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SIGNALLING WITHIN A COMMUNICATION SYSTEM

Field of the Invention

Embodiments of the present invention relate to methods of signalling within a
communication system. In particular, embodiments relate to sounding reference
signalling within a communication system and methods of managing the same.
Embodiments of the present invention also relate to a communication network, a network

entity, and a user equipment adapted to perform said methods.

Background

A communication device can be understood as a device provided with appropriate
communication and control capabilities for enabling use-thereof for communication with
others parties. The communication may comprise, for example, communication of voice,
electronic mail (email), text messages, data, multimedia and so on. A communication
device typically enables a user of the device to receive and transmit communication via a
communication system and can thus be used for accessing various applications. Such a

communication device is also known as user equipment.

A communication system is a facility which facilitates the communication between two
or more entities such as the communication devices, network entities and other nodes. A
communication system may be provided by one or more interconnected networks. One
or more gateway nodes may be provided for interconnecting various networks of the
system. For example, a gateway node is typically provided between an access network

and other communication networks, for example a core network and/or a data network.

An appropriate access system allows the communication device to access to the wider
communication systemn. Access to the wider communications system may be provided by
means of a fixed line or wireless communication interface, or a combination of these.
Communication systems providing wireless access typically enable at lcast some
mobility for the users thereof. Examples of these include wireless communication

systems where the access is provided by means of an arrangement of cellular access
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networks. Other examples of wireless access technologies include different wireless local

arca networks (WLANS) and satellite based communication systems.

A wireless access system typically operates in accordance with a wireless standard
and/or with a set of specifications which set out what the various elements of the system
are permitted to do and how that should be achieved. For example, the standard or
specification may define if the user, or more precisely user equipment (UE), is provided
with a circuit switched bearer or a packet switched bearer, or both. Communication
protocols and/or parameters which should be used for the connection are also typically
defined. For example, the manner in which communication should be implemented
between the user equipment and the elements of the networks and their functions and

responsibilities are typically defined by a predefined communication protocol.

In the cellular systems a network entity in the form of a base station provides a node for
communication with mobile devices in one or more cells or sectors. It is noted that in
certain systems a base station is called ‘Node B’. When a mobile device moves from a
base station to another base station, handover (HQ) techniques are used to ensure that the
communication is not lost as a consequence of the move. There are many different
techniques for processing signals for transmission between the base station and the user
equipment, and the precise handover teclinique which‘ is used depénds on the access

system.

In one common signalling technique, data to be transmitted is divided into blocks. These
blocks are encoded and interleaved for transmission. The length of each block is known
as the fransmission time interval (TTI). A number of blocks can be sent in each
transmission time interval, each block have a different frequency. The data transmitted
within a block can be encoded with different symbols. As such, both code division
multiplexing (CDM) and frequency division multiplexing (FDM) can be used to encode

and decode the signals within a transmission time interval.

Typically the operation of a base station apparatus and other apparatus of an access
system required for the communication is controlled by a particular control entity. The

control enﬁty 18 typically interconnected with other control entities of the particular
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communication network. Handover management is typically provided by an appropriate

" handover control entity of the cellular communication system. The handover controller

typically provides a centralised control of handovers in a radio access network so as to
appropriately control the handover in different cells of the access network. For example,
a radio network controller (RNC) centrally manages handovers in Universal Terrestrial
Radio Access Networks (UTRAN) and a base station controller (BSC) manages the
handovers in GSM (Global System for Mobile) EDGE (Enhanced Data for GSM
Evolution) Radio Access Networks (GERAN).

Further to the above, it has been proposed that various control functions that have been
typically handled by a centralised controller can also be handled in a distributed manner.
This kind of distributed architecture is sometimes referred to as a “flat architecture”. In
view of handover management this means that there is no central node in a radio access
network, but the handover controlisdistributed-to-be taken-care of by a base station-and

associated local control functions thereof.

A non-limiting examplé of such architectures is a concept known as the Evolved
Universal Terrestrial Radio Access (E-UTRA) also known as long term evolution (LTE).
An Evolved Universal Terrestrial Radio Access Network (E-UTRAN) consists of E-
UTRAN Node Bs (eNBs) which are conﬁgured to provide base station and control
functionalities of the radio access network. The eNBs may provide E-UTRA features
such as user plane radio link control/medium access control/physical layer protocol
(RLC/MAC/PHY) and control plane radio resource control (RRC) protocol terminations
towards the mobile devices. The eNBs interface to an E-UTRAN access gateway (aGW)

via a so called S1 interface, and are inter-connected via a so called X2 interface.

