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(57) Abstract: A relay node (29) radio access network
(RAN) is configured to communicate using backhaul sub-
frames over a Un radio interface with a donor base (27) sta-
tion node and to communicate using access subframes over
a Uu radio interface with a wireless terminal (30). Down-
link backhaul subframes and downlink access subframes
are transmitted over an air interface using thesame frequen-
¢y band, but a beginning of a selected downlink access sub-
frame precedes a beginning of a next-in- time downlink
backhaul subframe by a downlink timing advance (TA).
The relay node (29) both receives downlink control infor-
mation from the donor base station node and transmits
downlink control information to the wireless terminal dur-
ing the downlink backhaul subframe, ¢.g., during a time to
which the downlink backhaul subframe has been allocated.
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INTRA-SUBFRAME TIME MULTIPLEXING

This application claims the priority and benefit of United States Provisional
patent Application 61/256,017 filed October 29, 2009, entitled “INTRA-SUBFRAME
TIME MULTIPLEXING®, which is incorporated herein by reference in its entirety.

BACKGROUND

[0001] This invention pertains to telecommunications, and particularly to generation

and handling of frames for single-frequency networks

[0002] In a typical cellular radio system, wireless terminals (also known as mobile
stations and/or user equipment units (UEs)) communicate via a radio access network
(RAN) to one or more core networks. The wireless terminals can be mobile stations or
user equipment units (UE) such as mobile telephones (“cellular” telephones) and
laptops with wireless capability (e.g., mobile termination), and thus can be, for
example, portable, pocket, hand-held, computer-included, or car-mounted mobile

devices which communicate voice and/or data via radio access network.

[0003] The radio access network (RAN) covers a geographical area which is divided
into cell areas, with each cell area being served by a base station, e.g., a radio base
station (RBS), which in some networks is also called “NodeB” or “B node”. A cell is a
geographical area where radio coverage is provided by the radio base station equipment
at a base station site. Each cell is identified by an identity within the local radio area,
which is broadcast in the cell. The base stations communicate over the air interface
operating on radio frequencies with the user equipment units (UE) within range of the

base stations.

[0004] In some versions (particularly earlier versions) of the radio access network,
several base stations are typically connected (e.g., by landlines or microwave) to a radio
network controller (RNC). The radio network controller, also sometimes termed a base
station controller (BSC), supervises and coordinates various activities of the plural base
stations connected thereto. The radio network controllers are typically connected to

one or more core networks.
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[0005] The Universal Mobile Telecommunications System (UMTS) is a third
generation mobile communication system, which evolved from the Global System for
Mobile Communications (GSM), and is intended to provide improved mobile
communication services based on Wideband Code Division Multiple Access
(WCDMA) access technology. UTRAN is essentially a radio access network using
wideband code division multiple access for user equipment units (UEs). The Third
Generation Partnership Project (3GPP) has undertaken to evolve further the UTRAN

and GSM based radio access network technologies.

[0006] Specifications for the Evolved Universal Terrestrial Radio Access Network (E-
UTRAN) are ongoing within the 3" Generation Partnership Project (3GPP). The
Evolved Universal Terrestrial Radio Access Network (E-UTRAN) comprises the Long
Term Evolution (LTE) and System Architecture Evolution (SAE).

[0007] Long Term Evolution (LTE) is a variant of a 3GPP radio access technology
wherein the radio base station nodes are connected directly to a core network rather
than to radio network controller (RNC) nodes. In general, in LTE the functions of a
radio network controller (RNC) node are performed by the radio base station nodes. As
such, the radio access network (RAN) of an LTE system has an essentially “flat”
architecture comprising radio base station nodes without reporting to radio network
controller (RNC) nodes.

[0008] The evolved UTRAN (E-UTRAN) comprises evolved base station nodes, e.g.,
evolved NodeBs or eNodeBs or eNBs, providing evolved UTRA user-plane and
control-plane protocol terminations toward the user equipment unit (UE). The eNB
hosts the following functions (among other functions not listed): (1) functions for
radio resource management (e.g., radio bearer control, radio admission control),
connection mobility control, dynamic resource allocation (scheduling); (2) selection of
a mobility management entity (MME) when no routing to an MME can be determined
from the information provided by the user equipment unit (UE); and (3) User Plane
functions, including IP Header Compression and encryption of user data streams;
termination of U-plane packets for paging reasons, and switching of U-plane for
support of UE mobility. The eNB hosts the PHYsical (PHY), Medium Access Control
(MAC), Radio Link Control (RLC), and Packet Data Convergence Protocol (PDCP)

layers that include the functionality of user-plane header-compression and encryption.
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The eNodeB also offers Radio Resource Control (RRC) functionality corresponding to
the control plane. The eNodeB performs many functions including radio resource
management, admission control, scheduling, enforcement of negotiated UL QoS, cell
information broadcast, ciphering/deciphering of user and control plane data, and

compression/decompression of DL/UL user plane packet headers.

[0009] Inband relays are being discussed in 3GPP for future LTE releases. As shown in
Fig. 1, an inband relay involves a donor base station node sending subframes of
information using a given frequency band and over an air interface to a relay node. The
link between the donor base station node and the relay node has been referred to as the
backhaul link. The relay node in turn uses the same frequency band to send subframes

of information to a wireless terminal (UE).

[00010] The in-band relay configuration requires the relay node to have antennas
that are receiving subframes on a downlink from the donor base station node while also
having antennas that transmit subframes on a downlink to the wireless terminal (UE).
Since both the reception from the donor base station node and the transmission to the
wireless terminal (UE) involve the same frequency band, a problem with inband relays
1s avoidance of self-interference from transmitting antennas to receiving antennas in the

relay node.

[00011] Time multiplexing between the backhaul and access links has been
proposed as an approach to solving the self-interference issue. However, a problem
with time multiplexing is that 3GPP specifications allow wireless terminals (UE) to
normally assume that the base station transmits certain physical signals in each

subframe, meaning that the relay node needs to transmit in each subframe.

[00012] Multicast/broadcast single-frequency network (MBSFN) operation
involves simultaneous transmission of the exact same waveform from multiple cells,
over a single frequency. In this way the wireless terminal (UE) receiver perceives the
multiple MBSFN cells as one large cell. Also, instead of inter-cell interference from
neighboring cell transmissions, the wireless terminal experiences constructive

superpositioning of the signals transmitted from multiple MBSFN cells.
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[00013] It has been proposed in 3GPP to assign and signal some subframes as so-
called “MBSFN” subframes. The definition of the MBSFN subframe pattern is
included in the System Information Block Type 2 (Specified in 3GPP document 36.331,
“Radio Resource Control (RRC) Protocol Specification”). Signaling some subframes
as “MBSFN” subframes has the effect of telling the wireless terminal (UE) that only a
control region of those subframes is transmitted. The portion of those “MBSFN”
subframes that is not transmitted from the relay node can then be used for downlink
communication over the backhaul link. MBSFN subframe patterns can be configured

with different periods, for instance 10 and 40 ms periods are possible.

[00014] The possibilities for specifying some subframes as “MBSFN” are limited.
Each 10 ms radio frame consists of 10 subframes numbered 0..9. Moreover, in
Frequency-Division Duplex (FDD) mode only subframes 1, 2, 3, 6, 7, 8 can be marked
as “MBSFN”. In a Time-Division Duplex (TDD) mode, only subframe numbers 2, 3,
4,7, 8,9, can be marked as “MBSFN” subframe.

[00015] In an FDD system, the LTE Hybrid Automatic Request for
Retransmission (HARQ) transmission scheme is (to a large extent) designed with the
intent of an 8 ms (8§ subframes) periodic operation. In particular, as shown by way of
example in Fig. 2, uplink HARQ retransmissions are always performed an integer
multiple of 8 ms after the original transmission, generating a desired uplink
transmission pattern of period 8 ms. Furthermore, downlink signals that are needed to
support uplink transmissions (scheduling grants and HARQ ACK/NACKSs) need to be
transmitted 4 subframes before or 4 subframes after the corresponding uplink
transmission, generating a similar desired downlink transmission pattern of period 8§
ms. Further, for each downlink transmission, a corresponding ACK/NACK is

transmitted in the uplink 4 subframes later.
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SUMMARY

[00016] In accordance with an aspect of the technology disclosed herein, within a
regular non-MBSFN DL subframe, the relay node switches between transmit and
receive mode making it possible to transmit certain mandatory signals from the relay
while in the same subframe receiving certain control information and/or data over the
backhaul from the donor eNodeB, without causing TX/RX self-interference in the relay

node.

[00017] In its various and alternate aspects the technology disclosed herein concerns
a radio access network (RAN); a donor base station node; a relay node; and methods of
operating each. The relay node is configured to communicate using backhaul
subframes over a Un radio interface with the donor base station node and to
communicate using access subframes over a Uu radio interface with a wireless
terminal. Downlink backhaul subframes and downlink access subframes are
transmitted over an air interface using the same frequency band, but a beginning of a
selected downlink access subframe precedes a beginning of a next-in-time downlink
backhaul subframe by a downlink timing advance. The relay node is configured both to
receive downlink control information from the donor base station node and to transmit
downlink control information to the wireless terminal during the downlink backhaul
subframe, e.g., during a time to which the downlink backhaul subframe has been

allocated.

