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(67)  Various example embodiments may relate to re-
late to transmission of random access preambles in
non-terrestrial networks. An apparatus may estimate a
location of the apparatus; determine a quality of the es-
timated location; determine, based on the location of the
apparatus, a plurality of frequency pre-compensation val-
ues for accessing a non-terrestrial network, in response
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Description
TECHNICAL FIELD

[0001] Various example embodiments generally relate
to the field of wireless communications. Some example
embodiments relate to transmission of random access
preambles in non-terrestrial networks.

BACKGROUND

[0002] Various wireless communication systems, for
example 3GPP 5G New Radio (NR), may provide non-
terrestrial network support for example by including ac-
cess nodes in satellites or by relaying signals via satel-
lites. A device such as for example a user equipment
(UE) may be provided with positioning capability, for ex-
ample by means of an integrated global navigation sat-
ellite system (GNSS) device. Due to rapid movement of
the serving satellite or other non-terrestrial platform, sig-
nals transmitted by a terrestrial device may experience
a Doppler shift and therefore frequency pre-compensa-
tion of transmitted signals may be applied, for example
when transmitting a random access preamble for re-
questing access to the non-terrestrial network.

SUMMARY

[0003] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the detailed description. This summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used to limit the scope of the claimed subject matter.
Example embodiments enable to improve reliability of
random access to a non-terrestrial network and thereby
to speed up the random access process. These benefits
may be achieved by the features of the independent
claims. Further implementation forms are provided in the
dependent claims, the description, and the drawings.
[0004] According to a first aspect, an apparatus is dis-
closed. The apparatus may comprise: means for estimat-
ing a location of the apparatus; means for determining a
quality of the estimated location; means for determining,
based on the location of the apparatus, a plurality of fre-
quency pre-compensation values for accessing a non-
terrestrial network, in response to determining that the
quality of the estimated location meets a condition for
applying multiple frequency pre-compensation values for
accessing the non-terrestrial network; and means for
transmitting a plurality of random access preambles cor-
responding to the plurality of frequency pre-compensa-
tion values.

[0005] According to an example embodiment of the
first aspect, the apparatus may comprise: means for de-
termining, based on the location of the apparatus, a single
frequency pre-compensation value and transmitting a
single randomaccess preamble corresponding to the sin-
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gle frequency pre-compensation value, in response to
determining that the quality of the estimated location
does not meet the condition for applying multiple frequen-
cy pre-compensation values for accessing the non-ter-
restrial network.

[0006] According to an example embodiment of the
first aspect, the apparatus may comprise: means for es-
timating the location of the apparatus based on at least
one satellite positioning signal and/or at least one terres-
trial positioning signal.

[0007] According to an example embodiment of the
first aspect, the at least one satellite positioning signal
may be received from a serving satellite of the non-ter-
restrial network and/or at least one other satellite.
[0008] According to an example embodiment of the
first aspect, the apparatus may comprise: means for de-
termining the quality of the estimated location based on
downlink information received from the serving satellite
and/or measurements of at least one downlink signal re-
ceived from the serving satellite.

[0009] According to an example embodiment of the
first aspect, the apparatus may comprise: means for de-
termining the quality of the estimated location based on
at least one of: variance of time information, frequency
information, or location information determined based on
the at least one satellite positioning signal; a number of
satellites used for determining the time information, fre-
quency information, or the location information; variance
of the downlink information; or downlink radio channel
conditions associated with the at least one downlink sig-
nal.

[0010] According to an example embodiment of the
first aspect, the apparatus may comprise: means for
transmitting a subsequent random access preamble of
the plurality of random access preambles, in response
to not receiving a random access response within a pre-
determined time period from transmission of a previous
random access preamble.

[0011] According to an example embodiment of the
first aspect, the apparatus may comprise: means for
transmitting the plurality of random access preambles
before an expected reception time of a random access
response.

[0012] According to an example embodiment of the
first aspect, at least two of the plurality of random access
preambles may overlap in time and/or the plurality of ran-
dom access preambles may comprise same preamble
sequence.

[0013] According to an example embodiment of the
first aspect, the condition for applying the plurality of fre-
quency pre-compensation values for accessing the non-
terrestrial network may comprise the quality of the esti-
mated location being above or equal to a first threshold,
and the apparatus may comprise: means for determining
a reference frequency offset based on a signal received
from the non-terrestrial network when the quality of the
estimated location is above or equal to a second thresh-
old; means for determining a current frequency offset
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based on a signal received from the non-terrestrial net-
work when the quality of the estimated location is below
or equal to the first threshold; means for determining a
current Doppler shift based on a subtraction of the refer-
ence frequency offset and the current frequency offset;
and means for determining the plurality of frequency pre-
compensation values based on the current Doppler shift.
[0014] According to an example embodiment of the
firstaspect, the firstthreshold may be equal to the second
threshold or the first threshold may be lower than the
second threshold.

[0015] According to an example embodiment of the
first aspect, the apparatus may comprise: means for de-
termining a first frequency pre-compensation value
based on the location of the apparatus; and means for
selecting the plurality of frequency pre-compensation
values from an interval between the first frequency pre-
compensation value and a second frequency pre-com-
pensation value corresponding to the current Doppler
shift.

[0016] According to an example embodiment of the
first aspect, the apparatus may comprise: means for de-
termining a next frequency pre-compensation value of
the plurality of frequency pre-compensation values
based on a weighted average of a previous frequency
pre-compensation value and a predetermined change of
the frequency pre-compensation value.

[0017] According to an example embodiment of the
first aspect, the apparatus may comprise: means for es-
timating a direction and/or an amount of change of the
current Doppler shift; means for determining a next fre-
quency pre-compensation value of the plurality of fre-
quency pre-compensation values based the direction
and/or the amount of change of the current Doppler shift.
[0018] According to an example embodiment of the
first aspect, the apparatus may comprise: means for es-
timating the direction and/or the amount of change of the
current Doppler shift based on signals received from the
non-terrestrial network.

[0019] According to an example embodiment of the
first aspect, the apparatus may comprise: means for es-
timating the direction and/or the amount of change of the
current Doppler shift based on ephemeris data of at least
one satellite of the non-terrestrial network.

[0020] According to a second aspect, a method is dis-
closed. The method may comprise: estimating a location
of an apparatus; determining a quality of the estimated
location; determining, based on the location of the appa-
ratus, a plurality of frequency pre-compensation values
for accessing a non-terrestrial network, in response to
determining that the quality of the estimated location
meets a condition for applying multiple frequency pre-
compensation values for accessing the non-terrestrial
network; and transmitting a plurality of random access
preambles corresponding to the plurality of frequency
pre-compensation values.

[0021] According to an example embodiment of the
second aspect, the method may comprise: determining,
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based onthe location of the apparatus, a single frequency
pre-compensation value and transmitting a single ran-
dom access preamble corresponding to the single fre-
quency pre-compensation value, in response to deter-
mining that the quality of the estimated location does not
meet the condition for applying multiple frequency pre-
compensation values for accessing the non-terrestrial
network.

[0022] According to an example embodiment of the
second aspect, the method may comprise: estimating
the location of the apparatus based on at least one sat-
ellite positioning signal and/or at least one terrestrial po-
sitioning signal.

[0023] According to an example embodiment of the
second aspect, the atleast one satellite positioning signal
may be received from a serving satellite of the non-ter-
restrial network and/or at least one other satellite.
[0024] According to an example embodiment of the
second aspect, the method may comprise: determining
the quality of the estimated location based on downlink
information received from the serving satellite and/or
measurements of at least one downlink signal received
from the serving satellite.

[0025] According to an example embodiment of the
second aspect, the method may comprise: determining
the quality of the estimated location based on at least
one of: variance of time information, frequency informa-
tion, or location information determined based on the at
least one satellite positioning signal; a number of satel-
lites used for determining the time information, frequency
information, or the location information; variance of the
downlink information; or downlink radio channel condi-
tions associated with the at least one downlink signal.
[0026] According to an example embodiment of the
second aspect, the method may comprise: transmitting
a subsequent random access preamble of the plurality
of random access preambles, in response to not receiv-
ing a random access response within a predetermined
time period from transmission of a previous random ac-
cess preamble.

[0027] According to an example embodiment of the
second aspect, the method may comprise: transmitting
the plurality of random access preambles before an ex-
pected reception time of a random access response.
[0028] According to an example embodiment of the
second aspect, at least two of the plurality of random
access preambles may overlapin time and/or the plurality
of random access preambles may comprise same pre-
amble sequence.

