2013/135437 AT I 000 OO0 000 00

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/135437 Al

19 September 2013 (19.09.2013) WIPO I PCT

(51) International Patent Classification:

HO04W 72/04 (2009.01)
(21) International Application Number:
PCT/EP2013/052205
(22) International Filing Date:
5 February 2013 (05.02.2013)
(25) Filing Language: English
(84

(26) Publication Language: English

(30) Priority Data:

12305297.9 15 March 2012 (15.03.2012) EP

(71) Applicant: ALCATEL LUCENT [FR/FR]; 3, avenue
Octave Gréard, F-75007 Paris (FR).

(72) Imventors: STANZE, Oliver; Alcatel-Lucent Deutschland
AG, Lorenzstrasse 10, 70435 Stuttgart (DE). WEBER,
Andreas; Alcatel-Lucent Deutschland AG, Lorenzstrasse
10, 70435 Stuttgart (DE). _

(74) Agent: KLEINBUB, Oliver; Alcatel-Lucent Deutschland
AG, Intellectual Property Business Group, Lorenzstrasse __
10, 70435 Stuttgart (DE).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: A METHOD FOR COORDINATION OF TRANSMISSION FROM BASE STATIONS, AND A BASE STATION

THEREFOR
|ues | | uea |

subfrines step 1
% step 2
— step 4 DL
— transmission on
| . | subframe n to UE4

n <

| step 5 DL
— transmission on
— subframe n to UE3
110 |
Fig. 3

[ ][]

unused ABS n

[z ]

%

nused ABS n

step 3 start
scheduling of
subframe n

(57) Abstract: The invention concerns a method for coordination of transmission from a first and at least one further base station
(M1, P1), wherein said first base station (M1, P1) evaluates the usage by said at least one further base station (M1, P1) of at least
o one subframe, and said first base station (M1, P1) uses said at least one subframe for transmission dependent on the evaluated usage
by said at least one further base station (M1, P1) of said at least one subframe, and a base station theretor.



10

15

20

25

WO 2013/135437 PCT/EP2013/052205

A method for coordination of transmis-
sion from base stations, and a base sta-

tion therefor

Field of the invention

The invention relates to method for coordination of transmis-—
sion from a first and at least one further base station, and a

base station adapted to perform said method.

Background

In heterogeneous network (HetNet) scenarios using standards
like e.g. Third Generation Partnership Project Long Term Evolu-
tion (3GPP LTE) standard, so-called pico base stations with
their pico cells are placed under the coverage of a so-called
macro base station. A pico base station typically covers a
small area e.g. in buildings, train stations or aircrafts or
outside due to its lower power, whereas a macro base station
covers a larger area than a pico base station, as e.g. an out-

door area.

Heterogeneous networks often apply the concept of cell range
extension (CRE) to increase the overall system performance, as
e.g. spectral efficiency or cell-border throughput. In case of
cell range extension, a preferably cell-specific bias is ap-
plied to each pico cell. User terminals are still served by pi-
co cells as long as the received signal of the macro cell does
not exceed the received signal of the pico cell by at least the

bias value. So user terminals served by a pico base station
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might operate at a negative signal to interference and noise
ratio (SINR) which may result in performance problems on con-
trol and data channels, as on the physical downlink control
channels (PDCCH) and the physical downlink shared channels
(PDSCH) . To avoid these problems, in the standard 3GPP LTE Rel.
10 the so-called concept of enhanced inter-cell interference-
coordination (eICIC) is introduced. In case of eICIC, the macro
base station sends a predefined number of so-called almost
blank subframes (ABS) during an also predefined ABS period,
which only contain reference symbols. The sending of almost
blank subframes by the macro base station results in a signifi-
cantly reduced interference for user terminals served by the
pico base station, especially for those user terminals which
are affected by the cell range extension, a.k.a. cell-border
user terminals, and therefore are operating at a negative SINR
level. This is exploited by the pico base station scheduler by
preferably scheduling its cell-border user terminals to the al-
most blank subframes of the corresponding macro cell. Due to
the missing macro cell interference in the almost blank sub-
frames, the cell-border user terminals normally do not have
performance problems on PDCCH and PDSCH. Cell-inner user ter-
minals of the pico base station may be scheduled to almost
blank subframes or non almost blank subframes, i.e. subframes

others than almost blank subframes.