[00018]  In accordance with one aspect of the technology disclosed herein, plural
downlink backhaul subframes and plural downlink access subframes occur in a first
pattern known both to the relay node and the donor base station node. The first pattern

1s preferably periodic, and preferably has a period of eight subframes.

[00019]  As a further and distinct aspect of the technology disclosed herein, the relay
node is further configured to communicate using uplink backhaul subframes over the
Un radio interface with a donor base station node and to communication using uplink
access subframes over the Uu radio interface with the wireless terminal. Plural uplink
backhaul subframes and plural uplink access subframes occur in a second pattern in a
second frequency band over the air interface. The second frequency band is different
from the first frequency band and the second pattern is preferably a time shift of the

first pattern.
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[00020] In an example embodiment and mode, the downlink control information
received by the relay node from the donor base station node during the downlink
backhaul subframe comprises a control format indicator (CFI) and a Physical Downlink
control Channel (PDCCH), and wherein the CFI specifies the number of symbols
occupied by the PDCCH.

[00021] In an example embodiment and mode, a value of the timing advance is
chosen to accommodate a first predetermined number of downlink backhaul symbols
and two switch times in a second predetermined number of symbols of the downlink
backhaul subframe. A value of the CFI specifies the first predetermined number. In an
example embodiment and mode, the timing advance is 1.5 (OFDM) symbols and the

value of CFI is two.

[00022] In an example embodiment and mode, the downlink control information
received by the relay node from the donor base station node during the downlink
backhaul subframe further comprises a reference signal (RS) and a Physical Hybrid
ARQ Indicator Channel (PHICH).

[00023] In an example embodiment and mode, the relay node is configured to
transmit a reference signal (RS) and a control format indicator (CFI) to the wireless
terminal during the timing advance. The CFI specifies the number of symbols occupied
by a Physical Downlink control Channel (PDCCH).

[00024] In an example embodiment and mode, the relay node is configured to
receive the downlink control information from the donor base station node in first and
second symbols of the downlink backhaul subframe. The relay node transmits
downlink control information (different downlink control information than that
received from the donor base station node) to the wireless terminal during certain
symbols (symbols 1, symbols 1-2, or symbols 1-3, inclusive) of the downlink access

subframe.

[00025] In an example embodiment and mode, the relay node is configured to
transmit a reference signal (RS), synchronization signals, and a Physical Broadcast

Channel (PBCH) during the downlink access subframe.
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[00026]  In some example embodiments and modes, the relay node is configured to
receive the downlink control information from the donor base station node in first and
second symbols of the downlink backhaul subframe; to receive a Physical Downlink
Shared Channel (PDSCH channel) during selected symbols of the downlink backhaul
subframe; and to transmit different downlink control information to the wireless
terminal during selected symbols of the downlink access subframe. In an example
implementation of such embodiments and modes, the donor base station node is
configured to format the Physical Downlink Shared Channel (PDSCH channel)
whereby contents of the PDSCH can be entirely decoded during a first part of the
subframe. In another example implementation of such embodiments and modes, the
donor base station node is configured to adjust interleaving of the Physical Downlink
Shared Channel (PDSCH channel) whereby data of any given symbol in the PDSCH
are spread over all PDSCH symbols of the subframe. The relay node is configured to
be aware of the formatting used for the PDSCH.

[00027]  In an example embodiment and mode, the relay node comprises a relay
node scheduler; a relay node subframe handler; and a relay node subframe generator.
The relay node scheduler is configured to operate the relay node in accordance with a
pattern of plural downlink backhaul subframes and plural downlink access subframes.
The relay node subframe handler is configured to process the downlink control
information received from the donor base station node during the downlink backhaul
subframe. The relay node subframe generator is configured to generate the downlink
access subframe which is to be transmitted to the wireless terminal and to include, in
selected symbols of the downlink access subframe,appropriate downlink control
information (different downlink control information than that received from the donor

base station node) .

[00028] In another of its aspects, the technology disclosed herein concerns a donor
base station node of a radio access network. The donor base station node being
configured to communicate using downlink backhaul subframes including downlink
control information over a Un radio interface with a relay node. The downlink
backhaul subframes belong to a first pattern comprising plural downlink backhaul
subframes and plural downlink access subframe. Downlink backhaul subframes and
downlink access subframes are transmitted over an air interface using the same

frequency band, but a beginning of a selected downlink access subframe precedes a
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beginning of a next-in-time downlink backhaul subframe by a downlink timing
advance. The donor base station node is configured to coordinate transmission of the

downlink backhaul subframes according to the first pattern with the relay node.

[00029] In an example embodiment and mode, the donor base station node
comprises a donor base station node scheduler; a donor base station node subframe
handler; and a donor base station node subframe generator. The donor base station
node scheduler is configured to operate the donor base station node in accordance with
the first pattern. The donor base station node subframe handler is configured to process
uplink subframes received from the relay node. The donor base station node subframe
generator is configured to generate the downlink backhaul subframes which include

downlink control information which is to be transmitted to the relay node.

[00030] In another of its aspects the technology disclosed herein concerns a method
of operating a radio access network (RAN) comprising a donor base station node and a
relay node. The relay node is configured to communicate using backhaul subframes
over a Un radio interface with the donor base station node and to communicate using
access subframes over a Uu radio interface with a wireless terminal. The method
comprises transmitting the downlink backhaul subframes and the downlink access
subframes over an air interface using the same frequency band; providing a downlink
timing advance between a beginning of a selected downlink access subframe and a
beginning of a next-in-time downlink backhaul subframe; and configuring the relay
node both to receive downlink control information from the donor base station node
and to transmit downlink control information to the wireless terminal during the

downlink backhaul subframe.

[00031] In an example embodiment and mode, the method further comprises
coordinating in both the relay node and the donor base station node a first
predetermined pattern of plural downlink backhaul subframes and plural downlink
access subframes. In an example implementation, the method comprises coordinating
the first predetermined pattern by preconfiguring the relay node and the donor base
station node with the first predetermined pattern. In another example implementation
the method comprises coordinating the first predetermined pattern by signaling the first
predetermined pattern between the relay node and the donor base station node. In yet

another example implementation the method comprises coordinating the first
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predetermined pattern by signaling the first predetermined pattern to the relay node and

the donor base station node from another node.

BRIEF DESCRIPTION OF THE DRAWINGS

[00032] The foregoing and other objects, features, and advantages of the invention
will be apparent from the following more particular description of preferred
embodiments as illustrated in the accompanying drawings in which reference characters
refer to the same parts throughout the various views. The drawings are not necessarily

to scale, emphasis instead being placed upon illustrating the principles of the invention.

[00033] Fig. 1 is a diagrammatic view of a communications system including

inband relaying and comprising a donor base station node and a relay node.

[00034] Fig. 2 is a diagrammatic view of frames having 8 ms period in uplink
transmissions.
[00035] Fig. 3 is a diagrammatic view of a communications system including a

donor base station node and a relay node according to an example embodiment.

[00036] Fig. 4 is a diagrammatic view of an example pattern of downlink (DL)
backhaul and downlink (DL) access subframes.

[00037] Fig. 5 is a diagrammatic view of an example pattern of uplink (UL)
backhaul and uplink (UL) access subframes, shifted four subframes later compared to
the downlink pattern of Fig. 3.

[00038] Fig. 6 is a diagrammatic view of an example downlink timing advance.

[00039] Fig. 7 is a diagrammatic view of an example transmit/receive (TX/RX)

pattern at a relay node.

[00040] Fig. 8 is a flowchart showing in generic fashion various example or
representative acts or steps that are can be performed by a relay node performance of

various transmit and receive operations.
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[00041] Fig. 9 is a diagrammatic view of an example TX/RX pattern in a
subframe where the relay node receives both control and data while transmitting control

information without interfering with itself.

[00042] Fig. 10 is a diagrammatic view of an example TX/RX pattern in an
MBSFN subframe according to an example embodiment of the technology disclosed

herein.

[00043] Fig. 11 is a diagrammatic view of an example pattern of MBSFN

subframes for a radioframeAllocationPeriod.

[00044] Fig. 12 is schematic view of a generic case of a relay node or self-

backhauled base station node in a telecommunications network.

[00045] Fig. 13-1 through Fig. 13-5 are diagrammatic views illustrating different
ways in which information such as subframe pattern(s), timing advance, and Control
Format Indicator [CFI] can be determined and/or communicated in differing example

embodiments.

DETAILED DESCRIPTION

[00046] In the following description, for purposes of explanation and not limitation,
specific details are set forth such as particular architectures, interfaces, techniques, etc.
in order to provide a thorough understanding of the present invention. However, it will
be apparent to those skilled in the art that the present invention may be practiced in
other embodiments that depart from these specific details. That is, those skilled in the
art will be able to devise various arrangements which, although not explicitly described
or shown herein, embody the principles of the invention and are included within its
spirit and scope. In some instances, detailed descriptions of well-known devices,
circuits, and methods are omitted so as not to obscure the description of the present
invention with unnecessary detail. All statements herein reciting principles, aspects,
and embodiments of the invention, as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof. Additionally, it is
intended that such equivalents include both currently known equivalents as well as
equivalents developed in the future, i.e., any elements developed that perform the same

function, regardless of structure.
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[00047]  Thus, for example, it will be appreciated by those skilled in the art that
block diagrams herein can represent conceptual views of illustrative circuitry or other
functional units embodying the principles of the technology. Similarly, it will be
appreciated that any flow charts, state transition diagrams, pseudocode, and the like
represent various processes which may be substantially represented in computer
readable medium and so executed by a computer or processor, whether or not such

computer or processor is explicitly shown.