There is always a need to improve the performance of communications systems and it is

an aim of the present invention to provide a new way of achieving this.

Summary

In the current E-UTRAN specification work there has been, and still is, an ongoing

discussion concerning the signalling procedures to be used in the downlink (from the
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network to the user equipment) and uplink (from the user equipment to the network)
directions between the eNBs and the user equipment. One particular area of interest is
the procedure for sending sounding reference signals (SRSs) in the uplink (UL)
direction. That is, the procedure for controlling user equipment in order to transmit

sounding reference signals in uplink.

- Channel sounding is needed by various purposes including: channel quality measurement
for frequency/time aware scheduling; channel quality measurement-for link adaptation;
channel quality measurement for Power control; timing measurement; and channel
quality measurement for Single User - Multiple Input Multiple Output, SU-MIMO
(closed loop antenna selection). It is noted that channel sounding can be used also for DL

(DownLink) channel quality measurement in TDD (Time Division Duplex) systems.

‘Besides the possible sounding refererice sighals, “theic are” also two demodulation
reference signals (DM RS) in to be sent in each Transmission Time Interval (TTI)

supporting coherent detection.

Some working assumptions regarding the aforementioned reference signals have been
agreed at the 3GGP TSG RAN WG1 Meeting #47 held in Riga, and are set out in the
published report of this meeting [R1-070633, “Approved Report of 3GPP TSG RAN
WG1 #477, 3GPP]. First of all, it has been agreed that sounding reference signals and
demodulation reference signals are provided in different blocks. Furthermore, it has been
agreed that code division multiplexing (CDM) is the multiplexing scheme for soundimg
reference signals of the same bandwidth (BW), whereas a corﬁbination of CDM and
frequency division multiplexing (FDM) is used when there are multiple sounding
bandwidths. It is further assumed that sounding reference signals will be configured by
means of RRC (Radio Resource Control) or signaling.

One problem to which certain embodiments of the present invention relates is to the

system overhead caused by sounding reference signals.
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The present inventors have noted that overhead caused by sounding reference signals
will impact not only on the “sounding™ user equipment but also on “non-sounding” user
equipments being scheduled for the sounding bandwidth. This will be the case where all
the scheduled user equipments lose the sounding symbol even though the sounding

reference signal covers only part of the spectrum.

A prior art solution to minimize the overhead problem caused by sounding reference
signaling was reported at the 3GGP TSG RAN WG1 Meeting #48bis held in Malta, and
is set out in a published report from this meeting [R1-071340, “Considerations and

Recommendations for UL Sounding RS”, Motorolal.

The aforementioned prior art report suggests that the presence of sounding blocks (in the
time dimension) and their occupied frequency range is specified with control signalling
that is received by all user equipments. The user equipments will then know what

channel resources are “punctured out” of any uplink data assignments.

Thus, in the aforementioned prior art arrangement, the presence information for sounding
reference signals and the uplink data assignments arc sent as separate signals. The
presence information is non-user-equipment specific and is sent to all user equipments.
The user equipments will be required to save the sounding reference signal presence
information such that when a user equipment receives an uplink data assignment, it can
access the saved sounding reference signal presence information, check whether a
sounding reference signal is present in resource allocated to it for uplink data
transmission, and only send uplink data on resource which is not occupied by a sounding

reference signal.

The present inventors have realized that rather than sending the sounding reference
signal presence information to all user equipments, as discussed above for
implementation as a standard in E-UTRAN architectures, it would be advantageous to
implement a procedure in which signalling to the user equipments regarding the presence
of sounding reference signals is user equipment specific. That is, the present inventors

have realized that not all the user equipments will require the information, and those that
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do will be required to react to this information in different ways. Accordingly, it would
be advantageous.if the signalling procedure could reflect these requirements, as this
would reduce signalling burden on the network and user equipments while allowing the
user equipments to more easily recognize whether or not sounding reference signals are
present and how to deal with this, thus reducing processing and data storage in the user

equipments.

