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CELL DETECTION IN A CELLULAR COMMUNICATIONS NETWORK

Technical Field
The present disclosure relates to cell detection in a cellular communications

network.

Background

High speed train scenarios are challenging for User Equipment device (UE)
mobility function in that the UE may leave and enter cells rapidly and, therefore,
the UE has to quickly detect suitable candidates for handover or cell reselection
in order to not lose connection or miss a page or paging signal.

Current 3rd Generation Partnership Project (3GPP) standards have partly taken
UE speeds up to 300 kilometers per hour (km/h) into account, but only for the
data demodulation part, not for the cell detection. With increased deployment of
high speed train lines, increased number of UE users, and increased usage of
bandwidth per user, dominating operators are requesting improved UE
performance and support for speeds exceeding 300 km/h.

Apart from the relatively shortened time for detecting suitable neighbor cells for
handover or cell reselection, high speed may also lead to significant Doppler
frequency shifts (or Doppler shift herein) of the received signal. The Doppler shift
forces the UE to increase its demodulation frequency when moving towards the
cell, and decrease its demodulation frequency when moving away from the cell,
relative to the carrier frequency used in the network. The magnitude of the
Doppler shift depends on the relative velocity of the UE towards the transmitting
antenna, hence with transceivers close to the track, i.e., a small angle between
the trajectory of the UE and the line between the UE and the transmitting
antenna, a substantial part of the UE velocity will transfer into a Doppler shift.
Moreover, there will be an abrupt change of sign of the Doppler shift when the
UE passes the transmitting antenna and the smaller the angle, the more abrupt

the change is.
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The Doppler shift Af can be expressed as

-
Ar=r1 4/1+<v/c>‘1

where c is the speed of light and v is the relative velocity of the UE towards the
transmitting antenna. With an angle « and an actual UE velocity vy, the relative
velocity v towards the transmitting antenna giving rise to Doppler shift becomes
v = vy cosa. How quick the transition is from a negative to a positive shift
depends on how far away from the tracks the cell site is located, with lower
Doppler shift and less abrupt change if far away and higher Doppler shift and
abrupt change in case the cell site is close to the track.

The scenario is illustrated in Figure 1, where the UE is on a high speed train
connected to and moving away from Cell A.2 and quickly needs to detect Cell
B.1 towards which it is moving. According to the current 3GPP standards, the
cell site can be as close as 2 meters (m) from the tracks. The train may travel at
speeds up to 450 km/h and the UE is handed over, or has to reselect cells to
camp on, frequently.

Handover to a new Primary Cell (PCell), configuration of a new Secondary Cell
(SCell), and configuration and activation of a new Primary Secondary Cell
(PSCell) is usually based on measurement reports from the UE, where the UE
has been configured by a network node to send measurement reports
periodically, at particular events, or a combination thereof. The measurement
reports contain physical cell Identity (ID), reference signal strength (Reference
Signal Received Power (RSRP)) and reference signal quality (Reference Signal
Received Quality (RSRQ)) of the detected cells.

Cell detection in 3GPP Long Term Evolution (LTE) systems, aiming at detecting
and determining cell ID and cell timing of neighbor cells, is facilitated by two
signals that are transmitted in each Enhanced Universal Terrestrial Radio Access
Network (EUTRAN) cell on a 5 millisecond (ms) basis: the Primary and the
Secondary Synchronization Signal (PSS and SSS, respectively). Moreover,
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Reference Signals (RSs) are transmitted in each cell in order to facilitate cell
measurements and channel estimation.

The PSS exists in three versions, one for each out of three cell-within-group IDs,
and is based on Zadoff-Chu sequences that are mapped onto the central 62
subcarriers and bordered by five unused subcarriers on either side. There are in
total 168 cell groups, and information on to which cell group a cell belongs is
carried by the SSS, which is based on m-sequences. This signal also carries
information on whether it is transmitted in subframe 0 or subframe 5, which is
used for acquiring frame timing. For a particular cell, the SSS is further
scrambled with the cell’s cell-within-group ID. Hence, in total there are 2 x 504
versions, two for each out of 504 physical layer cell IDs. Similar to PSS, SSS is
mapped onto the central 62 subcarriers and bordered by five unused subcarriers
on either side. The time (subframe) -frequency (subcarrier) grid or layout of
synchronization signals in a 3GPP LTE Frequency Division Duplex (FDD) radio
frame is shown in Figure 2. Subframes 1-3 and 6-8 may be used for Multi-
Broadcast Single-Frequency Network (MBSFN) or may be signaled to do so for
other purposes, by which a UE cannot expect reference signals in more than the
first Orthogonal Frequency Division Multiplexing (OFDM) symbol. The Physical
Broadcast Channel (PBCH) (carrying Master Information Block (MIB)) and
synchronization signals are transmitted at prior known OFDM symbol positions
over the central 72 subcarriers.

Detection by a UE of a cell is, as is well-known in the art, based on matched
filtering using the three PSS versions over at least five ms of received samples.
Correlation peaks in the filter output may reveal synchronization signals from one
or more cells. This is referred to as symbol synchronization.

Upon having established symbol synchronization and identified the cell-within-
group ID, the next step is SSS detection to acquire frame timing and physical
layer cell ID. After decoding the SSS, the cell group ID and thereby the full
physical layer cell ID is acquired. Moreover, frame timing and cyclic prefix

configuration are determined.
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The pair of PSS and SSS is always transmitted from the same antenna port, but
different pairs may be transmitted from different antenna ports (3GPP Technical
Specification (TS) 36.211 V12.3.0, Section 6.11).

Existing methods of cell detection at a UE include:

Non-coherent PSS detection, where matched filtering is carried out individually
for each receiver branch, and then the signal magnitudes (potentially squared to
powers) of all receiver branches are added before peak detection is carried out.
Coherent SSS detection, where after having established where the PSS is
located in time, the same PSS is used for estimating the radio channel for the
cell-to-be-detected before coherently adding the SSS from the different receiver
branches and carrying out decoding.

Non-coherent SSS detection, where the timing information from PSS is used but
no radio channel is estimated based on it.

Furthermore, either method may also include interference cancellation of partially
or fully overlapping signals from already detected cells, whereby the prior known
signals are subtracted before carrying out the detection of PSS or decoding of
SSS, see for instance commonly owned and assigned International Publication
No. WO 2014/135204 A1 entitled CHANNEL ESTIMATION FOR
INTERFERENCE CANCELLATION.

Summary

Systems and methods relating to cell detection are disclosed. In some
embodiments, systems and methods are disclosed for performing cell detection
while suppressing interference from either a current serving cell or a previous
serving cell of a wireless device depending on whether the wireless device is
approaching the current serving cell or leaving the current serving cell. In this
manner, cell detection is improved in a manner that is particularly suitable for,
e.g., high speed train scenarios, but the systems and methods disclosed herein
are not limited thereto.

In some embodiments, a method of operation of a wireless device comprises

determining whether the wireless device is moving toward a current serving cell
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of the wireless device or away from the current serving cell of the wireless
device. The method further comprises initiating suppression of transmissions
from a previous serving cell of the wireless device during detection of a
predetermined signal from another cell if the wireless device is moving toward
the current serving cell and initiating suppression of transmissions from the
current serving cell of the wireless device during detection of a predetermined
signal from another cell if the wireless device is moving away from the current
serving cell.

In some embodiments, initiating suppression of transmissions from the previous
serving cell of the wireless device during detection of the predetermined signal
from another cell if the wireless device is moving toward the current serving cell
comprises initiating suppression of transmissions from a perceived direction of
the previous serving cell of the wireless device during detection of the
predetermined signal from another cell if the wireless device is moving toward
the current serving cell. Further, initiating suppression of transmissions from the
current serving cell of the wireless device during detection of the predetermined
signal from another cell if the wireless device is moving away from the current
serving cell comprises initiating suppression of transmissions from a perceived
direction of the current serving cell of the wireless device during detection of the
predetermined signal from another cell if the wireless device is moving away from
the current serving cell.

In some embodiments, the predetermined signal is a synchronization signal, a
discovery signal, a reservation signal, or a reference signal.