[00048] The functions of the various elements including functional blocks,
including but not limited to those labeled or described as “computer”, “processor” or
“controller”, may be provided through the use of hardware such as circuit hardware
and/or hardware capable of executing software in the form of coded instructions stored
on computer readable medium. Thus, such functions and illustrated functional blocks
are to be understood as being either hardware-implemented and/or computer-

implemented, and thus machine-implemented.

[00049] In terms of hardware implementation, the functional blocks may include or
encompass, without limitation, digital signal processor (DSP) hardware, reduced
instruction set processor, hardware (e.g., digital or analog) circuitry including but not
limited to application specific integrated circuit(s) [ASIC], and (where appropriate)

state machines capable of performing such functions.

[00050]  In terms of computer implementation, a computer is generally understood
to comprise one or more processors or one or more controllers, and the terms computer
and processor and controller may be employed interchangeably herein. When provided
by a computer or processor or controller, the functions may be provided by a single
dedicated computer or processor or controller, by a single shared computer or processor
or controller, or by a plurality of individual computers or processors or controllers,
some of which may be shared or distributed. Moreover, use of the term *“processor” or
“controller” shall also be construed to refer to other hardware capable of performing

such functions and/or executing software, such as the example hardware recited above.

[00051] In accordance with the technology disclosed herein, within a regular non-
MBSFN DL subframe, a relay node switches between transmit and receive mode

making it possible to transmit certain mandatory signals from the relay while in the
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same subframe receiving certain control information and/or data over the backhaul

from the donor eNodeB, without causing TX/RX self-interference in the relay node.

[00052] Fig. 3 shows portions of an example, non-limiting telecommunications
network comprising evolved packet core (EPC) 20 and radio access network (RAN) 22.
The evolved packet core (EPC) 20 in turn comprises serving gateway (SGW) 24 and
can include or, if not including, connect to mobility management entity (MME) 26, as
well other unillustrated entities and nodes. The evolved packet core (EPC) 20 connects
to radio access network (RAN) 22 over an interface known as the S1 interface. The
mobility management entity (MME) 26 communicates over interface S1-c with donor
base station node 27; the mobility management entity (MME) 26 communicates over
interface S11 with serving gateway (SGW) 24; and the serving gateway (SGW) 24 and
base station node 27 communicate over interface S1u. The S1-c interface is a reference
point for the control plane protocol between EUTRAN and MME. The protocol over
this reference point is eERANAP and it uses Stream Control Transmission Protocol
(SCTP) as the transport protocol. The S1-u interface is a reference point between
EUTRAN and SGW for the per-bearer user plane tunneling and inter-eNB path
switching during handover. The transport protocol over the S1u interface is GPRS
Tunneling Protocol-User plane (GTP-U).

[00053] The radio access network (RAN) 22 comprises at least one donor base
station node 27, also known as donor eNodeB. The donor base station node 27
connects to evolved packet core (EPC) 20 over the S1 interface. The donor base station
node 27 communicates with relay node 29 over an interface known as the Un interface.
In some instances the relay node 29 can also be referred to as a relay base station. The
relay node 29 in turn communicates with wireless terminal 30 over an interface known
as the Uu interface. Both the Un interface and the Uu interface exist over a radio or air
interface, e.g., are radio interfaces. It should be understood that relay node 29 can serve
plural wireless terminals, only one such wireless terminal being shown, and may even

serve plural cells.

[00054] Fig. 3 further shows that the relay node 29 is configured in a backhauled
situation in which relay node 29 is connected to donor base station node 27 over the Uu

interface. As such, donor base station node 27 is positioned between mobility
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management entity (MME) 26 and relay node 29, and likewise donor base station node

27 is positioned between the serving gateway (SGW) 24 and base station node 27.

[00055] The relay node is configured to communicate using backhaul subframes
over a Un radio interface with the donor base station node and to communicate using
access subframes over a Uu radio interface with one or more wireless terminals, one
such wireless terminal 30 being illustrated in Fig. 3. As used herein, “wireless
terminal(s)” can be mobile stations or user equipment units (UE) such as mobile
telephones (“cellular” telephones) and laptops with wireless capability (e.g., mobile
termination), and thus can be, for example, portable, pocket, hand-held, computer-
included, or car-mounted mobile devices which communicate voice and/or data via

radio access network.

[00056] Fig. 3 shows that downlink backhaul subframes are transmitted from the
donor base station node 27 to the relay node 29 and downlink access subframes are
transmitted from the relay node 29 to the wireless terminal 30 over an air interface
using the same frequency band. The transmission of the downlink backhaul subframes
and the downlink access subframes over the same frequency band is controlled and
coordinated by functionalities such as schedulers which reside at donor base station
node 27 and relay node 29. To this end, Fig. 3 shows example embodiments of donor

base station node scheduler 34 and relay node scheduler 36.

[00057] The coordination of donor base station node scheduler 34 and relay node
scheduler 36 permits relay node 29 both to receive downlink control information from
the donor base station node (in a downlink backhaul subframe) and to transmit
downlink control information to the wireless terminal (in a downlink access subframe
40) during the downlink backhaul subframe, e.g., during a time to which the downlink
backhaul subframe has been allocated. In Fig. 3, a representative backhaul subframe is
shown as downlink backhaul subframe 38 and a representative downlink access
subframe is shown as downlink access subframe 40. As explained herein and
illustrated, e.g., by Fig. 6, such dual activity by relay node 29 is facilitated, e.g., by a
beginning of a selected downlink access subframe preceding a beginning of a next-in-

time downlink backhaul subframe by a downlink timing advance.
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[00058] One aspect of the technology disclosed pertains to a pattern of downlink
subframes. As used herein, the pattern of downlink subframes is also referred to as the
“first pattern”. The pattern of downlink subframes includes a subpattern of downlink
(DL) backhaul subframes by/through which relay node 29 can receive downlink
transmissions from donor base station node 27. Since in 3GPP the backhaul link
between donor base station node 27 and relay node 29 is referred to as Un interface,
these backhaul subframes are also called Un subframes. The remaining subframes of
the first pattern are considered as downlink access subframes. Since in 3GPP the
access link is referred to as Uu interface, these access subframes are also called Uu
subframes. Thus, the first pattern comprises plural downlink subframes, with some of
the subframes of the first pattern being downlink backhaul subframes and others of the
subframes of the first pattern being downlink access subframes. The particular
placement of the downlink backhaul subframes in the first pattern forms the subpattern
of downlink backhaul subframes; and the particular placement of the downlink access
subframes in the first pattern forms the subpattern of downlink access subframes. The
pattern of downlink subframes (known as the first pattern) is preferably periodic and
can have, for example, a period of 8 subframes, as illustrated in example manner by
Fig. 4. A period of 8 subframes facilitates better compatibility with the roundtrip time

of the retransmission scheme.

[00059] The donor base station node 27 uses only downlink backhaul subframes
(such as representative downlink backhaul subframe 38) for transmissions dedicated to
the relay node 29. The donor base station node 27 uses only downlink access
subframes (such as representative downlink access subframe 40) for transmissions of
data to its connected wireless terminals (UEs). A pattern of MBSFN subframes is
defined, and the pattern of MBSFN subframes is typically a subset of the downlink

backhaul subframes.

[00060] In addition to downlink subframes, uplink subframes are also transmitted
in the backhaul relay situation of Fig. 3. As shown in Fig. 3, uplink access subframes
(such as representative uplink access subframe 42) are transmitted over the Uu interface
from wireless terminal 30 to relay node 29 and uplink backhaul subframes (such as
representative uplink backhaul subframe 44) are transmitted over the Un interface from
relay node 29 to donor base station node 27. Whereas the downlink backhaul

subframes and the downlink access subframes are transmitted on the same frequency
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band (referred to herein as the “first frequency band”), the uplink access subframes and
uplink backhaul subframes are transmitted on the same frequency band (the “second
frequency band), which is different from the first frequency band.

[00061] An example second pattern (of uplink subframes) is illustrated in Fig. 5,
which shows the second pattern as comprising uplink access subframes and uplink
backhaul subframes. In similar manner as the first pattern, the particular placement of
the uplink backhaul subframes in the second pattern forms a subpattern of uplink
backhaul subframes and the particular placement of the uplink access subframes in the
second pattern forms a subpattern of uplink access subframes. The pattern of uplink
subframes (known as the second pattern) is preferably periodic and can have, for
example, a period of 8 subframes, as illustrated in example manner by Fig. 5.
Moreover, as shown by a comparison of Fig. 5 and Fig. 4, the uplink backhaul pattern is
preferably shifted 4 subframes later compared to the downlink backhaul pattern.

[00062] In conjunction with the uplink transmissions, donor eNodeB 27 only
schedules relay node 29 for transmissions (using the Physical Uplink Shared Channel
[PUSCH] or the Physical Uplink Control Channel [PUCCH]) on uplink backhaul
subframes. The relay node 29 only schedules its connected wireless terminals for
uplink transmissions (using the Physical Uplink Shared Channel [PUSCH] or the
Physical Uplink Control Channel [PUCCH]) on uplink access subframes.

