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Figure 3
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METHOD, APPARATUS AND COMPUTER
PROGRAM FOR PROVIDING SOUNDING
REFERENCE SIGNALS FOR COORDINATED
MULTIPOINT TRANSMISSIONS

TECHNICAL FIELD

[0001] The exemplary and non-limiting embodiments of
this invention relate generally to wireless communication
systems, methods, devices and computer programs and, more
specifically, relate to providing sounding reference signals for
coordinated multipoint transmissions.

BACKGROUND

[0002] This section is intended to provide a background or
context to the invention that is recited in the claims. The
description herein may include concepts that could be pur-
sued, but are not necessarily ones that have been previously
conceived or pursued. Therefore, unless otherwise indicated
herein, what is described in this section is not prior art to the
description and claims in this application and is not admitted
to be prior art by inclusion in this section.

[0003] The following abbreviations that may be found in
the specification and/or the drawing figures are defined as
follows:

[0004] 3GPP third generation partnership project

[0005] BW bandwidth

[0006] CB coordinated beamforming

[0007] CC component carrier

[0008] CDM code division multiplexing

[0009] CoMP coordinated multipoint

[0010] CQI channel quality indication

[0011] CSI channel state information

[0012] DL downlink (eNB towards UE)

[0013] DM RS demodulation reference signal

[0014] eNB E-UTRAN Node B (evolved Node B)

[0015] EPC evolved packet core

[0016] ePDCCH enhanced physical downlink control
channel

[0017] E-UTRAN evolved UTRAN (LTE)

[0018] HARQ hybrid automatic repeat request

[0019] IMT-A international mobile telephony-advanced

[0020] ICIC inter-cell interference coordination

[0021] ITU international telecommunication union

[0022] ITU-R ITU radiocommunication sector

[0023] LTE longterm evolution of UTRAN (E-UTRAN)

[0024] MAC medium access control (layer 2, [.2)

[0025] MCS Modulation and Coding Scheme

[0026] MM/MME mobility management/mobility man-

agement entity

[0027] Node B base station

[0028] OAM operations and maintenance

[0029] OFDMA orthogonal frequency division multiple
access

[0030] PDCCH physical downlink control channel

[0031] PDCP packet data convergence protocol

[0032] PHY physical (layer 1, [.1)

[0033] PMI precoding matrix indicator

[0034] RB resource block

[0035] RLC radio link control

[0036] RRC radio resource control

[0037] RRM radio resource management

[0038] SC-FDMA single carrier, frequency division

multiple access
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[0039] S-GW serving gateway

[0040] SRS sounding reference signal

[0041] TDD time domain duplex

[0042] UE user equipment, such as a mobile station or

mobile terminal

[0043] UL uplink (UE towards eNB)

[0044] UTRAN universal terrestrial radio access net-
work

[0045] One specification of interest is 3GPP TS 36.300,
V8.12.0 (2010-04), “3rd Generation Partnership Project;
Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E UTRA) and
Evolved Universal Terrestrial Access Network (E UTRAN);
Overall description; Stage 2 (Release 8),” incorporated by
reference herein in its entirety. This system may be referred to
for convenience as LTE Rel-8 (which also contains 3G HSPA
and its improvements). In general, the set of specifications
given generally as 3GPP TS 36.xyz (e.g., 36.211, 36.311,
36.312, etc.) may be seen as describing the Release 8 (Rel-8)
LTE system. More recently, Release 9 (Rel-9) versions of at
least some of these specifications have been published includ-
ing 3GPP TS 36.300, V9.8.0 (2011-10), incorporated by ref-
erence herein in its entirety. Even more recently, Release 10
(Rel-10) versions of at least some of these specifications have
been published including 3GPP TS 36.300, V10.5.0 (2011-
10), incorporated by reference herein in its entirety.

[0046] FIG. 1 shows the overall architecture of the E-UT-
RAN system. The E-UTRAN system includes eNBs 2, 3 and
4, providing the E-UTRA user plane (PDCP/RLC/MAC/
PHY) and control plane (RRC) protocol terminations towards
the UE (not shown). The eNBs 2, 3 and 4 are interconnected
with each other by means of an X2 interface. The eNBs 2, 3
and 4 are also connected by means of an S1 interface to an
EPC, more specifically to a MME (Mobility Management
Entity) by means of a S1 MME interface and to a Serving
Gateway (SGW) by means of a S1 interface. FIG. 1 shows a
first MME/S-GW 5 and a second MME-S-GW 6. It should be
appreciated that the MME may be a separate entity from the
S-GW. The S1 interface supports a many-to-many relation-
ship between MMEs/S-GW and eNBs.