The aforementioned aims may be achieved by incorporating sounding reference signal
presence information into an uplink data assignment for a user equipment and sending
the uplink data assignment including the sounding reference presence information to the

user equipment.

By sending the sounding reference signal presence information in an uplink data
assignment for a user equipment, separate signalling of the sounding reference signal
presence information to all user equipments, and storage of the information in all the user
equipments, is not required. The signalling is user-equipment specific and allows the
network to indicate to a particular user equipment whether or not sounding reference
signals are present in resource allocated to that user equipment for use in transmitting
data signals in uplink. The presence or absence of sounding reference signals in a user
eqﬁipment’s uplink resource allocation may be signélled to the user equiﬁment in so
called uplink allocation grant signalling sent to the user equipment, and could, in its

simplest form, consist of a single bit.

Embodiments of the present invention thus avoid the situation where all the scheduled
user equipments lose the “sounding” symbol even though the sounding reference signal
covers only part of the spectrum. Furthermore, embodiments of the present invention
avoid the need to send sound reference signal information to all the user equipments by
providing that the presence of sounding reference signals is indicated in the uplink
allocation grant signalling, which is user equipment specific. The signalling may be
implemented using a single bit in the uplink resource allocation grant signalling. The

present inventors call this bit the “SRS presence” bit.
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The present inventors have further realized that the inventive concept underlying the idea
discussed above is not limited to the aforementioned access methods and network
architecture and may be applied more generally using different access methods and

architectures.

In light of the above, in accordance with an embodiment there is provided a method
comprising: incorporating sounding reference signal presence information into an uplink
data resource assignment for a user equipment; and sending the uplink data assignment
including the sounding reference signai presence information to the user equipment.
This method may be performed by an apparatus such as a network entity of a

communication network, preferably an access node of the communication network.

In accordance with another embodiment there is provided a method comprising:
receiving an uplink data resource assignment comprising sounding reference signal
presence information at a user equipment; and sending uplink data from the user
equipment based on the sounding reference presence information. This method may be
performed by an apparatus such as a user equipment, preferably a mobile communication

device.

In accordance with a certain embddirrient, somﬁdiﬁg, éonﬁgured by means of RRC
signalling for example, can implicitly be switched on or off by means of the sounding
reference signal presence information in the uplink data resource assignment (e.g. an
SRS presence bit in the uplink data resource assignment). This feature is advantageous
in that it is not necessary to have additional signalling for dynamically switching

sounding on or off.

According to another embodiment there is provided a communication network arranged:

to perform the methods described herein.

According to another embodiment there is provided computer program comprising
program code means adapted to perform the method described herein when the program

is run on a computer Or on a pProcessor.
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According to another embodiment there is provided a computer program product
comprising program code means stored in a computer readable medium, the program
code means being adapted to perform the method described herein when the program is

Tun on a computer 0T on a ProCessor.

Brief Description of the Figures

For a better understanding of the present invention and to show how the same may be
carried into effect, embodiments of the present invention will now be described by way

of example only with reference to the accompanying drawings, in which:

Figure 1 shows a schematic presentation of two wireless access systems a mobile device

may use for accessing a data network;
Figure 2 shows a partially sectioned view of a mobile device;

Figure 3 illustrates allocation of symbols (for Code Division Multiplexing) and
frequencies (for Frequency Division Multiplexing) for transmission of data and reference

signals in an uplink signal;

Figure 4 illustrates allocation of symbols and frequencies for transmission of data and
reference signals m an uplink signal in the situation where uplink data and sounding

reference signals have been allocated to an overlapping frequency band; and

Figure 5 illustrates allocation of symbols and frequencies for transmission of data and
reference signals in an uplink signal in the situation where uplink data and sounding

reference signals have been allocated to non-overlapping frequency bands.

Description of Embodiments

Tt will be understood that in the following description the present invention is described
with reference to particular non-limiting examples from which the invention can be best

understood. The invention, however, is not limited to such examples.
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Before explaining in detail certain exemplifying embodiments, certain general principles
of wirelessly accessing a communication system are briefly explained with reference to

Figures 1 and 2.

A communication device can be used for accessing various services and/or applications
provided via a communication system. In wireless or mobile systems the access is
provided via an access interface between a mobile device 1 and an appropriate wireless

access system 10 and 20.