[0029] According to an example embodiment of the
second aspect, the condition for applying the plurality of
frequency pre-compensation values for accessing the
non-terrestrial network may comprise the quality of the
estimated location being above or equal to a first thresh-
old, and the method may comprise: determining a refer-
ence frequency offset based on a signal received from
the non-terrestrial network when the quality of the esti-
mated location is above or equal to a second threshold;
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determining a current frequency offset based on a signal
received from the non-terrestrial network when the qual-
ity of the estimated location is below or equal to the first
threshold; determining a current Doppler shift based on
a subtraction of the reference frequency offset and the
current frequency offset; and determining the plurality of
frequency pre-compensation values based on the cur-
rent Doppler shift.

[0030] According to an example embodiment of the
second aspect, the first threshold may be equal to the
second threshold or the first threshold may be lower than
the second threshold.

[0031] According to an example embodiment of the
second aspect, the method may comprise: determining
a first frequency pre-compensation value based on the
location of the apparatus; and selecting the plurality of
frequency pre-compensation values from an interval be-
tween the first frequency pre-compensation value and a
second frequency pre-compensation value correspond-
ing to the current Doppler shift.

[0032] According to an example embodiment of the
second aspect, the method may comprise: determining
a next frequency pre-compensation value of the plurality
of frequency pre-compensation values based on a
weighted average of a previous frequency pre-compen-
sation value and a predetermined change of the frequen-
cy pre-compensation value.

[0033] According to an example embodiment of the
second aspect, the method may comprise: estimating a
direction and/or an amount of change of the current Dop-
pler shift; determining a next frequency pre-compensa-
tion value of the plurality of frequency pre-compensation
values based the direction and/or the amount of change
of the current Doppler shift.

[0034] According to an example embodiment of the
second aspect, the method may comprise: estimating
the direction and/or the amount of change of the current
Doppler shift based on signals received from the non-
terrestrial network.

[0035] According to an example embodiment of the
second aspect, the method may comprise: estimating
the direction and/or the amount of change of the current
Doppler shift based on ephemeris data of at least one
satellite of the non-terrestrial network.

[0036] According to an example embodiment of the
second aspect, the method may be performed by the
apparatus.

[0037] Accordingtoathirdaspect, acomputerprogram
or a computer program product may comprise instruc-
tions for causing an apparatus to perform at least the
following: estimating a location of the apparatus; deter-
mining a quality of the estimated location; determining,
based on the location of the apparatus, a plurality of fre-
quency pre-compensation values for accessing a non-
terrestrial network, in response to determining that the
quality of the estimated location meets a condition for
applying multiple frequency pre-compensation values for
accessing the non-terrestrial network; and transmitting a
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plurality of random access preambles corresponding to
the plurality of frequency pre-compensation values. The
computer program or the computer program product may
comprise instructions for causing an apparatus to per-
form any example embodiment of the method of the sec-
ond aspect.

[0038] According to afourth aspect, an apparatus may
comprise at least one processor; and at least one mem-
ory storing instructions that, when executed by the at
least one processor, cause the apparatus at least to: es-
timate a location of the apparatus; determine a quality of
the estimated location; determine, based on the location
of the apparatus, a plurality of frequency pre-compensa-
tion values for accessing a non-terrestrial network, in re-
sponse to determining that the quality of the estimated
location meets a condition for applying multiple frequency
pre-compensation values for accessing the non-terres-
trial network; and transmit a plurality of random access
preambles corresponding to the plurality of frequency
pre-compensation values. The at least one memory may
store instructions that, when executed by the atleastone
processor, cause the apparatus to perform any example
embodiment of the method of the second aspect.
[0039] Any example embodiment may be combined
with one or more other example embodiments. Many of
the attendant features will be more readily appreciated
as they become better understood by reference to the
following detailed description considered in connection
with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0040] The accompanying drawings, which are includ-
ed to provide a further understanding of the example em-
bodiments and constitute a part of this specification, il-
lustrate example embodiments and together with the de-
scription help to understand the example embodiments.
In the drawings:

FIG. 1illustrates an example of a non-terrestrial com-
munication network;

FIG. 2illustrates an example of perceived and actual
locations of a UE;

FIG. 3 illustrates an example of a four-step random
access procedure;

FIG. 4 illustrates an example of a two-step random
access procedure;

FIG. 5 illustrates an example of repetitive transmis-
sion of random access preambles if no random ac-
cess response is received;

FIG. 6 illustrates an example of direct transmission
of multiple random access preambles;

FIG. 7 illustrates an example of mapping random
access preambles to random access occasions;
FIG. 8 illustrates an example of an apparatus con-
figured to practice one or more example embodi-
ments; and

FIG. 9illustrates an example of a method for random
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access.

[0041] Like references are used to designate like parts
in the accompanying drawings.

DETAILED DESCRIPTION

[0042] Reference willnowbe made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings. The detailed description pro-
vided below in connection with the appended drawings
is intended as a description of the present examples and
is not intended to represent the only forms in which the
present example may be constructed or utilized. The de-
scription sets forth the functions of the example and the
sequence of steps for constructing and operating the ex-
ample. However, the same or equivalent functions and
sequences may be accomplished by different examples.
[0043] Devices, such as for example user equipment
(UE), may be enabled to access services through a ter-
restrial network. In addition, devices may be enabled to
access services over a non-terrestrial network (NTN) pro-
vided by satellites or other non-terrestrial platforms, such
as high altitude platform systems (HAPS) or unmanned
aircraft systems (UAS). Terrestrial cellular networks, e.g.
5G NR as defined by the 3 Generation Partnership
Project (3GPP), may be configured to support non-ter-
restrial network access. UEs supporting NTN may have
positioning capability, for example by means of GNSS.
[0044] In one example of an NTN system, 5G access
nodes (gNB) may be deployed onboard satellites, or sig-
nals between a UE and a gNB may be relayed via a sat-
ellite, for example to provide communication coverage
over avery large area that may be otherwise unreachable
by cellular networks. Non-terrestrial networks may be for
example used to connect internet-of-things (loT) devices
globally as well as to provide personal communication in
remote areas and in disaster relief.

[0045] In order to access a non-terrestrial network, a
UE may perform pre-compensation of the propagation
delay and Doppler shift between the UE and the access
node. For this, the UE may use GNSS assistance infor-
mation, for example location and/or timing information,
determined based on GNSS signals. However, the infor-
mation provided by GNSS may not be always accurate.
Example embodiments of the presentdisclosure improve
access to a non-terrestrial network in presence of inac-
curate GNSS information.

[0046] According to an example embodiment, an ap-
paratus may estimate its location based on at least one
satellite positioning signal. The apparatus may determine
a quality of the estimated location, for example in order
to determine whether to transmit multiple random access
preambles or not. The apparatus may determine, based
on its location, multiple frequency pre-compensation val-
ues for accessing a non-terrestrial network, if it deter-
mines that the quality of its location estimate is poor. The
apparatus may then transmit multiple random access
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preambles corresponding to different frequency pre-
compensation values. This enables to increase proba-
bility of successful reception of one of the RA preambles,
thereby improving random access to the non-terrestrial
network. Further example embodiments are described
with reference to the drawings.

[0047] FIG. 1 illustrates an example of a non-terrestrial
communication network. Non-terrestrial network 100
may comprise one or more UEs 110. A service link may
be provided between UE 110 and a satellite 120, which
is provided as an example of a non-terrestrial platform.
Satellite 120 may be further connected to a gateway 130
by a feeder link. Gateway 130 may be connected to a
data network 140 to enable UE 110 to access data serv-
ices.

[0048] Satellite 120 may be located on a satellite orbit
such as for example a low earth orbit (LEO), which may
be located for example at an altitude of 500-1500 km.
Satellite 120 may therefore be a LEO satellite. Other
types of satellites may be however applied as well, in-
cluding for example geostationary satellites with a higher
orbit. With LEO satellites the communication delay may
be however shorter and cost of a LEO satellite and its
deployment may be lower compared to other type of sat-
ellites. A beam footprint size of a LEO satellite may be
for example between 100-1000 km in radius. One LEO
satellite may therefore cover a very large area on the
earth, including possibly multiple countries.