[0047] The eNB hosts the following functions:

[0048] functions for RRM: Radio Bearer Control, Radio
Admission Control, Connection Mobility Control,
Dynamic allocation of resources to UEs in both UL and
DL (scheduling);

[0049] IP header compression and encryption of the user
data stream;

[0050] selection of a MME at UE attachment;

[0051] routing of User Plane data towards the Serving
Gateway;

[0052] scheduling and transmission of paging messages

(originated from the MME);
[0053] scheduling and transmission of broadcast infor-
mation (originated from the MME or OandM); and
[0054] a measurement and measurement reporting con-
figuration for mobility and scheduling.
[0055] Of particular interest herein are the further releases
of 3GPP LTE (e.g., LTE Rel-10) targeted towards future
IMT-A systems, referred to herein for convenience simply as
LTE-Advanced (LTE-A). Reference in this regard may be
made to 3GPP TR 36.913,V8.0.1 (2009-03), 3rd Generation
Partnership Project; Technical Specification Group Radio
Access Network; Requirements for Further Advancements
for E UTRA (LTE-Advanced) (Release 8), incorporated by
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reference herein in its entirety. A goal of LTE-A is to provide
significantly enhanced services by means of higher data rates
and lower latency with reduced cost. Reference is further
made to a Release 9 version of 3GPP TR 36.913, V9.0.0
(2009-12), incorporated by reference herein in its entirety.
Reference is also made to a Release 10 version of 3GPP TR
36.913,V10.0.0 (2011-06), incorporated by reference herein
in its entirety.

[0056] In downlink (DL) coordinated multi-point (CoMP)
design, the achieved gain is typically associated with a high
requirement on feedback from a UE (e.g., channel state infor-
mation (CSI), channel quality indication (CQI), etc.). One
option is to provide subband precoding matrix indicator and
CQI with a high feedback rate; however, this uses a large
uplink (UL) overhead.

[0057] The achieved gain may also be associated with fre-
quency/time synchronization among multiple transmission
points. One approach to improve gain is to require high fre-
quency/time synchronization requirements. Few existing sys-
tems may be able to accommodate these demands. Addition-
ally, systems that can meet the high frequency/time
synchronization requirements may be very expensive.
Another approach is to limit downlink (DL) CoMP to sce-
narios where highly accurate frequency/time synchronization
can be achieved; however, this severely limits number of
cases where DL CoMP can be used.

[0058] For CoMP operations, typically tight coupling
between eNBs is assumed. For example, baseband pooling
and fast broadband fiber connections may exist among mul-
tiple eNBs. Also, the cells joined in CoMP transmission may
either share the same time/frequency reference bases through
a shared local oscillator (as in the case of intra-site CoMP), or
highly accurate time/frequency reference bases are made
available to the involved cells (as in the case of inter-site
CoMP). In addition, for inter-site CoMP, calibration is also
assumed for the involved cells. The typical network architec-
ture for CoMP also implies that CoMP is normally enabled on
equipments from a single vendor in the deployed network as
the required tight coupling is rather difficult to achieve in a
multi-vendor deployment environment. It also implies sub-
stantial modification to the network connections and network
nodes (eNB) transitioning from single-cell operation to
CoMP operation. With all the above listed constraints, the
applicable scenarios for CoMP operations is severely limited
by implementation cost, implied network architecture, ven-
dor-sourcing restriction, network upgrade complications and
deployment scenarios.

[0059] In CoMP operations, not only the channel informa-
tion from a UE’s home cell, but also that from other cells are
needed to make decision on the transmission to one or more
UEs. Downlink CQI/CSI feedback and uplink sounding can
be used to acquire the needed channel information. As men-
tioned above, in a network with tightly coupled eNBs, the
channel state information can be shared among all eNBs.
Thus, scheduling decisions, transmit weight design, power
allocation, MCS selection, etc. can be determined jointly orin
a coordinated way among the eNBs. Given the substantial
CoMP gain available and the associated implementation con-
straints, it is beneficial to exploit the possibilities with CoMP
operations without the associated implementation con-
straints. If CoMP operations are enabled for eNBs that are
loosely coupled, then the applicable scenarios for CoMP
operations can be greatly enlarged and many thorny imple-
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mentation issues can be avoided. Additionally, it will be
easier to deploy with equipments from multiple vendors.
[0060] The status of using SRS to obtain channel informa-
tion is reviewed below.