A mobile device 1 can typically access wirelessly a communication system via at least
one base station 12 and 22 or similar wireless transmitter and/or receiver node. Non-
limiting examples of appropriate access nodes are a base station of a cellular system and
a base station of a wireless local area network (WLAN). Fach mobile device may have
one or more radio channels open at the same time and may be connected to more than

one base station.

A base station is typically controlled by at least one appropriate controller entity 13, 23
so as to enable operation thereof and management of mobile devices in communication
with the base station. The controller entity is typically provided with memory capacity

and at least one data processor.

- A mobile device may be used for accessing various applications. For example, a mobile
device may access applications provided in a data network 30. For example, various
applications may be offered in a data network that is based on the Internet Protocol (IP)

or any other appropriate protocol.

In Figure 1 the base station nodes 12 and 22 are connected to the data network 30 via
appropriate gateways 15 and 25 respectively. A gateway function between a base station
node and another network may be provided by means of any appropriate gateway node,

for example a packet data gateway and/or an access gateway.
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Figure 2 shows a schematic partially sectioned view of a mobile device 1 that can be - -

used for accessing a communicati_oh system via a wireless interface. The mobile device 1
of Figure 1 can be used for various tasks such as making and receiving phone calls, for
receiving and sending data from and to a data network and for experiencing, for

example, multimedia or other content.

An appropriate device may be provided by any device capable of at least sending or
receiving radio signals. Non-limiting examples include a mobile station (MS), a portable
computer provided with a wireless interface card or other wireless interface facility,
personal data assistant (PDA) provided with wireless communication capabilities, or any
combinations of these or the like. The mobile device 1 may communicate via an
appropriate radio interface arrangement of the mobile device. In Figure 1 the radio
interface arrangement is designated schematically by block 7. The interface arrangement
may be provided for example by means of a radio part and associated antenna
arrangement. The antenna arrangement may be arranged internally or externally to the

mobile device.

A mobile device is typically provided with at least one data processing entity 3 and at
least one memory 4 for use in tasks it is designed to perform. The data processing and
storage entities can be provided on an appropriéte circuit board and/or in chipsets. This

feature is denoted by reference 6.

The user may control the operation of the mobile device by means of a suitable user
interface such as key pad 2, voice commands, touch sensitive screen or pad,
combinations thereof or the like. A display 5, a speaker and a microphone are also
typically provided. Furthermore, a mobile device may comprise appropriate connectors
(either wired or wireless) to other devices and/or for connecting external accessories, for

example hands-free equipment, thereto.

The mobile device 1 may be enabled to communicate with a number of access nodes, for
example when it is located in the coverage areas of the two base stations 12 and 22 of
Figure 1. This capability is illustrated in Figure 2 by the two wircless interfaces 11 and
21.

10
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Embodiments of the present invention will now be described below.

The usage of physical uplink resources is signalled from an eNB to a user equipment
typically on a TTI per TTI time scale. The signaling is realized by means of a downlink

control channel by way of a so called allocation table or allocation grant.

Figure 3 illustrates two transmission time intervals (each 14 symbols in LTE UL (Long
Term Evolution UpLink), nominal CP (Cyclic Prefix) length) shc_)wing allocation of
symbols along the upper axis and physical reference blocks down the side axis (having
different frequencies for Frequency Division Multiplexing) for transmission of data and

reference signals in an uplink signal.

As previously discussed, a problem to which certain embodiments of the present
invention relate is system overhead caused by sounding reference signals. As previously
stated, overhead caused by sounding reference signals will impact not only on the
sounding user equipment but also on “non-sounding” user equipment being scheduled
for the sounding bandwidth. This will be the case where all the scheduled user
equipments lose the sounding symbol even though the sounding reference signal covers

only part of the spectrum.

It has been agreed that sounding reference signals will be transmitted using one of the
data blocks of the transmission time interval. The placement of the sounding reference
signal has not been decided yet, but will be specified in any case. In the examples
illustrated in Figures 4 and 5, the sounding reference signal has been placed on the last

symbol of the transmission time interval although this is not essential.

According to one embodiment, a Node-B generates the “SRS presence bit” for each
scheduling grant based on the presence, or absence, of sounding reference signals in the
allocated frequency band. The two cases are illustrated in Figure 4 (“SRS presence
bit”=1) and Figure 5 (“SRS presence bit”=0).

