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Efficient Medium Access with Direction Awareness
TECHNICAL FIELD

The disclosure relates to future radio access systems and more specifically to methods for media
access in future radio access systems. The disclosure further relates to methods for reserving and

accessing a shared media in radio access systems, as well as to wireless network nodes.
BACKGROUND

Today’s cellular communication occurs mainly in frequency bands below 3 GHz. However, while LTE
can operate over bandwidths of as much as 100 MHz by design, the future radio access system
envisaged would operate over bandwidths of the order of 1 GHz. Clearly, such a system could not
operate in bands below 3 GHz. The lowest band where the mobile industry may home for spectrum
parcels that exceed the 10-40 MHz of contiguous allocations typical for the industry is probably above
3 GHz. Out of the regions of spectrum that are most promising for the mobile industry, the cm-Wave,
CMW, region from 3-30 GHz and the mm-Wave, MMW, region from 30-300 GHz are particularly

interesting for next generation mobile systems.

Furthermore, the IEEE 802.11 standardization effort is planning amendments termed IEEE 802.11ac
and IEEE 802.11ad that will enable very high throughput communication over bandwidths such as 160
MHz for the former and 2 GHz for the latter. 802.11ac will operate in the CMW bands such as the 5
GHz ISM band while 802.11ad is targeting the 60 GHz unlicensed band.

Without specifying the exact band where we would operate the future radio access FRA system, the
next standard is assumed to operate over bandwidths that range from 100 MHz to 2.5 GHz in dense
deployments and over frequency bands that allow the use of beam forming to establish near Line of

Sight links between communicating radios.
The resulting system can be used in a variety of scenarios:
1) Point-to-point communications for short range radio systems

2) Access links for a Future Radio Access, FRA, system that provides very high speed connectivity

or

3) Backhaul links between densely deployed infrastructure nodes that provide a high throughput
pipeline to a network operator’s core network; this core network would connect to the

Internet and provide access to data and multimedia services.
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One of the challenges of operating at MMW frequencies is the received power that decreases with
frequency when using omnidirectional antennas because the antenna aperture — which determines
how much power is received — decreases with frequency for an omnidirectional antenna and thus also
the received power. To overcome this problem antenna area can be increased leading to directive
antennas. Generally speaking, directive antennas and beam forming become an important component

for MMW communication.
CSMA/CD

Carrier Sense Multiple Access/Collision Avoidance, CSMA/CA, is a contention based medium access
mechanism used in the 802.11 standards to allow distributed coordination of the resources among
users contending for the medium. In this disclosure CSMA/CD is referred to as an example of a

contention based MAC protocol. CSMA/CD is therefore briefly described.

Figure 1 illustrates a four-way handshaking in a CSMA/CA system based on Request-To-Send/Clear-To-
Send, RTS/CTS, for unicast data above a certain threshold. In figure 1, a first node, user A, wants to
send a data packet to another node, user B. User A then sends a request to send, RTS, to the intended
receiver. If the receiver is ready to receive, it broadcasts a clear to send, CTS, message. After receiving
the CTS, the sender transmits the packet. All other nodes that receive the CTS refrain from

transmission. This mechanism addresses the hidden/exposed terminal problem, described below.

To control the access to the medium, CSMA/CA uses inter-frame spaces, IFS, during which a node has
to wait before sensing the channel and determining whether it is free. The 802.11 standard specifies
different IFSs to represent different priority levels for the channel access: the shorter the IFS, the
higher the priority. For instance, Short IFS, SIFS, is used for immediate acknowledgement of a data
frame and Distributed Coordination Function IFS, DIFS, is used to gain access to the medium to

transmit data, as further illustrated in figure 1.

Furthermore, to allow virtual carrier sensing, every data frame may contain the time needed for its
transmission including the ACK, based on this information other nodes, here user C, will maintain a
Network Allocation Vector, shown as NAV in figure 1, to determine when they should sense the
medium again. The NAV is decremented by clock and no access is allowed as long as its value is above

0. The other nodes will again sense the medium after NAV and the subsequent DIFS.

In addition, in order to avoid situations where two nodes transmit at the same time leading to a
collision, every node needs to wait for the medium to become free and then invoke the back off
mechanism. For this, each node selects a random back off interval, illustrated by the checked box in

figure 1, within [0, CW], where CW is called the contention window and is initialized to a value CWmin.
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The node decrements the backoff timer every idle time slot until the counter reaches 0 and the node
sends the packet. The CWmin is doubled on each collision until it reaches a maximum threshold called

CWmax.

Beam forming

Beam forming is a general set of techniques to control the radiation pattern of a radio signal. One way
of achieving this is to use several fixed antenna elements. The total antenna pattern can be controlled
by adjusting the antenna weights of the signal components radiating from each individual antenna
element. Such antenna weights or beam forming coefficients can be calculated to direct the
transmitted energy towards the position of the intended receiver, while simultaneously reducing the

amount of energy radiated in unwanted directions.

Transmit beam forming is a key enabler for enhancing the capacity and the energy efficiency in a
cellular network and is therefore of major importance in future radio access systems. The received
signal strength is increased due to the increased antenna gain resulting from the beam forming
operation. At the same time interference is spread over a smaller area, typically resulting in reduced
interference levels for all users in the system. Increased Signal to Interference and Noise, SINR, results
in higher bit-rates and higher capacity. Higher SINR in a packet oriented system results in shorter
packet transmission times. This also helps to reduce the energy consumption in the system since

transmitters and receivers can be put into idle mode during a larger ratio of time.

In the simplest form an antenna radiation pattern can be described as pointing in a certain direction
with a certain beam width. The direction of the maximum gain of the antenna pattern (usually denoted
boresight) can be described as a vector with a vertical component (usually denoted elevation or
antenna tilt) and a horizontal component (usually denoted azimuth). The beam width also has two

dimensions, one vertical and one horizontal.

Receive beam forming uses the reciprocity of transmit and receive paths to apply directionality
towards the receiver. Like transmit beam forming, one way to achieve directivity is to use a number of
fixed antenna elements whose phases are controlled to steer the direction of the resultant antenna

pattern.

