE 1 may communicate with a base station 2 using a RRC mechanism (RCC is the acronym for Radio
Resource Control).
[0052] RadioResourceControl (RRC) refers toa layerwithin the5GNRprotocol stack.TheRRCmechanismexistsonly
in the control plane, in a UE 1 and in the base station 2 (gNB).
[0053] AUE1andabase station2maycommunicate 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).
[0054] The behaviour and functions of RRC are defined by the current state of RRC.
[0055] 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.

[0056] The ’RRC INACTIVE’ state is a state introduced in NR.
[0057] 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.
[0058] The UE 1 may be in RRC idle state, after power up.
[0059] 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 procedure via RRC connection establishment procedure.
[0060] Once the RRC connection is established, the UE is in RRC_CONNECTED state.
[0061] In an application of the disclosure to a 5G NR communication system 100, the UE 1 may be in the RRC_CON-
NECTEDstatewhen anRRCconnection has been established or in theRRC_INACTIVE statewhen theRRCconnection
is suspended. Otherwise (if no RRC connection is established), the UE 1 is in RRC_IDLE state.
[0062] The UE 1 may share a random-access channel (RACH) to access the network for communications.
[0063] 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.
[0064] UEs in RRC_INACTIVE state may transition into RRC_CONNECTEDmode using a RRC resume procedure to
transmit user-plane data. This transition may require completing the RACH procedure.
[0065] 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_CON-
NECTED).
[0066] 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.
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[0067] Once theRACHprocedure is completed, theUE1maymove to theconnected state (RRC_CONNECTEDstate).
[0068] In an application of the disclosure to 5G NR, the RACH procedure may be implemented to enable:

- Initial access from the RRC_IDLE state;

- 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;

- establishment of time alignment at SCell addition;

- Request for other synchronization information; and/or

- Beam failure recovery.