In some embodiments, determining whether the wireless device is moving toward
the current serving cell of the wireless device or away from the current serving
cell of the wireless device comprises determining a direction of movement of the
wireless device relative to the current serving cell of the wireless device based on
at least one of: a measured time drift of the current serving cell, a measured
Reference Signal Received Power (RSRP) of the current serving cell, a channel
quality indicator for the current serving cell, a Signal to Interference plus Noise
Ratio (SINR) for the current serving cell, a detected Doppler frequency shift of
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the current serving cell, and one or more timing advance commands received
from a base station controlling the current serving cell.

In some embodiments, determining whether the wireless device is moving toward
the current serving cell of the wireless device or away from the current serving
cell of the wireless device comprises determining a direction of movement of the
wireless device relative to the current serving cell of the wireless device based on
at least one of: a location of the wireless device as determined via a positioning
system and historical information.

In some embodiments, initiating suppression of transmissions from the previous
serving cell of the wireless device during detection of the predetermined signal
from another cell if the wireless device is moving toward the current serving cell
comprises running a cell detection procedure with interference suppression of
transmissions from the previous serving cell of the wireless device if the wireless
device is moving toward the current serving cell. Further, in some embodiments,
initiating suppression of transmissions from the current serving cell of the
wireless device during detection of the predetermined signal from another cell if
the wireless device is moving away from the current serving cell comprises
running the cell detection procedure with interference suppression of
transmissions from the current serving cell of the wireless device if the wireless
device is moving away from the current serving cell.

In some embodiments, the method further comprises determining whether the
wireless device is in a high speed train scenario and, upon determining that the
wireless device is in a high speed train scenario, performing the steps of
determining whether the wireless device is moving toward the current serving cell
of the wireless device or away from the current serving cell of the wireless
device, initiating suppression of transmissions from the previous serving cell of
the wireless device during detection of the predetermined signal from another cell
if the wireless device is moving toward the current serving cell, and initiating
suppression of transmissions from the current serving cell of the wireless device
during detection of the predetermined signal from another cell if the wireless

device is moving away from the current serving cell.
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In some embodiments, the method further comprises detecting a change of a
state of the wireless device, the state of the wireless device being maintained as
either moving toward the current serving cell of the wireless device or away from
the current serving cell of the wireless device based on a direction of movement
of the wireless device relative to the current serving cell of the wireless device.
The method further comprises, upon detecting a change of the state of the
wireless device, performing the steps of determining whether the wireless device
is moving toward the current serving cell of the wireless device or away from the
current serving cell of the wireless device, initiating suppression of transmissions
from the previous serving cell of the wireless device during detection of the
predetermined signal from another cell if the wireless device is moving toward
the current serving cell, and initiating suppression of transmissions from the
current serving cell of the wireless device during detection of the predetermined
signal from another cell if the wireless device is moving away from the current
serving cell.

In some embodiments, determining whether the wireless device is moving toward
the current serving cell of the wireless device or away from the current serving
cell of the wireless device comprises determining that the wireless device is
moving away from the current serving cell of the wireless device, and initiating
suppression of transmissions from the current serving cell of the wireless device
during detection of the predetermined signal from another cell is performed upon
determining that the wireless device is moving away from the current serving cell
of the wireless device. The method further comprises, after performing an intra-
frequency handover from the current serving cell to a new current serving cell,
continuing to suppress transmission from the current serving cell of the wireless
device during detection of the predetermined signal from another cell while the
wireless device is moving toward the new current serving cell.

In some embodiments, the method further comprises compensating for a
negative frequency offset during cell detection if the wireless device is moving

toward the current serving cell and compensating for a positive frequency offset
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during cell detection if the wireless device is moving away from the current
serving cell.

In some embodiments, cell detection comprises detecting a Secondary
Synchronization Signal (§SS) such that compensating for the negative frequency
offset during cell detection comprises compensating for the negative frequency
offset during detection of the SSS, and compensating for the positive frequency
offset during cell detection comprises compensating for the positive frequency
offset during detection of the SSS.

In some embodiments, the negative frequency offset is equal to -2 times a
Doppler shift of a serving cell of the wireless device, and the positive frequency
offset is equal to +2 times the Doppler shift of the serving cell of the wireless
device.

In some embodiments, the method further comprises repeating cell detection
using the Doppler shift of the serving cell of the wireless device.

Embodiments of a wireless device are also disclosed.

Those skilled in the art will appreciate the scope of the present disclosure and
realize additional aspects thereof after reading the following detailed description

of the embodiments in association with the accompanying drawing figures.

Brief Description of the Drawings

The accompanying drawing figures incorporated in and forming a part of this
specification illustrate several aspects of the disclosure, and together with the
description serve to explain the principles of the disclosure.

Figure 1 illustrates an exemplary high speed train scenario;

Figure 2 illustrates a time-frequency grid of a legacy Long Term Evolution (LTE)
Frequency Division Duplex (FDD) cell that is wider than the smallest downlink
system bandwidth of 1.4 megahertz (MHz) (72 subcarriers or six resource
blocks);

Figure 3 illustrates a wireless device or User Equipment device (UE) onboard a

high speed train being subjected to multiple handovers or executing multiple cell
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reselections in which cell suppression during cell detection is provided according
to some embodiments of the present disclosure;

Figure 4 is a flow chart that illustrates a process for cell detection that utilizes cell
or interference rejection according to some embodiments of the present
disclosure;

Figure 5 illustrates Doppler shift experienced by a UE traveling on a high speed
train according to some embodiments of the present disclosure;

Figure 6 is a state diagram that illustrates a state maintained by a UE as either
leaving or approaching a serving cell of the UE according to some embodiments
of the present disclosure;

Figure 7 is a flow chart that illustrates the operation of a UE to suppress or reject
the transmissions from either a current serving cell of the UE or a previous
serving cell of the UE depending on whether the UE is leaving or approaching
the current serving cell of the UE according to some embodiments of the present
disclosure;

Figure 8 is a flow chart that illustrates the operation of a UE to suppress or reject
the transmissions from either a current serving cell of the UE or a previous
serving cell of the UE according to some embodiments of the present disclosure;
Figure 9 is a flow chart that illustrates the operation of a UE to digitally
compensate for Doppler shift based on whether the UE is approaching or leaving
a current serving cell of the UE according to some embodiments of the present
disclosure;

Figure 10 is a block diagram of a cell detection apparatus according to some
embodiments of the present disclosure; and

Figure 11 is a block diagram of a UE according to some embodiments of the

present disclosure.

Detailed Description

The embodiments set forth below represent information to enable those skilled in
the art to practice the embodiments and illustrate the best mode of practicing the
embodiments. Upon reading the following description in light of the
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accompanying drawing figures, those skilled in the art will understand the
concepts of the disclosure and will recognize applications of these concepts not
particularly addressed herein. It should be understood that these concepts and
applications fall within the scope of the disclosure and the accompanying claims.
Notably, the embodiments described herein focus on 3rd Generation Partnership
Project (3GPP) Long Term Evolution (LTE) and, as such, 3GPP LTE terminology
(e.g., User Equipment device (UE), Primary Synchronization Signal (PSS), and
Secondary Synchronization Signal (SSS)) are oftentimes used. However, the
present disclosure is not limited to 3GPP LTE and may be utilized in any suitable
cellular communications network to improve synchronization signal detection. As
such, more general terminology may be used (e.g., the term wireless device may
be used as a more general term in lieu of UE). Further, while the discussion
herein focuses on a high speed train scenario, the present disclosure is not
limited thereto. The embodiments described herein may be applied in any
suitable scenario (e.g., in a very dense small cell scenario where the UE
transitions between cells quickly and/or when there is line of sight and a high
Doppler shift due to either high UE velocity, high carrier frequency, or both).

Up to and including 3GPP Enhanced Universal Terrestrial Radio Access
(EUTRA) Release 12, the maximum speed for which performance has been
secured through conformance testing is 300 kilometers per hour (km/h) for UE
demodulation and 40 km/h for UE Radio Resource Management (RRM) (cell
detection and cell measurements).