[0049] Technologies such as Narrowband Internet-of-
Things (NB-IoT), Long Term Evolution-Machine type
communication (LTE-M), and enhanced Machine Type
Communication (eMTC) as specified by 3GPP enable
low power communication over cellular communication
networks. When implementing NTN communications,
UE 110 may be equipped with GNSS, or some other po-
sitioning system. GNSS may be used for example to com-
pensate for random access channel (RACH) timing, for
example initial RACH timing, and/or frequency misalign-
ment (Doppler shift) due to the fast movement of the sat-
ellite (e.g. 7.5 km/s). This may result in situations where
a UE 110 may be able to access the network only if it
knows its own location sufficiently accurately. Even
though 3GPP 5G NR is used as an example of a com-
munication network, it is appreciated that the example
embodiments described herein may be applied to any
suitable communication and positioning system. Also,
any suitable GNSS system such as for example Galileo
or GPS (Global Positioning System), may be used.
[0050] Non-terrestrial network 100 may use a "trans-
parent" architecture, where an access node (e.g. gNB)
is located on the ground and satellite 120 performs fre-
quency conversion and signal amplification. Gateway
130 may be co-located with the access node or not. For
example, gateway 130 may be provided at a location with
a good link to satellite 120, whereas the access node
(incl. the baseband unit) may be provided at a location
that enables easy maintenance and operation of the ac-
cess node.
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[0051] In the example of FIG. 1, signal propagation
time between the access node and UE 110 covers both
the feeder link and the service link. Downlink signals re-
ceived by UE 110 may undergo a one-way propagation
delay. If uplink frame timing is to be aligned with downlink
frame timing at the access node, UE 110 may apply a
timing advance (TA) that is equal to the round-trip delay
when transmitting uplink data. This TA adjustment should
be accurate enough such that the arrival time of an or-
thogonal frequency division multiplexing (OFDM) symbol
is within the cyclic prefix window of the access node, in
order to prevent signals from multiple UEs from interfer-
ing each other.

[0052] Due to the high satellite speed of ~7,5km/s for
LEO deployments, signal transmission on both service
and feeder link will be subject to a large Doppler effect,
for example in form of a Doppler shift due to strong line
of sight (LOS) character of both links. Feeder link Dop-
pler, in both downlink and uplink directions, may be han-
dled by the satellite subsystem (e.g. satellite 120 and
gateway 130) in a way that is transparent to the access
node and UE 110.

[0053] However, UE 110 may still need to deal with the
Doppler shift on the service link. This Doppler shift may
span multiple subcarrier spacings (SCS) of OFDM, also
depending on the elevation angle. In downlink, this may
force UE 110to detectand compensate alarge frequency
offset caused by the Doppler shift, so that it can compen-
sate the frequency offset and detect the signal on the
frequency grid without significant inter-carrier interfer-
ence (ICl). In uplink, UEs may need to pre-compensate
the Doppler shift on the service link so that signals from
different UEs reach the other end of the link without large
(relative) frequency offsets, thereby reducing the inter-
carrier interference.

[0054] Forexample, UEs may adjusttheiruplink carrier
frequency to pre-compensate for the service link Doppler.
To enable this, UEs may use ephemeris information of
satellite, comprising for example location and speed vec-
tor of the serving satellite and optionally other satellite(s).
This information may be broadcasted, e.g. regularly, by
the access node, for example as part of system informa-
tion (e.g. system information block(s), SIB). The access
node may also broadcast its own location.

[0055] UEs may be provided with GNSS support.
Therefore, UE 110 may have access to GNSS location
and/or GNSS time. This way UE 110 may derive its own
location and use the derived location for uplink time/fre-
quency alignment, for example in radio resource connec-
tion (RRC) idle state (RRC_IDLE), inactive state (RRCI-
NACTIVE), or connected state (RRC_CONNECTED).
[0056] In general, usage of GNSS device at UE 110
may be implementation specific since the GNSS isa non-
cellular radio generally independent of 3GPP. However,
in the NTN scenarios (e.g. IoT and NR cases) UE 110
may use its GNSS device to assist the communication
by the 3GPP radio, for example by time/frequency pre-
compensation before attempting initial RACH access.
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[0057] FIG. 2 illustrates an example of perceived and
actual locations of a UE One problem in systems relying
on GNSS assistance is that the GNSS information may
not be accurate. There may be several sources for inac-
curacies. Potential sources for inaccurate GNSS infor-
mation include UE 110 being located at dense urban en-
vironments, locations with limited GNSS coverage (e.g.
semi-indoor), or locations in deep forests or otherwise
limited vision to the sky, or the GNSS system being sub-
ject to disturbances such as for example outage, spoof-
ing, interference, or the like.

[0058] Ifthe perceived location of UE 110is notaligned
with the actual position, or UE 110 is not able to derive
GNSS-provided timing with sufficient accuracy, UE 110
may not be able to perform pre-compensation for random
access with sufficient accuracy. For example, an internal
pre-compensation algorithm of UE 110, using its under-
standing of the propagation delay to the access node for
compensating the transmit timing or frequency for ran-
dom access preamble, and optionally later signals, may
provide a wrong time offset (timing advance) and/or fre-
quency offset and therefore the signals received at the
access node may be offset to a level that may not be
acceptable for maintaining network performance.
[0059] One challenge with NTN, in contrast to terres-
trial networks, is the limited link budget due to the long
distances between transmitter and receiver, on both
service and feeder link. LEO satellites may be located
forexample atheight of 600 km or 1200 km. The coverage
at the uplink may be therefore limited by the transmit
power of UE 110. In case of link blockage, for example
by a building at indoor or semi-indoor scenarios, the path
loss may be high and the achievable uplink throughput
thus low. For example, assuming a carrier frequency of
2GHz, LEO satellite orbiting at 600 km, and handheld
UE, the signal-to-noise ratio (SNR) may be for example
around 5dB in downlink and 0 dB in uplink. Actual SNR
values may further depend on several other parameters,
for example location of UE 110 in a cell, antenna gain
etc. The above SNR values are therefore provided as
rough estimates.

[0060] FIG. 3illustrates an example of a four-step ran-
dom access procedure. An access node, represented
herein by gNB 320 may be included in satellite 120,
HAPS, or UAM, or be a terrestrial access node. The four-
step random access procedure is provided as an exam-
ple of a random access process.

[0061] At operation 301, UE 110 may transmit a ran-
dom access (RA) preamble. The RA preamble may com-
prise a first message (Msg1). Msgl may be also called a
random access request. The RA preamble may be trans-
mitted on a physical random access channel (PRACH).
The RA preamble may comprise at least one preamble
sequence The RA preamble may further comprise a cy-
clic prefix. The cyclic prefix may be located before the
preamble sequence(s) in transmission order. The gNB
320 may receive the RA preamble. After transmission of
the RA preamble the UE 110 may initiate monitoring for
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an RAresponse, for example on a physical downlink con-
trol channel (PDCCH). UE 110 may monitor for the RA
response during a RA response window, which may com-
prise an expected reception time window for the RA re-
sponse. When transmitting the RA preamble, UE 110
may apply time and frequency pre-compensation, as de-
scribed above.

[0062] At operation 302, gNB 320 may transmit a ran-
dom access (RA) response. The RA response may com-
prise a second message (Msg2). The RA response may
comprise an identifier of the RA preamble received by
gNB 320 at operation 301. In response to receiving an
RAresponse comprising the identifier ofthe RA preamble
transmitted at operation 301, UE 110 may determine the
RA response to be successful and proceed to transmit-
ting a scheduled uplink transmission. In response to not
receiving an RA response, for example within a config-
ured RA response window, or failing to verify the RA re-
sponse, the UE 110 may determine that the RAresponse
has failed. In this case, UE 110 may determine to try
random access again or determine the RA procedure to
have failed. When retransmitting the RA preamble, UE
110 may apply a different frequency pre-compensation
value, as will be further described below.

[0063] TheRAresponse mayindicatetoUE 110, which
uplink resources it can use to perform its uplink trans-
mission of following message(s) to gNB 320. The RA
response may further comprise an indication of a network
configured timing advance to be applied for adjusting the
transmit timing of UE 110, for example as a timing ad-
vance command (TAC). The network configured timing
advance may be different from the (initial) timing advance
used pre-compensation for transmitting the RA pream-
ble. UE 110 may apply the network configured timing
advance on top of the initial timing advance. Forexample,
a timing advance applied for subsequent messages may
comprise a sum of the initial timing advance and the net-
work configured timing advance. This enables UE 110
to further adjust the timing for transmission of subsequent
messages.