[0061] Periodic sounding reference signals (SRS) have
been specified in Rel-8/9. UE transmission of SRS can
take place at a configured periodicity over configured
sub-bands. The SRS transmission can be sub-band or
wideband and be with or without hopping. However, this
use is intended for a UE’s home or serving cell inuplink
frequency selective scheduling, downlink frequency
scheduling, PMI selection and/or beamforming weight
design in a TDD system.

[0062] In Rel 10, aperiodic SRS is introduced to solve
the multiplexing capability issue and providing more
timely channel state information (CSI). In this case, the
UE is requested to send the SRS only at the command of
the eNB instead of at periodic intervals. This reduces
SRS overhead and allows more UEs to share the same
SRS resource. In addition, the eNB can request SRS
transmission just prior to scheduling the UE for data
transmission, thus acquiring more accurate channel state
information. This aperiodic SRS can be triggered by an
uplink grant or downlink assignment in TDD. However
the SRS transmission is still intended for use only in the
home cell.

[0063] It may be possible that SRS transmissions from a
given access point can be detected through a SRS corr-
elator in other access points. This can provide valuable
channel state information of a particular UE to the other
access points for the purpose of interference avoidance
or nulling. However, except in rare cases with extreme
UE distribution/traffic type, the downlink transmission
ina LTE access point does not persistently go to one UE.
Thus, the spatial information captured in other access
points cannot be blindly applied for downlink transmis-
sion weight design in each of those access points. This is
because the eNB cannot assume that the UE whose SRS
transmission was detected will indeed be the same UE
being scheduled in the downlink.

[0064] Ifa centralized scheduler or channel state informa-
tion (CSI) concentrator/distributor exists in the network, the
CSI information captured in each access point may be given
labels for those access points and their timing. A super-eNB
may have a physical limit that put constraints on the network
architecture. Consequently, Rel-8/9/10 SRS does not provide
a satisfactory solution to Rel-11 CoMP design.

[0065] Additional techniques used to attempt to improve
CoMP design include increasing SRS capacity and providing
SRS for each transmission antenna. Another technique is to
use an uplink grant or a downlink assignment to trigger SRS
transmissions. However, there remains a need to improve
SRS configuration and control design and to provide fresh
channel information to multiple access points.

[0066] It should be understood in the LTE specifications,
SRS and physical random access channel (PRACH) signals
share some similarities between them: they are both gener-
ated from Zadoft-Chu sequences, and also multiplexing
through cyclic shifts and different root sequences are pos-
sible. From this, it should be understood that the PRACH
signal can also be used as a sounding signal. The description
below equally applies to PRACH.

[0067] Inafirst aspect there is provided a method compris-
ing: sending, from a first access point, a scheduling assign-
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ment to a first user equipment at a first time; receiving, at the
first access point, a reference signal transmission from the
first user equipment at a second time; and sending, from the
first access point, a downlink data packet transmission to the
first user equipment at a third time.

[0068] Preferably the method further comprises: estimat-
ing, at a second access point at the second time, reference
signal resources, over which the reference signal transmis-
sion from the first user equipment in the first access point is
transmitted, where the reference signal transmission is asso-
ciated with the downlink data packet transmission from the
first access point at the third time; and

choosing a transmission strategy for use at the third time
based at least in part on the estimated reference signal
resources.

[0069] Preferably the downlink data packet transmission at
the third time is a coordinated multipoint transmission.
[0070] Preferably, where, in coordinated beamforming
coordinated multipoint transmission, the received reference
signal transmission is used to one of:

design a downlink transmit weight and choose a precoder
from a codebook.

[0071] Preferably, where, in dynamic access point selection
coordinated multipoint transmission, the reference signal
transmission is used in coordination with reference signal
reception at other access points in a coordinated multipoint
transmission set to choose a transmission access point to
serve at least one other user equipment at the third time.
[0072] Preferably, where, in dynamic blanking coordinated
multipoint transmission, the reference signal transmission is
used in coordination with reference signal reception at other
access points in a coordinated multipoint transmission set to
determine whether the second access point should transmit to
at least one other user equipment at the third time, where the
coordinated multipoint transmission set comprises the sec-
ond access point.

[0073] Preferably the second reference signal transmission
is used to design beamforming weights.