Today, high speed trains can reach speeds above 570 km/h, although
commercial operating speeds are generally lower. For instance, TGV (France) is
operating commercially at 300 km/h but it is planned to increase this to 350 km/h.
China Railway is operating commercially at 350 km/h, Shanghai Maglev (China)
is operating commercially at 430 km/h, and Shinkansen (Japan) is operating
commercially at 300 km/h. In many European countries as well as in the US
there are trains operating commercially at speeds of 200-250 km/h.

A good demodulation performance is needed in order to maintain a data
connection or a call while travelling at high speed, but it is not enough. If the UE
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or wireless device is not handed over in time to the next cell, e.g. if the UE or
wireless device has not reported the cell, the connection or call might be
dropped. Similarly, if a UE is late on detecting a next cell to camp on, it might
miss pages, e.g., for incoming calls. Hence, it is equally important for the
mobility function that UE RRM can support the speeds used by trains in
commercial operation.

Due to competitiveness on dye size and power consumption, chipset vendors
typically do not design for more than fulfilment of conformance requirements as
imposed by standard, by operators, or by UE vendors. As such, many chipsets
are designed to just barely satisfy these requirements. UEs using chipsets that
just barely satisfy current 3GPP requirements will likely suffer from less than
desired performance in high speed train scenarios.

A work item (3GPP RP-142307) on improving LTE UE performance under a high
speed train scenario was agreed at the 3GPP Radio Access Network (RAN)
Meeting #66 plenary.

Embodiments of systems and methods that address these problems are
disclosed herein. In some embodiments, when in high speed mobility, the UE
initiates suppression of the transmissions from a serving cell as soon as the UE
starts moving away from the site (i.e., the geographical location from which the
transmission originates, e.g., the geographical location of the enhanced or
evolved Node B (eNB), Remote Radio Head (RRH), or other radio access node
originating the transmission). After handover to an intra-frequency neighbor cell
(which then becomes the new serving cell of the UE), in case the UE is moving
towards the new serving cell, the UE continues to suppress transmissions from
the previous serving cell (i.e., the serving cell of the UE prior to the handover);
otherwise, the UE initiates suppression of transmissions from the new serving
cell instead. By doing so, the UE focuses its efforts on the cells ahead by
increasing the Signal to Interference plus Noise Ratio (SINR) and thereby
allowing the cells to be detected earlier. Earlier detection allows more time for
handover preparations or cell re-selection and hence reduces the risk of dropping

a call or missing a paging signal or page.
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In some embodiments, as will be described further below, the UE detects or
determines and keeps track of whether it is moving towards or away from the
serving cell site. In case the UE is moving away from the site, signals from cells
that the UE is looking for might appear to have twice the Doppler shift since the
serving cell is used as frequency reference by the UE which might be moving
towards the site of the yet-to-be-detected cell. Hence, in some embodiments,
when the UE is moving away from the serving cell site, the UE searches for cells
both at the same carrier frequency as determined from the serving cell and the
carrier frequency plus twice the Doppler shift. If, on the other hand, the UE is
moving towards the serving cell site, in some embodiments, the UE searches for
candidate cells on both the same carrier frequency as the serving cell and the
carrier frequency minus twice the Doppler shift. Note that the Doppler shift of the
candidate cells can be different than the Doppler shift of the serving cell due to
the direction (angle and distance) to the base stations.

Estimation of the frequency shift and detection of whether the UE has passed the
site of the serving cell can be based on, e.g., accumulation of the applied
Automatic Frequency Control (AFC) commands over a sliding time interval.

In one aspect of the present disclosure, the UE applies interference rejection of
transmissions from the strongest cell that the UE is moving away from when
carrying out cell detection. This improves the SINR of signals received from cells
into whose coverage the UE will come next and thus allows those cells to be
detected earlier than without interference rejection, as illustrated in Figure 3,
which illustrates a UE onboard a high speed train being subjected to multiple
handovers or executing multiple cell reselections. The antenna diagrams show
which cell is suppressed for each of the positions in (A) to (C) of Figure 3. The
UE is focusing on looking in the forward direction and minimizing interference
from the strongest cell in the backward direction (serving cell (Figure 3(A) or
previous serving cell (Figure 3(B)).

The reason to not always suppress transmissions from the strongest cell (serving
cell) is that when the site of the strongest cell (serving cell) is in the direction
towards which the train moves, a UE operating with only two receive antennas
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would also reject a significant part of the signal transmitted from the same site
but for another sector, see for instance Cells B.1 and B.2 in Figure 3(B). In case
of synchronized Cells B.1 and B.2, the UE can employ interference cancellation
techniques on the serving Cell B.1 (such as subtraction of known synchronization
signals — see the Background section above) to improve the detection of SSS
from Cell B.2.

A UE operating with more than two receive antennas may reduce the width of the
angular notch in the antenna diagram and could then potentially reject also the
serving cell, but the operation would be sensitive to estimation errors in cases
where the serving cell and the next cell to be handed over to are received from
almost the same direction. Although the notch is made narrow, there is a risk
that it is placed in such a manner that it partially or fully suppresses the
transmissions from the next cell to be handed over to, too. Additionally, the
technique would also require the UE to use more receiver branches when in
Radio Resource Control (RRC) idle mode with a penalty on power consumption
and standby times.

The interference rejection may be achieved by combining received signals from
two or more receive antenna branches in such a manner that the synchronization
signals and other signals sent on the same antenna port of the cell to be rejected
add up destructively. By selecting combining weights properly, most of the
unwanted components on one or more antennas cancel the corresponding
components on other antenna(s). As a result, the SINR of signal components
received from other cells increases and the cell detection performance improves.
Embodiments of an interference rejection scheme that can be utilized in the
embodiments described herein are outlined in U.S. Provisional Patent Application
No. 62/110,166, filed January 30, 2015, entitled INTERFERENCE REJECTION
FOR IMPROVED CELL DETECTION, which, while not essential, is incorporated
herein by reference in its entirety. Some embodiments of the interference
rejection scheme are briefly described below.
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With y, = [i’;] ((2 x 1) vector) denoting the resource elements received for
xq,k,l
subcarrier k on two receive branches, and x,; = xq’:"’z ((P x 1) vector)
Xq.k,P(q)

denoting complex information received from cell g and transmitted from P(q)

hi1 hyy hlP(tJ)

antenna ports, and H, , = [ ((2 x P) matrix) denoting the

hy1 hyy - hZP(q)qk

radio channel from each of the antenna ports used by cell q to each of the two
receive antennas, the received resource elements can approximately be
described by y, = Hy ;X1 + Zf;:Z Hg, X, + Vi ((2 x 1) vector) where v, denotes
noise and interference from other cells not included in the model.

The approximation is that when sampling the Orthogonal Frequency Division
Multiplexing (OFDM) symbols according to the timing of cell 1, one might not be
aligned with the symbol timing of the other cells q = 2..Q, and therefore the
number of ports might change during the sampled OFDM symbol. However this
has no impact on the addressed problem to solve.

Synchronization signals are transmitted from a single port, hence when the
OFDM symbol carrying SSS for cell 1 is sampled, the radio channel matrix or (2 x
1) vector in this case) becomes

(sync) h11]
H = .
Lk ha1 1k

The radio channel can be estimated since the SSS is prior known, resulting in
HS™. In order to cancel or reject transmissions from the concerned port, a set

of weights 8, which are orthogonal to I?If,f“c) is determined under the constraint

that 8710, = 1 to avoid the trivial solution where both weights are zero
{ezﬁ;fz“) -0
olg, =1

The weights correspond to the eigenvector spanning the null space of

—~~ -~ H 0 " " L
A& (His,f“c)) and can be determined, e.g., via eigenvalue decomposition.
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The resulting resource element z,, where synchronization signals for cell 1 are
rejected, is found by combining over the receive branches using the derived
weights z, = 0lly,.
This derivation can be extended to a sub-band or even the full bandwidth.
Depending on how the channel estimates are constructed (whether by an over-
determined system or not) it might be so that a null space does not exist, and
then one may take the eigenvector spanning the subspace associated with the
least eigenvalue instead.
The example above is for two receive branches. This can be extended to N
receive branches as follows. Denoting a resource element k received on the UE
side using N receiver antennas as a (N x 1) vector:
Vi1
Yie = y’:c’2
YN
and the information sent from cell g (known or unknown) (N x 1) vector):
Xqk1
Xqi = xq,:k,Z
Xq kP(q)
where P(q) is the number of antenna ports used in that cell for this resource
element, and the radio channel (N x P) matrix) seen by the UE from each of the

antenna ports of cell q is denoted:

[y hiz g
h h .- h
Hyx = :21 ?2 Zli’(q)
lhm hyy - hNP(q)Jq,k

the received resource element k can somewhat simplified be expressed as (N x

1) vector as:

Vi = Xo=1 HguXqr + ZqQ=L+1 HyiXqr + Vi

where Q is the total number of received cells, L is the number of already detected
cells, and v, is additive noise. Synchronization signals are transmitted from a

single antenna port, hence for the concerned resource element (provided that it
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is aligned with the sampled OFDM symbol) there is only one signal sent from the
base station or eNB and thus only one weight per receive antenna hence the
radio channel for the synchronization signals can be described as the (N x 1)

matrix/vector

hll
(sync) _ |hz1
Howe  =|7 .

th qk

It is desirable to suppress any transmission from one or more already detected
cells as they might partially overlap with synchronization signals of yet
undetected cells. Additionally, the synchronization signals are often transmitted
from physical antennas used for other channels and transmission modes as well,
hence some interference from other than synchronization signals will be
suppressed too.

Provided that L < N, i.e. the cells to suppress are fewer than the number of
receive branches used for cell detection, it is desirable to find a set of coefficients
0, (N x 1) vector), upon which the spatial weights will be based, that fulfills
O, =0
0" =0
LRI 0

. 0jlg, =1

i.e., a set of coefficients that annihilates the signal components that have been

subjected to particular radio channels, as captured by the channel estimates
H"(N x 1 vector), g = 1...L.

Arranging the channel estimates into a (N x L) matrix

C, = [AS" A" ... A", one can form the quadratic form
eiic,clle, = 0. Since L <N it means that the vector 8, is in the null space of

C, CH ((NxN) matrix) and can be found, e.g., via eigenvalue decomposition. In
case of N =L + 1 there is only one vector in the null space hence it is uniquely
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determined, but in case N > L + 1 there will several vectors that can be used as
coefficients, either alone or in linear combination.

When having different weights for different sub-bands (groups of subcarriers),
care needs to be taken not to have the desirable signal components on different
subcarriers to be adding up destructively in the coherent summation, i.e., to
introduce abrupt phase shifts between the 8, and 0, for “directions” other than
the suppressed ones. Alternatively, one may for instance carry out a coherent
summation for each sub-band followed by magnitude-square, and then carry out
summation over the latter.

For the case of a single weight per receive antenna for the whole bandwidth may
for instance form a (N x L) matrix:

C = [ﬁisync) ﬁgsync) ljl(‘sync)]

f(sync) _ 1 g2 y(sync)
Hl T gy &k=1 Hlk

where , and search for a vector 0 for which eHccte = 0

under the constraint 810 = 1. Assuming a single set of weights (M = 1), one cell

to block (L = 1) and two receive branches (N = 2), the weights

— *
{wu =07
— *
Wiy = 0,

can be used to suppress the direction from which PSS and SSS are sent out in
the detected cell.

Alternatively, one can determine the weights by forming

_ [gy(sync)  #(sync) iy (sync)
C—[1'11,1 H1,2 H1,62 ]’

and then search for the subspace associated with the smallest eigenvalue since
ccH is not rank deficient by design, and hence it cannot be guaranteed that there
exists a null space. The difference between the approaches is mainly that in the
latter alternative the average channel weights are implicitly derived in a least
squares manner.

It shall be noted that these are only a few out of a multitude of alternatives for
determining the weights. The objective, however, is the same: to suppress signal
components from one or more already detected cell(s), simultaneously or

sequentially.
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A cell detection procedure that utilizes this interference rejection scheme is
illustrated in Figure 4. As illustrated, In-phase Quadrature Phase (IQ) samples
are acquired for an appropriate amount of time (e.g., 5-6 milliseconds (ms)) and
stored in memory (step 100). Notably, by storing, or buffering, the 1Q samples,
the IQ samples can be spatially filtered for cell detection without impacting the
ability to using non-spatially filtered 1Q samples for normal signal processing
(e.g., the reception of desired signal(s) from the serving cell(s)).

The SSS of the cell(s) to be rejected are localized in the recorded data and used
for estimation of the radio channels of the cell(s) to be rejected. The channel
estimates are used for forming one or more sets of combining weights (as
discussed above) which, when applied to the received signals, suppress the
cell(s) to be rejected (step 102). In other words, the set(s) of combining weights
for spatially filtering (also referred to herein as suppressing, rejecting, or
blocking) transmissions from a perceived direction of a previously detected
strong cell to be rejected are determined. As discussed above, the set(s) of
combining weights are determined based on the estimated radio propagation
channel for the previously detected strong cell based on known or predetermined
transmissions (e.g., SSS transmission) from that cell. As described herein, the
cell to be rejected is a function of, or depends on, whether the UE is determined
to be approaching or leaving its current serving cell (which is also referred to
herein as approaching or leaving the site or source of transmissions for its
current serving cell).

PSS detection is carried out, where 1Q samples from the receive branches are
filtered using filters matching PSS, weighted and accumulated coherently before
taking the magnitude-square of the combined filter outputs, as discussed above.
Peaks, indicative of cell candidates, are detected (step 104). In other words,
PSS detection is executed using the set(s) of combining weights determined in
step 102. During PSS detection, the 1Q samples from the N receive antennas
are combined according to the set(s) of combining weights determined in step

102 such that transmissions from the perceived directions of the cell to be
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rejected are spatially filtered. PSS detection is then performed based on the
resulting combined signal(s).

In case good cell candidates have been found in the PSS detection, as can be
determined from conventional metrics (step 106; YES), the OFDM symbols
corresponding to synchronization signals of the cell candidate are localized and
combined using the set of combining weights associated with the detected peak
(when M > 1) (step 108). The weights may be identical to the weights used in the
PSS detection (e.g., a single weight for the whole bandwidth), or a new set of
weights with finer granularity (per sub-band or even subcarrier) may be derived.
SSS detection is carried out using the combined signals (step 110). Thereafter
the procedure is finished for this measurement occasion (step 112). In case a
good cell was not found (step 106; NO), the cell detection is terminated (step
112) without attempting to detect a SSS.

Returning to the detection of whether the UE is travelling towards or away from
the serving cell, the UE can, for instance, detect or determine this based on
either one or a combination of:

Measured time drift of the serving cell. When approaching the cell, the trend of
the time drift will have the opposite sign to the one for the trend when the UE is
moving away from the cell.

Measured Reference Signal Received Power (RSRP) of the serving cell. When
approaching the cell RSRP increases, and when moving away from the cell it
decreases.

Detected Doppler frequency shift. When the UE passes the serving cell site
there is a change of sign for the frequency offset, and the closer to the track the
serving cell site is located, the more abrupt the change from positive to negative
frequency offset.

In RRC Connected state, the UE can also make use of the eNB timing advance
commands which reflects the distance from the UE to the cell. When
approaching the cell, the timing advance decreases and vice versa. Channel
Quality Index (CQI) or SINR can be indicative in the same fashion as RSRP,
since when approaching the cell the SINR, hence the channel quality, will
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increase. In case geographic information on the network layout is available and
the UE, e.qg., is using Global Positioning System (GPS) or other means for
positioning, this information, too, can be used for determining whether the UE is
approaching or leaving the serving cell. In case the UE stores particular history
information it may use finger printing techniques to determine the position of the
UE relative to the serving cell and can exploit such information when determining
whether leaving or approaching the serving cell.

For a serving cell site far away from the track (which can be deduced by the UE
for instance by analyzing the downlink pathloss or timing advance), it is not likely
that there will be a distinct change in frequency offset and, hence, RSRP or time
drift may be more reliable than Doppler shift detection when determining whether
the serving cell site is ahead or behind the UE. However, for a serving cell site
close to the track, the sign of the frequency offset will change very rapidly and
here it is more reliable to use Doppler shift detection as the means to quickly
determine that the UE now has passed the serving cell site; see Figure 5. The
chart of Figure 5 illustrates a Doppler shift (in Hertz (Hz) on the y-axis)
experienced by a UE travelling at 450 km/h and passing antenna sites (2.5
Gigahertz (GHz) band, antennas 20 meters (m) from the track).