[0064] Atoperation 303, UE 110 may transmit a sched-
uled transmission. The scheduled (uplink) transmission
may comprise a third message (Msg3). UE 110 may ad-
just the transmission time of the scheduled transmission
based on the indication of the network configured timing
advance received at operation 302. This enables to en-
sure thatthe scheduled transmission is aligned with other
uplink signals from other UEs and thereby to maintain
orthogonality between the signals received at gNB 320,
even with a relatively short cyclic prefix of the scheduled
transmission. The scheduled transmission (Msg3) may
comprise control information, for example a medium ac-
cess control (MAC) control element (CE) ) such as a C-
RNTI (cell radio network temporary identifier) MAC CE.
Alternatively, or additionally, the scheduled transmission
may comprise common control channel (CCCH) infor-
mation, forexample one or more CCCH service data units
(SDU). The data carried by the scheduled transmission
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may hence comprise data submitted from an upper pro-
tocol layer. The data may be associated with the UE con-
tention resolution identity, as part of the random access
procedure. The scheduled transmission may in general
comprise any information scheduled for transmission in
the random access procedure after the RA preamble. UE
110 may initiate a contention resolution timer in response
to transmission of the scheduled transmission. The
scheduled transmission (Msg3) may be transmitted in
response to receiving the RA response (Msg2).

[0065] Atoperation 304, gNB 320 may transmit a con-
tention resolution message. The contention resolution
may comprise a fourth message (Msg4). The contention
resolution massage may be transmitted on the PDCCH
or the physical downlink shared channel (PDSCH). UE
110 may determine the contention resolution to be suc-
cessful, in response to receiving a contention resolution
message addressed to UE 110, for example by means
of the contention resolution identity of UE 110 (e.g. a
particular value of the C-RNTI).

[0066] FIG. 4 illustrates an example of a two-step ran-
dom access procedure. The two-step random access
procedure is provided as another example of random ac-
cess process.

[0067] At operation 401, UE 110 may transmit both a
random access preamble and data (PUSCH). These
messages may be transmitted together (e.g. one after
another) and the combination of these messages may
be referred to as MsgA. Therefore, MsgA may comprise
a first element, Msgl (= MsgA preamble), and a second
element, Msg3 (= MsgA PUSCH). The MsgA preamble
may comprise an RA preamble similar to operation 301.
The MsgA PUSCH may comprise information content
similar to the scheduled transmission of operation 303.
The gNB 320 may receive the RA preamble and the data
(PUSCH). Operation 401 may therefore comprise con-
secutive transmission of the RA preamble and the sched-
uled transmission. For example, the scheduled transmis-
sion may be transmitted before reception of the RA re-
sponse (response to the RA preamble) from gNB 320.
Accordingly, UE 110 may transmit the scheduled trans-
mission without receiving a response to the RA preamble
before the scheduled transmission. It is however noted
that there may be a time gap between transmission of
the RA preamble and the scheduled transmission. The
RA preamble and the scheduled transmission may be
also transmitted on different channels (e.g. PRACH and
PUSCH).

[0068] Atoperation 402, gNB 320 may transmit an RA
response and a contention resolution message. These
messages may be transmitted together (e.g. one after
another) and the combination of these messages may
be referred to as MsgB. Therefore, MsgB may comprise
a first element, Msg2 similar to the RA response of op-
eration 302, and a second element, Msg4 similar to the
contention resolution of operation 304. Operation 402
may therefore comprise consecutive transmission of the
RA response and the contention resolution messages.



13 EP 4 270 818 A1 14

UE 110 may receive the RA response and the contention
resolution message.

[0069] In NTN systems, UE 110 may use a non-zero
timing advance value, which may be defined or config-
ured by gNB 320. Alternatively, UE 110 may autono-
mously determine the time offset (timing advance) value
to be applied for random access. UE 110 may further
determine a value (frequency shift/offset) for frequency
pre-compensation. With uncertainty of the location of UE
110 and/or the location of satellite 120, as well as UE’s
own understanding of time as obtained based on GNSS
and gNB time information, there is a risk that the UE 110
selects a wrong timing advance value for the random
access procedure or that UE 110 is not able to correctly
pre-compensate the uplink Doppler shift of the service
link.

[0070] In some scenarios, e.g. indoors, UE 110 may
have both poor uplink link budget due to signal blockage
as well as poor GNSS availability, making the overall
uplink transmission very challenging. For example, the
RA procedure may be susceptible to errors, because UE
110 may not have received any assistance from the net-
work (e.g. TA) yet and it may rely on autonomous uplink
synchronization using GNSS only. For example, trans-
mission of the random access preamble (e.g. Msgl or
MsgA), as well as subsequent signals, may be received
with a large time and/or frequency offset, possible caus-
ing their detection to fail at gNB 320. Hence, it may not
be possible to maintain acceptable network perform-
ance. In this case UE 110 may not get any response to
the RA preamble from gNB 320 within the expected time
window.

[0071] As noted above, UE 110 may use an uplink fre-
quency pre-compensation value (offset) based on auton-
omous determination using its GNSS. With uncertainty
about UE location, there is a risk that UE 110 selects a
misaligned value of frequency pre-compensation for the
RA procedure. As a consequence, the random access
preamble may be received by gNB 320 with a very low
SNR. Example embodiments of the present disclosure
therefore provide a UE-based solution to overcome these
challenges and to enhance performance of the random
access procedure.

[0072] For example, a method is disclosed where UE
110, based on its own estimated coverage and GNSS
quality situation, performs multiple hypotheses for uplink
frequency pre-compensation and applies multiple uplink
pre-compensation values for the transmission of the RA
preamble. As a first example, if UE 110 has not received
an RA response from gNB 320 to an initial preamble
transmission (cf. operations 301 or 401), UE 110 may
apply adjusted frequency pre-compensation value in
subsequent attempts, resulting in a serial approach using
one RA process at a time. The frequency pre-compen-
sation values may be calculated for example based on
the shape of estimated Doppler spectrum in downlink
and/or GNSS input, optionally with other parameters.
[0073] Asasecond example, UE 110 may transmit the
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RA preamble multiple times by applying different fre-
quency pre-compensation values for each transmission,
without waiting for the RA response from gNB 320. This
may result in transmission of multiple RA preambles se-
quentially or in parallel. In this way, UE 110 is able to
increase the probability of at least one of the RA pream-
bles to be successfully received and detected by gNB
320, leading to successful connection setup. Overall, this
may enable more reliable and faster (re-)establishment
of connection to non-terrestrial network 100.

[0074] FIG. 5illustrates an example of repetitive trans-
mission of random access preambles if no random ac-
cess response is received.

[0075] At operation 501, UE 110 may receive a signal
from non-terrestrial network 100. UE 110 may measure
received power of the signal, for example based on ref-
erence signal received power (RSRP) of synchronization
signal block(s) (SSB) of the signal. UE 110 may further
perform Doppler measurement for the received signal,
for example to detect Doppler shift.

[0076] Atoperation 502, UE 110 may decouple carrier
frequency offset (CFO) from the Doppler measurement.
To enable accurate estimation of downlink Doppler shift,
an SSB preprocessing step may be performed. This may
be done to perform the decoupling of the SSB-based
Doppler estimation from carrier frequency estimation.
The SSB design may enable UE 110 to only estimate a
total frequency offset (TFO), which may be expressed
as a sum between the Doppler shift (fp) due to relative
movement between UE 110 and satellite 120 and the
internal carrier frequency offset (CFO) of UE 110, origi-
nating for example from imperfections of local oscillators
ofUE 110 and satellite 120.

[0077] At a firsttime instant {y, when UE 110 is in good
GNSS coverage, e.g. quality of estimated UE location
does not meet a condition for applying multiple frequency
pre-compensation values or hypotheses for random ac-
cess (e.g. the quality being above (or equal to) a first
threshold), UE 110 may use the GNSS-acquired UE lo-
cation to compute the Doppler shift (fp). This may be
done based on ephemeris data of satellite 120, for ex-
ample its location, speed, and direction with respect to
UE 110.

[0078] UE 110 may also use NTN signals (e.g. SSBs)
to compute the total frequency offset TFO = fp + CFO.
Using these two estimates, UE 110 may compute the
CFO at time t;, CFO({y), as the difference between the
two estimates. By doing this, UE 110 may obtain infor-
mation about the CFO and compensate for it.