[0069] Inan initial accessprocedure, aSynchronizationSignalBlock (SSB) isused fordownlink synchronizationand the
random access channel (RACH) is used for the uplink synchronization.
[0070] A User Equipment may acquire a System Information Block1 (SIB1) to perform a Contention Based Random
Access procedure (CBRA). To acquire such information, a user equipment 1 may further acquire a Master Information
Block (MIB) and decode it.
[0071] The RACH procedure (also ’called Random Access process’) may be performed in 4 steps (4-step RACH
procedure) or 2 steps (2-stepRACHprocedure). To facilitate the understanding of the embodiments of the disclosure, the
4-step and 2-step RACH procedures are described.
[0072] The four stepRACH procedure comprises exchange of 4 signals corresponding to 4 steps (step 1, step 2, step 3
and step 4).
[0073] In the 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 thebase station 2. TheRACHpreamble transmittedby theUE1 is receivedat thebase station 2 (gNB). Thebase station
2 (gnB) estimates the delay caused by the RACH preamble due to the propagation distance between UE 1 and the base
station 2 (gnB).
[0074] In the second step (step 2), the base station 2 sends to theUE1 aRandomAccessResponse (RAR) in a second
messageMsg2 (RA response over a PDSCH channel that is a physical channel carrying user data). The RAR comprises
theestimateddelay sent to theUE1by thebase station2 (gnB), and referred to as ’TimingAdvance’, to indicate theUE1 to
advance its timing to compensate for the propagation distance betweenUE1 and base station 2 (gnB).Msg2may include
additional parameter such as comprising parameters such as the random access preamble identifier, timing alignment
information, initial uplink grant anda temporary cell radio network temporary identifier (C-RNTI). TheRNTI corresponds to
an ID of the UE.
[0075] In the third step (step 3), the UE 1 sends a Scheduled Uplink Transmission in a thirdmessageMsg3, comprising
uplink scheduling information, over a PUSCH channel (the Physical Uplink Shared Channel carrying both user data and
control signal data). In the third step, the UE 1 applies the timing advance sent by the base station 2 (gnB) and transmits a
RRC setup request.
[0076] In the fourth step (step 4), the base station 2 sends to theUE1Contention Resolution in a fourthmessageMsg4.
In the fourth step, the base station 2 (gnB) refines the delay further using the PUSCHDMRS included in Msg3 and sends
the refined timing advance to the UE 1 in the fourth message Msg4.
[0077] 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.
[0078] The 2-step RACH may be applied to RRC_inactive state, RRC-connected state or RRC-IDLE state.
[0079] In the2-stepRACHprocess,Msg1andMsg3 from the4-stepRACHarecombinedand referred toasMsgA,while
Msg2 and Msg4 from the 4-step RACH are combined and referred to as MsgB. The message MsgA includes a PRACH
preamble and PUSCH.
[0080] MessageMsgBsent in the second step of the 2-stepRACHproceduremay includeother parameters suchas the
ID of the RACH preamble, a back off indicator, a contention resolution messages, UL/DL grant, and a transmit power
control (TPC) commands.
[0081] To determine if a RACH procedure is a 4-step or 2-step procedure, a System Information Block (SIB) and a
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threshold parameter (msgA-RSRP-Threshold) may be used.
[0082] A PRACH Preamble transmission is made within a configurable subset of RACH slots that repeat itself every
RACH configuration period, within a cell. Each RACH Slot comprises a number of RACH occasions.
[0083] A RACH Occasion (RO) refers to resources specified in time and frequency domain that are available for the
reception of RACHpreamble, and indicates howmany different resources there are for eachRACHslot. Therefore, within
each RACH Slot, there may be a number of RACH occasions which indicates howmany different resources there are for
the RACH slot.
[0084] APRACHOccasion specifieswhen to sendPRACH. InNR, the time and frequency resource onwhich aPRACH
preamble is transmitted is defined as a PRACH occasion.
[0085] Ina3GPPapplicationof thedisclosure, inaRACHoccasion inacell, 64preamblesequencesareused inaRACH
procedure to generate the PRACH preamble, and a PRACH preamble is a Zadoff-chu sequence.
[0086] The message Msg1 in the 4-step RACH procedure or the MsgA in the two step RACH procedure comprises a
message payload having a payload size.
[0087] According to the prior art round trip time estimationmethods, the first messageMsgA is sent from theUE 1 to the
base station 2 on the physical randomaccess channel (PRACH), and the base station 2 (gnB) estimates the delay caused
by the RACH preamble due to the propagation distance between UE 1 and the base station 2 (gnB) in the first step, in
response to the receipt of MsgA.
[0088] In the second step (step 2), the base station 2 responds with a random access response (RAR) messageMsgB
which may include a Timing Advance sent by the base station 2 to the User Equipment 1 to adjust its time.
[0089] Other than in the initial access, RACH can also be initiated using a RAN paging procedure in some scenarios,
such as in situations where the UE 1 is in RRC_INACTIVE state and when a PDCCH order mechanism is used when the
UE 1 is in RRC_CONNECTED state.
[0090] A RAN Paging is a procedure used to wake up a user equipment 1 in an RRC_INACTIVE state, when data is
available to the UE 1 at the network core (for example 5GC). The paging is triggered by base station 2 (gnB) using a
DownlinkControl Information (DCI) specificFormatbyscrambling itwithaPaging -RadioNetworkTemporary Identifier (P-
RNTI). The DCI may carry the information to schedule for downlink and uplink data and information to adjust the uplink
power andmay have different formats defined by specific fields. The P-RNTI is used to CRC (Cyclic Redundancy Check)
encode paging messages.
[0091] In existing approaches, DCI Format 1_0 is used. A user equipment receives the DCI Format 1_0 using P-RNTI
that points to thePCCHmessages inPDSCHanddecodes thePCCHmessages. TheUE1uses a full I-RNTI/short I-RNTI
identifier to identify itself among the other UE 1’s during paging.
[0092] The RRC INACTIVE state helps to reduce latency and conserve the power of the UE 1. After a certain period of
data inactivity based on a timer, theUE 1may transition to theRRC Inactive state. A release request alongwith a suspend
indicationmay be sent to the UE 1with a suspend-config parameter (SuspendConfig) that provides information to the UE
such as full Inactive RNTI (I-RNTI) and/or short Inactive RNTI (I-RNTI). This suspends the radio connection while
maintaining core network connectivity. The UE 1 can resume the radio connection with significantly lower delay and
signalling overheadusing theRANpagingprocedure and the suspend-config parameter (SuspendConfig) than establish-
ing a new connection to the radio and core network.
[0093] APDCCHOrder is amechanism by which the base station 2 forces aUE 1 to initiate PRACH. A PDCCHorder is
used when the UE1 is in a In RRC_CONNECTED state in order to initiate the RACH procedure when the base station 2
(gnB) detects downlink data present in theMACbuffer to aUE 1while theUE 1 is out-of-sync. In such scenario, a PDCCH
order may be triggered by the base station 2 by sending a DCI including a RACH preamble on the SSB beam index of the
UE along with the corresponding SSB (Synchronization Signal Block) index.
[0094] In prior art systems, suchas in LTEcommunications systems, theRoundTrip TimeEstimation is estimated using
the timing advance information exchanged in the RACH procedure.
[0095] Figure 2 illustrates the time taken for a transmitted signal to reach from a base-station (gNB) a user equipment
(UE). This time is knownas thepropagation delay (δ) betweenabase-station (gNB) andauser equipment (UE). This delay
is caused due to the distance between the base-station (gNB) and the user equipment (UE). As shown in the Figure 2, the
transmitted SSB (synchronization signal block used for downlink synchronization) from the base station 2 (gNB) reaches
theUE1withapropagationdelay δandafter reading the system informationUE1 transmitsRACH.The transmittedRACH
reaches the UE 1 with an additional propagation delay δ causing a total propagation delay 2δ which is referred to as the
round trip time (RTT). Inorder to compensate this delay, in theprior art, thebasestationestimates thedelay from theRACH
and sends the UE the timing advance (TA) command to adjust its time.
[0096] However, the resolution of the timing advance is low since the bandwidth of the RACH is very low.
[0097] In prior art 5G communication systems, a Multi-RTT technique has been also introduced to estimate the
positioning of a user using multiple RTT measurements from multiple base stations 2. The RTT is estimated using
RX-TX time difference (RX stands for receiver and TX stands for transmitter) obtained by transmitting a Positioning
Reference Signal (PRS) in the downlink and a SRS (Sounding Reference Signal) in the uplink. The Sounding Reference
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Signal (SRS) is conventionally used for the wideband channel estimation to measure the channel quality as well as
positioning in the uplink. However, the accuracy of the RTT depends on the bandwidth allocated for both PRS and SRS.
Further, in existing multi-RTT techniques, RTTestimated usingMulti-RTTscheme requires combining the time of arrivals
fromPRSandSRS, thereby resulting in huge resources in frequency. Additionally, theTime taken to obtain theRTTis high
as it is needed to sendPRSandwait for theSRS transmissionaswell as for theestimatedPRS from theUE1.ExistingRTT
schemes also require an additional PRS receiver which adds complexity at the UE 1.
[0098] Another drawback of prior art RTTsolutions relates to the fact that existingmulti-RTTscheme is not robust to the
clock offset due to the waiting time between the reception of PRS and transmission of SRS.
[0099] In existing approaches combining the time of arrivals fromPRSandSRS, to initiate theRACHprocedure, aUE 1
is required to complete a RRC Reconfiguration procedure (RRCReconfiguration), while the SRS cannot be transmitted
until theRRCReconfigurationprocedure is finished.AClockdrift is therefore introduceddue to thewaiting time requiredby
the UE 1 to complete the RRC reconfiguration.
[0100] Embodiments of thedisclosureprovidean improved round trip timeestimationscheme, referred tohereinafter as
a single shot round trip time (SS-RTT) scheme, implemented in a communication system100 to provide anenhancedRTT
estimating scheme for UE positioning.
[0101] Figure 3 schematically represents a communication system 100 comprising at least a User Equipment 1
connected to a base station 2 implementing a RTT estimation scheme (also referred as a Single Shot Round Trip Time
scheme or SS-RTTscheme), according to the embodiments of the disclosure.
[0102] The User Equipment (1) may use an uplink synchronisation procedure, such as the RACH procedure, to create
an initial connectionwith thenetwork3,usingat least twouplinksynchronizationmessages (RACHmessages)exchanged
with the base station (2), comprising a first uplink synchronizationmessage (Msg1 orMsgA) sent by theUser Equipment 1
to the base station 2 .
[0103] The user equipment 1 and the base station 2 use a state-based signalling based on the state of the user
equipment (1) to communicate through a network (3), the state of the UE 1 being an inactive state or an active state. The
state-based signallingmechanismmay be for example a RRCmechanism, in an application of the invention to the RACH
procedure, the active state being the RRC connected state RRC-CONNECTED and the inactive state being the RRC
inactive state RRC-INACTIVE.
[0104] According to the embodiments of the disclosure, the UE 1 is configured with a wideband Signal for determining
configuring a wideband signal using RRC messages, which provides wideband signal configuration information.
[0105] In anapplication of the invention to theRACHprocedure, thewideband signal used to signal theSS-RTTscheme
may be a Sounding Reference Signal (SRS). A SRS signal uses low-PAPR sequence arranged in a comb fashion (one
SRS symbol for every transmission Comb). SRS may span {1,2,4,8,12} OFDM symbols given by a field called
nrofSymbols. An aperiodic SRS is transmitted aperiodically. In an aperiodic SRS transmission, initially, the aperiodic
SRS configuration is signaled via RRC messages to the UE 1 and can be triggered aperiodically using the DCI.
[0106] The communication system 100 advantageously implements a signalling procedure which uses the Downlink
Control Information (DCI) as a SS-RTT signalling mechanism to trigger un uplink synchronization procedure (RACH
procedure for example) along with the wideband signal transmission (SRS in an application to the RACH procedure) to
estimate theRound-Trip-Time (RTT)anduse theRTTtodeterminepositioning information related to theposition if theuser
equipment, including the range between the user equipment 1 and the base-station 2.
[0107] The base station 2may comprise a positioning device 20 configured to determine positioning information related
to a User equipment 1, in response to a positioning request.
[0108] The positioning device 20 may comprise:

- a wideband signal configuration unit 200 adapted to configure the wideband signal (aperiodic SRS in the case of a
RACH procedure) to the UE 1 using the state-based signallingmechanism. In a RACH procedure embodiment of the
inventionusing theRRCmechanismasastate-basedsignallingmechanismandaSRSsignal asawidebandsignal to
signal the SS-RTT scheme, the wideband signal configuration unit 20 may use the RRC Setup to the UE 1 in the
beginning of the UE connection or using RRC Reconfiguration to determine SRS configuration information. The
positioning device 20 may send the wideband signal configuration information (SRS configuration information for
example) to the User Equipment 1.

- ADCI generation unit 202 configured to generate aDCI in aDCI format scrambledwithP-RNTI if theUE1 is in inactive
state (for exampleRRC_INACTIVEstate if aRRCmechanism is used) or in aDCI format scrambledwithC-RNTI if the
UE1 is inanactivestate (for exampleRRC-CONNECTEDstate ifRRCmechanism isused), theDCI comprisingafield
indicating whether a SS-RTTscheme is used or having a specific DCI format indicating whether a SS-RTTscheme is
used. The generated DCI is therefore configured to initiate/trigger the Round Trip Time procedure (and therefore is
used as a SS-RTT signalling mechanism).

- A transmissionunit 204configured to transmitmessagesassociatedwith theuplinksynchronisationprocedure (which
may be for example a two-step RACH or four-step RACH procedure) initiated by the UE 1.
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- ARTTestimation unit 206 configured to estimateRTTbased on thewideband signal (SRS for example) received from
the user equipment 1 to be positioned, during the uplink synchronisation procedure (RACH procedure for example)
next to the uplink synchronisation signal (RACH preamble) sent by the UE1, in the same time slot.

- A positioning information estimation unit 208 configured to determine one or more positioning information (also
referred to as ’positioning parameters’) including the distance d between the user and the base station 2. In some
embodiments, the positioning information estimation unit 208 may be further configured to estimate angular
information from the estimated RTT.

[0109] The user equipment 1 may comprise:

- A DCI verification unit 12 configured to receive a DCI scrambled with P-RNTI or with C-RNTI from the base station 2
and to determine if the DCI is associated with a SS-RTT from the DCI (DCI fields or DCI format).

- A transmission unit 14 configured to transmit themessages associatedwith the uplink synchronisation procedure (for
example two-step RACH procedure or the four-step RACH procedure). The transmission unit 14 may comprise an
uplink synchronisation signal transmissionunit 140 configured to initiate theuplink synchronisationprocedure (RACH
procedure for example) if the scrambled DCI received from the base station 2 is associated with a SS-RTTscheme,
and to transmit the uplink synchronisation procedure messages to the base station 2 (including the first uplink
synchronisationmessagesuchasmsg1ormsgA in theRACHprocedure). The transmissionunit 14 further comprises
a wideband signal transmission unit 142 configured to transmit the wideband signal (such as an aperiodic SRS in the
RACH procedure application of the invention) besides the uplink synchronisation signal, in the same time slot, to the
base station 2, according to the wideband signal configuration information received from the base station 2. In
response to the receipt of the sentwideband signal (SRS for example) by the base station 2, the base station 2maybe
configured to estimate the RTT (block 206 of figure 4).