[00063] As stated previously, the downlink access subframes and the downlink
backhaul subframes are transmitted on the same frequency band (the first frequency
band) and the uplink access subframes and the uplink backhaul subframes are
transmitted on the same frequency band (the second frequency band). The second
frequency band has different frequencies and thus is different from the first frequency
band. Moreover, two different types of frames (such as the downlink access subframes
and the downlink backhaul subframes) using the same frequency band do not require or
imply that the constituent carriers of the same frequency band are necessarily assigned
in the same way by the respective nodes from which the subframes emanated. For
example, although both use the first frequency band for the downlink, the relay node 29
may allocate or assign carriers of the first frequency band in different manner (e.g.,
independently) than does the donor base station node 27. Similarly, although both use

the second frequency band for the uplink, the relay node 29 may allocate or assign
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carriers of the second frequency band in different manner than does the donor base

station node 27.

[00064] Moreover, it should be understood that relay node 29 is a relay, which is
different from a repeater. A repeater simply repeats the symbols it receives, possibly
with amplification. A relay, on the other hand, decodes the data it receives, corrects the
received data if necessary, and re-encodes the data for relaying on the access downlink.
The signal transmitted by relay node 29 is thus not a copy of the signal it receives, but
1s instead a new signal that represents the data to be relayed, which was earlier received
by relay node 29. In fact, there can be a significant and variable delay between
reception and transmission of relayed data. That is, there can be considerable delay
between reception by relay node 29 of data in a downlink backhaul subframe before a
re-encoded representation of that data is transmitted by the relay node 29 in a downlink

access subframe to the wireless terminal.

[00065] As another aspect of the technology disclosed herein, a downlink timing
advance is introduced, such that relay node 29 transmits the access downlink signal
slightly before the beginning of the corresponding backhaul downlink subframe. As
illustrated in Fig. 4 and Fig. 6, downlink backhaul subframes and downlink access
subframes are transmitted over an air interface using the same frequency band, but a
beginning of a selected downlink access subframe precedes a beginning of a next-in-
time downlink backhaul subframe by a downlink timing advance. In Fig. 4 and Fig. 6,
the timing advance is denoted by TA. Although shown only for the first downlink
access subframes in each grouping of five consecutive downlink access subframes, it
should be understood that the timing advance TA occurs for each downlink access
subframe. The timing advance TA is a fraction of a subframe, typically 1-3 OFDM

symbols.

[00066] Fig. 7 shows a first example transmit (TX) and receive (RX) pattern at
relay node 29 and serves as a basis for understanding operation of relay node 29 as well
as the downlink subframe coordination between donor base station node 27 and relay
node 29 according to an example embodiment and mode. Fig. 7 particularly shows an
example embodiment wherein Physical Downlink Shared Channel [PDSCH]
transmissions are not scheduled in the downlink backhaul subframes. Fig. 8 shows, in

conjunction with Fig. 7 but also in more generic fashion, various example or
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representative acts or steps that are performed by relay node 29 including its relay node
scheduler 36 in performance of various transmit and receive operations described

herein.

[00067] In downlink backhaul subframes that are not MBSFN subframes, as act 8-
1 relay node 29 first transmits the Reference Symbols (RS), the Control Format
Indicator [CFI], and potentially PHICH and PDCCH, on the access link during the first
part of the downlink access subframe. The Reference Symbols (RS) that are
transmitted from relay node 29 and donor base station node 27 are different, since relay
node 29 and donor base station node 27 have different cell identities. The Control

Format Indicator [CFI] is discussed below.

[00068] Fig. 6 explicitly shows transmission of the Reference Symbols (RS) and
the Control Format Indicator [CFI] (with CFI shown as being equal to 1 in Fig. 7)
during a first transmit interval of the downlink access subframe. Transmission of the
Reference Symbols (RS) and the Control Format Indicator [CFI] are shown as requiring
one symbol (symbol 0) of the downlink access subframe of Fig. 7. It will be
remembered that relay node 29 does not repeat the Reference Symbols (RS) received
from donor base station node 27, but rather produces its own unique Reference
Symbols (RS) based on its own cell identity (the Reference Symbols (RS) from donor
base station node 27 may be used for channel estimation to improve the decoding of the

transmitted data).

[00069] Fig. 7 further shows a first switch time interval (SW1) that follows the
transmission of the first symbol of the downlink access subframe. The first switch time
interval (SW1) is the length of time required for the relay node 29 to turn off its
downlink transmitter and turn on its downlink receiver, and is illustrated by a first set of
two broken vertical lines in Fig. 6. Act 8-2 of Fig. 8 shows relay node 29 performing a
switch over from downlink transmitter to downlink receiver during the first switch time

interval.

[00070] After turning on its downlink receiver, relay node 29 starts to monitor the
downlink backhaul link (e.g., a downlink backhaul subframe) which has been
transmitted by donor base station node 27. In so doing and as indicated by act 8-3 of

Fig. 8, relay node 29 receives on downlink backhaul subframe the Reference Symbols
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[RS], Control Format Indicator [CFI], and (where applicable) the Physical Hybrid ARQ
Indicator Channel [PHICH], and monitors the Physical Downlink Control Channel
(PDCCH). The RS, CFI, PHICH, and PDCCH are shown as occupying symbols 0 and
1 of the downlink backhaul subframe of Fig. 7, and the time of receiving these

quantities is shown by the receive interval of Fig. 7.

[00071] After the first part of the downlink backhaul subframe has been received
on the backhaul link as just described, relay node 29 stops the downlink receiver and
changes over to start its downlink transmitter. The changeover is reflected by the
second switch time interval (SW2), which is the length of time required for the relay
node 29 to turn off its downlink receiver and turn on its downlink transmitter, and is
illustrated by a second set of two broken vertical lines in Fig. 6. Act 8-4 of Fig. 8
illustrates performing the switch-over from downlink receiver to downlink transmitter

during the second switch time interval.

[00072] After turning on its downlink transmitter, relay node 29 starts transmitting
the RS and (where applicable) the Primary Synchronization Signal [PSS] and/or the
Secondary Synchronization Signal [SSS] and/or the Physical Broadcast Channel
[PBCH], and potentially also the Physical Downlink Shared Channel [PDSCH]. Act 8-
4 of Fig. 8 illustrates the transmissions of downlink control information in the downlink

access subframe.

[00073] The foregoing operation is illustrated in example manner in Fig. 7, which
shows a transmit/receive (TX/RX) pattern at relay node 29. From the foregoing it can
be seen that relay node 29 is indeed configured both to receive downlink control
information from the donor base station node and to transmit downlink control
information to the wireless terminal during the downlink backhaul subframe, e.g.,
during a time to which the downlink backhaul subframe has been allocated. For
example, during the time of the downlink access subframe the relay node 29 both
receives downlink control information from the donor base station node (e.g., the RS,
CFI, PHICH, and PDCCH of symbols 0 and 1 of the downlink backhaul subframe of
Fig. 7) during the time that the downlink backhaul subframe has been allocated, and
also transmits downlink control information to the wireless terminal during the
downlink backhaul subframe, e.g., transmits in symbols 4 —13 of the downlink access

subframe during a time corresponding to allocation of the downlink backhaul subframe.
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[00074] Fig. 7 further illustrates that, in accordance with an aspect of the
technology disclosed herein, within a regular non-MBSFN downlink subframe, the
relay node 29 switches between transmit and receive mode, thereby making it possible
to transmit certain mandatory signals from the relay node 29 to the wireless terminal
while in the same subframe receiving certain control information and/or data over the
backhaul from the donor eNodeB, without causing TX/RX self-interference in the relay
node 29. It is said that the transmission and receiving are in the “same” subframe in the
sense that the subframes from relay node 29 and donor base station node 27 are
essentially overlapping, the difference from complete overlap being the timing advance
TA.

[00075] As represented by act 8-6 of the generic method of Fig. 6, further mode
switches (e.g., between transmit and receive) can be performed by relay node 29. An
example of further switching operations is subsequently illustrated in conjunction with
Fig. 9.

[00076] Since the timing advance is a relative measure between the subframes of
the DeNB and the relay it can be measured using any reference point that is well
specified. Itis, e.g., convenient, to use the beginning of the subframes as the reference
point. The instant in time when a subframe begins at the relay node 29 can be viewed
as the clock in the system and provides a reference in time. The timing advance TA
that relay node 29 should exhibit must be compared to the timing of its donor base
station node 27. In the example scenario of Fig. 7, the downlink timing advance TA is
1.5 OFDM symbols. In an example embodiment and mode, a value of the timing
advance TA is chosen to accommodate a first predetermined number of downlink
backhaul symbols and two switch times in a second predetermined number of symbols
of the downlink backhaul subframe. A value of the CFI specifies the first
predetermined number. Thus, in the example embodiment and mode of Fig. 7, the
timing advance is 1.5 (OFDM) symbols and the value of CFI is two. In conjunction
with the timing advance, symbol(s) 0 (and possibly also 1) of the backhaul downlink
arrives at relay node 29 when its DL frame timing has reached symbols 1-3, as is

illustrated in Fig. 7.

[00077] From the foregoing it is thus understood that, as another aspect of the

technology disclosed herein, a maximum Control Format Indicator (CFI) value is
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defined for backhaul transmissions to the relay node in non-MBSFN subframes. The
CFTI is the number of symbols occupied by the PDCCH. CFI is allowed to be 1, 2 or 3
according to the 3GPP specifications. The significance is a maximum value may have

to be imposed that is less than 3, or even less than 2.