[0079] At the current time instant {;, when UE 110 is
in bad GNSS coverage (e.g. quality of estimated UE lo-
cation is below (or equal to) the first threshold or a second
threshold), UE 110 may assess whether CFO(t;) is still
valid. CFO may change very slowly so UE 110 may de-
termine CFO to the valid if the time period between
and t, is short enough. If CFO(t,) is determined to be
valid, UE 110 may use SSB(s) to compute a current TFO
and extract current Doppler shift based on subtracting
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the previously determined CFO from the current TFO,
forexample by fp(t1) = TFO(t4) - CFO(ty). Thefirstthresh-
old may be equal to the second threshold. It is however
possible that the second threshold is lower than the first
threshold. This enables to provide further separation be-
tween different quality levels of GNSS conditions, serving
as criteria for the frequency offset measurements at time
instants t; and t,.

[0080] UE 110 may therefore determine CFO(ty) as a
reference frequency offset. UE 110 may further deter-
mine the current (total) frequency offset TFO(t;) and de-
termine the current Doppler shift by subtraction of these
two. This enables to mitigate the effect of CFO when
performing frequency pre-compensation for RA pream-
bles.

[0081] At operation 503, UE 110 may acquire GNSS
location. This may be done based on one or more GNSS
signals (satellite positioning signals) or signals from other
satellite system than GNSS. In general, UE 110 may de-
termine its location by any suitable means, for example
based on terrestrial positioning signals, received for ex-
ample from terrestrial access node(s). Terrestrial posi-
tioning signals may be also used in combination with sat-
ellite positioning signal(s). In case of satellite positioning
UE 110 may receive signals from multiple satellites and
estimate time-of-arrival (TOA) for each signal. The re-
ceived signals may comprise an indication of the trans-
mission time of the respective signal from the respective
satellite, or the transmission times may be otherwise
known to UE 110. Based on the difference between the
transmission times and respective TOAs, UE 110 may
calculate a distance between UE 110 and each satellite.
Each distance from the known position of the respective
satellite gives a circle of possible locations. Having cal-
culated distances from a number of satellites, UE 110
may determine its location atan intersection of the circles.
The determined position may be optionally selected from
multiple possible locations based on other information
such as for example UE 110 being located within a par-
ticular cell of a terrestrial cellular network. Therefore, mul-
tiple GNSS signals may not be always needed.

[0082] Atoperation 504, UE 110 may determine quality
of the estimated GNSS location. In other words, UE 110
may evaluate whetheritis in poor GNSS coverage and/or
poor GNSS conditions. Poor GNSS coverage/conditions
may occur for example when UE 110 is located in an
indoor or semi-indoor environment. The quality of GNSS
signal(s) may indicate quality (e.g. accuracy) of the loca-
tion estimated by UE 110 based on the GNSS signal(s).
[0083] The quality of GNSS signal(s) may be deter-
mined based on various characteristics of received sig-
nal(s), forexample satellite positioning signal(s) or down-
link signal(s) received from (serving) satellite 120, or sat-
ellite positioning signal(s) of other GNSS satellite(s) . UE
110 may for example use the received power levels of
NTN signals as obtained, e.g., by reference signal re-
ceived power (RSRP) measurements in downlink, to de-
termine the channel path loss. The determined path loss
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may be then compared to a threshold. The threshold may
be pre-defined. The threshold may depend on at least
one of the transmit power, the distance to the satellite,
or the expected received power in LOS. If the measured
path loss is lower than this threshold, UE 110 may de-
termine that it is in poor coverage also with respect to
GNSS signals. Determining the quality of the estimated
location may be therefore based on measurements of
NTN downlink signal(s) received from satellite 120.
[0084] The quality of GNSS signal(s), and/or quality of
the associated time, frequency, or location information
derived by UE 110 based on the GNSS signal(s), may
be determined by various means. UE 110 may for exam-
ple consider as figure(s) of merit the variance of the
GNSS signal (e.g. in terms of detected TOA) and/or var-
iance of the provided downlink information (e.g. over a
certain time window), the number of GNSS satellites de-
tected by UE 100 and/or being currently in use by UE
110, for example the number of satellites or satellite sig-
nal(s) used for deriving the time, frequency, or location
information. UE 110 may evaluate the variance of the
GNSS signal based on stability, e.g. amount of change,
over an observation time interval, of the time and/or fre-
quency reference which the localization system provides.
Variance of the downlink information may be determined
based on changes (e.g. number of changes) during the
observation time interval. For example, UE 110 may de-
termine quality of the estimated location to be low if there
are significant changes (e.g. amount of change(s) is over
a threshold) in the time and/or frequency reference pro-
vided by the GNSS signal(s) and/or if there are many
changes in the downlink information (e.g. number of
changes is above a threshold). UE 110 may determine
quality of the estimated location to be high if there are no
significant changes (e.g. amount of change is below a
threshold) in the time and/or frequency reference provid-
ed by the GNSS signal(s) and/or if there are no changes
in the downlink information (e.g. number of changes is
below a threshold). UE 110 may therefore use downlink
information received satellite 120 to determine the quality
of the estimated location. An indication of the parame-
ter(s) to be considered by UE 110 for GNSS evaluation
may be received from gNB 320 or be preconfigured at
UE 110.

[0085] Determining the quality of the estimated loca-
tion may be further based on channel measurements on
the NTN downlink. For example, by measuring the delay
spread of the channel, indicating whether there are
strong non-LOS reflections, UE 110 may determine
whether it is in poor GNSS conditions. For example, if
the Rician k factor (i.e. ratio between power of LOS com-
ponent over the sum of powers of non-LOS components)
is below a certain level, UE 110 may determine that there
are strong non-LOS components and that it is likely lo-
cated indoors.

[0086] Determining the quality of the estimated loca-
tion may be further based on Doppler shift detected on
the NTN downlink, for example measured from primary
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and/or secondary synchronization signals (PSS/SSS) or
other downlink reference signals. UE 110 may for exam-
ple compare the measured Doppler shift on the service
link with the Doppler shift value computed based on
GNSS reference (estimated location). If these values dif-
fer significantly, for example is the difference is above a
certain threshold (e.g. in Hz), UE 110 may determine that
the GNSS-based location may not be accurate. For de-
termining Doppler shift reference based on GNSS, a lo-
cation-based approach may be used, relying on GNSS
location of UE 110 and satellite location, which may be
known form the ephemeris data. It is noted that in re-
sponse to the network pre-compensating part of the serv-
ice link Doppler shift in the downlink, e.g. with respect to
a reference point in the cell, an indication of such partial
frequency pre-compensation value(s) may be provided
to UE 110 by gNB 320. UE 110 may consider this when
determining its own frequency pre-compensation values.
[0087] Determining the quality of the estimated loca-
tion may be further based on Doppler spread. Large Dop-
pler spread may be due to rich scattering environment
at the UE location. Large Doppler spread may therefore
indicate a high probability of UE 110 being located in-
doors. Hence, if Doppler spread is above a threshold,
UE 110 may determine thatitis in poor GNSS conditions.
The quality of the estimated location may be therefore
generally determined based on radio channel conditions
when receiving the downlink signal(s). Examples of the
radio channel conditions include delay spread, LOS char-
acteristics such as for example relative strength of LOS
component(s) (e.g. ratio between LOS and non-LOS
components), Doppler shift, or Doppler spread.

[0088] Quality of estimated GNSS location may be fur-
ther determined based on other satellite positioning pa-
rameters, such as for example the dilution of precision
(DOP). DOP of is a measure that describes how much
errors in the measurement affect the result of the esti-
mation. DOP may be determined based on the positions
of the satellites used for determining the GNSS location
at UE 110. The effect of geometry of the satellites on
position error may be referred to as the geometric dilution
of precision (GDOP). Time dilution of the precision
(TDOP) may indicate the uncertainty of the clock. Values
of the different types of DOP may be give as an integer
number, where a larger value indicates weaker precision.
[0089] The quality GNSS-based UE location informa-
tion may be determined based on any of the above pa-
rameters, or a combination thereof. For example, an
overall quality of the estimated UE location may be de-
termined based on an average (e.g. weighted average)
of the values of different parameters. A common condi-
tion (e.g. threshold) may be then setin order to determine
whether GNSS quality is poor or not. Based on this UE
110 may determine whether to transmit multiple RA pre-
ambles with different frequency pre-compensation val-
ues, as will be further described below.