In some embodiments, the UE maintains a state on whether approaching or
leaving the serving cell, as illustrated in Figure 6, and may transition between the
states if, for example, either or both of the RSRP trend detector and the Doppler
shift detector have indicated that there has been a change. If in the Approaching
state and the Doppler shift detector indicates that there has been a switch from
positive to negative frequency offset, and/or the RSRP trend detector indicates
that the RSRP has switched from rising to falling levels, the state is changed to
Leaving, as illustrated in Figure 6, state change 1. If in the Leaving state and the
Doppler shift detector indicates that there has been a switch from positive to
negative frequency offset, and/or the RSRP trend detector indicates that the
RSRP has switched from falling to rising levels, the state is changed to
Approaching, as illustrated in Figure 6, state change 2. The state is preserved
during handover and cell reselection, and transitions are triggered based on the
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characteristics of the new serving cell. It shall be noted that it cannot be
assumed that a handover will cause the UE to go to the Approaching state; it is
fully depending on the network layout.

The actions upon state change are illustrated in the flow chart of Figure 7. In
particular, Figure 7 illustrates the operation of the UE to initiate, and therefore
perform, suppression of transmissions from either a previous serving cell of the
UE or a current serving cell of the UE depending on whether the UE is in the
Approaching state or the Leaving state. As illustrated, when a state change
occurs (step 200) and the state is changed to Approaching (step 202; YES), the
UE reconfigures the interference rejection to suppress the transmissions from the
previous serving cell (step 204). As a result, when, for example, performing the
cell detection procedure of Figure 4, the UE will suppress interference
transmissions from the previous serving cell of the UE during cell detection. If
the state instead changes to Leaving (step 202; NO), the UE reconfigures to
suppress the current serving cell (step 206). As a result, then performing the cell
detection procedure of Figure 4, the UE will suppress interference from the
current serving cell of the UE during cell detection. Once the suppression of
either the previous or current serving cell is completed, the process ends (step
208).

Note, however, that the present disclosure is not limited to cell detection. The
interference rejection may be used to suppress the transmissions from the
previous serving cell (step 204) or the current serving cell (step 206) during
detection of any suitable predetermined signal known to the UE. In some
embodiments, the predetermined signal known to the UE is a synchronization
signal (e.g., PSS detection or SSS), a discovery signal (e.g., a discovery signal
used for License-Assisted Access (LAA)), a reservation signal (e.g., a reservation
signal used for LAA), or a reference signal.

Figure 8 illustrates a cell detection process according to some embodiments of
the present disclosure. As illustrated, the UE first determines the direction of
movement of the UE relative to the current serving cell (or site of the current

serving cell) of the UE as, for example, discussed above (step 300). The UE
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then determines whether to suppress transmissions from the current serving cell
of the UE or the previous serving cell of the UE based on the direction of
movement of the UE relative to the current serving cell (step 302). Then, in this
example, the UE runs a cell detection process while performing interference
rejection for transmissions from the current or previous serving cell of the UE as
determined in step 302 (step 304).

In a second aspect of the present disclosure, the UE uses information on
whether approaching or leaving the serving cell to compensate recorded 1Q
samples for frequency offsets when executing cell detection, cell tracking, and
cell measurements.

European Patent Application No. EP 2 360 967 A1 entited A METHOD FOR
COMMUNICATING IN A WIRELESS COMMUNICATION NETWORK includes a
frequency offset compensation for measurements, etc. However, this aspect of
the present disclosure is not about Doppler estimation as such, but about which
two hypotheses to investigate regarding the frequency offset of a yet-to-be-
detected cell. The decision on whether to suppress transmissions (interference)
from the serving cell or the previous serving cell depends on whether the serving
cell is behind or in front of the UE (i.e., whether the UE is approaching or leaving
the serving cell), something that can be determined as outlined for the first
aspect above.

The UE tunes its radio receiver to match the perceived downlink carrier
frequency of the serving cell. Hence, when approaching the serving cell, there is
a positive Doppler shift of the UE demodulation frequency relative to the actual
frequency used by the network. In contrast, when leaving the serving cell, there
is a negative Doppler shift. This tuning is handled by, e.g., conventional AFC
functionality.

When the UE is searching for new cells while approaching the serving cell, the
UE may come into coverage of a neighbor cell which is transmitting in a beam in
the same direction as the UE is moving. Hence, the UE is moving away from the
cell once it comes into coverage, and there is twice the Doppler shift between the

UE demodulation frequency and the perceived frequency of the neighbor cell.
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However, new cells that transmit in the direction towards the UE are perceived as
having the same carrier frequency as the UE demodulation frequency.

Since a frequency offset in the range of several kilohertz (kHz) degrades the
sensitivity of the SSS detection, the UE may compensate for such offset when
carrying out cell detection (and also other processing such as cell tracking and
mobility measurements). Concretely, when searching for neighbor cells while
approaching the serving cell, the UE hypothesizes (1) that there is no frequency
offset compared to serving cell, and (2) that there is a negative frequency offset
comprising twice the Doppler shift. The first hypothesis is covered by executing
the cell detection using the recorded 1Q samples as is, whereas the second
hypothesis is covered by digitally shifting the frequency of the recorded 1Q
samples to compensate for the shift potentially caused by Doppler when
executing cell detection.

When the UE is moving away from the serving cell, it is the other way around,
and the UE may hypothesize (1) that there is no frequency offset compared to
the serving cell, and (2) that there is positive frequency offset comprising twice
the Doppler shift.

The UE may estimate the Doppler shift by accumulating the frequency
corrections carried out within some interval of time, to capture the rapid changes
in UE demodulation frequency as illustrated in Figure 5, or may estimate the shift
from the Doppler spread (which requires reflection from multiple angles; hence,
this is mostly applicable in urban areas). The UE may alternatively use a fixed
assumption on the magnitude of the shift, e.g., 2 kHz or some figure that has
been derived from maximum supported speed and the operating frequency band,
or has been provided, e.g., by the operator or a third party source.

The cell detection with frequency compensation is illustrated in Figure 9. When
carrying out cell detection in high Doppler shifts, the UE may run cell detection,
as for instance outlined in Figure 4, both for the UE demodulation frequency, i.e.,
the frequency at which it receives the serving cell (step 400), and in case the UE
failed to identify a neighbor cell of good quality (e.g., determined by means of
SINR, RSRP, and/or Reference Signal Received Quality (RSRQ) and similar
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metrics) (step 402; NO), for a slightly offset frequency. The UE determines (step
404) whether the UE is approaching or leaving the serving cell as described
earlier. In case the UE is approaching the serving cell (step 404; YES), the UE
digitally compensates for twice the negative Doppler shift (step 406) and then
repeats the cell detection with this compensation (step 410). Otherwise, when
the UE is leaving the serving cell (step 404; NO), the UE digitally compensates
for twice the positive Doppler shift relative to the UE demodulation frequency
(step 408) and then repeats the cell detection with this compensation (step 410).
The process is then complete (step 412). If the UE detects a neighbor cell of
good quality (step 402; YES), the process is complete (step 412). Whether to
execute steps 404-410 also depends on what scenario the UE encounters —
either by detecting it autonomously (also including usage of UE history), getting
information about it from the network, getting information from a third party
source, or by the mode being set via a UE user interface.

Figure 10 illustrates a cell detection apparatus 10 according to some
embodiments of the present disclosure. The cell detection apparatus 10 is
implemented within the UE or any other wireless device desiring to perform cell
detection according to the embodiments described herein. As illustrated, the cell
detection apparatus 10 includes two or more receive antennas that are
connected to a radio Front-End Receiver (FE RX) unit 12 (e.qg., the radio front-
end of the UE). The received signals are passed on to a data demodulation and
decoding unit 14, and for the purpose of RRM through a Digital Filter (DF) 16
narrowing down the signal bandwidth and sampling rate to the bandwidth of
interest for mobility measurements (usually equivalent with the smallest EUTRA
system downlink bandwidth). The received samples are stored in a sample
buffer 18, i.e. memory, for further processing. The radio front-end receiver unit
12 and the digital filter 16 are both controlled by a Control Unit (CU) 20.