[00078] A reason for such requirement is the required switch-time between Rx
and Tx in the relay radio (illustrated, e.g., in Fig. 7 and discussed above as SW1, SW2,
etc.). The relay node 29 has to transmit one symbol of mandatory signals on the access
link. It then requires some time to switch to Rx before it can receive 1 or 2 symbols
from donor base station node 27. The relay node 29 then requires some more switching
time before it can resume transmitting on the access link in a normal fashion. Radios
today have a switch-time that is a non-negligible fraction of the symbol duration. By
using a timing advance TA of 1.5 symbol the relay node 29 manages to fit both switch-
times and the reception of 2 backhaul symbols within the duration of 3 symbols. With
this kind of switch-time the maximum value of the CFI for the backhaul link is two.
Should the switch-time be substantially worse (e.g., half a symbol duration, or more)
then the maximum CFI must be decreased to 1. On the other hand, with substantially
improved switch-times (only a very small fraction of the symbol time) it may be
possible to use a CFI maximum of three and treat the transition as a minor disturbance
that is absorbed by the cyclic prefix of the symbol following immediately after the

switch.

[00079] Thus, in non-MBSFN subframes where the donor eNodeB 27 transmits
Physical Downlink Control Channel (PDCCH) to the relay node 29, the donor base
station node 27 chooses a CFI value that is not larger than the defined maximum. The

maximum can be 1, 2 or 3.

[00080] As understood from Fig. 7, donor eNodeB 27 can choose not to schedule
PDSCH transmissions to the relay node in DL backhaul subframes that are not MBSFN
subframes. By contrast, Fig. 9 shows another example transmit (TX) and receive (RX)
pattern at relay node 29 and serves as a further basis for understanding another mode of
operation of relay node 29 as well as the downlink subframe coordination between
donor base station node 27 and relay node 29 according to another example
embodiment and mode. Fig. 9 particularly shows an example embodiment wherein
Physical Downlink Shared Channel [PDSCH] transmissions are scheduled in the
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downlink backhaul subframes. As illustrated in representative fashion by Fig. 9, donor
base station node 27 can adjust the PDSCH transmissions to the relay node in such

subframes in one or more ways as described below.

[00081] Thus, Fig. 9 shows a TX/RX pattern in a subframe where the relay node
29 receives both control and data while transmitting control information without
interfering with itself. In the Fig. 9 scenario, donor eNodeB 27 can map the data bits to
only the OFDM symbols that the relay node 29 can receive, e.g. OFDM symbols 1, 4,
7,8, and 11.

[00082] As understood from Fig. 9, in this embodiment the relay node 29 is
configured to receive the downlink control information from the donor base station
node 27 in first and second symbols of the downlink backhaul subframe; to receive a
Physical Downlink Shared Channel (PDSCH channel) during selected symbols of the
downlink backhaul subframe (e.g., symbols 1, 4, 7, 8, and 11 of the downlink backhaul
subframe); and to transmit the downlink control information to the wireless terminal
during selected symbols of the downlink access subframe (e.g., symbols 4, 7, and 11 of
the downlink access subframe). In the scenario of Fig. 9, the relay node 29 transmits
during a first transmit time interval, and then switches during switch time (SW1) from
transmitting to receiving (to receive symbols 0 and 1 of the downlink backhaul
subframe); then switches during switch time (SW2) from receiving to transmitting;
transmits during a second transmit time (transmission of symbol 4 of the downlink
access subframe); then switches during switch time (SW3) from transmitting to
receiving; receives during a second receive time interval (receives symbol 4 of the
downlink backhaul subframe); then switches during switch time (SW4) from receiving
to transmitting; transmits during a third transmit time (transmission of symbol 7 of the
downlink access subframe); then switches during switch time (SW35) from transmitting
to receiving; receives during a third receive time interval (receives symbols 7 and 8 of
the downlink backhaul subframe); then switches during switch time (SW6) from
receiving to transmitting; transmits during a fourth transmit time (transmission of
symbol 11 of the downlink access subframe); then switches during switch time (SW7)
from transmitting to receiving; and receives during a fourth receive time interval

(receives symbol 11 of the downlink backhaul subframe).
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[00083] Thus, from the foregoing and Fig. 9 it is seen that, in non-MBSFN DL
backhaul subframes where the relay node receives PDSCH transmissions, the
transmitter of the relay node 29 is switched on during the OFDM symbols where it has
to transmit the RS on the access link (e.g., the downlink access subframe), but is turned
off during the other OFDM symbols.

[00084] It was mentioned above that donor base station node 27 can adjust the
PDSCH transmissions to the relay node in subframes. A reason for needing such
adjustment is now explained. As shown in both Fig. 7 and Fig. 9, the last two symbols
on the downlink backhaul subframe (symbols 12 and 13) cannot be transmitted since
they would interfere with subframes #0 and 1 in the next frame on the access link. A
first way to adjust the PDSCH transmissions to the relay node is to format the Physical
Downlink Shared Channel (PDSCH channel) whereby contents of the PDSCH can be
entirely decoded by relay node 29 during a first part of the subframe. That is, in an
example embodiment and mode, the donor base station node 27 does not schedule any
data on symbols 12 and 13 of the downlink backhaul subframe. The downlink
backhaul subframe is simply shortened by two symbols, which results in a slight
capacity loss. The code rate can be changed to account for the fact that the donor base

station node 27 cannot transmit any bits in symbols 12 and 13.

[00085] As an aside, not scheduling is preferable to use of a more robust coding
scheme for the entire subframe to account for the fact that the last two symbols are lost
(never transmitted), since a more robust coding scheme would not address the issue. A
more robust coding scheme is not effective since each symbol is self-contained. The
data in a given symbol is only present in this symbol and nowhere else. Hence, if a
symbol is lost the data is lost.

[00086] In another example implementation for adjusting the PDSCH
transmissions, the donor base station node is configured to adjust the interleaving of the
Physical Downlink Shared Channel (PDSCH channel) whereby data of any given
symbol in the PDSCH are spread over all PDSCH symbols of the subframe. To change
the interleaving means that each symbol would no longer be self-contained. Instead,
the data from any given symbol in the Physical Downlink Shared Channel [PDSCH]
would be spread out over all PDSCH symbols in the downlink backhaul subframe.

Losing one or two symbols in the subframe would then affect all data equally and could
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be remedied by a more powerful coding scheme containing more redundancy. There
are two drawbacks to this solution: (1) a major change would be required for the 3GPP
specifications and (2) interleaving the data over all symbols means that the decoder
would have to wait until the end of the subframe until the decoding can begin, which is
very costly time-wise. On the other hand, with the self-contained symbols, each

symbol can be decoded successively as they are received.

[00087] It is desirable that as many of the downlink backhaul subframes as
possible be MBSFN subframes because the 3GPP standard then allows the downlink
access link to transmit only the first symbol and then remain silent. Hence, with the
proposed timing advance of the access link, as encompassed by the technology
disclosed herein, for an MBSFN subframe the relay node 29 can then quickly shift to
Rx mode and receive at least twelve of the symbols on the backhaul downlink, as
illustrated in Fig. 10.

[00088] As mentioned above, the definition of the MBSFN subframe pattern is
included in the System Information Block Type 2 (Specified in 3GPP document 36.331,
“Radio Resource Control (RRC) Protocol Specification). In other words, it is broadcast
from any eNB/DeNB/relay as part of its system information and readily available to the
UEs. The ASN.1 code from the specification is included in Table 1 below for
reference. In any radio frame only six of the subframes are eligible to be MBSFN.
(These are subframe #: 1, 2, 3, 6, 7, 8.) This limited eligibility is due to mandatory
synchronization, broadcast and paging signaling in the other four subframes. The
MBSFN subframe allocation is defined by a bit pattern that covers either one frame (6
bits) or four frames (24 bits). By choosing a bit pattern over four frames a periodicity
of 40 subframes (40 ms) is achieved, which can accommodate five periods of the

desired eight subframe pattern.

[00089] Table 1

MBESEN-SubframeConfig ::= SEOQUENCE

radioframeAl locationPeriod ENUMERATED (nl, nZ, n4, ng,
nle, n32%,

radioframeAllocationOffset INTEGER: (0..7),

subframeAllocation CHOTCE
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24
orieFrame BIT STRING (SIZE (6)),
fourFrames BIT STRING (SIZE (24))

[00090] The radioframeAllocationPeriod should be chosen such that the MBSFN
pattern over four frames is repeated continuously without gaps, as can be illustrated by
the non-limiting example of Fig. 11. The first (top) row of Fig. 11 depicts subframe
positions of downlink backhaul frames with initial subframe positions of a frame
bearing an example frame number. In Fig. 11 content-bearing subframes of the
downlink backhaul frames are stippled (e.g., subframes 0-2 and 8-9 of frame 1;

subframes 0 and 6-8 of frame 2; subframes 4-6 of frame 3; subframes 2-4 of frame 4).

[00091] The second (next to top) row of Fig. 11 depicts subframe positions of
downlink access frames, with each subframe position bearing its own subframe number
within the frame to which it belongs. In Fig. 11 content-bearing subframes of the
downlink access frames are hatched by lines which decline in slope from left to right
(e.g., subframes 3 - 7 of frame 1; subframes 1-5 and 9 of frame 2; subframes 0-3 and 7

— 9 of frame 3; subframes 0 — 1 and 5-9 of frame 4).