Summary

In case of high traffic load, the combination of CRE and eI-
CIC leads to a significant increase of the system performance,
as e.g. cell-border throughput or spectral efficiency. On the
other hand eICIC shows some performance problems in scenarios
with low traffic load. In case of low traffic load, the system
capacity is not fully exploited. A decrease of the system per-
formance expresses in a decrease of the average user terminal

data throughput. This leads to a lower quality of experience
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for the users, e.g. due to longer download durations.

In case of low traffic load, not all resources within a cell
might be used. There is also the possibility, that there is
temporarily no traffic in some macro or pico cells. In combina-
tion with eICIC this leads to the following 2 problems, which
are the reason for the performance problems of eICIC in low

traffic load situations:

1. Unused almost blank subframes in pico cells: In case of
low traffic load, there might temporarily be no traffic in
the pico cells. In this case, there are no user terminals
served by the pico base station which might profit from
the reduced interference in the almost blank subframes.
Although the almost blank subframes have no positive ef-
fect for the user terminals served by the pico base sta-
tion, the sending of the almost blank subframes reduces
the number of available resources inside the macro cell.
This leads to an unnecessary performance loss for user
terminals served by the macro base station. E.g. if the
macro base station is configured to send 5 almost blank
subframes per 10 subframes, this will reduce the peak data
throughput for macro base stations by a factor of 2, even
if there are no active user terminals inside the pico

cells.

2. Unused non almost blank subframes in macro cells: In case
of low traffic load, there might also temporarily be no
traffic in the macro cell. In this case, there is no user
terminal served by the macro base station which might use
the resources in the non almost blank subframes, i.e. in
subframes others than almost blank subframes. The pico
base station schedulers assume macro cell interference in
the non almost blank subframes and therefore will not

schedule any of its cell-border user terminals to non-
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almost blank subframes. If the pico base station currently
only has active cell-border user terminals this will lead
to unnecessary performance loss for user terminals served

by the pico base station.

In principle the eICIC performance problems at low traffic
load might be addressed by self-organizing network mechanisms,

which address the following aspects:

1. Automatic activation/deactivation of pico cells: In case of
low traffic load, all traffic might be handled by the macro
cell and the pico cells might be switched off. If all pico
cells are switched off, eICIC is not required and the prob-

lem becomes obsolete.

2. Load-balancing: The traffic might be equally distributed to

macro and pico cells by varying the bias of the pico cell.

3. Adaptation of the almost blank subframe pattern: Rased on
the traffic and user distribution between macro and pico
cells the number of almost blank subframes, and subsequently
the number of non almost blank subframes might be dynamical-
ly adapted. The dynamic adaptation of the almost blank sub-
frame pattern includes the dynamic activation/deactivation

of eICIC.

Said mentioned mechanisms are suitable to improve the system
performance on a mid to long term basis, but they are not suit-
able to handle highly dynamic traffic patterns which might
change on subframe basis. 1. and 2., i.e. automatic activa-
tion/deactivation of pico cells and load balancing, require
handovers between macro and pico cell and 3., i.e. adaptation
of the almost blank subframe pattern, requires a reconfigura-
tion of the user terminals, as user terminals report separate
measurements for almost blank subframes and non almost blank

subframes, and therefore have to be informed about the current
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almost blank subframe pattern. If the mentioned mechanisms
should be used to adapt to highly dynamic traffic patterns this
would result in a high number of handovers and user terminal
reconfigurations and therefore in a guite unstable system con-

figuration.

The object of the invention is thus to propose a method for
coordination of transmission from base stations with an im-

proved data throughput and a stable system configuration.

According to embodiments of the invention, mechanisms are
presented which address the problems of unused almost blank
subframes and unused non almost blank subframes which lead to a
performance decrease of eICIC at low traffic load. The de-
scribed mechanisms are able to react on highly dynamic traffic

patterns without requiring frequent system reconfigurations.