The cell detection apparatus 10 further consists of RRM-related functionality: a
PSS detection unit, or PSS detector, 22 typically realized in hardware, a SSS
detection unit, or SSS detector, 24 , and a SSS detector preprocessor 26

typically realized in software, e.g. software executed by at least one processor
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such as, e.g., at least one Central Processing Unit (CPU), Application Specific
Integrated Circuit (ASIC), or Field Programmable Gate Array (FPGA)), a weight
calculator unit, or combining weight calculator, 28 typically realized in software
(e.q., software executed by at least one processor), a cell measurement unit, or
cell measurer, 30 typically realized in software (e.g., software executed by at
least one processor), and a RSRP trend detector 32 typically realized in software
(e.g., software executed by at least one processor), all of which are controlled by
the control unit 20. While not essential, for more information regarding the PSS
detection unit 22, the SSS detection unit 24, the SSS detector preprocessor 26,
and the weight calculator unit 28, the interested reader is directed to U.S.
Provisional Patent Application Serial No. 62/110,166. In general, the PSS
detection unit 22 operates to combine the signals received from the N receive
antennas using the set(s) of combining weights to thereby reject transmissions
from the perceived direction of the current or previous serving cell of the UE
depending on whether the UE is leaving or approaching the current serving cell.
The resulting signal is then used for PSS detection e.g., in the conventional
manner (e.g., using a PSS matched filter, peak detection, etc.). Combining
weights are calculated by the weight calculator unit 28 as described above, and
provided to the SSS detector preprocessor 26. The SSS detector preprocessor
26 applies a set(s) of weights to spatially filter transmissions from the current or
previous serving cell to provide a signal to use for SSS detection. SSS detection
can then proceed in, e.g., the conventional manner.

Moreover, the cell detection apparatus 10 includes functionality to support data
demodulation and decoding (e.g., the data demodulation and decoding unit 14),
an AFC 34, and a Doppler shift detector 36. As mentioned above, one may also
include a CQlI trend detector 38 and/or a serving cell drift trend detector 40, either
to replace, e.g., the RSRP trend detector 32 or to broaden the decision base
regarding state transitions (Approaching or Leaving the serving cell).
Configuration and control of said units are handled by the control unit 20.
Embodiments are disclosed herein that enable a UE to decide which cell to

suppress in a high speed train scenario to improve the cell detection for relevant
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handover or cell reselection candidates. Moreover, embodiments of the present
disclosure enable a UE to decide which frequency offsets to take into account in
the cell detection, thereby further increasing and improving the sensitivity. The
increased cell detection performance reduces the risk for Radio Link Failure
(RLF) due to late handover or missed pages/paging signals from a network
node/base station/eNB due to late cell reselection.

While not being limited to any particular benefit or advantage, the embodiments
disclosed herein provide a number of benefits and advantages over conventional
cell detection schemes. For example, when in RRC Connected mode, the UE
can identify relevant cell(s) for handover earlier and will thereby allow sufficient
time for the network to prepare handover. This reduces the risk for RLF or
dropped calls while traveling at high speed. When in the RRC Idle mode, the UE
can earlier identify relevant cell(s) to camp on, and can thereby evaluate cell
reselection earlier. This opens up for more tuning possibilities for the network
with respect to cell reselection thresholds. This reduces the risk of the UE
missing pagings when traveling at high speed.

Figure 11 illustrates a UE 42 according to some embodiments of the present
disclosure. As illustrated, the UE 42 includes one or more processors 44 (e.g.,
CPU(s), ASIC(s), FPGA(s)), memory 46, and a transceiver 48 including one or
more transmitters 50 and one or more receivers 52 connected to a number of
antennas 54. As discussed above, in some embodiments, at least some
components of the cell detection apparatus 10 of Figure 10 are implemented in
software. This software may be stored in the memory 46 and executed by the
processor(s) or processor circuits 44, whereby the UE 42 operates to provide the
corresponding functionality. As also discussed above, in some embodiments, at
least some of the components of the cell detection apparatus 10 of Figure 10 are
implemented in hardware. This hardware may be included within the
processor(s) 44 (e.g., a hardware signal processor) or may be external to the
processor(s) 44 (not shown).

In some embodiments, a computer program including instructions which, when

executed by at least one processor, causes the at least one processor to carry
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out the functionality of the cell detection apparatus 10 according to any of the
embodiments described herein is provided. In some embodiments, a carrier
containing the aforementioned computer program product is provided. The
carrier is one of an electronic signal, an optical signal, a radio signal, or a
computer readable storage medium (e.g., a non-transitory computer readable
medium such as the memory 46).

The present disclosure relates to systems and methods for improving cell
detection that are particularly suitable for, e.g., a high speed train scenario, but
are not necessarily limited thereto. For instance, the embodiments described
herein may be applied in any suitable scenario (e.g., in a very dense small cell
scenario where a UE transitions between cells quickly and/or when there is line
of sight and a high Doppler shift due to either high UE velocity, high carrier
frequency, or both). Embodiments of a method of operation of a wireless device
(e.g., a UE) in a cellular communications network are disclosed. In some
embodiments, the method of operation of the wireless device includes
determining whether the wireless device is approaching a site of a serving cell of
the wireless device or leaving (i.e., moving away from) the site of the serving cell
of the wireless device. The method of operation of the wireless device further
includes initiating suppression of transmissions from a previous serving cell of
the wireless device, e.g., when performing cell detection, if the wireless device is
approaching the site of the serving cell of the wireless device. Conversely, the
method of operation of the wireless device further includes initiating suppression
of transmissions from of the (current) serving cell of the wireless device, e.g.,
when performing cell detection, if the wireless device is leaving the site of the
serving cell of the wireless device. In this manner, cell detection is improved
since the transmissions (interference) from a strong cell that the UE will not be
handed over to next, is partially or fully suppressed.

In some embodiments, the method of operation of the wireless device further
includes determining whether the wireless device is in a high speed train
scenario and performing the aforementioned steps in response to the wireless
device being in the high speed train scenario.
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Further, in some embodiments, the method of operation of the wireless device
further includes maintaining a state of the wireless device, where the state is
indicative of whether the wireless device is approaching or leaving the site of the
serving cell of the wireless device.

Embodiments of a method of operation of a wireless device that adjust a Doppler
shift utilized for cell detection (e.g., in a high speed train scenario) depending on
whether the wireless device is approaching or leaving a site of a serving cell of
the wireless device are also disclosed. In some embodiments, the method of
operation of the wireless device includes determining whether the wireless
device is approaching or leaving a site of a serving cell of the wireless device and
performing cell detection with a digital frequency compensation that:
compensates for a negative frequency offset if the wireless device is approaching
the site of the serving cell of the wireless device or compensates for a positive
frequency offset if the wireless device is leaving the site of the serving cell of the
wireless device. In some embodiments, the (positive or negative) frequency
offset is two times a Doppler shift of the serving cell of the wireless device. In
some embodiments, the method further includes performing the cell detection
without the (positive or negative) frequency offset.

Embodiments of a wireless device that operates according to the methods
disclosed herein are also disclosed.

The following acronyms are used throughout this disclosure.