[00092] The third row of Fig. 11 illustrates (by hatched lines which rise in slope
from left to right) allowed MBSFN subframes (e.g., subframes 1 - 3 and 6 — 8 of each
frame). As mentioned elsewhere, the other subframes of the third row are occupied by

mandatory synchronization, broadcast, and paging signaling.

[00093] The fourth (bottom) row of Fig. 11 depicts (by vertical hatching) selected
allowable MBSFN subframes that coincide with the downlink (DL) backhaul subframes
to be included in the MBSFN pattern (e.g., subframes 1, 2, and 8 of frame 1; subframes
6 — 8 of frame 2; subframe 6 of frame 3; and subframes 2-3 of frame 4). MBSFN
subframes are desirable because then the transmission situation on the downlink (DL) is
described as in Fig. 10, which is simple and leaves a lot of capacity to actual downlink
(DL) backhaul transmisson. Non-MBSFN subframes are depicted in Fig. 9. This
situation is more complex and the DL backhaul capacity is crippled due to many

mandatory signals on the DL access link that are not present in the MBSFN case.
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[00094] Fig. 11 thus shows that the MBSFN pattern can be different for all four
frames. Since the MBSFN subframes can be defined (according to the 3GPP
specifications) with a 40 ms repetition period, i.e. over four frames, four separate
bitpatterns can be used. These four frames accommodate precisely 5 repetitions of the 8
subframes long backhaul/access pattern (the stippled and hatched subframes of the top
two rows) so it can be repeated without gaps and continue to support the chosen

backhaul/access dichotomy in the coming frames.

[00095] The example of Fig. 11 is guided by a design choice of how much
downlink (DL) backhaul capacity is needed compared to how much downlink (DL)
access capacity is needed. The repetition period of 8 subframes of this pattern fits
nicely with the HARQ process interval. In other embodiments these parameters can be

different and/or vary.

[00096] Fig. 12 illustrates a generic embodiment of an example relay node 29 and
donor base station node 27 (e.g., self-backhauled relay node) in an example
telecommunications network. As shown in Fig. 12, donor base station node 27
communicates over Un interface with relay node 29 and relay node 29 communicates
over Uu interface with wireless terminal 30. To facilitate communication over the Un
interface, donor base station node 27 comprises plural donor communication ports 50

which comprises or connect to plural transmission elements (antenna) 52.

[00097] Some of the ports 50 and associated transmission elements 52 are utilized
for downlink transmissions; other ports 50 and associated transmission elements 52 are
utilized for uplink transmissions. The uplink ports 50 are connected to uplink
subframes handler 54, which in turn is connected through uplink data buffer 56 to S1
interface 58. On this uplink side of donor base station node 27, subframes received by
donor base station node 27 over the Un interface are processed by uplink subframes
handler 54, and data (e.g., data extracted from the uplink subframes) is stored in uplink
data buffer 56 prior to being applied to S1 interface 58. The S1 interface 58 serves to
forward the uplink data across the S1 interface to the core network 20, e.g., serving

gateway (SGW) 24, in the manner understood with respect to Fig. 3.

[00098] On a downlink side of donor base station node 27, data received from the

core network 20 through S1 interface 58 is temporarily stored in downlink data buffer



10

15

20

25

30

WO 2011/053214 PCT/SE2010/050238
26

60 prior to being formatted into downlink subframes by downlink subframe generator
62. The subframes created by downlink subframe generator 62 are applied to ports 50

which are utilized for transmission to relay node 29 over the Un interface.

[00099] The aforementioned donor base station node scheduler 34 is shown in
Fig. 12 as comprising, in an example, non-limiting embodiment, access and backhaul
subframe sequencer 64; uplink data scheduler 66; downlink data scheduler 68; and
downlink control scheduler 70. The uplink data scheduler 66, downlink data scheduler
68, and downlink control scheduler 70 all operate once per subframe. The downlink
control scheduler 70 interacts with uplink data scheduler 66 and downlink data
scheduler 68 but uplink data scheduler 66 and downlink data scheduler 68 generally do

not interact directly with each other.

[000100] Various functional units of donor base station node 27 are provided on
donor base station platform 72 which is framed by broken lines in Fig. 12. The
terminology “platform” is a way of describing how the functional units of donor base
station node 27 can be implemented or realized by machine. One example platform 72
1s a computer implementation wherein one or more of the framed elements, including
donor base station node scheduler 34 and its constituent functionalities, are realized by
one or more processors which execute coded instructions in order to perform the
various acts described herein, including acts involved in the transmission of downlink
backhaul subframes to relay node 29. In such a computer implementation the donor
base station node 27 can comprise, in addition to a processor(s), memory section 74
(which in turn can comprise random access memory 76; read only memory 78;
application memory 80 (which stores, e.g., coded instructions which can be executed by
the processor to perform acts described herein); and any other memory such as cache

memory, for example).

[000101] As shown in Fig. 12, relay node 29 communicates over Un interface with
donor base station node 27 and relay node 29 communicates over Uu interface with
wireless terminal 30. For communication over the Un interface, relay node 29
comprises plural relay node backhaul link communication ports 82 which comprise or
connect to plural relay node backhaul link transmission elements (antenna) 84. The
relay node backhaul link communication ports 82 are used for transmitting uplink

backhaul subframes and receiving downlink backhaul subframes over the Un interface.
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For communication over the Uu interface, relay node 29 comprises plural relay node
access link communication ports 86 which comprise or connect to plural relay node
access link transmission elements (antenna) 88. The relay node access link
communication ports 86 are used for transmitting downlink access subframes and

receiving uplink access subframes over the Uu interface.

[000102] In another example implementation in which ports are shared, relay node
29 may have one set of communication ports rather than the two ports (relay node
backhaul link communication ports 82 and relay node access link communication ports
86) shown in Fig. 12. In such shared port implementation, antenna ports are shared by
the backhaul link and the access link. However, the situation shown in Fig. 12 with
physically distinct relay node backhaul link communication ports 82 and relay node
access link communication ports 86 is believed preferable for possibly reducing

interference.

[000103] As further shown in Fig. 12, relay node 29 comprises two subframe
handlers, e.g., subframe handler 90 and subframe handler 92. The subframe handler 90
processes frames received on a downlink over the Un interface from donor base station
node 27; the subframe handler 92 processes frames received on the uplink over the Uu
interface from wireless terminal 30. Both subframe handler 90 and subframe handler
92 can include operations such as deformatting and decoding the data which reside in
the received subframes. The relay node 29 also comprises two subframe generators,
e.g., subframe generator 94 and subframe generator 96. The subframe generator 94
prepares uplink backhaul subframes for transmission over the Un interface to donor
base station node 27, including re-encoding data received over the Uu interface and
now to be included in the uplink backhaul subframes. The subframe generator 96
prepares downlink access subframes for transmission over the Uu interface to wireless
terminal 30, including re-encoding data received over the Un interface and now to be
included in the downlink access subframes. Fig. 12 further shows that each of
subframe handler 90, subframe handler 92, subframe generator 94, and subframe
generator 96 are connected through a respective buffer 98, — 98, to the appropriate port
of relay node 29, e.g., either to relay node backhaul link communication ports 82 or

relay node access link communication ports 86.
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[000104] The aforementioned relay node scheduler 36 is shown in Fig. 12 as
comprising, in an example, non-limiting embodiment, relay node access and backhaul
subframe sequencer 100; relay node uplink data scheduler 106; relay node downlink
data scheduler 108; and relay node downlink control scheduler 110. The relay node
uplink data scheduler 106, relay node downlink data scheduler 108, and relay node
downlink control scheduler 110 all operate once per subframe. The relay node
downlink control scheduler 110 interacts with relay node uplink data scheduler 106 and
relay node downlink data scheduler 108 but relay node uplink data scheduler 106 and
relay node downlink data scheduler 108 generally do not interact directly with each

other.

[000105] As shown in Fig. 12, the relay node access and backhaul subframe
sequencer 100 comprises mode switch 120, which is responsible for switching
operation of relay node 29 between a transmission interval (for transmitting one or
more symbols on the downlink access subframe over interface Uu to wireless terminal
30) and a receive interval (for receiving one or more symbols on the downlink backhaul
subframe over interface Un from donor base station node 27). The element wise
multiplication unit 120 thus operates in order to carry out the mode switching

described, for example, with reference to Fig. 7 and Fig. 9.

[000106] Various functional units of relay node 29 are provided on relay node
platform 122 which is framed by broken lines in Fig. 12. As with donor base station
node 27, the terminology “platform” is a way of describing how the functional units of
relay node 29 can be implemented or realized by machine. One example platform 122
1s a computer implementation wherein one or more of the framed elements, including
relay node scheduler 36 and its constituent functionalities, are realized by one or more
processors which execute coded instructions in order to perform the various acts
described herein, including acts involved in the transmission of downlink access
subframes to wireless terminal 30 and reception of downlink backhaul subframes from
donor base station node 27. In such a computer implementation the relay node 29 can
comprise, in addition to a processor(s), memory section 124 (which in turn can
comprise random access memory 126; read only memory 128; application memory 130
(which stores, e.g., coded instructions which can be executed by the processor to
perform acts described herein); and any other memory such as cache memory, for

example).
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[000107] As shown in Fig. 12, wireless terminal 30 communicates over Uu
interface with relay node 29. For communication over the Uu interface, wireless
terminal 30 comprises one or more communication ports 132 (which comprise or
connect to transmission element(s) (antenna) 134). The wireless terminal 30 further
comprises wireless terminal subframe processor/scheduler 140 which in turn comprises
downlink subframe handler 142 and uplink subframe generator 144. The downlink
subframe handler 142 processes, €.g., decodes, subframes such as downlink access
subframes and MBSFN subframes received from relay node 29. The uplink subframe
generator 144 generates the uplink access subframes which are sent from wireless

terminal 30 to relay node 29.