[0090] If UE 110 determines that GNSS quality is not
poor (e.g. quality not meeting the condition for applying
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multiple frequency pre-compensation values or hypoth-
eses), UE 110 may move to execution of operation 505.
If UE 110 determines that GNSS quality is poor (e.g. qual-
ity meeting the condition for applying multiple frequency
pre-compensation values or hypotheses), UE 110 may
move to execution of operation 507.

[0091] At operation 505, UE 110 may perform GNSS-
based frequency pre-compensation. Based on the UE
location and speed vector, as provided by GNSS or other
positioning means, as well as the satellite location and
speed vector at given point in time, as provided by the
gNB or satellite 120, UE 110 s able to calculate the Dop-
pler shift on the service link between UE 110 and satellite
120. This value may be then applied in the uplink to pre-
compensate the Doppler shift. In case part of the Doppler
shift has pre-compensated in the downlink, this value
may be indicated by the network to UE 110. UE 110 may
determine one frequency pre-compensation value, which
may comprise a frequency offset or shift from a centre
frequency of the uplink channel (e.g. PRACH). Since the
GNSS location is determined to be good enough, UE 110
may determine a single frequency pre-compensation val-
ue and be confident that it is sufficiently accurate for suc-
cessful random access with a single RA preamble.
[0092] At operation 506, UE 110 may transmit a ran-
dom access preamble (e.g. Msgl or MsgA) with the single
frequency pre-compensation value determined at oper-
ation 505. In order to perform frequency pre-compensa-
tion, UE 110 may shift the random access preamble in
frequency by applying a frequency shift value to the fre-
quency of the uplink transmitted signal in accordance
with the frequency pre-compensation value.

[0093] At operation 507, UE 110 may determine a fre-
quency pre-compensation value, similar to operation
505. However, this operation may be performed itera-
tively with operations 508 and 509, when following the
"No’ branch from operation 509. When returning from op-
eration 509, UE 110 may update the frequency pre-com-
pensation value for a subsequent RA preamble.

[0094] At operation 508, UE 110 may transmit an RA
preamble, similar to operation 506, but applying the fre-
quency pre-compensation value determined at operation
507.

[0095] Atoperation 509, UE 110 may determine wheth-
er an RA response has been received, for example within
a predetermined time period (e.g. RA response period).
This period may be calculated for example from trans-
mission of a previous (e.g. latest) RA preamble. The time
period may comprise an expected reception time for the
RA response. The expected reception time may for ex-
ample be the latest point of an expected reception time
window. If no RA response has been received, UE 110
may move back to execution of operation 507 to deter-
mine an updated frequency pre-compensation value for
a subsequent RA preamble. A subsequent RA preamble
may be therefore transmitted at operation 508, based on
an updated frequency pre-compensation value, in re-
sponse to not receiving the RA response.
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[0096] The procedure may be ended either by trans-
mission of the single RA preamble at operation 506 or
determining that a RA response was received at opera-
tion 509. However, a maximum number of RA preambles
may be setand the procedure may be alternatively ended
when reaching the maximum number of RA preambles.
[0097] Iteration of operations 507, 508, and 509, UE
110 may result in transmission of a plurality of RA pre-
ambles corresponding to a plurality of frequency pre-
compensation values iteratively determined at operation
507. Each RA preamble may be transmitted based on a
respective frequency pre-compensation value. For ex-
ample, the respective RA preamble may be frequency
shifted accordingly. Hence, at every attempt UE 110 may
update the frequency pre-compensation value. Methods
for determining how to select the different frequency pre-
compensation values are further described below.
[0098] FIG. 6 illustrates an example of direct transmis-
sion of multiple random access preambles. Operations
601 to 606 may be similar to operations 501 to 506, re-
spectively.

[0099] Atoperation 607, UE 110 may determine a plu-
rality of frequency pre-compensation values. This may
be performed similarto operation 507. However, frequen-
cy pre-compensation values may be determined for a
plurality of preambles directly, instead of the iterative ap-
proach of FIG. 5, where the transmission of multiple RA
preambles is subjected to the condition of not receiving
the RA response (cf. operation 509).

[0100] At operation 608, UE 110 may transmit a plu-
rality of RA preambles corresponding to the plurality of
frequency pre-compensation values determined at oper-
ation 607. UE 110 apply each frequency pre-compensa-
tion value to a respective RA preamble, for example by
frequency shifting the RA preamble. UE 110 may transmit
the plurality of RA preambles (e.g. a burst of preambles)
before the expected reception time of the RA response.
The procedure may be ended either by transmission of
the single RA preamble at operation 606 or by transmis-
sion of the plurality of RA preambles at operation 608.
[0101] Inthisway, UE 110is able to increase the prob-
ability of at least one of the RA preambles to be success-
fully received and decoded by the access node, thereby
leading to successful connection setup. The procedure
of FIG. 6 may be potentially faster than the procedure of
FIG. 5. This solution may be used for example when more
than one time-domain RACH occasion (RO) per synchro-
nization signal/physical broadcast channel (SS/PBCH)
block is available in one RA occasion. It is however pos-
sible to apply this approach in case a single RO window
is available and all RA preamble transmissions target this
RO. The procedure of FIG. 5 may consume less power
if a lower number of RA preambles needs to be transmit-
ted

[0102] When transmitting multiple RA preamble, for
example based on the procedure of FIG. 5 or FIG. 6, UE
110 may use a different preamble sequence (code) in
one or more of the transmissions. Alternatively, UE 110
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may use the same preamble sequence for the RA pre-
ambles. Using the same preambles sequence provides
the benefit of enabling the access node to combine dif-
ferentreceived versions of the same preamble sequence
in order to improve detection performance.

[0103] Frequency pre-compensation values for the dif-
ferent RA preambles may be selected by various means.
UE 110 may for example determine a first (e.g. initial)
frequency pre-compensation value (f; gnss) based on
its location. The location may be estimated based on re-
ceived GNSS signal(s). UE 110 may then determine a
second frequency pre-compensation value (fy; meas)
based on the current Doppler shift, which may be meas-
ured based on signal(s), for example SSB(s), received
from non-terrestrial network 100 (e.g. satellite 120).
[0104] UE 110 may for example divide the interval be-
tween the GNSS-based f; gyss and the downlink
measurement-based f; e Value into Nsub-intervals.
The sub-intervals may comprise a step A, where the step
A may be defined for example by A = (fy gnss
fuL meas)/N- For example, at every update at operation
507, UE 110 may determine the next frequency pre-com-
pensation value for the subsequent RA preamble (index
i+1)basedon f g = fy,; +A Initial value f,; o may
be equal to fy gnss-

[0105] Itis however possible to select the different fre-
quency pre-compensation values from this interval in any
suitable manner, e.g. starting from f; p045- The frequen-
cy pre-compensation value for the RS preamble may be
selected in increasing or decreasing order of equal or
non-equal steps, or selected from that interval in a non-
monotonic order. The sub-intervals may be equal or non-
equal. Similar approach may be applied regardless of
whether the different frequency pre-compensation val-
ues are determined iteratively, as in the example of FIG.
5, orin one go (e.g. before reception of the RA response
or before its expected reception time), as in the example
of FIG. 6.

[0106] UE 110 may determine the next frequency pre-
compensation value, for example for a subsequent RA
preamble, also based on a weighted average of a previ-
ous frequency pre-compensation value and a predeter-
mined change (A) of the frequency pre-compensation
value, for example by f; jvq = afy; + (1 - @)A. The
weighting factor « may be calculated by UE 110. The
weighting factor « may be updated at one or more of the
iterations of operation 507 or updated for one or more of
the RA preambles transmitted at operation 608. The
weighting factor a. may be used to adjust the weight put
to the two additive components, i.e. the frequency pre-
compensation value of the previous iteration and the step
A, and may be determined based on the size of A and
the number of updates/iterations the UE is executing.
Initial value f, o may be again equal to f; gnss- This
enables UE 110 to assign a larger weight to one of the
two terms, or have the flexibility to configure larger steps
within the interval from f; gnss 0 fur meas-

[0107] UE 110 may also determine the next frequency
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pre-compensation value based direction and/or the
amount of change of the Doppler shift. UE 110 may es-
timate the direction and/or an amount of change of the
Doppler shift, for example based on ephemeris data of
the satellite from which the NTN signal is received or
based on a trend in measurements of the Doppler shift.
UE 110 may therefore obtain pre-knowledge of which
frequency direction and amount of additional frequency
pre-compensation to apply, when attempting the RA pre-
amble transmissions. Such pre-knowledge may be ob-
tained for example from observations of the change rate
of the Doppler shift, which may be estimated from refer-
ence signals or broadcast signals (e.g. SSBs) received
from satellite 120, including ephemeris data. UE 110 may
take into account not only the serving satellite, but also
other satellite(s), which UE 110 expects to become the
serving satellite in the near future, for example based on
the ephemeris data.