3GPP 3rd Generation Partnership Project

AFC Automatic Frequency Control

ASIC Application Specific Integrated Circuit

CPU Central Processing Unit

CQl Channel Quality Index

CU  Control Unit

DF  Digital Filter

eNB Enhanced or Evolved Node B

EUTRA Enhanced Universal Terrestrial Radio Access

EUTRAN Enhanced Universal Terrestrial Radio Access Network
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FDD Frequency Division Duplex

FE RXFront-End Receiver

FPGA Field Programmable Gate Array
GHz Gigahertz

GPS Global Positioning System

Hz Hertz
ID Identity
1Q In-phase Quadrature Phase

kHz Kilohertz

km/h Kilometers per Hour

LAA License-Assisted Access

LTE Long Term Evolution

m Meter

MBSFN Multi-Broadcast Single-Frequency Network
MHz Megahertz

MIB  Master Information Block

ms  Millisecond

OFDMOrthogonal Frequency Division Multiplexing
PBCH Physical Broadcast Channel

PCell Primary Cell

PSCell Primary Secondary Sell
PSS Primary Synchronization Signal
RAN Radio Access Network

RLF Radio Link Failure

RRC Radio Resource Control

RRH Remote Radio Head

RRM Radio Resource Management

RS  Reference Signal

RSRP Reference Signal Received Power
RSRQReference Signal Received Quality
SCell Secondary Cell

PCT/EP2016/051888
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SINR Signal to Interference plus Noise Ratio

SSS Secondary Synchronization Signal

TS  Technical Specification

UE  User Equipment

Those skilled in the art will recognize improvements and modifications to the
embodiments of the present disclosure. All such improvements and
modifications are considered within the scope of the concepts disclosed herein

and the claims that follow.
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Claims

1. A method of operation of a wireless device (42) comprising:

determining (202) whether the wireless device (42) is moving toward a current serving
cell of the wireless device (42) or away from the current serving cell of the wireless
device (42);

if the wireless device (42) is moving toward the current serving cell, initiating (204)
suppression of transmissions from a previous serving cell of the wireless device (42)
during detection of a predetermined signal from another cell; and

if the wireless device (42) is moving away from the current serving cell, initiating (2006)
suppression of transmissions from the current serving cell of the wireless device (42)
during detection of a predetermined signal from another cell.

2. The method of claim 1 wherein:

initiating (204) suppression of transmissions from the previous serving cell of the
wireless device (42) during detection of the predetermined signal from another cell
comprises initiating (204) suppression of transmissions from a perceived direction of the
previous serving cell of the wireless device (42) during detection of the predetermined
signal from another cell; and

initiating (206) suppression of transmissions from the current serving cell of the wireless
device (42) during detection of the predetermined signal from another cell comprises
initiating (206) suppression of transmissions from a perceived direction of the current
serving cell of the wireless device (42) during detection of the predetermined signal from

another cell.

3. The method of claim 2 wherein the predetermined signal is one of a group
consisting of: a synchronization signal, a discovery signal, a reservation signal, and a

reference signal.

4. The method of claims 1-2 wherein determining (202) whether the wireless device
(42) is moving toward the current serving cell of the wireless device (42) or away from
the current serving cell of the wireless device (42) comprises determining a direction of
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movement of the wireless device (42) relative to the current serving cell of the wireless
device (42) based on at least one of a group consisting of:

a measured time drift of the current serving cell;

a measured reference signal received power of the current serving cell;

a channel quality indicator for the current serving cell;

a signal to interference plus noise ratio for the current serving cell;

a detected Doppler frequency shift of the current serving cell; and

one or more timing advance commands received from a base station controlling the

current serving cell.

5. The method of claims 1-2 wherein determining (202) whether the wireless device
(42) is moving toward the current serving cell of the wireless device (42) or away from
the current serving cell of the wireless device (42) comprises determining a direction of
movement of the wireless device (42) relative to the current serving cell of the wireless
device (42) based on at least one of a group consisting of:

a location of the wireless device (42) as determined via a positioning system; and

historical information.

6. The method of claims 1-5 wherein:

initiating (204) suppression of transmissions from the previous serving cell of the
wireless device (42) during detection of the predetermined signal from another cell
comprises running (304) a cell detection procedure with interference suppression of
transmissions from the previous serving cell of the wireless device (42) if the wireless
device (42) is moving toward the current serving cell; and

initiating (206) suppression of transmissions from the current serving cell of the wireless
device (42) during detection of the predetermined signal from another cell comprises
running (304) the cell detection procedure with interference suppression of
transmissions from the current serving cell of the wireless device (42) if the wireless

device (42) is moving away from the current serving cell.

7. The method of claims 1-6 further comprising:
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determining whether the wireless device (42) is in a high speed train scenario; and

upon determining that the wireless device (42) is in a high speed train scenario,
performing the steps of determining (202) whether the wireless device (42) is moving
toward the current serving cell of the wireless device (42) or away from the current
serving cell of the wireless device (42), initiating (204) suppression of transmissions
from the previous serving cell of the wireless device (42) during detection of the
predetermined signal from another cell if the wireless device (42) is moving toward the
current serving cell, and initiating (206) suppression of transmissions from the current
serving cell of the wireless device (42) during detection of the predetermined signal from

another cell if the wireless device (42) is moving away from the current serving cell.

8. The method of claims 1-7 further comprising:

detecting (200) a change of a state of the wireless device (42), the state of the wireless
device (42) being maintained as either moving toward the current serving cell of the
wireless device (42) or away from the current serving cell of the wireless device (42)
based on a direction of movement of the wireless device (42) relative to the current
serving cell of the wireless device (42); and

upon detecting a change of the state of the wireless device (42), performing the steps of
determining (202) whether the wireless device (42) is moving toward the current serving
cell of the wireless device (42) or away from the current serving cell of the wireless
device (42), initiating (204) suppression of transmissions from the previous serving cell
of the wireless device (42) during detection of the predetermined signal from another
cell if the wireless device (42) is moving toward the current serving cell, and initiating
(206) suppression of transmissions from the current serving cell of the wireless device
(42) during detection of the predetermined signal from another cell if the wireless device

(42) is moving away from the current serving cell.

9. The method of claims 1-8 wherein:
determining (202) whether the wireless device (42) is moving toward the current serving

cell of the wireless device (42) or away from the current serving cell of the wireless
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device (42) comprises determining that the wireless device (42) is moving away from
the current serving cell of the wireless device (42); and

initiating (206) suppression of transmissions from the current serving cell of the wireless
device (42) during detection of the predetermined signal from another cell is performed
upon determining that the wireless device (42) is moving away from the current serving
cell of the wireless device (42);

wherein the method further comprises, after performing an intra-frequency handover
from the current serving cell to a new current serving cell, continuing to suppress
transmission from the current serving cell of the wireless device (42) during detection of
the predetermined signal from another cell while the wireless device (42) is moving

toward the new current serving cell.

10. The method of claim 1 further comprising:

if the wireless device (42) is moving toward the current serving cell, compensating (406)
for a negative frequency offset during cell detection; and

if the wireless device (42) is moving away from the current serving cell, compensating

(408) for a positive frequency offset during cell detection.

11.  The method of claim 10 wherein cell detection comprises detecting a secondary
synchronization signal such that:

compensating (406) for the negative frequency offset during cell detection comprises
compensating (406) for the negative frequency offset during detection of the secondary
synchronization signal; and

compensating (408) for the positive frequency offset during cell detection comprises
compensating (408) for the positive frequency offset during detection of the secondary

synchronization signal.

12.  The method of claim 10 wherein the negative frequency offset is equal to -2
times a Doppler shift of a serving cell of the wireless device (42), and the positive
frequency offset is equal to +2 times the Doppler shift of the serving cell of the wireless
device (42).
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13.  The method of claim 12 further comprising:
repeating (410) cell detection using the Doppler shift of the serving cell of the wireless
device (42).

14. A wireless device (42) enabled to provide interference suppression during
detection of a predetermined signal, comprising:

receiver circuitry (52) coupled to two or more receive antennas (54);

one or more processors (44); and

memory (46) containing software executable by the one or more processors (44)
whereby the wireless device (42) is operative to:

determine whether the wireless device (42) is moving toward a current serving cell of
the wireless device (42) or away from the current serving cell of the wireless device
(42);

if the wireless device (42) is moving toward the current serving cell, initiate suppression
of transmissions from a previous serving cell of the wireless device (42) during detection
of a predetermined signal from another cell; and

if the wireless device (42) is moving away from the current serving cell, initiate
suppression of transmissions from the current serving cell of the wireless device (42)

during detection of a predetermined signal from another cell.