[000108] Various functional units of wireless terminal 30 are provided on terminal
platform 152 which is framed by broken lines in Fig. 12. As with donor base station
node 27 and relay node 29, the terminology “platform” is a way of describing how the
functional units of wireless terminal 30 can be implemented or realized by machine.
One example platform 152 is a computer implementation wherein one or more of the
framed elements, including wireless terminal subframe scheduler 140 and its
constituent functionalities, are realized by one or more processors which execute coded
instructions in order to perform the various acts described herein, including acts
involved in the transmission of uplink access subframes to relay node 29 and reception
of downlink access subframes from relay node 29. In such a computer implementation
wireless terminal 30 can comprise, in addition to a processor(s), memory section 154
(which in turn can comprise random access memory 156; read only memory 1358;
application memory 160 (which stores, e.g., coded instructions which can be executed
by the processor to perform acts described herein); and any other memory such as cache

memory, for example).

[000109] Typically the wireless terminal 30 also comprises certain input/output
units or functionalities, the representative input/output units for wireless terminal 30
being illustrated in Fig. 12 as keypad 161; audio input device (e.g. microphone) 162;
visual input device (e.g., camera) 164; visual output device (e.g., display 166); and
audio output device (e.g., speaker) 168. Other types of input/output devices can also be

connected to or comprise wireless terminal 30.
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[000110] In the example of Fig. 12 the platforms 72, 122, and 152 have been
illustrated as computer-implemented or computer-based platforms. Another example
platform suitable for any of donor base station node 27, relay node 29 or wireless
terminal 30 is that of a hardware circuit, e.g., an application specific integrated circuit
(ASIC) wherein circuit elements are structured and operated to perform the various acts

described herein.

[000111] The schedulers of donor base station node 27 and relay node 29, e.g.,
donor base station node scheduler 34 and relay node scheduler 36, respectively, must
have a common view of what subframes are available for backhaul and what are
available for access, both for downlink transmission and for uplink transmission. This
1s what is meant herein with respect to “pattern”, as in subframe patterns such as the
first pattern and the second pattern previously mentioned, for example. These patterns
are used by the schedulers. The donor base station node scheduler 34 of donor base
station node 27 uses the patterns (e.g., the first pattern) to determine when the relay
node 29 can be scheduled (e.g., when a downlink backhaul subframe can be scheduled
for transmission to the relay node 29). The relay node scheduler 36 of relay node 29
uses the patterns (e.g., the first pattern) to determine when relay node 29 can schedule

to send subframes, e.g., downlink access subframes, to wireless terminal 30.

[000112] The subframe pattern(s), e.g., one or more of the first pattern and the
second pattern, could be determined and/or communicated in various ways. As a first
way illustrated in Fig. 13-1, the subframe pattern(s) can be fixed and specified in the
standard, and as such may be pre-programmed or hard coded into the schedulers. As a
second way, the subframe pattern(s) can be signaled between donor base station node
27 and relay node 29. For instance, donor base station node 27 could tell relay node 29
what pattern to use (as illustrated in Fig. 13-2) or vice versa (as illustrated in Fig. 13-3),
or there could be some kind of negotiation between donor base station node 27 and
relay node 29 to ascertain or determine an optimum or workable pattern(s) as illustrated
in Fig. 13-4. This signaling can be done, for example, in the radio resource control
(RRC) layer, using a signaling radio bearer (SRB) that is transmitted over the backhaul
air interface. As a third way illustrated in Fig. 13-5, the subframe pattern(s) can be
signaled from some other node, e.g. a node external to donor base station node 27 and
relay node 29 such as a management node that controls configuration parameters in

both donor base station node 27 and relay node 29. In the case of relay node 29 such
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configuration data can be contained in IP packets that are transmitted over the backhaul

air interface, for example.

[000113] It will be understood that foregoing example three ways of
determining/communicating the subframe pattern(s) are also suitable for determining
and communicating other parameters such as the maximum CFI value and the downlink

timing advance (TA).

[000114] The technology disclosed herein thus provides new downlink backhaul
subframes which are not MBSFN subframes on the access link, and these new
downlink backhaul subframes are “mixed” downlink subframes which are handled in a
special way. In (e.g. during) such a mixed downlink subframe, the relay node 29 must
both receive downlink control over the backhaul link and transmit downlink control
over the access link. If donor base station node 27 schedules the relay node 29 in a
mixed downlink subframe, the CFI (control format indicator) must be kept below a
maximum value that may be lower than three (the normal value range for CFI is 1-3).
The relay node 29 must choose Control Format Indicator [CFI] to be 1 or 2 in mixed
downlink subframes. The relay node 29 cannot transmit Physical Downlink Shared
Channel [PDSCH] data in mixed downlink subframes. The donor base station node 27
may transmit a modified Physical Downlink Shared Channel [PDSCH] to relay node 29
in a mixed subframe, where some of the OFDM symbols are left out, and the rate

matching is adjusted accordingly.

[000115] It should be understood that, for a donor base station node 27 that has
multiple relay nodes connected, the subframe pattern and maximum CFI need not be
the same across all such connected relay nodes. In fact, it can be advantageous in some
example embodiments to have different such patterns, since then the donor base station
node 27 may use the backhaul link to one relay node while another relay node uses its

access link.

[000116] The technology disclosed herein addresses and solves various problems.
One solved problem is that the 8 subframe periodic transmission structure does not fit
well with the possible MBSFN subframe patterns. In particular, if a particular
subframe is marked as MBSFN (which enables the relay node to receive downlink

transmissions on backhaul in those subframes), then there will be other subframes 8k
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(for integer k) subframes later that cannot be marked as MBSFN, but for those
subframes it would be desired to have them as downlink subframes on the backhaul, to
support the 8 ms periodic transmission structure. In TDD systems the HARQ timing is
specific to the chosen TDD configuration. It does not strictly follow the 8 ms period
but a pre-defined pattern. However, the technology disclosed herein (e.g., including
switching between Tx and Rx mode within a regular non-MBSFN subframe) can be
applied to re-use the pre-defined 3GPP Rel.8 timing patterns for the backhaul and the
access link of a relay-enhanced system. The application to TDD systems follows the

same principle as in FDD, so it is not separately illustrated in the present discussion.

[000117] Thus, the technology disclosed herein allows the introduction of a relay
node with limited impact on the LTE air interface. In particular, it allows the relay
node to use the Release 8 HARQ transmission scheme without changes on both the
backhaul and access links, without causing self-interference between transmission and
reception in the relay node. This gives good compatibility with Release 8 UEs without
decreasing performance, and an interface between donor eNodeB and relay node that is

very similar to Release 8, making it simple to specify and implement.

[000118] The mode switching, frame generation/processing, and other operations
described herein can be implemented in appropriate nodes and/or network structures by
a computer, processor, or controller, and as such may be provided through the use of
dedicated hardware as well as hardware capable of executing software in the form of
coded instructions stored on computer-readable medium. A computer is generally
understood to comprise one or more processors and/or controllers, and the terms
computer and processor may be employed interchangeably herein. When provided by a
computer or processor, the functions may be provided by a single dedicated computer
or processor, by a single shared computer or processor, or by a plurality of individual
computers or processors, some of which may be shared or distributed. Such functions
are to be understood as being computer-implemented and thus machine-implemented.
Moreover, use of the term “processor” or “controller” shall also be construed to refer to
other hardware capable of performing such functions and/or executing software, and
may include, without limitation, digital signal processor (DSP) hardware, reduced
instruction set processor, hardware (e.g., digital or analog) circuitry, and (where

appropriate) state machines capable of performing such functions.
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[000119] Abbreviations:
LTE Long-Term Evolution
MBSFN Multicast/Broadcast Single-Frequency Network
DL Downlink
UL Uplink

PUSCH Physical Uplink Shared Channel
PUCCH Physical Uplink Control Channel

OFDM Orthogonal Frequency-Division Multiplexing
CFI Control Format Indicator

PDCCH Physical Downlink Control Channel

RS Reference Signal

PHICH Physical Hybrid ARQ Indicator Channel

PSS Primary Synchronization Signal

SSS Secondary Synchronization Signal

PBCH Physical Broadcast Channel

PDSCH Physical Downlink Shared Channel

HARQ Hybrid Automatic Request for Retransmission

[000120] Although the description above contains many specificities, these should
not be construed as limiting the scope of the invention but as merely providing
illustrations of some of the presently preferred embodiments of this invention. It will
be appreciated that the scope of the present invention fully encompasses other
embodiments which may become obvious to those skilled in the art, and that the scope
of the present invention is accordingly not to be unduly limited. Reference to an
element in the singular is not intended to mean "one and only one" unless explicitly so
stated, but rather "one or more." All structural, chemical, and functional equivalents to
the elements of the above-described preferred embodiment that are known to those of
ordinary skill in the art are intended to be encompassed by the present claims.
Moreover, it is not necessary for a device or method to address each and every problem

sought to be solved by the present invention, for it to be encompassed hereby.
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WHAT IS CLAIMED IS:

1. A radio access network comprising:

a donor base station node (27);

a relay node (29);

wherein the relay node (29) is configured to communicate using backhaul
subframes over a Un radio interface with the donor base station node (27) and to
communicate using access subframes over a Uu radio interface with a wireless terminal
(30);

characterized in that a beginning of a selected downlink access subframe
precedes a beginning of a next-in-time downlink backhaul subframe by a downlink
timing advance (TA), downlink backhaul subframes and downlink access subframes
being transmitted using a same frequency band over an air interface; and

wherein the relay node (29) is configured both to receive downlink control
information from the donor base station node (27) and to transmit downlink control

information to the wireless terminal (30) during the downlink backhaul subframe.