[0110] In an application of the invention to theRACHprocedure (as an uplink synchronisation procedure), theUE1may
further comprise a selection unit (not shown) configured to select, at the UE, between a two-step RACH procedure or a
four-step RACH procedure, based on a threshold value comprised in RACH configuration information received from the
base station 2 or stored at the UE.
[0111] According to the embodiments of the disclosure, the DCI is accordingly used to initiate the wideband signal
transmission (for example SRS in an application of the invention to the RACH procedure) along with the uplink
synchronisation signal (for example RACH preamble in an application of the invention to the RACH procedure).
[0112] Advantageously, the wideband signal (e.g. SRS) is transmitted by the UE1 in the same slot as the uplink
synchronisation signal (e.g. RACH preamble) to be robust to clock offset.
[0113] The embodiments of the disclosure accordingly provide a wideband signal (SRS) sent immediately next to the
uplink synchronization signal, the wideband signal transmission being triggered using a SS-RTTsignalling mechanism
based on theDCI. The transmission of the wideband signal immediately next to the uplink synchronization signal enables
estimating the round trip time in a single shot with a higher resolution than the uplink synchronization signal.
[0114] To facilitate the understanding of the disclosure, the following description of embodiments of the inventionwill be
made with reference to an application of the invention to an uplink synchronization procedure being a RACH procedure
(two-step or four-step RACH procedure), the uplink synchronization signal being a RACH preamble, the state-based
signallingmechanismbeingaRRCmechanism,with theactive state of theUE1beingaRRC-CONNECTEDstate and the
inactive state of theUE 1 being aRRC_INACTIVE state, andwherein thewideband signal is an aperiodic SRS signal sent
by theUE 1 to the base station 2 in the same time slot as theRACH preamble (uplink synchronization signal) to trigger the
SS-RTTestimation.
[0115] EachRACHSlot comprises a number of RACHoccasions andSRSoccasions. ASRSOccasion associatedwith
a SRS transmission provides time and frequency resourceswhere aUE can sendSRS in the same time slot as theRACH
transmission.
[0116] Figure 4 illustrates the time domain allocation of RACH and SRS in the SS-RTTscheme and shows a time slot x
where theRACHpreambleand then theSRSare sent in the same timeslot x to thebasestation2, the sentSRSbeingused
to estimate the RTT by the base station 2.
[0117] The SRSmay have a higher bandwidth than the bandwidth allocated to the RACH to enable obtaining the RTT
with higher accuracy.
[0118] Figure 5 depicts an enhanced Round-Trip-Time estimation method (also referred to as a "single shot round trip
time method" or SS-RTT method), according to embodiments of the disclosure.
[0119] In step 500, a positioning request may be received by the base station 2 from a Location Management Function
(LMF) 5 for positioning a user equipment 1 using the SS-RTT scheme, according to embodiments of the disclosure.
[0120] In step 502, the aperiodic SRS may be configured by the base station 2 using a RRC Setup to the UE 1 in the
beginning of the UE connection or using RRC Reconfiguration, which provides SRS configuration information. The base
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station may determine the SRS configuration information and send them to the User Equipment 1 in RRC setup or RRC
reconfiguration.
[0121] The SRS aperiodic configuration is valid as long as the UE 1 is in a RRC_INACTIVE and a RRC_CONNECTED
state.
[0122] If theUE is inRRC_INACTIVE state (block 504), in step 506, aDCI is generated by scramblingCRCbits of aDCI
format by P-RNTI by the base station 2 and the DCI thus generated is transmitted by the base station 2 to the User
Equipment 1. TheDCImay advantageously comprise a field (SRS request field) used to signal the SS-RTTscheme to the
UE1.
[0123] In step 508, theUE 1may receive theDCI scrambledwith P-RNTI from the base station 2 and use it to initiate the
RACH procedure.
[0124] If the UE is in RRC_CONNECTED state (block 510), in step 512 a DCI is generated by scrambling CRC bits
belonging to a DCI format by C-RNTI by the base station 2 and the generated DCI is transmitted to the UE1 by the base
station.
[0125] In step 514, the DCI scrambled with C-RNTI is received by the User Equipment 1 which initiates the RACH
procedure. The DCI may advantageously comprise a field (SRS request field) used to signal the SS-RTTscheme to the
UE1.
[0126] Figure 6 is a flowchart illustrating the RACHproceduremethod initiated by the UE 1 in step 508 or 514 of figure 5
(case of RRC_INACTIVE STATE or RRC-CONNECTED STATE), if the RACH procedure initiated by the UE 1 is a 4-step
RACH, according to some embodiments.
[0127] In step 60, theUE1 receives theDCI scrambledwith P-RNTI sent by the base station and determines, in step 61,
if theDCI is associatedwith aSS-RTTeither from theDCI fields (if theDCI comprisesaSRSrequest field signalling a round
trip time estimation scheme) or from the DCI format is the DCI is in a specific DCI format, referred to as DCI Format X_Y,
defined to signal the SS-RTT scheme.
[0128] If so, in step 62, the UE1 initiates a 4-step RACH procedure.
[0129] In step 63, the first message Msg1 (RACH preamble) is transmitted by the UE 1.
[0130] In step 64, the aperiodic SRS is transmitted by theUE1 to the base station 2, configured viaRRCmessageswith
reference to the RACH preamble.
[0131] In response to the receipt of the aperiodicSRS, the base station 2 is then configured to estimate theRTT from the
received SRS.
[0132] Figure 7 is a flowchart illustrating theRACHproceduremethod initiated by theUE1 in steps 508or 514 of figure 5
(case of RRC_INACTIVE STATE or RRC-CONNECTED STATE), if the RACH procedure initiated by the UE 1 is a 2-step
RACH, according to some embodiments.
[0133] In step 70, theUE1 receives theDCI scrambledwith P-RNTI orC-RNTI sent by the base station 2 (depending on
the RRC state of the UE) and determines, in step 71, if the received DCI is associated with a SS-RTTeither from the DCI
fields (if theDCI comprises aSRS request field signallinga round trip timeestimation scheme) or from theDCI format is the
DCI is in a specific DCI format, referred to as DCI Format X_Y, defined to signal the SS-RTT scheme.
[0134] If so, in step 72, the UE1 initiates a 2-step RACH procedure.
[0135] In step 73, the first message MsgA is transmitted by the UE 1.
[0136] In step 74, the aperiodic SRS is transmitted by the UE 1 to the base station, configured via RRCmessages with
reference to the RACH preamble.
[0137] In response to the receipt of the aperiodic SRS, the base station 2 is configured to estimate the RTT from the
received SRS in step 74.
[0138] In theSS-RTTschemeaccording to the embodiments of the disclosure, the aperiodicSRS is transmitted in steps
62 and 72 besides the RACH, when the UE 1 is in RRC_INACTIVE state or in RRC_CONNECTED state.
[0139] Figure8depicts thedata exchangedbetween thebase station2and theUE1 in theSS-RTTmethodaccording to
embodiments of the disclosure, when the UE 1 triggers a 4-step RACH procedure.
[0140] As shown in figure 8, the DCI scrambled with P-RNTI (step 504) or the DCI scrambled with C-RNTI (step 510)
depending on whether the UE is in RRC_INACTIVE and RRC_CONNECTED state is first sent from the base station 2 to
the UE 1.
[0141] The RACH preamble is then sent from the UE 1 to the base station 2 in Msg1 and may be used to enable
estimating timing advance. According to the embodiments of the invention, the timing advance estimated at this stage is
just sent to theUE1 inMsg2but not used todetermine theRTT. Instead, according to theembodimentsof the invention, the
transmission of the SRS in the same slot as the RACH is used for high resolution RTTestimation.
[0142] The aperiodic SRS is then sent, separately from the RACH transmission, from the UE 1 to the base station 2 to
estimate the RTT.
[0143] The base station may then send timing advance to the UE1 from the RACH in Msg2 which corresponds to the
Random Access Response (RAR).
[0144] Asshown in figure 9, theDCI scrambledwith P-RNTI (step 504) orwithC-RNTI (step 510) depending onwhether
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the UE is in RRC_INACTIVE and RRC_CONNECTED state is first sent from the base station 2 to the UE 1.
[0145] The RACH preamble is then sent from the UE 1 to the base station 2 in MsgA and enables estimating timing
advance (which is not used for the RTTestimation).
[0146] The aperiodic SRS is then sent, separately from the RACH transmission, from the UE 1 to the base station 2 to
estimate the RTT.
[0147] The PUSCH is then sent in MsgA from the UE 1 to the base station 2.
[0148] The base stationmay then send timing advance to theUE1 from theRACH inMsgBwhich includes theRandom
Access Response (RAR), the PDCCH and/or PDSCH.
[0149] In some embodiments, the RACH preamble index associated with the RACH preamble may be mapped with a
cyclic shift of the SRS.
[0150] This means that the RACH preamble is sent in the DCI for the contention free random access case while SRS is
generated based on the RACH preamble accordingly. In the case of contention based random access, the UE 1 may
generate the cyclic shift of the SRS based on the random preamble it transmits.
[0151] Contention based random access only happens in the case of DCI format 1_0 scrambled with P-RNTI
(RRC_INACTIVE state).
[0152] Alternatively, aRACHOccasionmay bemappedwith aSRSoccasion similarly to themapping between aRACH
occasion andaPUSCHoccasion in the2-stepRACH in order to avoid interference in the caseofmultiple user localization.
[0153] To determine if a SS-RTTscheme is used in step 61 of figure 6 and step 71 of figure 7, the DCI generated by the
base station 2 in step 506 and 512 of figure 4may include a new SRS request field. This SRS request field included in the
generated DCI may be used by the user equipment 1, in response to the receipt of the DCI from the base station, to
determine if the SRS is to be transmitted to the base station 2, in along with the RACH procedure, in the same time slot.
[0154] In some embodiments, the SS-RTT method may comprise an initialization step for initializing the SS-RTT
schemeusing aDCI based signalling procedure thatmaybe a first DCI based signalling procedure or a secondDCI based
signalling procedure.
[0155] According to the first DCI based signalling procedure, the step of generating theDCI in steps 506 or 512 of figure
5, may comprise using a DCI format derived from the DCI Format 1_0, the DCI format derived from the DCI Format 1_0
comprising the SRS request field that is used to signal the SS-RTT scheme.
[0156] The DCI format derived from DCI Format 1_0 may therefore be used to trigger RACH procedure in both
RRC_INACTIVE state and in the RRC_CONNECTED states in step 506 or 512 of figure 5. In such embodiment, the new
field, referred to as the SRS request field, is added to initiate the SRS in the same slot along with the RACH procedure.
[0157] In particular, step 506may use the DCI format derived from the DCI Format 1_0 with CRC scrambled by P-RNTI
for RAN Paging (also referred to as "DCI Format 1_0 for RAN paging" hereinafter), if the user equipment 1 is in a
RRC_INACTIVEstate.Step512mayuse theDCI formatderived from theDCIFormat1_0withCRCscrambledbyC-RNTI
for PDCCH order, if the user equipment 1 is in a RRC_CONNECTED state.
[0158] Asdepicted in figure10, if theuserequipment 1 is in aRRC_INACTIVEstate, theDCI formatderived from theDCI
Format 1_0 for RAN Paging may comprise a new field corresponding to the SRS request field used to signal the SS-RTT
scheme and thereby trigger the transmission of the SRS by the UE 1 to the base station 2 in the same slot as the RACH
preamble.
[0159] The SRS request field in such case may comprise 2 or 3 bits. The reserved bits fields may comprise 3 or 4 bits.
[0160] As depicted in figure 10, the DCI format derived from the DCI Format 1_0 for RAN paging may comprise the
following fields:

- A Short Message Indicator (2 bits);
- A Short Message (8 bits)
- A Frequency-domain resource assignment (having a number of bits equal to

with indicating the size of coreset 0;
- A Time domain resource assignment (4 bits);
- A Random Access Preamble index (6 bits);
- A VRB-to-PRB (Virtual Resource Blocks-to-Physical Resource Blocks) mapping (1 bit) ;
- A Modulation and coding scheme (5 bits);
- A TB (Transport Block) Scaling (2 bits);
- The new SRS request field (2 or 3 bits)
- The « Reserved bits » field (3 or 4 bits).

[0161] The SRS request field comprising 2 bits, as defined by Table 7.3.1.1.2‑24 of 3GPP Technical specification TS
38.212, is for UEsnot configuredwithSUL (supplementaryUplink) in the cell, while theSRS request field comprising 3bits
is for UEs configured with SUL in the cell where the first bit is the non-SUL/SUL indicator as defined in Table 7.3.1.1.1‑1
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(3GPP TS 38.212) and the second and third bits are defined by Table 7.3.1.1.2‑24 (3GPP TS 38.212).
[0162] The Time domain allocation of SRS is with reference to the PRACH symbol.
[0163] In response to the receipt of the DCI sent by the base station 2 in step 506 in the DCI format derived from DCI
Format 1_0 for RAN paging, the UE1 may receive it (in steps 60 or 71 of figures 6 and 7), decode the PCCH messages
present in the PDSCH, and check if the identifier full I-RNTI or short I-RNTI present in the PCCH message matches
respectively the full I-RNTI or short I-RNTI present in the suspendconfiguration parameter (SuspendConfig) of theUE1. If
the identifiers match, then the UE 1 may initiate a contention based RACH procedure along with the SRS.
[0164] In a Contention based RACH Procedure (CBRA), a UE 1 may randomly select the preamble in a zadoff chu
sequence and send the RACH request towards the network. Multiple UEsmay send the PRACHwith the same preamble
so that the same PRACH preamble can be reached to the network frommultiple UEs at the same time, triggering PRACH
collisions ("Contention"). The Contention based RACH Process is a RACH process allowing this type of contention is
called.
[0165] If the user equipment 1 is in a RRC_CONNECTED state, the DCI format derived from the DCI Format 1_0 with
CRCscrambledbyC-RNTI forPDCCHordermaycomprise thenewSRSrequest field (for example2or3bits), asdepicted
in figure 11.
[0166] As depicted in figure 11, the DCI format derived from the DCI Format 1_0 with CRC scrambled by C-RNTI for
PDCCH order may comprise the following fields:

- An Identifier for DCI formats(1 bit);
- A Frequency-domain resource assignment (having a number of bits equal to

with indicating the size of coreset 0;
- AnUplink/SupplementalUplink (UL/SL) indicator for indicatingwhichuplink carrier tobeused in thebasestationcell to

transmit the PRACH (1 bit);
- A Synchronization Signal / Physical Broadcast Channel (SS/PBCH) index field for indicating the SS/PBCH that shall

be used to determine the RACH occasion for a PRACH transmission; and
- A PRACH Mask index field comprising 4 bits;
- The new SRS request field (2 or 3 bits)
- A « reserved bits » field (7 or 8 bits).