The gain of a directive antenna (i.e. the gain by how much the desired signal is amplified over the signal
of an omnidirectional antenna) increases with decreasing beam width. The narrower the generated

beam the higher the antenna gain.
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A well-known problem of contention based MAC protocols when used together with beam forming are
hidden nodes. See figure 2 for a graphical illustration. In figure 2a two transmitters, 20a and 20b, are
both contending for the medium — and thus listen to the medium — may not hear each other due to the
directive transmissions of the other. At the destination node, 10a, — since both nodes want to
communicate with the same node they direct their respective beams towards the common receiver — a

collision occurs.

One well known possible way to mitigate this problem is that each transmitter sends prior to the
directive transmission an omnidirectional pilot signal as illustrated in figure 2b. For example, the RTS
and CTS described above may be implemented as omnidirectional pilots. Contending transmitter in the
neighbourhood can overhear the omnidirectional pilot transmission and refrain from accessing the

medium.

One drawback with this solution is that it may be overly pessimistic: It avoids a/l simultaneous
transmissions in a neighbour using the same resources. If all transmissions are intended for the same
reception node this is desirable. And all transmissions in the neighbourhood are avoided until the

entire message exchange sequence is finished (as described above in the description of the NAV).

However, if not all transmissions are intended for the same receiving node this approach becomes
overly pessimistic since even non-colliding transmissions are avoided, see figure 3. In figure 3 two user
equipments 20a, 20b want to communicate with two access nodes 10a, 10b, respectively. Since
directed into different directions their transmissions do not collide. However, the omnidirectional pilot
signals sent by the user equipments 20a, 20b are overheard by the user equipments 20b, 20a,
respectively, and therefore both user equipments apply a random back-off according to the MAC

protocol.

SUMMARY

The proposed technique suggests medium reservation and medium access based on the use of
omnidirectional pilot signals transmitted during an existing communication. The technique allows the
medium to be more efficiently utilized by taking directional information into account at a contending

transmitter.

The present disclosure presents a method performed in a first node in a wireless communication
system, of accessing a shared channel for transmission from the first node to at least one second node.
The method comprises the step of receiving, from a third node a pilot signal announcing reception in
the third node, wherein the pilot signal comprises information enabling estimation of a channel

response from the first node to the third node. The method further comprises estimating, using the
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pilot signal, a channel response from the first node to the third node and predicting, based on the
estimated channel response, an interference level at the receiver of the third node of a directive
transmission from the first node to the second node. The method finally comprises accessing the
shared channel based on the predicted interference level. The presented method mitigates the
problem of hidden nodes for directive transmissions. The estimation of a channel response between
the first and the third node makes it possible to make granular interference calculations, which enables

spatial reuse that in prior art is not possible. The method is applicable to use in any MAC protocol.

According to one aspect, the pilot signal comprises a sequence, whose auto-correlation properties
imply that the correlation of cyclically shifted versions of the sequence is below a predetermined value.
By including a sequence having good auto correlation properties, more precise estimations of a
channel response are possible. According to one aspect, such a sequence is a Zadoff-Chu, Frank or

Milewski sequence.

According to one aspect, the step of estimating a channel response from the first node to the third
node comprises calculating channel response from the third node to the first node and assuming

channel reciprocity.

According to one aspect the method further comprises configuring the transmission from the first node
to the second node in order to avoid interference of the directive transmission from the first node, at
the receiver of the third node. Thereby, medium reservation is less coarse resulting in (space-wise)
more confined medium reservations. More narrow medium reservations result in less waiting time and

more transmission opportunities which increases system throughput.

The proposed technique further relates to a method, performed in a third node in a wireless
communication system, of reserving a shared channel for reception from at least one further node.
The method comprises the step of configuring a pilot signal to announce reception in the third node,
including in the pilot signal information enabling estimation of the channel response between the third
node and a receiving node and transmitting the pilot signal to reserve the shared channel. The pilot
signal enables less coarse channel reservations in the receiving node, as mentioned above. The
proposed technique further relates to a method, performed in a fourth node in a wireless
communication system, of granting a fifth node access to a shared channel for transmission from the
fifth node to the fourth node. The method comprises receiving, from a third node a pilot signal
announcing reception in the third node, wherein the pilot signal comprises information enabling

estimation of a channel response from the fourth node to the third node.
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The method further comprises calculating, using the a pilot signal, a channel response from the fourth
node to the third node, calculating a channel response from the fifth node to the fourth node and
predicting, based on the estimated channel responses an interference level at the receiver of the third
node of a directive transmission from the fifth node. The method further comprises granting the fifth
node access to the shared channel based on the predicted interference level. Through this aspect, it is

possible to control the medium access in a fifth node, which might not itself hear the pilot signal.

According to a further aspect the proposed technique relates to a first node in a wireless
communication system, configured for accessing a shared channel for transmission from the first node
to at least one second node. The first node comprises a communication unit and processing circuitry.
The processing circuitry are adapted to receive, using the communication unit, from a third node a
pilot signal announcing reception in the third node, wherein the pilot signal comprises information
enabling estimation of a channel response from the first node to the third node and estimate, using
the pilot signal, a channel response from the first node to the third node. The processing circuitry are
further adapted to predict, based on the estimated channel response, an interference level of a
directive transmission from the first node to the second node at the receiver of the third node and

access, using the communication unit, the shared channel based on the predicted interference level.

According to a further aspect the proposed technique relates to a third node, in a wireless
communication system, configured for reserving a shared channel for reception from at least one
further node. The third node comprises a communication unit and processing circuitry. The processing
circuitry are adapted to configure a pilot signal to announce reception in the third node information
enabling estimation of the channel response between the third node and a receiving node. The
processing circuitry are further adapted to transmit, using the communication unit to reserve the

shared channel.

According to a further aspect the proposed technique relates to a fourth node in a wireless
communication system, configured for granting a fifth node access to a shared channel for
transmission from the fifth node to the fourth node. The fourth node comprises a communication unit
and processing circuitry. The processing circuitry are adapted to receive, using communication unit a
pilot signal announcing reception in the third node comprises information enabling estimation of a
channel response from the fourth node to the third node and calculate a channel response from the
fifth node to the fourth node caused by a directive transmission from the fifth node and grant the fifth

node access to the shared channel based on the predicted interference level.
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According to a further aspect the proposed technique relates to a computer program, comprising
computer readable code which, when run on a node in a communication system, causes the node to

perform the method described above.