The basic idea of this invention is the avoidance of unused
almost blank subframes in the pico cells and of unused non al-
most blank subframes in the macro cells. To enable this, the
existence of unused almost blank subframes is reported to the
macro base station or detected by the macro base station, and
the existence of unused non almost blank subframes is reported

to the pico base station or detected by the pico base station.

If an unused almost blank subframe is reported to the macro
base station, the macro base station may virtually redefine the
corresponding almost blank subframe to a non almost blank sub-
frame and use them for data transfer to its user terminals, as
the pico base station will not transmit to its user terminals,
so that interference caused by the macro base station does not
matter. If an unused non almost blank subframe is reported to
the pico base station, it may virtually redefine the corres-
ponding subframe as almost blank subframe and hence may also

schedule its cell-border user terminals to this subframe, as



WO 2013/135437 PCT/EP2013/052205

the macro base station will not transmit on this subframe. If
the traffic load is high, no unused almost blank subframe and
no unused non almost blank subframe will be reported and the
default eICIC scheduling is performed. Said methods according
5 to embodiments of the invention require a time synchronization
between the macro and the pico base station, which is however
already required for eICIC and is thus no additional require-

ment.

The object is thus achieved by a method for coordination of
10 transmission from a first and at least one further base sta-

tion, wherein

® said first base station evaluates the usage by said at

least one further base station of at least one subframe,

® ond said first base station uses said at least one sub-
15 frame for transmission dependent on the evaluated usage
by said at least one further base station of said at

least one subframe.

The object of the invention is furthermore achieved by a base
station for coordination of transmission from said base station
20 and at least on further base station, wherein the base station

comprises at least one processing means which is adapted to

® cvaluate the usage by said at least one further base

station of at least one subframe,

® ond use said at least one subframe for transmission de-
25 pendent on the evaluated usage by said at least one fur-

ther base station of said at least one subframe.

The invention is described in the following within the frame-

work of 3GPP LTE, however as the invention is not restricted to
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3GPP LTE, but can in principle be applied in other networks
that need to coordinate transmissions from neighbouring base
stations, like e.g. in WiMAX networks (WiMAX = Worldwide Inter-
operability for Microwave Access), in the following, instead of
the term eNodeB used in LTE, the more general term base station

is used.

Further developments of the invention can be gathered from

the dependent claims and the following description.

Brief description of the figures

In the following the invention will be explained further mak-

ing reference to the attached drawings.

Fig. 1 schematically shows a communication network in which

the invention can be implemented.

Fig. 2 schematically shows the structure of a user terminal

and a base station in which the invention can be implemented.

Fig. 3 schematically shows a message seqguence chart for sig-
nalling unused almost blank subframes according to an embodi-

ment of the invention.

Fig. 4 schematically shows a message seqguence chart for sig-
nalling unused non almost blank subframes according to an em-

bodiment of the invention.

Description of the embodiments

Fig. 1 shows as an example of a communication network in
which the invention can be implemented a communication network

CN according to the standard 3GPP LTE.

Said communication network CN comprises a macro base station
M1, a first and a second pico base station Pl and P2, user ter-

minals UE1-UE4, a serving gateway SGW, a packet data network
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gateway PDNGW, and a mobility management entity MME.

The user terminals UEl and UE2 are connected via radio con-
nections to the first pico base station P1l, and the user termi-
nals UE3 and UE4 are connected via radio connections to the
macro base stations Ml. In future evolutions of LTE, each of
the user terminals UE3 and UE4 could also be connected via ra-
dio connections to multiple macro base stations. The Macro base
station M1 is in turn connected to the serving gateway SGW and
to the mobility management entity MME, i.e. to the evolved
packet core (EPC), via the so-called S1 interface. In the same
way, the pico base stations Pl and P2 are connected to the

serving gateway SGW and to the mobility management entity MME.

The macro base station M1 and the pico base stations Pl and
P2 are connected among each other via the so-called X2 inter-
face. The macro base station M1 and the pico base stations Pl
and P2 can be connected among each other via radio connections

or via fixed line connections.

The serving gateway SGW is connected to the packet data net-
work gateway PDNGW, which is in turn connected to an external

IP network IPN.