11
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As can be seen in Figure 4, uplink data and sounding reference signals have been
allocated to an overlapping frequency band, “SRS présence bit = 1. In this case the

SRS symbol is not used for data transmission.

In contrast, as can been seen in Figure 5, uplink data and sounding reference signals have
been allocated to a non-overlapping frequency band, “SRS presence bit = 0”. In this case.

the SRS symbol is used for data transmission.

Furthermore, according to one embodiment, if the user equipment has been allocated for
sounding reference signal transmission during a given transmission time interval, the

“SRS presence bit” is always “17, i.e., the SRS symbol is not used for data transmission.

The user equipment decodes the uplink allocation grant and checks “the SRS presence
bit”. The user equipment will operate in the following way, depending on whether the

SRS is present or not.

If the “SRS presence bit” equals to zero, then the user equipment will use all the data

blocks for uplink data (and possible data-non-associated control signal) transmission.

If the “SRS presence bit” cquals to one, then the user equipment will puncture the
data/control signals away from the pre-defined data block. This data block corresponds
to the pre-defined SRS block.

If the user equipment has sounding reference signals to be transmitted, it will transmit
sounding reference signals on the pre-defined SRS resource (if it has been allocated for
SRS transmission for the given TTI). If the user equipment does not have sounding
reference signals to be transiitted, it will transmit nothing (discontinuous transmission -
DTX) on the pre-defined SRS resource. The user equipment will not transmit on the pre-
defined SRS resource if it has not been allocated for SRS transmission for the given TTI
and some other user equipments are transmitting SRS using the given frequency and time

resource.

12
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Thus, according to embodiments of the present invention, presence of a sounding -
reference signal (SRS) in the reference block that a user equipment is using is indicated

in the uplink scheduling grant by one additional bit.

In prior art arrangemehts, controlling/reducing of SRS overhead is mainly considered to
be done in the time domain (reducing the periodicity of sub-frames that include sounding
reference signals). Using the proposed method, it is possible to use efficient sounding

schemes with lower system overhead.

Embodiments of the present invention are especially useful if narrowband sounding

reference signals are to be used.

Advantages of certain embodiments of the present invention include: simple
implementation (no additional signalling format due to the SRS); no extra detection
burden for the user equipment related to the detection of the SRS allocation from the
common channels; no additional problems due to handover (common channel needs to
be designed such that it is fast enough also in the case of handover); no additional error
cases due to the possible failure of common channel signalling (uplink allocation grant
contains all the rate matching parameters); and fast adjustment of overhead caused by

SRS.

Using the proposed method, it is possible to use efficient sounding schemes with low
overhead by signalling presence of sounding RS using allocation grant signalling, which

is user equipment specific.
Although one additional bit for uplink allocation grant is needed this should not be an

issue since the size of uplink allocation table is of the order of 30-40 bils.

Tt is noted that -when using non-adaptive HARQ (Hybrid Automatic Repeat-reQuest) in
uplink, the resource allocation for the re-transmissions can be based on a single bit only

(i.e., “NACK”). Accordingly, in the case of non-adaptive HARQ), one needs to make the

13
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- “SRS presence bit” decision at the Node B taking into account not only the actual TTI

but also the forthcoming re-transmissions.

The required data processing functions may be provided by means of one or more data
processors. Data processing may be provided in a central processing unit of an access
system, or distributed across several data processing modules. For example, the access
nodes may be adapted to perform the processing requirements on the network side. The
data processing_ functions at the user equipment side may be provided by separate
processors, see for example entities 3 and 9 of Figure 2, or by an integrated processor.
An appropriately adapted computer program code product or products may be used for
implementing the embodiments, when loaded on an appropriate processor, for example
in a processor of the mobile device and/or an access system controller. The program code
product for providing the operation may be stored on and provided by means of a carrier
medium such as a carrier disc, card or tape. A possibility is to download the program

code product to a base station and/or mobile device via a data network.

It is noted that whilst embodiments have been described in relation to user equipment
such as mobile terminals, embodiments of the present invention are applicable to any
other type of apparatus suifable for communication via an access node. The wireless
interfaces may even be based on different access technologies. A mobile device may be
configured to enable use of different access technologies, for example, based on an

appropriate multi-radio implementation.