With the above description in mind, the object of the present disclosure is to overcome at least some

of the disadvantages of known technology as described above and below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates RTS/CTS handshake for collision avoidance in CSMA/CA

Figure 2a illustrates the hidden node problem.

Figure 2b illustrates using omnidirectional pilot signals to reduce the hidden node problem.

Figure 3 illustrates pilots refraining transmissions even when the directive transmissions do not collide.

Figure 4 illustrates transmission of pilot signals from destination.

Figure 5 illustrates using pilot signal channel information for directed transmissions.

Figure 6 is a flowchart illustrating method steps executed in a node receiving a pilot according to one

aspect of the disclosure.

Figure 7 is a flowchart illustrating method steps executed in a node transmitting a pilot according to

one aspect of the disclosure.

Figure 8 is a flowchart illustrating method steps executed in a node receiving a pilot according to one

aspect of the disclosure.

Figure 9a is a block diagram illustrating a node receiving a pilot signal according to one aspect of the

disclosure.

Figure 9b is a block diagram illustrating a node transmitting a pilot signal according to one aspect of the

disclosure.

Figure 9c is a block diagram illustrating a node receiving a pilot signal according to one aspect of the

disclosure.

DETAILED DESCRIPTION

In this disclosure, effective methods of medium reservation and medium access based on the use of

omnidirectional pilot signals transmitted during an existing communication are proposed. The
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disclosure allows the medium to be more efficiently utilized by taking directional information into
account at a contending transmitter. Specifically, several methods are proposed for a contending
transmitter equipped with multiple antennas to avoid causing excessive interference to any existing
communication(s) based on directional information derived from a pilot signal transmitted from a

potentially colliding node.

Embodiments of the present disclosure are in general directed, to a CSMA/CD system as described
above. However, it must be understood that the same principle is applicable in other systems, where
nodes are competing for a channel. Such a system may comprise both scheduled and contention based
transmissions in any combination. The proposed solution enables more efficient spatial reuse than
possible in prior art solutions. The technique is applicable to use in any MAC protocol, in particular in
any of the MAC protocols specified in IEEE 802.11 standards. The proposed technique may in some
cases only be used in a certain aspect, e.g. only during the initial access, of a communication system
that has both scheduled and contention-based modes of operation. It may even be used in a
dynamical spectrum sharing scenario (over unlicensed or shared spectrum with registered usage),
where multiple different communication systems co-exists where the only common knowledge is
where a common pilot channel is located. The disclosure is in particular applicable but not limited to

situations where directive communication transmissions are used.

As the surrounding environments of a transmitter and its receiver can be quite different from each
other, trying to draw inference about the presence of a nearby destination node from the transmission
of a source node can often lead to an erroneous conclusion. The medium may be more effectively
protected through omnidirectional pilots transmitted by the destination node, i.e. the intended

receiver of the directional transmission, instead of the source node.

Pilots from destination, is illustrated in figure 4. In figure 4, when a source node, 20a, transmits data to
a receiving node, 10a, through directional transmission via beam forming, the receiving node 10a
periodically responds by transmitting an omnidirectional pilot signal 30a on a different but designated
radio resource to its surroundings so that a nearby node 20b can sense the omnidirectional pilot signal
and refrain from transmitting so as to avoid causing interference to the reception at the receiving node
10a. The omnidirectional transmission may contain information regarding the remaining duration of
the directional transmission so that the nearby node 20b may know how long it should wait before
sensing the medium again. If a transmitter 20e cannot hear the omnidirectional transmission, it should
be far enough from the intended receiver, 10a, of the directional transmission 40e that the directional

transmission of 20e to access point 10e would have minimal impact to the receiving node 10a.
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The location of the designated radio resource for the omnidirectional transmission in the time-
frequency plane may be tied to the location of the radio resource used for the directional transmission.
It may be located on a separate frequency band possibly in a lower frequency range than that of the
directional transmission to achieve a larger coverage area. In order to avoid transmitting and receiving
at the same time using the same radio at the second node, user equipment 20d, a separate radio may
be needed to support the omnidirectional transmission while receiving the directional transmission.
Alternatively, the designated radio resource may simply be a time instance or time slot that is different

from that of the directional transmission.

As stated above, avoiding all simultaneous transmissions from contending transmitters in the entire
neighbourhood using the same radio resources can be too pessimistic and leads to an inefficient
utilization of the precious resources. According to the proposed technique, an omnidirectional pilot
signal announcing an ongoing reception in a node may also be used by any nearby contending
transmitter equipped with multiple antennas to estimate the MIMO channel information between a
contending transmitter and the destination node receiving an on-going directional transmission. Based
on the estimated channel information, the contending transmitter may derive directional information

in order to avoid interfering with the on-going reception whenever possible. The prerequisite is that

A

the pilot signal comprises information enabling estimation of a channel response H or certain

knowledge (such as direction, path loss, and/or delay) related to the channel between the node
sending the pilot signal and the node receiving the pilot signal. This is illustrated in figure 5, where a
first node, here access point 10c, that wants to transmit a beam formed or directional signal to a
second node, user terminal 20d, estimates the channel between access point 10c and the user
equipment 20d. Based on the channel estimate and the beam-forming vector or precoding matrix, P,
that would be used for the directional transmission to user equipment 20d, the access point can decide
whether to send a request to send, RTS, to user equipment 20d. The decision is e.g. made by
computing the predicted level of interference that would incur at a nearby access point 10a if a

directional signal is to be transmitted to the user equipment 20d. The predicted level of interference is
based on an estimated channel response H from nearby an access point 10a sending a pilot signal

enabling channel estimation to access point 10c.