The S1 interface is a standardized interface between the
macro base station M1l or one of the pico base stations Pl and
P2, i.e. an eNodeB in this example, and the Evolved Packet Core
(EPC). The S1 interface has two flavours, S1-MME for exchange
of signalling messages between one of the macro or pico base
station M1, P1l, P2 and the mobility management entity MME and
S1-U for the transport of user datagrams between one of the
macro or pico base station M1, Pl, P2 and the serving gateway

SGW.

The X2 interface is added in 3GPP LTE standard primarily in

order to transfer the user plane signal and the control plane
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signal during handover.

The serving gateway SGW performs routing of the IP user data
between the macro base station M1l and the pico base stations Pl
and P2 respectively, and the packet data network gateway PDNGW.
Furthermore, the serving gateway SGW serves as a mobile anchor
point during handover either between different base stations,

or between different 3GPP access networks.

The packet data network gateway PDNGW represents the inter-
face to the external IP network IPN and terminates the so-
called EPS bearer (EPS = Evolved Packet System) which is estab-
lished between a user terminal UE1-UE4 and the respective serv-

ing macro base station M1 or pico base station P1l, P2.

The mobility management entity MME performs tasks of the sub-
scriber management and the session management, and also per-
forms the mobility management during handover between different

access networks.

The pico base stations Pl and P2 and the related coverage
area of the pico cells are placed under the coverage area of
the macro base station Ml. Thus, the downlink transmission from
the macro base station M1 is the dominating source of interfer-
ence on the downlink transmission to the user terminals UEl and

UE2 served by the pico base station Pl.

According to embodiments of the invention, methods for coor-
dination of transmission from the macro base station M1 and the
pico base stations Pl and P2 with an improved data throughput
and a stable system configuration are proposed, which will be

described below under fig. 3 and fig. 4.

Fig. 2 schematically shows the structure of a user terminal
UE and a base station BS in which the invention can be imple-

mented.
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The base station BS comprises by way of example three modem
unit boards MU1-MU3 and a control unit board CUl, which in turn

comprises a media dependent adapter MDA.

The three modem unit boards MU1-MU3 are connected to the con-
trol unit board CUl, and to a respective remote radio head
RRH1, RRH2, or RRH3 wvia a so-called Common Public Radio Inter-
face (CPRI).

Each of the remote radio heads RRH1, RRH2, and RRH3 is con-
nected by way of example to two remote radio head antennas
RRHA1l and RRHA2 for transmission and reception of data wvia a
radio interface. Said two remote radio head antennas RRHA1l and
RRHA? are only depicted for the remote radio head RRH1 in fig.
2 for the sake of simplicity.

The media dependent adapter MDA is connected to the mobility
management entity MME and to the serving gateway SGW and thus
to the packet data network gateway PDNGW, which is in turn con-
nected to the external IP network IPN.

The user terminal UE comprises by way of example two user
terminal antennas UEAl and UEA2, a modem unit board MU4, a con-

trol unit board CU2, and interfaces INT.

The two user terminal antennas UEAl and UEA2 are connected to
the modem unit board MU4. The modem unit board MU4 is connected
to the control unit board CU2, which is in turn connected to

interfaces INT.

The modem unit boards MU1-MU4 and the control unit boards
CUl, CU2 may comprise by way of example Field Programmable Gate
Arrays (FPGA), Digital Signal Processors (DSP), micro proces-
sors, switches and memories, like e.g. Double Data Rate Syn-
chronous Dynamic Random Access Memories (DDR-SDRAM) in order to

be enabled to perform the tasks described below.
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The remote radio heads RRH1, RRH2, and RRH3 comprise the so-
called radio equipment, e.g. modulators and amplifiers, like

delta-sigma modulators (DSM) and switch mode amplifiers.

In downlink, IP data received from the external IP network
IPN are transmitted from the packet data network gateway PDNGW
via the serving gateway SGW to the media dependent adapter MDA
of the base station BS on an EPS bearer. The media dependent
adapter MDA allows for a connectivity to different media like

e.g. fiber or electrical connection.

The control unit board CUl performs tasks on layer 3, i.e. on
the radio resource control (RRC) layer, such as measurements

and cell reselection, handover and RRC security and integrity.