2. A donor base station node (27) of a radio access network, the donor base
station node (27) being configured to communicate using downlink backhaul subframes
including downlink control information over a Un radio interface with a relay node
(29), the downlink backhaul subframes belonging to a first pattern comprising plural
downlink backhaul subframes and plural downlink access subframe;

characterized in that the plural downlink access frames are transmitted by the
relay node (29) over a Uu radio interface with a wireless terminal (30) in a manner
whereby a beginning of a selected downlink access subframe precedes a beginning of a
next-in-time downlink backhaul subframe by a downlink timing advance (TA),
downlink backhaul subframes and downlink access subframes being transmitted using a
same frequency band over an air interface; the donor base station node (27) being
configured to coordinate transmission of the downlink backhaul subframes according to
the first pattern with the relay node (29).
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3. The apparatus of claim 2, wherein the donor base station node (27)
comprises:

a donor base station node scheduler (34) configured to operate the donor base
station node (27) in accordance with the first pattern;

a donor base station node subframe handler (54) configured to process uplink
subframes received from the relay node (29);

a donor base station node subframe generator (62) configured to generate the
downlink backhaul subframes which include downlink control information which is to

be transmitted to the relay node (29).

4. A relay node (29) of a radio access network, the relay node (29) being
configured to communicate using backhaul subframes over a Un radio interface with a
donor base station node and to communicate using access subframes over a Uu radio
interface with a wireless terminal (30),

characterized in that a beginning of a selected downlink access subframe
precedes a beginning of a next-in-time downlink backhaul subframe by a downlink
timing advance (TA), downlink backhaul subframes and downlink access subframes
being transmitted using a same frequency band over an air interface, and wherein the
relay node (29) is configured both to receive downlink control information from the
donor base station node (27) and to transmit downlink control information to the

wireless terminal (30) during the downlink backhaul subframe.

5. The apparatus of claim 1 or claim 4, wherein plural downlink backhaul
subframes and plural downlink access subframes occur in a first pattern known both to
the relay node (29) and the donor base station node (27).

6. The apparatus of claim 5, wherein the relay node (29) is further configured to
communicate using uplink backhaul subframes over the Un radio interface with a donor
base station node (27) and to communicate using uplink access subframes over the Uu
radio interface with the wireless terminal (30), wherein plural uplink backhaul
subframes and plural uplink access subframes occur in a second pattern in a second
frequency band over the air interface, and wherein the second pattern is a time shift of

the first pattern.



>~ w N > w D = > w D g w N

g w D

WO 2011/053214 PCT/SE2010/050238

36

7. The apparatus of claim 1 or claim 2 or claim 4, wherein the downlink control
information received by the relay node (29) from the donor base station node (27)
during the downlink backhaul subframe comprises a control format indicator (CFI) and
a Physical Downlink control Channel (PDCCH), and wherein the CFI specifies the
number of symbols occupied by the PDCCH.

8. The apparatus of claim 7, wherein a value of the timing advance is chosen to
accommodate a first predetermined number of downlink backhaul symbols and two
switch times in a second predetermined number of symbols of the downlink backhaul

subframe, and wherein a value of the CFI specifies the first predetermined number.

9. The apparatus of claim 7, wherein the timing advance is 1.5 (OFDM)

symbols and the value of CFI is two.

10. The apparatus of claim 1 or claim 2 or claim 4, wherein the downlink
control information received by the relay node (29) from the donor base station node
(27) during the downlink backhaul subframe further comprises a reference signal (RS)
and a Physical Hybrid ARQ Indicator Channel (PHICH).

11. The apparatus of claim 1 or claim 4, wherein the relay node (29) is
configured to transmit a reference signal (RS) and a control format indicator (CFI) to
the wireless terminal (30) during the timing advance, and wherein the CFI specifies the

number of symbols occupied by a Physical Downlink control Channel (PDCCH).

12. The apparatus of claim 1 or claim 4, wherein the relay node (29) is
configured to receive the downlink control information from the donor base station
node (27) in first and second symbols of the downlink backhaul subframe and
subsequently to transmit the downlink control information to the wireless terminal (30)

during symbols of the downlink access subframe.

13. The apparatus of claim 12, wherein the relay node (29) is configured to
transmit a reference signal (RS), synchronization signal, and a Physical Broadcast
Channel (PBCH) during the downlink access subframe.
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14. The apparatus of claim 1 or claim 4, wherein the relay node (29) is
configured to receive the downlink control information from the donor base station
node (27) in first and second symbols of the downlink backhaul subframe; to receive a
Physical Downlink Shared Channel (PDSCH channel) during selected symbols of the
downlink backhaul subframe; and to transmit the downlink control information to the

wireless terminal (30) during selected symbols of the downlink access subframe.

15. The apparatus of claim 1 or claim 4, wherein the relay node (29) is
configured to format the Physical Downlink Shared Channel (PDSCH channel)
whereby contents of the PDSCH can be entirely decoded during a first part of the

subframe.

16. The apparatus of claim 1 or claim 4, wherein the relay node (29) is
configured to adjust interleaving of the Physical Downlink Shared Channel (PDSCH
channel) whereby data of any given symbol in the PDSCH are spread over all PDSCH

symbols of the subframe.

17. The apparatus of claim 1 or claim 4, wherein the relay node (29) comprises:

a relay node scheduler (36) configured to operate the relay node (29) in
accordance with a pattern of plural downlink backhaul subframes and plural downlink
access subframes;

a relay node subframe handler (142) configured to process the downlink control
information received from the donor base station node (27) during the downlink
backhaul subframe;

a relay node subframe generator (144) configured to generate the downlink
access subframe to include the downlink control information which is to be transmitted
to the wireless terminal (30) in selected symbols of the downlink access subframe

during the downlink backhaul subframe.
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18. A method of operating a radio access network (RAN) comprising a donor
base station node (27) and a relay node (29) and wherein the relay node (29) is
configured to communicate using downlink backhaul subframes over a Un radio
interface with the donor base station node (27) and to communicate using downlink
access subframes over a Uu radio interface with a wireless terminal (30), the method
comprising:

transmitting the downlink backhaul subframes and the downlink access
subframes over an air interface using a same frequency band;

the method characterized by:

providing a downlink timing advance (TA) between a beginning of a selected
downlink access subframe and a beginning of a next-in-time downlink backhaul
subframe; and

configuring the relay node (29) both to receive downlink control information
from the donor base station node (27) and to transmit downlink control information to

the wireless terminal (30) during the downlink backhaul subframe.

19. The method of claim 18, further comprising coordinating in both the relay
node (29) and the donor base station node (27) a first predetermined pattern of plural

downlink backhaul subframes and plural downlink access subframes.

20. The method of claim 19, coordinating the first predetermined pattern by
preconfiguring the relay node (29) and the donor base station node (27) with the first
predetermined pattern.

21. The method of claim 19, coordinating the first predetermined pattern by
signaling the first predetermined pattern between the relay node (29) and the donor base
station node (27).

22. The method of claim 19, coordinating the first predetermined pattern by
signaling the first predetermined pattern to the relay node (29) and the donor base
station node (27) from another node.
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TRANSMIT REFERENCE SYMBOLS (RS),
CONTROL FORMAT INDICATOR [CFI}, AND /
(OPTIONALLY) PHICH AND PDCCH ON THE

ACCESS LINK DURING THE FIRST PART OF THE
DOWNLINK ACCESS SUBFRAME

l

PERFORM SWITCH OVER FROM DOWNLINK 8-2
TRANSMITTER TO DOWNLINK RECEIVER /
DURING THE FIRST SWITCH TIME INTERVAL
(AFTER TIMING ADVANCE)

!

RECEIVE ON DOWNLINK BACKHAUL SUBFRAME
THE REFERENCE SYMBOLS [RS], CONTROL
FORMAT INDICATOR [CFI], AND (WHERE 8-3
APPLICABLE) THE PHYSICAL HYBRID ARQ
INDICATOR CHANNEL [PHICH], AND MONITORS
THE PHYSICAL DOWNLINK CONTROL CHANNEL
(PDCCH)

'

TRANSMIT DOWNLINK CONTROL INFORMATION /
IN THE DOWNLINK ACCESS SUBFRAME

l

PERFORM ANY FURTHER MODE SWITCHES /
BETWEEN TRANSMIT AND RECEIVE

\

Fig. 8
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