The proposed method for accessing a channel in the system of figure 5 will now be described using the
flow chart of figure 6, illustrating the method steps executed in a node receiving a pilot according to

one aspect of the disclosure.
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The proposed technique relates to a method, performed in a first node 10c in a wireless
communication system, of accessing a shared channel for transmission from the first node 10c to at

least one second node 20d.

In the first step S1 the first node receives, from a third node 10a, a pilot signal 30a announcing
reception in the third node 10a. The announcement typically comes from a standardized time slot
and/or frequency band/chunk, with a standardized sequence that is all known to all the nodes in the
system before the transmission is initiated. Alternatively such information may also be acquired over a
predefined broadcast channel (located in a predetermined/standardized time slot and frequency) in

the system. According to the proposed technique, the pilot signal 30a comprises information enabling

estimation of a channel response H from the first node 10c to the third node, an access point 10a.
According to one aspect, the pilot signal 30a comprises a sequence, whose auto-correlation properties
imply that the correlation of cyclically shifted versions of the sequence is below a predetermined value,
and which is thus suitable for channel estimation purposes. Examples of such sequences are a Zadoff-

Chu, Frank or Milewski sequence.

In the second step, the first node estimates S2, using the pilot signal 30a, a channel response H from
the first node 10c to the third node 10a. More precisely, let H, denote an estimate of the channel
response from the receiver of an existing directional transmission, e.g. access point 10a, to a potential

transmitter, e.g. access point 10c. Such an estimate of H,is obtained using the omnidirectional pilot

signal 30a transmitted from node 10a. Assuming channel reciprocity, then His equal to the transpose
PO

of H,,i.e. H,.

In the next step the first node predicts S3, based on the estimated channel response ﬁ, an

interference level at the receiver of the third node 10a of a directive transmission 40d from the first

node 10c to the second node 20d. For example, let P denote the precoding matrix that would be used

to transmit from a contending transmitter, e.g. access point 10c, to its potential receiver e.g. user

equipment 20d. Before sending RTS to its potential receiver, the potential transmitter first computes a

predicted interference level [ and checks if such interference level is acceptable. For example,

predict
assuming that the channel reciprocity holds, the reversed channel response from the contending

transmitter to the unintended receiver user equipment 20d can be estimated simply by the transpose

of the estimates channel response H', ie H :I:II. Hence, according to one aspect the step of

I’

estimating S2 a channel response H from the first node 10c to the third node 10a comprises
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calculating channel response I:II from the third node 10a to the first node 10c and assuming channel
reciprocity.

Based on this estimate, the contending transmitter i.e. access point 10c, may compute the power of
the directive transmission at the destination by applying the superposition principle in electromagnetic
field theory which gives that, for all linear systems, the net response at a given place and time caused
by two or more stimuli is the sum of the responses which would have been caused by each stimulus

individually. Hence according to one aspect of the proposed technique, the power of the directive

transmission 40d from the first node 10c at the third node 10a is estimated by applying the precoder

P of the directive transmission 40d from the first node 10c on the estimated channel response H.

For example access point 10c, may compute:

14 = tr{APPAY |= {7 PP |= PP AT |

predict

, where tr{A} denotes the trace of matrix A and P" is the conjugate transpose of P, and Iflj is the

conjugate of H, (i.e. the elements of Hj are the conjugates of the corresponding elements of H,),

and transmit to its contending transmitter if and only if [

oredic < €, Where & denotes a pre-

determined maximum tolerable interference rise over thermal noise in the network.

Alternatively, the predicted interference level may be computed based on long-term channel

covariance, qDﬁ =E{HHH}= E{Hij}z q)ﬁT , instead of instantaneous channel response Iflf In
’:

this case, only the reciprocity of the channel statistics is assumed, and the reciprocity of the

instantaneous channel response is not needed. The contending transmitter (access point 10c) may

compute, for example,

1 . A
— H _ H _ H T
Ipredict = tr{PP q)[fl}_ tr{PP q)[fﬂ }~mtr{PP ZHI (f)HI (f)};
feF
where Iflf(f) denotes the channel estimate obtained at frequency f within a predefined set F of

possible frequencies.

According to one aspect the proposed technique comprises configuring S4 the transmission from the
first node 10c to the second node 20d in order to avoid interference of the directive transmission 40d

from the first node 10c, at the receiver of the third node 10a.
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According to a first embodiment, this is achieved by calculating S4a a precoder P such that the
predicted interference level is below a value. Precoding is a generalization of beamforming to support

multi-stream (or multi-layer) transmission in multi-antenna wireless communications.

According to a second embodiment the shared medium is accessed of via null forming. According to
this embodiment the precoder P is calculated S4b such that a null is formed at the third node 10a to
avoid causing any interference to the third node. Hence, based on the channel estimate Iflf, the
potential transmitter, access point 10c, can also intentionally put a null at the receiver access point
10a, and thus (almost) completely avoid causing interference at access point 10a. This can be done by

first identifying a set of basis vectors for null space of Iflf, denoted by VnuH(IfIf) . Hence, according to

the second embodiment, the step of calculating S4b a precoder P such that a null is formed at the
third node 10a comprises determining a set of basis vectors of the null space of the channel response

from the first node 10c to the third node 10a.

For example, according to a one possible implementation of calculating S4b a precoder, one can first

compute a QR factorization of the matrix Hj as,

. R,
i :QR=[QI,QZ]{ ) }

where Q, Q, and Q, are orthonormal matrices, R and R, are upper-triangular matrices, and then

set V_ (H}) tobe Q,, i.e. those columns of Q that corresponds to the rows of R that are all zeros

(or very close to zero).