Furthermore, the control unit board CUl performs tasks for
Operation and Maintenance, and controls the S1 interfaces, the

X2 interfaces, and the Common Public Radio Interface.

The control unit board CUl sends the IP data received from
the serving gateway SGW to a modem unit board MU1-MU3 for fur-

ther processing.

The three modem unit boards MU1-MU3 perform data processing
on layer 2, i.e. on the PDCP layer (PDCP = Packet Data Conver-
gence Protocol) which is e.g. responsible for header compres-
sion and ciphering, on the RLC layer (RLC = Radio Link Control)
which is e.g. responsible for segmentation and Automatic Repeat
Request (ARQ), and on the MAC layer (MAC = Media Access Con-
trol) which is responsible for MAC multiplexing and Hybrid
Automatic Repeat Request (HARQ).

Furthermore, the three modem unit boards MUl-MU3 perform data
processing on the physical layer, i.e. coding, modulation, and

antenna and resource-block mapping.

The coded and modulated data are mapped to antennas and re-
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source blocks and are sent as transmission symbols from the mo-
dem unit board MU1-MU3 over the Common Public Radio Interface
to the respective remote radio head RRH1, RRH2, or RRH3, and
the respective remote radio head antenna RRHAl, RRHAZ for

transmission over an ailr interface.

The Common Public Radio Interface (CPRI) allows the use of a
distributed architecture where base stations BS, containing the
so-called radio equipment control, are connected to remote ra-
dio heads RRH1, RRH2, and RRH3 preferably via lossless fibre
links that carry the CPRI data. This architecture reduces costs
for service providers because only the remote radio heads RRHI,
RRH2, and RRH3 containing the so-called radio equipment, like
e.g. amplifiers, need to be situated in environmentally chal-
lenging locations. The base stations BS can be centrally lo-
cated in less challenging locations where footprint, climate,

and availability of power are more easily managed.

The user terminal antennas UEAl, UEA2 receive the transmis-
sion symbols, and provide the received data to the modem unit

board MU4.

The modem unit board MU4 performs data processing on the
physical layer, i.e. antenna and resource-block demapping, de-

modulation and decoding.

Furthermore, the modem unit board MU4 performs data process-
ing on layer 2, i.e. on the MAC layer (MAC = Media Access Con-
trol) which is responsible for Hybrid Automatic Repeat Request
(HARQ) and for MAC demultiplexing, on the RLC layer (RLC = Ra-
dio Link Control) which is e.g. responsible for reassembly and
Automatic Repeat Request (ARQ), and on the PDCP layer (PDCP =
Packet Data Convergence Protocol) which is e.g. responsible for

deciphering and header compression.

The processing on the modem unit board MU4 results in IP data
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which are sent to the control unit board CU2, which performs
tasks on layer 3, i.e. on the radio resource control (RRC)
layer, such as measurements and cell reselection, handover and

RRC security and integrity.

The IP data are transmitted from the control unit board CU2
to respective interfaces INT for output and interaction with a

user.

In the uplink, data transmission is performed in an analogue
way in the reverse direction from the user terminal UE to the

external IP network IPN.

In the sequel, methods for coordination of transmission from
the macro base station M1 and the pico base stations Pl and P2
as e.g. depicted in fig. 1 with an improved data throughput and
a stable system configuration are described according to em-

bodiments of the invention.

Fig. 3 schematically shows a message seqguence chart for sig-
nalling unused almost blank subframes according to an embodi-

ment of the invention.

Fig. 3 shows the transmission of signalling messages and user
data between the pico base stations Pl and P2, the macro base
station M1, and the user terminals UE3 and UE4 served by the

macro base station Ml as e.g. depicted in fig. 1.

The pico base stations Pl and P2 detect that they have no
traffic to send in the almost blank subframe n. Thus, the first
pico base station Pl sends preferably via an X2 interface a
message to the macro base station M1 indicating that the almost
blank subframe n will not be used by the first pico base sta-
tion Pl (step 1), and the second pico base station P2 sends
preferably via an X2 interface a message to the macro base sta-

tion M1 indicating that the almost blank subframe n will not be
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used by the second pico base station P2 (step 2). Said messages
sent in step 1 and step 2 comprise an identification of the re-
spective pico base station Pl and P2, and a subframe number or

a subframe range indicating unused almost blank subframes.