15.  The wireless device (42) of claim 14 wherein:

in order to initiate suppression of transmissions from the previous serving cell of the
wireless device (42) during detection of the predetermined signal from another cell, the
wireless device (42) is further operative to initiate suppression of transmissions from a
perceived direction of the previous serving cell of the wireless device (42) during
detection of the predetermined signal from another cell; and

in order to initiate suppression of transmissions from the current serving cell of the
wireless device (42) during detection of the predetermined signal from another cell, the

wireless device (42) is further operative to initiate suppression of transmissions from a
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perceived direction of the current serving cell of the wireless device (42) during

detection of the predetermined signal from another cell.

16. The wireless device (42) of claim 15 wherein the predetermined signal is one of a
group consisting of: a synchronization signal, a discovery signal, a reservation signal,

and a reference signal.

17.  The wireless device (42) of claim 14 wherein, via execution of the software by the
one or more processors (44), the wireless device (42) is further operative to:

determine whether the wireless device (42) is in a high speed train scenario; and

upon determining that the wireless device (42) is in a high speed train scenario, perform
the functions of determining whether the wireless device (42) is moving toward the
current serving cell of the wireless device (42) or away from the current serving cell of
the wireless device (42) comprising initiating suppression of transmissions from the
previous serving cell of the wireless device (42) during detection of the predetermined
signal from another cell if the wireless device (42) is moving toward the current serving
cell, and initiating suppression of transmissions from the current serving cell of the
wireless device (42) during detection of the predetermined signal from another cell if the

wireless device (42) is moving away from the current serving cell.

18. The wireless device (42) of claim 14 wherein via execution of the software by the
one or more processors (44) the wireless device (42) is further operative to:

detect a change of a state of the wireless device (42), the state of the wireless device
(42) being maintained as either moving toward the current serving cell of the wireless
device (42) or away from the current serving cell of the wireless device (42) based on a
direction of movement of the wireless device (42) relative to the current serving cell of
the wireless device (42); and

upon detecting a change of the state of the wireless device (42), perform the functions
of determining whether the wireless device (42) is moving toward the current serving
cell of the wireless device (42) or away from the current serving cell of the wireless
device (42) comprising initiating suppression of transmissions from the previous serving
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cell of the wireless device (42) during detection of the predetermined signal from
another cell if the wireless device (42) is moving toward the current serving cell, and
initiating suppression of transmissions from the current serving cell of the wireless
device (42) during detection of the predetermined signal from another cell if the wireless

device (42) is moving away from the current serving cell.

19.  The wireless device (42) of claim 14 wherein, via execution of the software by the
one or more processors (44), the wireless device (42) is further operative to:

if the wireless device (42) is moving toward the current serving cell, compensate
for a negative frequency offset during cell detection; and
if the wireless device (42) is moving away from the current serving cell, compensate for

a positive frequency offset during cell detection.

20. The wireless device (42) of claim 19 wherein cell detection comprises detecting a
secondary synchronization signal such that:

if the wireless device (42) is moving toward the current serving cell, the wireless device
(42) compensates for the negative frequency offset during detection of the secondary
synchronization signal; and

if the wireless device (42) is moving away from the current serving cell, the wireless
device (42) compensates for the positive frequency offset during detection of the
secondary synchronization signal.

21. The wireless device (42) of claim 19 wherein the negative frequency offset is
equal to -2 times a Doppler shift of a serving cell of the wireless device (42), and the
positive frequency offset is equal to +2 times the Doppler shift of the serving cell of the

wireless device (42).

22. The wireless device (42) of claim 21 wherein via execution of the software by the
one or more processors (44) the wireless device (42) is further operative to:

repeat (410) cell detection using the Doppler shift of the serving cell of the wireless
device (42).
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23. A wireless device (42) enabled to provide interference suppression during
detection of a predetermined signal, comprising:

front-end receiver circuitry (12) coupled to two or more receive antennas;

circuitry (20, 30, 32, 34, 36, 38, 40) operative to:

determine whether the wireless device (42) is moving toward a current serving cell of
the wireless device (42) or away from the current serving cell of the wireless device
(42);

if the wireless device (42) is moving toward the current serving cell, initiate suppression
of transmissions from a previous serving cell of the wireless device (42) during detection
of a predetermined signal from another cell; and

if the wireless device (42) is moving away from the current serving cell, initiate
suppression of transmissions from the current serving cell of the wireless device (42)

during detection of a predetermined signal from another cell.

24. The wireless device (42) of claim 23 wherein:

in order to initiate suppression of transmissions from the previous serving cell of the
wireless device (42) during detection of the predetermined signal from another cell, the
circuitry (20, 30, 32, 34, 36, 38, 40) is further operative to initiate suppression of
transmissions from a perceived direction of the previous serving cell of the wireless
device (42) during detection of the predetermined signal from another cell; and

in order to initiate suppression of transmissions from the current serving cell of the
wireless device (42) during detection of the predetermined signal from another cell, the
circuitry (20, 30, 32, 34, 36, 38, 40) is further operative to initiate suppression of
transmissions from a perceived direction of the current serving cell of the wireless

device (42) during detection of the predetermined signal from another cell.

25.  The wireless device (42) of claim 24 wherein the predetermined signal is one of a
group consisting of: a synchronization signal, a discovery signal, a reservation signal,

and a reference signal.
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26. The wireless device (42) of claim 23 wherein the circuitry (20, 30, 32, 34, 36, 38,
40) is further operative to:

determine whether the wireless device (42) is in a high speed train scenario; and

upon determining that the wireless device (42) is in a high speed train scenario, perform
the functions of determining whether the wireless device (42) is moving toward the
current serving cell of the wireless device (42) or away from the current serving cell of
the wireless device (42) comprising initiating suppression of transmissions from the
previous serving cell of the wireless device (42) during detection of the predetermined
signal from another cell if the wireless device (42) is moving toward the current serving
cell, and initiating suppression of transmissions from the current serving cell of the
wireless device (42) during detection of the predetermined signal from another cell if the

wireless device (42) is moving away from the current serving cell.

27. The wireless device (42) of claim 23 wherein the circuitry (20, 30, 32, 34, 36, 38,
40) is further operative to:

detect a change of a state of the wireless device (42), the state of the wireless device
(42) being maintained as either moving toward the current serving cell of the wireless
device (42) or away from the current serving cell of the wireless device (42) based on a
direction of movement of the wireless device (42) relative to the current serving cell of
the wireless device (42); and

upon detecting a change of the state of the wireless device (42), perform the functions
of determining whether the wireless device (42) is moving toward the current serving
cell of the wireless device (42) or away from the current serving cell of the wireless
device (42) comprising initiating suppression of transmissions from the previous serving
cell of the wireless device (42) during detection of the predetermined signal from
another cell if the wireless device (42) is moving toward the current serving cell, and
initiating suppression of transmissions from the current serving cell of the wireless
device (42) during detection of the predetermined signal from another cell if the wireless

device (42) is moving away from the current serving cell.



10

15

20

25

WO 2016/120430 PCT/EP2016/051888

40

28. The wireless device (42) of claim 23 wherein the circuitry (20, 30, 32, 34, 36, 38,
40) is further operative to:

if the wireless device (42) is moving toward the current serving cell, compensate
for a negative frequency offset during cell detection; and
if the wireless device (42) is moving away from the current serving cell, compensate for

a positive frequency offset during cell detection.

29. The wireless device (42) of claim 28 wherein cell detection comprises detecting a
secondary synchronization signal such that:

if the wireless device (42) is moving toward the current serving cell, the circuitry (20, 30,
32, 34, 36, 38, 40) compensates for the negative frequency offset during detection of
the secondary synchronization signal; and

if the wireless device (42) is moving away from the current serving cell, the circuitry (20,
30, 32, 34, 36, 38, 40) compensates for the positive frequency offset during detection of

the secondary synchronization signal.

30. The wireless device (42) of claim 28 wherein the negative frequency offset is
equal to -2 times a Doppler shift of a serving cell of the wireless device (42), and the
positive frequency offset is equal to +2 times the Doppler shift of the serving cell of the
wireless device (42).

31.  The wireless device (42) of claim 30 wherein the circuitry (20, 30, 32, 34, 36, 38,
40) is further operative to:

repeat cell detection using the Doppler shift of the serving cell of the wireless device
(42).
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