The precoder P can then be calculated by computing a concatenated channel response based on the
set of basis vectors of the null space of the channel response from the first node 10c to the third node
10a and the channel response from the first node to the second node 20d and calculating a component
precoder P’ based on the concatenated channel response. Hence, the precoder P for transmitting
from the potential transmitter of the first node, access point 10c, to the potential receiver the second

node, user equipment 20d can then be computed by first computing a component precoder P* by

treating the concatenated channel response given by H, =H,V,_ (H]), as if it was the channel

A

response from the first node, access point 10c, to the second node, user equipment 20d. Here H

denotes an estimate of the channel response from the first node, access point 10c, to the second node,

user equipment 20d..
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The final precoder P is then computed by combining the component precoder P’ and the set of basis

vectors of the null space of the channel response from the first node 10c to the third node 10a. For

example, the precoder is computed by P:VnuH(Hf)P', which always satisfies

IfIfP' = IfIfVnull (H})P’ =0 by the definition of V_, (Iflf) . Hence, the precoder P so computed will

not cause any interference to the third node 10a. In this case, the potential transmitter which is the
first node, access point 10c, may still choose to transmit (using precoder P) to the second node, user
equipment 20d, even though the first node, access point 10c, heard the omnidirectional transmission

from the third node 10a, and thus enhancing the efficiency of the network.

In the final step, the first node accesses S5 the shared channel based on the predicted interference
level. The predicted interference may be used in many ways while accessing the channel, as will be
further described below. According to one aspect the step of accessing S5 the shared channel based on
the predicted interference level comprises delaying or aborting the transmission from the first node
10c if the predicted interference level is above a predetermined value. According to this aspect of the
disclosure, the first node considers the interference between the intended transmission 40d and the
ongoing reception 40a in the third node 10a. Then the first node may choose to delay the transmission
until the reception at the third node is finalised. The first node may also abort the intended
transmission. Figure 7 is a flowchart illustrating method steps executed in a third node e.g. access point
10a of figure 5, in a wireless communication system, of reserving a shared channel for reception 40a
from at least one further node 20a. The method is typically executed by a node that is about to receive

a signal from a further node. The signal may comprise a control message or data.

The method comprises three steps. The first step is configuring S11 a pilot signal 30a to announce

reception 40a in the third node 10a. In the second step the third nodes includes S12 in the pilot signal

30a, information enabling estimation of the channel response H between the third node 10a and a
receiving node e.g. node 10c or 20b as explained above. This is achieved e.g. by including in the pilot
signal 30a a sequence, whose auto-correlation properties imply that the correlation of cyclically shifted
versions of the sequence is below a predetermined value, e.g. a Zadoff-Chu, Frank or Milewski

sequence.

Finally the third node 10a transmits S13 the pilot signal 30a to reserve the shared channel. According
to one aspect the method further comprises the step of executing S14 the announced reception 40a
from the at least one further node 20a. The pilot signal is used by a receiving node in order to make

more narrow medium reservations as described above in connection with step 5S4 of figure 5.
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The pilot signal from the third node may comprise a control message to the source node indicating that
the third node is ready to receive data. Hence, according to one aspect the pilot signal 30a comprises a

clear to send message.

Figure 8 is a flowchart illustrating a method, performed in a fourth node, here user equipment 20b in
figure 5, in a wireless communication system, of granting a fifth node, user equipment 20c, access to a
shared channel for transmission from the fifth node 20c to the fourth node 20b.The method relates to
a situation where a fifth node 20c that is about to transmit, cannot hear the omnidirectional pilot
signal from access point 10a. However, its intended receiver, which is a fourth node, user equipment
20b, can hear the pilot signal. In this case, upon receipt of a RTS from the fifth node, user equipment
20c, the fourth node, user equipment 20b may not respond with a CTS in order to avoid interfering

with access point 10a since the omnidirectional pilot is received.

In the first step of the method described in figure 5, the fourth node 20b receives S21, from a third

node 10a a pilot signal announcing reception in the third node 10a, wherein the pilot signal 30a

comprises information enabling estimation of a channel response H from the fourth node 20b to the

third node 10a.

In the next step, the fourth node calculates S22, using the a pilot signal 30a, a channel response
H from the fourth node 20b to the third node 10a. This may be done by calculating channel response

ﬁ, from the third node 10a to the fourth node 20b and assuming channel reciprocity, i.e. that the

channel response of one direction is the transpose of that of the other direction (ﬁ = I:If ).

In the next step, the fourth node calculates S23 an estimate of the channel response ﬁD from the fifth

node 20c to the fourth node 20b. If the fourth node, user equipment 20b, obtains an estimate of the

channel ﬁ from the fourth node, user equipment 20b, to the third node, access point 10a, using the
omnidirectional pilot signal from access point 10a, it can check whether the transmission from the fifth
node, user equipment 20c, to the fourth node, user equipment 20b, would affect the reception at the
third node, access point 10a, to the extent that the reception is affected e.g. by causing interference or

collisions. This will be explained in the following steps.

In the next step, the fourth node predicts 524, based on the estimated channel responses ﬁand ﬁD ,

an interference level at the receiver of the third node 10a of a directive transmission 40b from the fifth

node 20c. The prediction may comprise computations that may be done in different ways.
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According to one embodiment the step of estimating S24 the predicted interference level based on the

channel responses H and ﬁD comprises estimating the power of a signal propagating from the fifth

node 20c at the third node. This can be done by computing the magnitude of the concatenated

channel response ﬁﬁD = I:IfI:ID. Note that ﬁD may represent an estimate of the possibly precoded

or beam formed effective channel response from the fifth node, user equipment 20c, to the fourth
node, user equipment 20b. More precisely, when the fourth node, user equipment 20b, can hear the
omnidirectional pilot signal from access point 10a, the fourth node, user equipment 20b, may still send

a CTS message back to the fifth node, user equipment 20c, if and only if:

~ ~

T
H,HD”F <e,

F

Ipredict = ||H HD

where ||-||Fdenote the Frobenius norm, and &£ denotes a predetermined maximum tolerable

interference level in the network. Hence, according to this aspect, the step of granting the fifth node
access comprises comparing the predicted interference level with a predetermined value. In this case,
the contending transmitter, i.e. the fifth node 20c, may still obtain permission to transmit to the fourth
node, user equipment 20b even though the fourth node, user equipment 20b, heard the

omnidirectional transmission, and thus enhancing the efficiency of the network. This method may be

particularly effectively when the channel ﬁD is estimated over beam-formed pilot signal from the fifth

node, user equipment 20c, and thus represents a composite channel response of the original channel
from the fifth node, user equipment 20c, to the fourth node, user equipment 20b, and the adopted

precoding matrix.