If the macro base station Ml receives messages indicating
that the almost blank subframe n will not be used from all ac-
tive pico base stations P1l, P2 inside its coverage area, the
macro base station Ml may decide to treat the almost blank sub-
frame n as a non almost blank subframe and therefore use it for
data transmission to its user terminals UE3, UE4. If the macro
base station M1 does not receive a message indicating that the
almost blank subframe n will not be used from all active pico
base stations P1l, P2 inside its coverage area, it will not

transmit any data in the corresponding almost blank subframe n.

In the embodiment depicted in fig. 3, both pico base stations
Pl and P2 inside the coverage area of the macro base station Ml
indicate that the almost blank subframe n will not be used. As
said indications of an unused almost blank subframe n are re-
ceived by the macro base station before the start of scheduling
of subframe n by the macro base station (step 3), the macro
base station M1 schedules downlink data for transmission to its
user terminals UE3 and UE4 in subframe n (step 4, step 5), al-
though subframe n is defined as an almost blank subframe. If
not all of the indications of an unused almost blank subframe n
from the pico base stations Pl and P2 would be received by the
macro base station before the start of scheduling of subframe n
by the macro base station, then the macro base station would
not transmit any data in the corresponding almost blank sub-

frame n.

In a further embodiment of the invention, instead of the pico
base stations Pl and P2 inside the coverage area of the macro

base station M1l indicating that the almost blank subframe n



10

15

20

25

30

WO 2013/135437 PCT/EP2013/052205
15

will not be used, the macro base station M1l determines unused
almost blank subframes in the pico cells. Therefore the macro
base station M1l configures user terminals which are located at
the cell-border to the pico-cells, as e.g. the user terminals
UE3 and UE4 which are located at the cell-border to the pico-
cell served by the pico base station Pl, to temporarily perform
channel quality information (CQI) feedback measurements during
almost blank subframes. If the respective pico base station P1
currently does not transmit data, i.e. if there are unused al-
most blank subframes in the pico cell, the CQI feedback will be
significantly better than in the case the pico base station Pl
transmits data, i1.e. in case there are no unused almost blank
subframes in the pico cell. A good CQI value might be used as
an indication that there are unused almost blank subframes in
the corresponding pico cell. If this indication is wvalid for
all pico cells inside the coverage area of the macro cell, i.e.
if there are good CQI values for almost blank subframes for us-
er terminals located in cell-borders for all pico cells, the
macro base station M1l might transmit data in almost blank sub-
frames. The macro base station Ml stops transmitting in almost
blank subframes if the CQI feedback for at least one pico cell
inside the coverage area of the macro base station M1l is below
a predefined value indicating that there are no or only few un-
used almost blank subframes. As an alternative, the macro base
station Ml stops transmitting in almost blank subframes if a
block error rate for transmissions from the macro base station
M1 to one of the user terminals UE3, UE4 exceeds a further pre-

defined value.

Fig. 4 schematically shows a message seqguence chart for sig-
nalling unused non almost blank subframes, i.e. subframes oth-
ers than almost blank subframes, according to an embodiment of

the invention.

Fig. 4 shows the transmission of signalling messages and user
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data between the pico base stations Pl and P2, the macro base
station M1, and the user terminals UEl and UE2 served by the

pico base station Pl as e.g. depicted in fig. 1.

The macro base station M1 detects that it has no pending
traffic to send in the non almost blank subframe n. Thus, the
macro base station M1l sends preferably via an X2 interface mes-
sages to the first and second pico base station Pl and P2 in-
side its coverage area indicating that the non almost blank
subframe n will not be used by the macro base station M1l (step
1). Said messages sent in step 1 comprises an identification of
the macro base station Ml, and a subframe number or a subframe

range indicating unused non almost blank subframes.