[0167] The SRS request field may comprise 2 bits as defined by Table 7.3.1.1.2‑24 (3GPP TS 38.212) for UEs not
configuredwithSUL (supplementaryUplink) in the cell and3bits forUEsconfiguredwithSUL in the cellwhere the first bit is
the non-SUL/SUL indicator as defined in Table 7.3.1.1.1‑1 (3GPPTS 38.212) and the second and third bits are defined by
Table 7.3.1.1.2‑24 (3GPP TS 38.212).
[0168] In this case, the time domain allocation of SRS is with reference to the PRACH symbol.
[0169] Alternatively, the secondDCIbasedsignallingprocedure comprises scramblingaDCI inanovelDCIFormatX_Y
comprising theSRS request field, theSRS request field of theDCI Format X_Ybeing used to trigger theUE to transmit the
SRS along with the RACH in steps 62 of figure 6 and 72 of figure 7.
[0170] According to some embodiments, if the UE is in RRC_INACTIVE state, the DCI Format X_Ymay be scrambled
with the P-RNTI, as it may be received by all the user equipments UEs, similarly to the paging messages that use DCI
Format 1_0 scrambled with P-RNTI.
[0171] If a UE is in RRC_CONNECTED state, the DCI Format X_Y may be scrambled with C-RNTI.
[0172] The DCI Format X_Y is further adapted for Contention Free Random Access CFRA (i.e. the DCI Format X_Y
enables CFRA) when the UE is in RRC_INACTIVE state or RRC_CONNECTED state. The CFRA procedure is
implemented in caseswhere contentions are not acceptable (for example due to timing restriction), and can be prevented.
In such scenario, the network may inform each UE of which preamble indexes it has to use for PRACH and when and
allocate the preamble indexes to avoid collision.
[0173] Figure 12 depicts the DCI Format X_Y configured to enable transmission of the SRS along with the RACH.
[0174] As illustrated by figure 12, the DCI Format X_Y may comprise:

- A full I-RNTIor short I-RNTI field comprising24or40bits. This I-RNTI field is used isused to identify thesuspendedUE
context of a UE in RRC_INACTIVE.

- A Random Access Preamble index field comprising 6 bits; this field indicates the index of the Random access
preamble and may be defined similarly to the parameter ra-Preamblelndex of 3GPP, Clause 5.1.2, 8, TS 38.321. If
Random Access Preamble index is set to all zeros then a contention based random access procedure may be
initiated.
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- AUL/SUL indicator comprising1bit. If thevalueof the "RandomAccessPreamble index" isnotall zerosand if theUE is
configured with SUL (supplementary Uplink) in the cell, this UL/SUL field indicates which UL carrier in the cell to
transmit the PRACH according to Table 7.3.1.1.1‑1 of the 3GPP TS 38.212; otherwise, this field is reserved.

- A SS/PBCH index field comprising 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this
SS/PBCH field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH
transmission; otherwise, this field is reserved.

- APRACHMask index field comprising 4 bits; If the value of the "RandomAccess Preamble index" is not all zeros, this
PRACHMask index field indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index"
for thePRACHtransmission,according toClause3GPPClause5.1.1of8,TS38.321); otherwise, this field is reserved.

- ASRS request field comprising 2or 3 bits. TheSRS request fieldmay comprise 2 bits as definedbyTable 7.3.1.1.2‑24
of 3GPP TS 38.212 for UEs not configured with SUL (supplementary Uplink) in the cell and 3 bits for UEs configured
with SUL (supplementary Uplink) in the cell where the first bit is the non-SUL/SUL indicator as defined in Table
7.3.1.1.1‑1 of 3GPP TS 38.212 and the second and third bits are defined by Table 7.3.1.1.2‑24 of 3GPP TS 38.212.

[0175] The Time domain allocation of SRS is made with reference to the PRACH symbol.
[0176] In some embodiments, a field useFullResumelD may be used in the System Information Block of type 1 (SIB1)
sent by the base station 2 to theUser Equipment 1 to indicatewhether full I-RNTI or short I-RNTI is used in theDCI Format
X_Y. TheSIB1 carries all the basic information forUE toperform the initial attachment procedureSIB1and is carriedby the
physical channel PDSCH.
[0177] Figure 13 is a flowchart depicting the round trip timeestimation, performedat the base station, according to some
embodiments (step 64 of figure 6 and step 74 of figure 7).
[0178] In step 1300, the RACH first message and the aperiodic SRS are received.
[0179] In step 1302, in response to the receipt of the aperiodic SRS, the base station 2 may estimate the RTT from the
received SRS channel impulse response (step 64 of figure 6 and step 74 of figure 7) that is present next to the RACH.
[0180] The round trip timeRTTbetween the base station 2 and theUE1 is determined from the time of arrival estimated
from the SRS channel impulse response that is present next to the RACH according to equation (1):

[0181] In equation (1), p designates the peak index of the time of arrival estimated from the SRS channel impulse
response and fs is the sampling rate of themodulation system (such asOFDMsystem). The peak parameter p is obtained
from the peak of the channel impulse response.
[0182] The RTTestimated in step 1300 may be then used to estimate at least one positioning parameter related to the
user equipment position, including the distance d between the base station 2 and the User Equipment 1.
[0183] In step 1304, the distance d between the base station 2 and theUser Equipment 1may be determined according
to equation (3) from the estimated RTT:

[0184] In Equation (3), the parameter c designates the speed of light.
[0185] In step 1306, if thebase station 2 comprises aplurality of antennas comprising at least a calibrated antennaanda
singlebase-station, eachantennamay receiveSRS from theuserequipment. In this case, thepositioningparametersmay
include the angular information. The angular informationmaybeestimated using themultipleSRS received at themultiple
antennas of the base station 2 from the user equipment 1 (sent in step 64 of figure 6 and step 74 of figure 7).
[0186] As used herein, the angular information refers to the azimuth angle of arrival θ, in two dimensions, or to the
azimuth θ and the elevation angle of arrival ϕ, in 3 dimensions of the line-of-sight multi-path components present in the
uplink. This angle of arrival information can be estimated using the multiple antennas (such as a uniform linear array, for
two dimension position information or uniform rectangular array, for three dimension position information) present at the
base station 2 using suitable estimation algorithms.
[0187] The two dimensional position of a user equipment (p,q) or three dimensional position of a user equipment (p,q,r)
may be carried using the estimated distance d and the angular information (angle θ or pair of values (θ, ϕ)) with respect to
the position of the base station (x,y,z) according to equation (4) in 2 dimensions or equation (5) in 3 dimensions:
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[0188] The skilled person will readily understand that although the above embodiments of the RTTestimation method
have been describedmainly with reference to a 5G/NR system, the embodiments of the inventionmore generally apply to
any mobile communication system in which an uplink synchronization signal (PRACH in the above examples) is used,
where a state-based signalling mechanism based on the state of the user (RRC mechanism in the above examples) is
used for the communication between the user equipment 1 to be positioned and the base station 2, the User Equipment
state being an active (or connected in a RRC embodiment) state or inactive state. The embodiments of the disclosure
advantageously use the transmission of a wideband signal (SRS in the above embodiments of the invention) in the uplink
immediately next to the uplink synchronization signal (e.g. RACH preamble). The configuration of the wideband signal is
then sent in steps 60 or 70 using the state-based signalling mechanism (e.g. RRC), and the SS-RTTscheme is signaled
using a DCI based signalling mechanism, as described above, depending on the state of the user equipment 1 to be
positioned (active or inactive).
[0189] Therefore, the disclosuremore generally provides amethod of positioning a user equipment 1 implemented in a
communication system100 comprising at least a user equipment and a base station 2, the user equipment 1 and the base
station 2 using a state-based signalling mechanism based on the state of the user equipment to communicate through a
network 3, the state being an inactive state or a connected state. Themethod comprises the following steps implemented
at the base station 2:

- Determining (at step 502) a wideband signal configuration using the state based signalling mechanism;
- Generating (steps 506, 512) a Downlink Control Information DCI scrambled with a type of radio network temporary

identifier, the type of radio network temporary identifier RNTI depending on the state of the user equipment,
- Transmitting (steps 506, 512) the generated DCI to the User Equipment (1).

[0190] The method further comprises, in response to an uplink synchronisation procedure initiated by the user
equipment (1) from the received generated DCI, the following steps implemented at the base station:

- Receiving a first uplink synchronisation message msgA or msg1 for example) from the user equipment 1 comprising
an uplink synchronisation signal (PRACH) in a given time slot;

- Receiving a wideband signal impulse response corresponding to the wideband signal configuration besides said
uplink synchronisation signal, in said given time slot;

- Estimating the round trip time RTT between the base station 2 and the user equipment 1 from the time of arrival
estimated from said wideband signal impulse response and the sampling rate of the modulation system used by the
communication system;

- Estimating at least one positioning parameter related to the user equipment position from said estimated RTT.

[0191] Compared to the existing schemes, the embodiments of the disclosure obviate the need for a transmission of a
wideband signal in the downlink reducing frequency resources as well as the computational complexity at the UE. They
also enable reducing the time needed to obtain the Round Trip Time as it can be performed in a single shot within a slot.
[0192] Theembodiments of the disclosure thereby enable performingpositioning of theUE1using a single base-station
that is robust to clock offset, lower complexity and fewer resources.
[0193] The embodiments of the disclosure advantageously provide an improved round trip time estimation scheme
(single shot round trip timemeasurement scheme) that enables round trip time to be estimated at the base station 2, in the
uplink, using fewer resources and computations in a single shot. The round trip time estimation scheme according to the
embodiments of the disclosure is robust to the clock offset present between the base station 2 and the user equipment 1
and enables estimation of the round trip time both in the RRC_INACTIVE and RRC_CONNECTED state. The round trip
time estimation scheme according to the embodiments of the disclosure enables contention free random access in
RRC_INACTIVE state.
[0194] Advantageously, the single shot round trip timeaccording to theembodiments of the disclosure is independent of
the over-the-air physical waveform changes in the standards including synchronization waveform.
[0195] The UE 1may be any physical internet-enabled device/object provided with required hardware and/or software
technologies enabling communication over Internet. The UE 1may 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 IoT/M2M device or connected device operating in an IoT/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.
[0196] Embodiments of the present disclosure can take the form of an embodiment containing software only, hardware
only or both hardware and software elements.
[0197] Furthermore, the methods described herein can be implemented by computer program instructions supplied to
the processor of any type of computer to produce amachine 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 instructionsmay
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. In particular, the methods described herein may be implemented in a computer system.
[0198] 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 flowcharts, sequencediagrams, and/or block diagramsmay includemore or
fewer blocks than those illustrated consistent with embodiments of the disclosure.
[0199] While embodiments of the disclosure have been illustrated by adescription of various examples, andwhile these
embodimentshavebeendescribed in considerable detail, it is not the intent of theapplicant to restrict or in anyway limit the
scope of the appended claims to such detail.
[0200] The communication system 100 according to the embodiments of the disclosure may be used in various
applications such asMassiveMTC (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 (IoT) (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.
[0201] For example, in IoT 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-powerwide area networks and low-power short-range IoT
networks.
[0202] 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 auto-
mation/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 resources andhealthcare servicesmaybeused inwhich specialmonitors 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 IoT devices to perform monitoring and controlling
operations of urban and rural infrastructures such as bridges and railway tracks.
[0203] 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.

Claims

1. Amethod of positioning a user equipment (1) implemented in a communication system (100) comprising at least said
user equipment and a base station (2), the user equipment (1) and the base station (2) using state-based signalling
mechanism based on the state of the user equipment to communicate through a network (3), said state being an
inactive state or active state, wherein the method comprises the following steps implemented at the base station (2):

- Determining (502) a wideband signal configuration using the state-based signalling mechanism;
- Generating (506, 512) a Downlink Control Information DCI scrambled with a type of radio network temporary
identifier, the type of radio network temporary identifier RNTI depending on the state of the user equipment,
- Transmitting (506, 512) the generated DCI to theUser Equipment (1), wherein themethod further comprises, in
response to an uplink synchronisation procedure initiated by the user equipment (1) from the received generated
DCI, the following steps implemented at the base station:
-Receivinga first uplink synchronisationmessage from theuser equipment comprising anuplink synchronisation
signal in a given time slot;
- Receiving (1300) a wideband signal impulse response corresponding to said wideband signal configuration
besides said uplink synchronisation signal, in said given time slot ;
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- Estimating (1302) the round trip timeRTTbetween the base station (2) and the user equipment (1) from the time
of arrival estimated from said wideband signal impulse response and the sampling rate of themodulation system
used by the communication system;
- Estimating (1304, 1306) at least one positioning parameter related to the user equipment position from said
estimated RTT.