Alternatively, the predicted interference level may be computed based on long-term channel

covariances, qDﬁrzE{Hij} and @, =E{HDH5}, instead of the instantaneous channel
7 D

responses, Iflf and ﬁD , where ﬁg is the conjugate transpose of ﬁD and E denotes an expected

value. In this case, the reciprocity of the instantaneous channel response is not needed. The fourth
node, user equipment 20b may send a CTS message back to the fifth node, user equipment 20c if, for

example,
— 2
Ipredict =tr{q)ﬁlq)ﬁn }SS :

In the next step, the fourth node grants S25 the fifth node 20c access to the shared channel based on
the predicted interference level. This may be done by adopting the transmission in different ways, e.g.

by requesting the fifth node to redirect the beam, delaying the transmission or calculating a precoder,
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such that a null is formed at the third node 10a to avoid causing any interference to the third node. The
principles described in relation to figure 6 are applicable on this situation as well. According to one
aspect, the method of granting access to a shared channel further comprises the step of transmitting

S26 a clear to send message to the fifth node 20c.

Turning now to figure 9a to 9c schematic diagrams illustrating some modules of an exemplary aspect of
a first node 10c, a third node 10a and a fourth node 20b will be described. In this application the term
“node” is generally used. A node is any wireless device in wireless communication system. Hence, the
node may be an access point 10a, 10c user equipment 20a-20d or any other device in the wireless

communication comprising means for accessing a shared media.

The nodes comprise a controller, CTL, or a processing circuitry 11, 21, 31 that may be constituted by
any suitable Central Processing Unit, CPU, microcontroller, Digital Signal Processor, DSP, etc. capable of
executing computer program code. The computer program may be stored in a memory (MEM) 13, 23,
33. The memory 13, 23, 33 can be any combination of a Read And write Memory, RAM, and a Read
Only Memory, ROM. The memory 13, 23, 33 may also comprise persistent storage, which, for example,
can be any single one or combination of magnetic memory, optical memory, or solid state memory or
even remotely mounted memory. The nodes 10c, 10a, 20b further comprises a communication
interface (i/f), 12, 22 and 32 respectively, arranged for wireless communication with other devices or

nodes.

Figure 9a discloses a first node 10c configured for accessing a shared channel for transmission from the
first node 10c to at least one second node 20d. When the above-mentioned computer program code is
run in the processing circuitry 11 of the first node 9a, it causes the first node 9a to receive, from a

third node 10a a pilot signal 30a announcing reception in the third node 10a, wherein the pilot signal
30a comprises information enabling estimation of a channel response H from the first node 10c to the
third node 10a, estimate, using the pilot signal 30a, a channel response H from the first node 10c to

the third node 10a, predict, based on the estimated channel response ﬁ, an interference level of a
directive transmission 40d from the first node 10c to the second node 20d at the receiver of the third

node 10a and access, the shared channel based on the predicted interference level.
According to one aspect of the disclosure the controller comprises:

® a receiver module 111 configured to receive, from a third node 10a a pilot signal 30a

announcing reception in the third node 10a, wherein the pilot signal 30a comprises
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information enabling estimation of a channel response H from the first node 10c to the third

node 10a;

® an estimator 112 configured to estimate, using the pilot signal 30a, a channel response

ﬁ from the first node 10c to the third node 10a;

A

e a predictor 113 configured to predict, based on the estimated channel response H, an
interference level of a directive transmission 40d from the first node 10c to the second node

20d at the receiver of the third node 10a; and

® an access module 114 configured to access, using the communication unit 12, the shared

channel based on the predicted interference level.

According to one aspect the controller further comprises a configurer 115 adapted for configuring the
transmission from the first node 10c to the second node 20d in order to avoid interference of the

directive transmission 40d from the first node 10c, at the receiver of the third node 10a.

The receiver module 111, the estimator 112, the predictor 113, the access module 114 and the
configurer 115 are implemented in hardware or in software or in a combination thereof. The modules
111, 112, 113, 114, 115 are according to one aspect implemented as a computer program stored in a

memory 13 which run on the processing circuitry 11.

Figure 9b discloses a third node 10a in a contention based wireless communication system, configured
for reserving a shared channel for reception from at least one further node. When the above-
mentioned computer program code is run in the processing circuitry 21 of the third node 10a, it causes

the third node 10a to a configure a pilot signal 30a to announce reception 40a in the third node 103, to
include in the pilot signal 30a information enabling estimation of the channel response H between

the third node 10a and a receiving node 10c, 20b and transmit, using the communication unit 22, the

pilot signal 30a to reserve the shared channel.
According to one aspect of the disclosure the controller 21 comprises:

® a configurer 211 configured to configure a pilot signal 30a to announce reception 40a in

the third node 10a;

® an includer 212 configured to include in the pilot signal 30a information enabling

A

estimation of the channel response H between the third node 10a and a receiving

node 10c, 20b and
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® a transmitter 213 module configured to transmit, using the communication unit 22, the

pilot signal 30a to reserve the shared channel.

According to one aspect the controller further comprises an executer 214 adapted to execute the

announced reception 40a from the at least one further node 20a.

The receiver module 211, the access module 212, the predictor 213 and the executor 214 are
implemented in hardware or in software or in a combination thereof. The modules 211 to 213 are
according to one aspect implemented as a computer program stored in a memory 23 which runs on

the processing circuitry 21.

Hence, according to a further aspect the disclosure relates to a computer program, comprising
computer readable code which, when run on a node in a cellular communication system, causes the

node to perform any of the methods described above.

Figure 9c discloses a fourth node 20b in a wireless communication system, configured for reserving a

channel for signal transmission from the second node to at least one further node.