The scheduler of the pico base station Pl now has the infor-
mation that in the non almost blank subframe n there will be
reduced interference from the corresponding macro base station
Ml. The pico base station Pl may treat the corresponding non
almost blank subframe n as an almost blank subframe, i.e. it
may schedule cell-border user terminals UEl and UE2 to this
subframe n applying the modulation and coding schemes (MCS) re-
ported for almost blank subframes. If the pico base station Pl
does not receive a message indicating that the non almost blank
subframe n will not be used by the macro base stations M1, it
will not transmit any data in the corresponding non almost

blank subframe n.

In the embodiment depicted in fig. 4, the macro base station
M1 indicates that the non almost blank subframe n will not be
used. As said indication of an unused non almost blank subframe
n is received by the pico base station Pl before the start of
scheduling of subframe n by the pico base station (step 2), the
pico base station Pl schedules downlink data for transmission
to its user terminals UEl and UE2 in subframe n (step 3, step

4)y. If the indication of an unused non almost blank subframe n
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from the macro base station M1 would not be received by the pi-
co base station Pl before the start of scheduling of subframe n
by the pico base station P1l, then the pico base station Pl
would not transmit any data in the corresponding non almost

blank subframe n.

In a further embodiment of the invention, the determination
of unused non almost blank subframes is done implicitly, i.e.
the macro base station M1 does not send a message indicating
that the non almost blank subframe n will not be used by the
macro base station Ml. If the pico base station Pl requires,
e.g. due to its traffic and user terminal distribution, more
almost blank subframe resources, it may assume that the macro
base station M1 currently has no traffic and starts a probing
procedure. Thus, the pico base station Pl schedules user ter-
minals to non almost blank subframes, but assumes that said
subframes are almost blank subframes, i.e. the pico base sta-
tion Pl uses modulation and coding schemes which were reported
for almost blank subframes. If the resulting block error rate
(BLER) is equal or lower than an expected BLER, e.g. 10%, then
the pico base station Pl knows that its assumption was correct,
i.e. that the macro base station currently has unused non al-
most blank subframes, and the pico base station Pl can continue
scheduling user terminals to non almost blank subframes. If the
resulting block error rate (BLER) is higher than the expected
BLER, then the pico base station P1 knows that its assumption
was wrong and that the macro base station currently has no or
only few unused non almost blank subframes. The pico base sta-
tion Pl may restart the probing procedure after a certain pe-

riod of time.

In another embodiment of the invention, instead of the macro
base station M1l indicating that the non almost blank subframe n
will not be used, the pico base station Pl detects unused non

almost blank subframes by sniffing the downlink signals of the
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macro base station M1l. If the macro base station M1 does not
transmit any data during a predefined period of time, the pico
base station Pl might also use non almost blank subframes as
almost blank subframes, i.e. schedule cell-border user termin-
als UEl, UE2 to non almost blank subframes, using modulation
and coding schemes adapted to almost blank subframes. If the
macro base station M1 restarts sending data in downlink, the
pico base station Pl may assume that there are no more unused
non almost blank subframes and adapts the scheduling correspon-

dingly, i.e. stops transmitting on non almost blank subframes.

In a further embodiment of the invention, instead of the ma-
cro base station M1 indicating that the non almost blank sub-
frame n will not be used, the pico base station Pl configures
cell-border user terminals UEl, UE2 to temporarily perform CQI
feedback measurements during non almost blank subframes. If the
channel quality has at least a predefined wvalue, the pico base
station Pl assumes low traffic load in the corresponding macro
cell and schedules cell-border user terminals UEl, UE2 in re-
sources of non almost blank subframes. The pico base station Pl
stops using non almost blank subframes for cell-border user
terminals UEl, UE2, if the channel quality falls below said
predefined value, or if the corresponding BLER exceeds a prede-

fined expected BLER of, e.g., 10%.

In a further embodiment of the invention, the scheduling in
the macro and pico base stations M1, Pl, P2 is modified to max-
imize the number of reportable unused almost blank subframes in
the pico cells respectively to maximize the number of reporta-
ble unused non almost blank subframes in the macro cells. The-
refor periodic traffic like e.g. voice over internet protocol
(VoIP) is aggregated to a minimum number of preferably periodic

subframes.
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Claims

A method for coordination of transmission from a first

and at least one further base station (M1, Pl), wherein

® said first base station (M1, Pl) evaluates the usage by
said at least one further base station (M1, Pl) of at

least one subframe,

® ond said first base station (M1, P1l) uses said at least
one subframe for transmission dependent on the evaluated
usage by said at least one further base station (M1, P1)

of said at least one subframe.