[0108] FIG. 7 illustrates an example of mapping ran-
dom access preambles to random access occasions
(RACH occasion, RO). An RO may comprise a time-fre-
quency space available for reception of an RA preamble
at the access node. A mapping may be defined between
SSB and RO. This mapping may be defined by radio
resource control (RRC) parameters msg7-FDM (msg1
frequency division multiplexing) and ssb-perRACH-Oc-
casionAndCB-PreamblesPerSSB. The first parameter
msg1-FDM may indicate the number of ROs allocated in
frequency domain for a single location in time domain.
The second parameter ssb-perRACH-OccasionAndCB-
PreamblesPerSSB may indicate the number of SSBs that
may be mapped to one RO and also the number of pre-
amble sequence indices that may be mapped to a single
SSB.

[0109] For example, four ROs (RO#N-1 to RO#N-4)
may mapped to a single SSB (SSB#0). ROs #N-4 and
#N-3 may be allocated such that they overlap in time ()
but are allocated to different frequencies (FDM#0,
FDM#1). The same applies to ROs #N-2 and #N-1. Some
of the transmitted RA preambles may therefore overlap
in time but not in frequency.

[0110] Preamble sequences 0 to 31 may be allocated
to each of the four ROs. These preambles may belong
to either Group A or B (grp A/B). Group A may be con-
figured as a default group of preamble sequences. Group
B may be configured with a specific configuration by the
network, for example in SIB2. Furthermore, preambles
(e.g. prelD62) from another group (Group C) may be al-
located to each of the four ROs

[0111] Transmission of multiple RA preambles (e.g.
Msgl or MsgA) may be therefore implemented with time
and/or frequency multiplexing. According to the example
of FIG. 7, UE 110 transmits four RA preambles with same
or different for example N=2 times at the same time in-
stant on different frequencies, and M=2 times on different
time resources. In general, UE 110 may transmit multiple
RA preambles, having same or different preamble se-
quence, N times at overlapping time instants but on dif-
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ferentfrequencies, and M times on different time resourc-
es. Different uplink frequency pre-compensation values
may be applied for one or more (e.g. all) of the transmitted
RA preambles.

[0112] It is further noted that power ramping may be
used for the different RA preambles. Hence, transmit
power may be increased for each RA preamble or for a
group of RA preambles (e.g. a group of RA preambles
transmitted overlapping in time domain). This may be
beneficial for example in case of poor NTN coverage,
where increasing the transmit power while trying a differ-
ent uplink frequency pre-compensation value may further
improve the probability of preamble detection by the ac-
cess node.

[0113] FIG. 8illustrates an example embodiment of an
apparatus 800, for example UE 110, satellite 120, or a
component or a chipset of UE 110 or satellite 120, or an
access node. Apparatus 800 may comprise at least one
processor 802. The atleast one processor 802 may com-
prise, for example, one or more of various processing
devices or processor circuitry, such as for example a co-
processor, a microprocessor, a controller, a digital signal
processor (DSP), a processing circuitry with or without
an accompanying DSP, or various other processing de-
vices including integrated circuits such as, for example,
an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA), a microcontroller unit
(MCU), a hardware accelerator, a special-purpose com-
puter chip, or the like.

[0114] Apparatus 800 may further comprise at least
one memory 804. The at least one memory 804 may be
configured to store instructions, for example as computer
program code or the like, for example operating system
software and/or application software. The at least one
memory 804 may comprise one or more volatile memory
devices, one or more non-volatile memory devices,
and/or a combination thereof. For example, the at least
one memory 804 may be embodied as magnetic storage
devices (such as hard disk drives, floppy disks, magnetic
tapes, etc.), optical magnetic storage devices, or semi-
conductor memories (such as mask ROM, PROM (pro-
grammable ROM), EPROM (erasable PROM), flash
ROM, RAM (random access memory), etc.).

[0115] Apparatus 800 may further comprise a commu-
nication interface 808 configured to enable apparatus
800 to transmit and/or receive information to/from other
devices. In one example, apparatus 800 may use com-
munication interface 808 to transmit or receive signaling
information and data in accordance with at least one cel-
lular communication protocol and/or satellite positioning
protocol The communication interface may be configured
to provide at least one wireless radio connection, such
as for example a 3GPP mobile broadband connection
(e.g. 3G, 4G, 5G, or future generation protocols). How-
ever, the communication interface may be configured to
provide one or more other type of connections, for ex-
ample a wireless local area network (WLAN) connection
such as for example standardized by IEEE 802.11 series
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or Wi-Fi alliance; a short range wireless network connec-
tion such as for example a Bluetooth, NFC (near-field
communication), or RFID connection; a wired connection
such as for example a local area network (LAN) connec-
tion, a universal serial bus (USB) connection or an optical
network connection, or the like; or a wired Internet con-
nection. Communication interface 808 may comprise, or
be configured to be coupled to, at least one antenna to
transmit and/or receive radio frequency signals. One or
more of the various types of connections may be also
implemented as separate communication interfaces,
which may be coupled or configured to be coupled to one
or more of a plurality of antennas.

[0116] Apparatus 800 may further comprise a user in-
terface 810 comprising an input device and/or an output
device. The input device may take various forms such a
keyboard, a touch screen, or one or more embedded
control buttons. The output device may for example com-
prise a display, a speaker, a vibration motor, or the like.
[0117] Whenapparatus 800 is configured to implement
some functionality, some component and/or components
of apparatus 800, such as for example the at least one
processor 802 and/or the at least one memory 804, may
be configured to implement this functionality. Further-
more, when the at least one processor 802 is configured
to implement some functionality, this functionality may
be implemented using the program code 806 comprised,
for example, in the at least one memory 804. Program
code 806 is provided as an example of instructions which,
when executed by the at least one processor 802, cause
performance of apparatus 800.

[0118] The functionality described herein may be per-
formed, atleastin part, by one or more computer program
product components such as software components. Ac-
cording to an embodiment, the apparatus comprises a
processor or processor circuitry, such as for example a
microcontroller, configured by the program code when
executed to execute the embodiments of the operations
and functionality described. Alternatively, or in addition,
the functionality described herein can be performed, at
leastin part, by one or more hardware logic components.
For example, and without limitation, illustrative types of
hardware logic components that can be used include
Field-programmable Gate Arrays (FPGAs), application-
specific Integrated Circuits (ASICs), application-specific
Standard Products (ASSPs), System-on-a-chip systems
(SOCs), Complex Programmable Logic Devices
(CPLDs), Graphics Processing Units (GPUs).

[0119] Apparatus 800 may comprise for example a
computing device such as for example am access node,
a base station, a server, a mobile phone, a tablet com-
puter, a laptop, an internet of things (loT) device, or the
like. Examples of loT devices include, but are not limited
to, consumer electronics, wearables, sensors, and smart
home appliances. In one example, apparatus 800 may
comprise a vehicle such as for example a car. Although
apparatus 800 is illustrated as a single device itis appre-
ciated that, wherever applicable, functions of apparatus
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800 may be distributed to a plurality of devices, for ex-
ample to implement example embodiments as a cloud
computing service.

[0120] FIG. 9 illustrates an example of a method for
random access.

[0121] At 901, the method may comprise estimating a
location of an apparatus.

[0122] At 902, the method may comprise determining
a quality of the estimated location.

[0123] At 903, the method may comprise determining,
based on the location of the apparatus, a plurality of fre-
quency pre-compensation values for accessing a non-
terrestrial network, in response to determining that the
quality of the estimated location meets a condition for
applying multiple frequency pre-compensation values for
accessing the non-terrestrial network.

[0124] At 904, the method may comprise transmitting
a plurality of random access preambles corresponding
to the plurality of frequency pre-compensation values.
[0125] Further features of the method directly result
from the functionalities and parameters of UE 110, sat-
ellite 120, or in general apparatus 800, as described in
the appended claims and throughout the specification,
and are therefore not repeated here. Different variations
of the method may be also applied, as described in con-
nection with the various example embodiments.