When the above-mentioned computer program code is run in the processing circuitry 31 of the node
20b, it causes the node 20b to receive, using communication unit 32, from a third node 10a a pilot

signal announcing reception in the third node 10a, wherein the pilot signal 30a comprises information

enabling estimation of a channel response H from the fourth node 20b to the third node 103,
calculate, using the a pilot signal 30a, a channel response H from the fourth node 20b to the third

node 10a, calculate a channel response ﬁ,from the fifth node 20c to the fourth node 20b, predict,

A A

based on the estimated channel responses H , HI, an interference level at the receiver of the third

node 10a caused by a directive transmission 40b from the fifth node 20c and grant the fifth node 20c

access to the shared channel based on the predicted interference level.
According to one aspect of the disclosure the controller 31 comprises:

® areceiver module 311 configured to receive, using communication unit 32, from a
third node 10a a pilot signal announcing reception in the third node 10a, wherein

the pilot signal 30a comprises information enabling estimation of a channel

response ﬁ from the fourth node 20b to the third node 10a,

¢ a first calculator module 312 configured to, using the a pilot signal 30a, a channel

response ﬁ from the fourth node 20b to the third node 10a;
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® a second calculator module 313 configured to calculate a channel response

ﬁ, from the fifth node 20c to the fourth node 20b;

® a third calculator receiver module 314 configured to calculate, based on the

A A

estimated channel responses H HI, an interference level at the receiver of the

third node 10a caused by a directive transmission 40b from the fifth node 20c;

® a receiver module 315 configured to grant the fifth node 20c access to the shared

channel based on the predicted interference level.

According to one further aspect the controller further comprises a transmitter module 316 configured

to transmit a clear to send message to the fifth node 20c.

The receiver module 311, the calculators 312, 313, 314 the receiver module 315 are implemented in
hardware or in software or in a combination thereof. The modules 311 to 315 are according to one
aspect implemented as a computer program stored in a memory 33 which runs on the processing

circuitry 31.

Hence, according to a further aspect the disclosure relates to a computer program, comprising
computer readable code which, when run on a node in a cellular communication system, causes the

node to perform any of the methods described above.

The first, third and fourth nodes are further configured to implement all the aspects of the disclosure

as described in relation to the methods above.

According to a more general aspect of the proposed technique, the media access is based on certain
channel knowledge (such as direction, path loss, and/or delay) related to the channel. Then, the pilot
signal comprises information enabling estimation of certain knowledge (such as direction, path loss,
and/or delay) related to the channel between the node sending the pilot signal and the node receiving

the pilot signal.

Hence, according to this aspect the disclosure relates to predicting interference based on any specific
information about the channel (instead of only the channel response). While the description above has
been focused on implementing the disclosure, for the case when the channel knowledge is the channel
response, similar results may be achieved by making predictions based only on e.g. the direction and

path loss. This aspect is applicable to all the variants in the examples above.
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Hence, this general aspect relates e.g. to a method, performed in a first node 10c in a wireless
communication system, of accessing a shared channel for transmission from the first node 10c to at

least one second node 20d. The method comprises:

— receiving S1, from a third node 10a a pilot signal 30a announcing reception in the third
5 node 10a, wherein the pilot signal 30a comprises information enabling estimation of

channel knowledge of the channel from the first node 10c to the third node 103;

— estimating S2, using the pilot signal 30a, channel knowledge of the channel from the first

node 10c to the third node 103a;

— predicting S3, based on the estimated channel knowledge an interference level at the
10 receiver of the third node 10a of a directive transmission 40d from the first node 10c to the

second node 20d; and

— accessing S5 the shared channel based on the predicted interference level.

According to another aspect it relates to a method, performed in a third node 10a in a wireless
communication system, of reserving a shared channel for reception 40a from at least one further node

15 20a. The method then comprises:

— configuring S11 a pilot signal 30a to announce reception 40a in the third node 103;

— including S12 in the pilot signal 30a information enabling estimation of channel

knowledge of a channel between the third node 10a and a receiving node 10c, 20b and

— transmitting S13 the pilot signal 30a to reserve the shared channel.

20
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CLAIMS

1. A method, performed in a first node (10c) in a wireless communication system, of accessing a

shared channel for transmission from the first node (10c) to at least one second node (20d), the

method comprising:

receiving (S1), from a third node (10a) a pilot signal (30a) announcing reception in the third

node (10a), wherein the pilot signal (30a) comprises information enabling estimation of a

channel response (ﬁ ) from the first node (10c) to the third node (10a);

— estimating (S2), using the pilot signal (30a), a channel response (ﬁ) from the first node

(10c) to the third node (10a);

— predicting (53), based on the estimated channel response (ﬁ ), an interference level at the
receiver of the third node (10a) of a directive transmission (40d) from the first node (10c)

to the second node (20d); and
— accessing (S5) the shared channel based on the predicted interference level.

The method of accessing a shared channel according to any of the preceding claims, wherein the
pilot signal (30a) comprises a sequence, whose auto-correlation properties imply that the

correlation of cyclically shifted versions of the sequence is below a predetermined value.

The method of accessing a shared channel according to any of the preceding claims, wherein the

sequence is a Zadoff-Chu, Frank or Milewski sequence.

The method of accessing a shared channel according to any of the preceding claims, wherein the
step of estimating (S2) a channel response (ﬁ) from the first node (10c) to the third node (10a)

comprises calculating channel response (I:II ) from the third node (10a) to the first node (10c) and

assuming channel reciprocity.

The method of accessing a shared channel according to any of the preceding claims, wherein the
step of predicting (S2) an interference level implies estimating the power of the directive

transmission (40d) from the first node (10c) at the third node (10a) by applying a precoder (P) of

the directive transmission (40d) from the first node (10c) on the estimated channel response (ﬁ ).

The method of accessing a shared channel according to any of the preceding claims further

comprising:
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— configuring (54) the transmission from the first node (10c) to the second node (20d) in
order to avoid interference of the directive transmission (40d) from the first node (10c), at

the receiver of the third node (10a).

The method of accessing a shared channel according to claim 6 wherein the step of configuring the

transmission comprises:

— calculating (S4a) a precoder (P) such that the predicted interference level is below a

value.

The method of accessing a shared channel according to claim 6 wherein the step of configuring the

transmission comprises:

— calculating (S4b) a precoder (P) such that a null is formed at the third node (10a) to avoid

causing any interference to the third node.