It is also noted that although certain embodiments were described above by way of
example with reference to the exemplifying architectures, embodiments may be applied
to any other suitable forms of communication systems than those illustrated and
described herein. It is also noted that the term access interface is understood to refer to
any interface an apparatus configured for wireless communication may use for accessing

applications.

While this invention has been particularly shown and described with reference to

preferred embodiments, it will be understood to those skilled in the art that various

14
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changes in form and detail may be made without departing from the scope of the

invention as defined by the appended claims.

15
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CLAIMS:

1. A method comprising: incorporating sounding reference signal presence
information into an uplink data resource assignment for a user equipment; and sending
the uplink data assignment including the sounding reference signal presence information

to the user equipment.

2. The method according to claim 1, wherein the sounding reference signal
presence information indicates whether or not a sounding reference signal is present in
resource allocated by the uplink data resource assignment to the user equipment for

uplink data signalling.

3. The method according to claim 1 or 2, wherein the uplink data resource

assignment allocates a frequency band for use by the user equipment in uplink signalling.

4, The method according to claim 3, wherein the sounding reference signal
presence information indicates whether or not a sounding reference signal is present in

the allocated frequency band.

5. The method according to any preceding claim, wherein the uplink data resource
assignment allocates frequency and time resources for use by the user equipment in

uplink signalling.

6. The method according to claim 5, wherein the sounding reference signal
presence information indicates whether or not a sounding reference signal is present in

the allocated frequency and time resource.

7. The method according to claims 3 to 6, wherein the allocated frequency band
comprises a plurality of allocated data symbols, one of said symbols being designated for

sounding reference signalling.

16
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8. - . .The method according to any preceding claim, wherein the sounding reference

signal presence information conmsists of a single bit in the uplink data resource

assignment.

9. A method comprising: receiving an uplink data resource assignment comprising
sounding reference signal presence information at a user equipment; and sending uplink

data from the user equipment based on the sounding reference presence information.

10. The method according to claim 9, comprising: determining, from the received
uplink data resource assignment comprising sounding reference signal presence
information, whether or not a sounding reference signal is present in resource allocated
by the uplink data resource assignment to the user equipment for uplink data signalling,

the uplink data being sent based on said determination.

11. The method according to claim 10, wherein the resource allocated to the user

equipment comprises a plurality of data blocks.

12. The method according to claim 11, wherein, if it is determined that a sounding
reference signal is present in one of the data blocks, uplink data is not transmitted on said

one of the data blocks.

13. The method according to claim 11 or 12, wherein, if it is determined that a
sounding reference signal is present in one of the data blocks, and the user equipment has
a sounding reference signal to be transmitted, then the sounding reference signal is

transmitted one said one of the data blocks.

14. The method according to any one of claims 11 to 13, wherein, if it is
determined that a sounding reference signal is present in one of the data blocks, and the
user equipment does not have a sounding reference signal to be transmitted, then nothing

is transmitted on said one of the data blocks.

17
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15. The method according to any one of claims 11 or 14, wherein, if it is
determined that a sounding reference signal is not present in any of the data blocks,-

uplink data is sent over all said data blocks.

16. The method according to any preceding claim, wherein uplink data comprises

control signals and data signals.

17. An apparatus adapted to incorporate sounding reference signal presence
information into an uplink data resource assignment for a user equipment and send the
uplink data assignment including the sounding reference signal presence information to

the user equipment.
18.  An apparatus according to claim 17, wherein the apparatus is a network entity.

19.  An apparatus adapted to receive an uplink data resource assignment comprising
sounding reference signal presence information and send uplink data based on the

sounding reference presence information.
20.  Anapparatus according to claim 19, where the apparatus is a user equipment.

21. A communication network comprising a network entity adapted to incorporate
sounding reference signal presence information into an uplink data resource assignment
for a user equipment and send the uplink data assignment including the sounding

reference signal presence information to the user equipment.

22. A computer program comprising program code means adapted to perform the
method claimed in any one of claims 1 to 16 when the program is run on a computer or

on a pProcessor.

23, A computer program product comprising program code means stored in a
computer readable medium, the program code means being adapted to perform the
method claimed in any one of claims 1 to 16 when the program is run on a computer or on a

Processor.
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