A method according to claim 1, wherein said usage by said
at least one further base station (M1, Pl) of said at
least one subframe is determined based on at least one of
the group of channel quality of transmissions from the
first base station (M1, Pl) and block error rate of trans-

missions from the first base station (M1, Pl).

A method according to claim 1, wherein

® said at least one further base station is at least one
pico base station (Pl) that reports at least one unused
almost blank subframe which is predefined for usage by
said at least one pico base station (Pl) to the first

base station, which is a macro base station (M1),

® ond said macro base station (M1) uses said at least one
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unused almost blank subframe for transmission.

4. A method according to claim 1, wherein

® s53id at least one further base station 1s a macro base
station (M1) that reports at least one unused non almost
blank subframe to the first base station, which is a pico

base station (P1l),

® and said pico base station (Pl) uses said at least one
unused non almost blank subframe as at least one addi-

tional almost blank subframe.

5. A method according to claim 2, wherein

® said at least one subframe is at least one non almost
blank subframe and said first base station is a pico base
station (P1l) that starts using said at least one non al-
most blank subframe as at least one additional almost

blank subframe,

® ond the pico base station (P1l) continues using said at
least one non almost blank subframe as at least one addi-
tional almost blank subframe as long as the block error
rate of transmissions from the pico base station (Pl) is

below a predefined threshold.

6. A method according to claim 1, wherein

® said first base station is a pico base station (P1)
that listens for downlink traffic of said at least one

further base station, which is a macro base station (M1),

® the pico base station (P1l) starts using non almost

blank subframes as additional almost blank subframes if
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the macro base station (M1) does not send any data during

a predefined period of time,

® and the pico base station (Pl) stops using non almost
blank subframes as additional almost blank subframes for
at least one user terminal (UEl, UE2) if the macro base

station (M1l) starts sending data.

7. A method according to claim 2, wherein

® said first base station is a pico base station (P1)
that configures at least one user terminal (UE1l, UE2) to
perform channel quality measurements and to report said

channel quality of non almost blank subframes,

® the pico base station (Pl) starts using non almost
blank subframes as additional almost blank subframes if

said channel quality has at least a predefined value,

® and the pico base station (Pl) stops using non almost
blank subframes as additional almost blank subframes for
at least one user terminal (UEl, UE2) on said subframes
if the channel quality is below said predefined value, or
if the block error rate of transmissions from the pico

base station (Pl) exceeds a further predefined value.

8. A method according to claim 2, wherein

® said first base station is a macro base station (M1)
that configures at least one user terminal (UE3, UE4) to
perform channel quality measurements and to report said
channel quality of almost blank subframes, which are pre-
defined for usage by said at least one further base sta-

tion, which is a pico base station (P1),
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® the macro base station (M1l) starts transmitting on al-
most blank subframes which are predefined for usage by
said pico base station (Pl) if said channel gquality has

at least a predefined wvalue,

® aond the macro base station (M1) stops transmitting on
said almost blank subframes if the channel quality is be-
low said predefined wvalue, or if the block error rate of
transmissions from the macro base station (M1l) exceeds a

further predefined value.

A method according to any of the preceding claims, where-
in in at least one of said first and at least one further
base station (M1, Pl), periodic traffic is aggregated to a

minimum possible number of subframes.

A base station (M1, Pl) for coordination of transmission
from said base station and at least on further base sta-
tion (M1, Pl), wherein the base station (M1, Pl) comprises

at least one processing means which is adapted to

® cvaluate the usage by said at least one further base

station (M1, P1l) of at least one subframe,

® ond use said at least one subframe for transmission de-
pendent on the evaluated usage by said at least one fur-

ther base station (M1, Pl) of said at least one subframe.

A communication network for mobile communication com-
prising at least one base station (M1, Pl) according to

claim 10.
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