The method of accessing a shared channel according to claim 8 wherein the step of calculating

(S4b) a precoder (P) such that a null is formed at the third node (10a) further comprises:

— determining a set of basis vectors of the null space of the channel response from the first

node (10c) to the third node (10a);

10. The method of accessing a shared channel according to claim 9 wherein the step of calculating

(S4b) a precoder (P) such that a null is formed at the third node (10a) further comprises:

— computing a concatenated channel response based on the set of basis vectors of the null
space of the channel response from the first node (10c) to the third node (10a) and the

channel response from the first node to the second node (20d);
— calculating a component precoder (P”) based on the concatenated channel response;

— combining the precoder (P) by combining the component precoder (P’) and the set of
basis vectors of the null space of the channel response from the first node (10c) to the

third node (10a).

11. The method of accessing a shared channel according to any of the preceding claims, wherein the

step of accessing (S5) the shared channel based on the predicted interference level comprises
delaying or aborting the transmission from the first node (10c) if the predicted interference level is

above a predetermined value.
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. A method, performed in a third node (10a) in a wireless communication system, of reserving a

shared channel for reception (40a) from at least one further node (20a), the method comprising:
— configuring (S11) a pilot signal (30a) to announce reception (40a) in the third node (10a);

— including (512) in the pilot signal (30a) information enabling estimation of the channel

response (ﬁ) between the third node (10a) and a receiving node (10c,20b) and
— transmitting (S13) the pilot signal (30a) to reserve the shared channel.
The method of reserving a shared channel according to claim 12, further comprising:
— executing (514) the announced reception (40a) from the at least one further node (20a).

The method of reserving a shared channel according to claim 11 or 12, wherein the pilot signal
(30a) comprises a sequence, whose auto-correlation properties imply that the correlation of

cyclically shifted versions of the sequence is below a predetermined value.

The method of reserving a shared channel according to any of claims 11-13, wherein the sequence

is a Zadoff-Chu, Frank or Milewski sequence.

The method of reserving a shared channel according to any of claims 11-15, wherein the pilot

signal (30a) comprises a clear to send message.

A method, performed in a fourth node (20b) in a wireless communication system, of granting a
fifth node (20c) access to a shared channel for transmission from the fifth node (20c) to the fourth

node (20b), the method comprising:

— receiving (S1), from a third node (10a) a pilot signal announcing reception in the third node

(10a), wherein the pilot signal (30a) comprises information enabling estimation of a

channel response (ﬁ ) from the fourth node (20b) to the third node (10a);

— calculating (522), using the a pilot signal (30a), a channel response (ﬁ) from the fourth

node (20b) to the third node (10a);

— calculating (S23) a channel response (ﬁ,) from the fifth node (20c) to the fourth node

(20b);
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— predicting (S24), based on the estimated channel responses (ﬁ,ﬁD), an interference

level at the receiver of the third node (10a) of a directive transmission (40b) from the fifth

node (20c);

— granting (525) the fifth node (20c) access to the shared channel based on the predicted

interference level.

The method of granting access to a shared channel according to claim 17, wherein the step of
calculating (S22) a channel response (ﬁ) from the fourth node (20b) to the third node (10a)

comprises calculating channel response (I:II ) from the third node (10a) to the fourth node (20b)

and assuming channel reciprocity.

The method of granting access to a shared channel according to claim 17 or 18, wherein the step of
estimating (S24) based on the channel responses (ﬁ, ﬁD) the predicted interference level

comprises estimating the power of a signal propagating from the fifth node (20c) at the third node.

The method of granting access to a shared channel according to any of the preceding claims —17-
19, wherein the step granting the fifth node access comprises comparing the predicted

interference level with a predetermined value.

The method of granting access to a shared channel according to any of the preceding claims 17-20,

further comprising:
— transmitting (S26) a clear to send message to the fifth node (20).

A first node (10c) in a wireless communication system, configured for accessing a shared channel
for transmission from the first node (10c) to at least one second node (20d), the first node

comprising:
— acommunication unit (12) and
— processing circuitry (11) adapted to:

® receive, using the communication unit (12), from a third node (10a) a pilot signal

(30a) announcing reception in the third node (10a), wherein the pilot signal (30a)

comprises information enabling estimation of a channel response (H) from the

first node (10c) to the third node (10a);
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® estimate, using the pilot signal (30a), a channel response (ﬁ) from the first node

(10c) to the third node (10a);

¢ predict, based on the estimated channel response (ﬁ), an interference level of a
directive transmission (40d) from the first node (10c) to the second node (20d) at

the receiver of the third node (10a); and

® access, using the communication unit (12), the shared channel based on the

predicted interference level.

23. A third node (10a), in a wireless communication system, configured for reserving a shared channel

for reception (40a) from at least one further node (20a), the third node comprising:
— acommunication unit (22) and
— processing circuitry (21) adapted to:
* configure a pilot signal (30a) to announce reception (40a) in the third node (10a);

® include in the pilot signal (30a) information enabling estimation of the channel response

(ﬁ) between the third node (10a) and a receiving node (10c,20b) and

® transmit, using the communication unit (22), the pilot signal (30a) to reserve the shared

channel.

24. A fourth node (20b) in a wireless communication system, configured for granting a fifth node (20c)
access to a shared channel for transmission from the fifth node (20c) to the fourth node (20b) the

fourth node comprising:
— acommunication unit (32) and
— processing circuitry (31) adapted to:

® receive, using the communication unit (32), from a third node (10a) a pilot signal

announcing reception in the third node (10a), wherein the pilot signal (30a)

comprises information enabling estimation of a channel response (H) from the

fourth node (20b) to the third node (10a);

¢ calculate, using the pilot signal (30a), a channel response (ﬁ) from the fourth

node (20b) to the third node (10a);
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¢ calculate a channel response (ﬁD) from the fifth node (20c) to the fourth node

(20b);

¢ predict, based on the estimated channel responses (ﬁ , ﬁD), an interference

level at the receiver of the third node (10a) caused by a directive transmission

5 (40b) from the fifth node (20c);

¢ grant the fifth node (20c) access to the shared channel based on the predicted

interference level.

25. A computer program, comprising computer readable code which, when run on processing circuitry
of a node in a communication system, causes the node to perform the method as claimed in any

10 of claims 1-21.

15
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