[0126] An apparatus may be configured to perform or
cause performance of any aspect of the method(s) de-
scribed herein. Further, a computer program or a com-
puter program product may comprise instructions for
causing, when executed, an apparatus to perform any
aspect of the method(s) described herein. Further, an
apparatus may comprise means for performing any as-
pect of the method(s) described herein. In one example,
the means comprises the at least one processor 802, the
at least one memory 804 storing instructions that, when
executed by the at least one processor 802, cause ap-
paratus 800 to perform the method.

[0127] Anyrange or device value given herein may be
extended or altered without losing the effect sought. Also,
any embodiment may be combined with another embod-
iment unless explicitly disallowed.

[0128] Although the subject matter has been described
in language specific to structural features and/or acts, it
is to be understood that the subject matter defined in the
appended claims is not necessarily limited to the specific
features or acts described above. Rather, the specific
features and acts described above are disclosed as ex-
amples of implementing the claims and other equivalent
features and acts are intended to be within the scope of
the claims.

[0129] It will be understood that the benefits and ad-
vantages described above may relate to one embodi-
ment or may relate to several embodiments. The embod-
iments are not limited to those that solve any or all of the
stated problems or those that have any or all of the stated
benefits and advantages. It will further be understood
that reference to ’an’ item may refer to one or more of
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those items.

[0130] The steps or operations of the methods de-
scribed herein may be carried out in any suitable order,
or simultaneously where appropriate. Additionally, indi-
vidual blocks may be deleted from any of the methods
without departing from the scope of the subject matter
described herein. Aspects of any of the embodiments
described above may be combined with aspects of any
of the other embodiments described to form further em-
bodiments without losing the effect sought.

[0131] The term 'comprising’ is used herein to mean
including the method, blocks, or elements identified, but
that such blocks or elements do not comprise an exclu-
sive list and a method or apparatus may contain addi-
tional blocks or elements.

[0132] As used in this application, the term ’circuitry’
may refer to one or more or all of the following: (a) hard-
ware-only circuit implementations (such as implementa-
tions in only analog and/or digital circuitry) and (b) com-
binations of hardware circuits and software, such as (as
applicable):(i) a combination of analog and/or digital
hardware circuit(s) with software/firmware and (ii) any
portions of hardware processor(s) with software (includ-
ing digital signal processor(s)), software, and memo-
ry(ies) that work together to cause an apparatus, such
as amobile phone or server, to perform various functions)
and (c) hardware circuit(s) and or processor(s), such as
a microprocessor(s) or a portion of a microprocessor(s),
that requires software (e.g., firmware) for operation, but
the software may not be present when it is not needed
for operation. This definition of circuitry applies to all uses
of this term in this application, including in any claims.
[0133] Asafurtherexample, asusedinthisapplication,
the term circuitry also covers an implementation of mere-
ly ahardware circuit or processor (or multiple processors)
or portion of a hardware circuit or processor and its (or
their) accompanying software and/or firmware. The term
circuitry also covers, for example and if applicable to the
particular claim element, a baseband integrated circuit
or processor integrated circuit for a mobile device or a
similar integrated circuit in server, a cellular network de-
vice, or other computing or network device.

[0134] It will be understood that the above description
is given by way of example only and that various modi-
fications may be made by those skilled in the art. The
above specification, examples and data provide a com-
plete description of the structure and use of exemplary
embodiments. Although various embodiments have
been described above with a certain degree of particu-
larity, or with reference to one or more individual embod-
iments, those skilled in the art could make numerous al-
terations to the disclosed embodiments without departing
from scope of this specification.

Claims

1. An apparatus, comprising:
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means for estimating alocation of the apparatus;
means for determining a quality of the estimated
location;

means for determining, based on the location of
the apparatus, a plurality of frequency pre-com-
pensation values for accessing a non-terrestrial
network, in response to determining that the
quality of the estimated location meets a condi-
tion for applying multiple frequency pre-com-
pensation values for accessing the non-terres-
trial network; and

means for transmitting a plurality of random ac-
cess preambles corresponding to the plurality
of frequency pre-compensation values.

The apparatus according to claim 1, further compris-
ing:

means for determining, based on the location of the
apparatus, a single frequency pre-compensation
value and transmitting a single random access pre-
amble corresponding to the single frequency pre-
compensation value, in response to determining that
the quality of the estimated location does not meet
the condition for applying multiple frequency pre-
compensation values for accessing the non-terres-
trial network.

The apparatus according to claim 1 or claim 2, further
comprising:

means for estimating the location of the apparatus
based on at least one satellite positioning signal
and/or at least one terrestrial positioning signal.

The apparatus according to claim 3, wherein the at
least one satellite positioning signal is received from
a serving satellite of the non-terrestrial network
and/or at least one other satellite.

The apparatus according to claim 4, further compris-
ing:

means for determining the quality of the estimated
location based on downlink information received
from the serving satellite and/or measurements of at
least one downlink signal received from the serving
satellite.

The apparatus according to claim 5, further compris-
ing:

means for determining the quality of the estimated
location based on at least one of:

variance of time information, frequency informa-
tion, or location information determined based
on the at least one satellite positioning signal;
a number of satellites used for determining the
time information, frequency information, or the
location information;

variance of the downlink information; or
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downlink radio channel conditions associated
with the at least one downlink signal.

The apparatus according to any of claims 1 to 6,
further comprising:

means for transmitting a subsequent random
access preamble of the plurality of random ac-
cess preambles, in response to not receiving a
random access response within a predeter-
mined time period from transmission of a previ-
ous random access preamble, or

means for transmitting the plurality of random
access preambles before an expected reception
time of a random access response.

The apparatus according to claim 7, wherein at least
two of the plurality of random access preambles
overlapintime and/or wherein the plurality of random
access preambles comprise same preamble se-
quence.

The apparatus according to any of claims 1 to 8,
wherein the condition for applying the plurality of fre-
quency pre-compensation values for accessing the
non-terrestrial network comprises the quality of the
estimated location being above or equal to a first
threshold, the apparatus further comprising:

means for determining a reference frequency
offset based on a signal received from the non-
terrestrial network when the quality of the esti-
mated location is above or equal to a second
threshold;

means for determining a current frequency off-
set based on a signal received from the non-
terrestrial network when the quality of the esti-
mated location is below or equal to the first
threshold;

means for determining a current Doppler shift
based on a subtraction of the reference frequen-
cy offset and the current frequency offset; and
means for determining the plurality of frequency
pre-compensation values based on the current
Doppler shift.

10. The apparatus according to claim 9, wherein the first

threshold is equal to the second threshold or wherein
the first threshold is lower than the second threshold.

11. The apparatus according to claim 9 or claim 10, fur-

ther comprising:

means for determining a first frequency pre-
compensation value based on the location of the
apparatus; and

means for selecting the plurality of frequency
pre-compensation values from an interval be-
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12.

13.

14.

15.

tween the first frequency pre-compensation val-
ue and a second frequency pre-compensation
value corresponding to the current Doppler shift.

The apparatus according to any of claims 9 to 11,
further comprising:

means for determining a next frequency pre-com-
pensation value of the plurality of frequency pre-
compensation values based on a weighted average
of a previous frequency pre-compensation value and
a predetermined change of the frequency pre-com-
pensation value.

The apparatus according to any of claims 9 to 11,
further comprising:

means for estimating a direction and/or an
amount of change of the current Doppler shift;

means for determining a next frequency pre-
compensation value of the plurality of frequency
pre-compensation values based the direction
and/or the amount of change of the current Dop-
pler shift.

A method, comprising:

estimating a location of an apparatus;
determining a quality of the estimated location;
determining, based on the location of the appa-
ratus, a plurality of frequency pre-compensation
values for accessing a non-terrestrial network,
in response to determining that the quality of the
estimated location meets a condition for apply-
ing multiple frequency pre-compensation values
for accessing the non-terrestrial network; and
transmitting a plurality of random access pream-
bles corresponding to the plurality of frequency
pre-compensation values.

A computer program comprising instructions for
causing an apparatus to perform at least the follow-

ing:

estimating a location of the apparatus;
determining a quality of the estimated location;
determining, based on the location of the appa-
ratus, a plurality of frequency pre-compensation
values for accessing a non-terrestrial network,
in response to determining that the quality of the
estimated location meets a condition for apply-
ing multiple frequency pre-compensation values
for accessing the non-terrestrial network; and
transmitting a plurality of random access pream-
bles corresponding to the plurality of frequency
pre-compensation values.
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