2. The method of claim 1, wherein the round trip time RTT is estimated according to:

where p designates the peak index of the time of arrival estimated from said SRS channel impulse response and fs is
the sampling rate of the modulation system of the communication system.

3. The method of claim 2, wherein said at least one positioning parameter comprises the distance d between the base
station (2) and the User Equipment (1), said distance being determined as:

where c designates the speed of light.

4. The method of any preceding claim, wherein the base station (2) comprises a plurality of antennas, said plurality of
antenna comprising at least a calibrated antenna and a single base-station, and wherein said at least one positioning
parameter comprises angular information estimated using the plurality of wideband signal received at said plurality of
multiple antennas from the user equipment (1).

5. The method of any preceding claim, wherein the uplink synchronization procedure is a RACH procedure, the uplink
synchronization signal is a RACH preamble, the state-based signalling mechanism is a RRCmechanism, the active
state beingaRRC-CONNECTEDstate and the inactive state being aRRC_INACTIVEstate, and thewideband signal
is an aperiodic SRS signal.

6. Themethodof claim5,wherein if thegivenRRCstateof theUserEquipment is aRRC_INACTIVEstate, the typeof the
radio network temporary identifier is a P-RNTI, the DCI generation step (506) comprises generating aDCI scrambled
with aP-RNTI and/or wherein if the givenRRCstate of theUser Equipment is aRRC_CONNECTEDstate, the type of
the radio network temporary identifier is a C-RNTI, the DCI generation step (512) comprises generating a DCI
scrambled with a C-RNTI.

7. Themethod of any preceding claim5 to 6,wherein themethod comprises using a first DCI based signalling procedure
according to which the step of generating the DCI comprises using a scrambled DCI format derived from the DCI
Format 1_0, the DCI format derived from the DCI Format 1_0 comprising a SRS request field, said SRS request field
being used by the user equipment (1) to determine if the SRS is to be transmitted to the base station (2), in said given
time slot along with the RACH procedure, in response to the receipt of the generated DCI.

8. Themethodof claims6and7,wherein theDCI format derived from theDCIFormat 1_0 comprises the fieldsof theDCI
Format 1_0 with CRC scrambled with P-RNTI for RAN Paging, and an additional field corresponding to said SRS
request field comprising 2 or 3 bits.

9. Themethodof claims6and7,wherein theDCI format derived from theDCIFormat 1_0 comprises the fieldsof theDCI
Format 1_0 with CRC scrambled by C-RNTI for PDCCH order, and an additional field corresponding to said SRS
request field comprising 2 or 3 bits.

10. The method of any preceding claim 5 to 6, wherein the method comprises using a second DCI based signalling
procedure comprising scrambling a DCI in a specific DCI Format X_Y, said DCI Format X_Y being used by the user
equipment (1) to determine if the SRS is to be transmitted to the base station (2), in said given time slot along with the
RACH procedure, in response to the receipt of the generated DCI.
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11. The method of claim 10, wherein said DCI Format X_Y comprises:

- A full I-RNTI or short I-RNTI field for identifying a suspended User Equipment context of a user equipment in
RRC_INACTIVE state;
- A Random Access Preamble index field for indicating the index of the Random access preamble;
- An Uplink/Supplemental Uplink indicator for indicating which uplink carrier to be used in the base station cell to
transmit the PRACH;
- A Synchronization Signal / Physical Broadcast Channel (SS/PBCH) index field for indicating the SS/PBCH that
shall be used to determine the RACH occasion for a PRACH transmission; and
- A PRACH Mask index field for indicating the RACH occasion associated with the SS/PBCH indicated by the
SS/PBCH index for the PRACH transmission; and
- A SRS request field.

12. Themethodof any claim10and11wherein theDCIFormatX_Yis further adapted toenableContentionFreeRandom
Access.

13. Themethodofanyprecedingclaim5 to12,wherein the randomaccesspreamble isassociatedwithaRACHpreamble
index, the method comprising mapping the RACH preamble index with a cyclic shift of the SRS.

14. Themethod of any preceding claim, wherein the method further comprises the following steps performed at the user
equipment (1):

- Receiving (60, 70) at the user equipment (1) the DCI sent from the base station;
- Determining (61, 71) if the received DCI comprises at least one field related to a round trip time estimation
scheme;
- Initiating (62, 72) an uplink synchronization procedure comprising exchanging at least a first message and a
second message with the base station (2),
- Transmitting (63, 73) the uplink synchronization first message comprising the uplink synchronization signal to
the base station (2) in the given time slot;
- Transmitting (64, 74) the wideband signal to the base station in said given time slot according to said wideband
signal configuration.

15. A communication system comprising at least a user equipment (1) and a base station (2), the user equipment (1) and
the base station (2) using a state-based signalling based on the state of the user equipment (1) to communicate
through a network (3), said state being an inactive state or an active state, wherein the base station (2) comprises a
positioning device (20) configured to determine positioning information related to the user equipment (1), wherein the
positioning device (20) comprises:

- A wideband signal configuration Unit (200) configured to determine wideband signal configuration using the
state-based signalling mechanism;
- ADCI generation unit (202) configured to generate aDownlinkControl InformationDCI scrambledwith a type of
radio network temporary identifier, the type of radio network temporary identifier RNTI depending on the state of
the user equipment,
- A transmission unit (204) configured to transmit the generated DCI to the User Equipment (1),

wherein the base station (2) is configured to receive a first uplink synchronisation message from the user
equipment comprising an uplink synchronisation signal in a given time slot and wideband signal impulse
response corresponding to said wideband signal configuration besides said RACH preamble, in said given
time slot,
wherein the positioning device (20) further comprises:

- A RTTestimation unit (206) configured to estimate the round trip timeRTT between the base station (2) and the
user equipment (1) from the time of arrival estimated from said wideband signal impulse response and the
sampling rate of the modulation system of the communication system;
- A positioning information estimation unit (208) configured to estimate at least one positioning parameter related
to the user equipment position from said estimated RTT.
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