[0074] Preferably the beamforming weights generate spa-
tial nulling in a direction towards the first user equipment.
[0075] Preferably abandwidth ofthe reference signal trans-
mission is equal to a bandwidth of a downlink radio barrier.
[0076] Preferably the receiving comprises separating the
reference signal transmission using a transmission comb.
[0077] Preferably reference signal transmissions from user
equipment associated with the first access point use a first
finger in the transmission comb and reference signal trans-
missions from user equipment not associated with the first
access point use a second finger in the transmission comb.
[0078] Preferably reference signal transmissions from user
equipment associated with the first access point use a first
time and/or frequency region and reference signal transmis-
sions from user equipment not associated with the first access
point use a second time and/or frequency region.

[0079] Preferably the method further comprises sending,
from the first access point to a second access point, reference
signal power information and a cyclic shift for the reference
signal.

[0080] Preferably the method further comprises: determin-
ing whether to cancel the scheduling assignment; and in
response to determining to cancel the scheduling assignment,
informing the first user equipment that the scheduling assign-
ment has been canceled.
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[0081] Preferably the reference signal comprises a sound-
ing reference signal.

[0082] Alternatively the reference signal comprises a
physical random access channel signal.

[0083] In a second aspect there is provided a computer
program product comprising computer executable instruc-
tions which when run on one or more processors perform:
sending a scheduling assignment to a first user equipment at
afirsttime; receiving areference signal transmission from the
first user equipment at a second time; and sending a downlink
data packet transmission to the first user equipment at a third
time.

[0084] Preferably the reference signal transmission from
the first user equipment is a first reference signal transmis-
sion, and the actions further comprise: estimating, at the
second time, reference signal resources, over which a second
reference signal transmission from a second user equipment
associated with a second access point is received, where the
second reference signal transmission is associated with a
second downlink data packet transmission from a second
access point at the third time; and choosing a transmission
strategy for use at the third time based at least in part on the
estimated reference signal resources.

[0085] Preferably the downlink data packet transmission at
the third time is a coordinated multipoint transmission.
[0086] Preferably, where, in coordinated beamforming
coordinated multipoint transmission, the received reference
signal transmission is used to one of:

design a downlink transmit weight and choose a precoder
from a codebook.

[0087] Preferably, where, in dynamic access point selection
coordinated multipoint transmission, the reference signal
transmission is used in coordination with reference signal
reception at other access points in a coordinated multipoint
transmission set to choose a transmission access point to
serve at least one other user equipment at the third time.
[0088] Preferably, where, in dynamic blanking coordinated
multipoint transmission, the reference signal transmission is
used in coordination with reference signal reception at other
access points in a coordinated multipoint transmission set to
determine whether the second access point should transmit to
at least one other user equipment at the third time, where the
coordinated multipoint transmission set comprises the sec-
ond access point.

[0089] Preferably the actions further comprise designing
beamforming weights based on the second reference signal
transmission.

[0090] Preferably the beamforming weights generate spa-
tial nulling in a direction towards the first user equipment.
[0091] Preferably abandwidth of the reference signal trans-
mission is equal to a bandwidth of a downlink radio barrier.
[0092] Preferably the receiving comprises separating the
reference signal transmission using a transmission comb.
[0093] Preferably reference signal transmissions from user
equipment associated with the first access point use a first
finger in the transmission comb and reference signal trans-
missions from user equipment not associated with the first
access point use a second finger in the transmission comb.
[0094] Preferably reference signal transmissions from user
equipment associated with the first access point use a first
time and/or frequency region and reference signal transmis-
sions from user equipment not associated with the first access
point use a second time and/or frequency region.
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[0095] Preferably the actions further comprise sending, to a
second access point, reference signal power information and
a cyclic shift for the reference signal.

[0096] Preferably the actions further comprise: determin-
ing whether to cancel the scheduling assignment; and in
response to determining to cancel the scheduling assignment,
informing the first user equipment that the scheduling assign-
ment has been canceled.

[0097] Preferably the computer program product is embod-
ied on a computer readable medium.

[0098] Preferably the reference signal comprises a sound-
ing reference signal.

[0099] Alternatively the reference signal comprises a
physical random access channel signal.

[0100] Inathird aspectthere is provided an apparatus com-
prising at least one processor; and at least one memory includ-
ing computer program code, the at least one memory and the
computer program code configured to, with the at least one
processor, cause the apparatus to perform at least the follow-
ing: to send a scheduling assignment to a first user equipment
at a first time; to receive a first reference signal transmission
from the first user equipment at a second time; and to send a
first downlink data packet transmission to the first user equip-
ment at a third time.

[0101] Preferably the at least one memory and the com-
puter program code are further configured to cause the appa-
ratus:

to estimate, at the second time, reference signal resources,
over which a second reference signal transmission from a
second user equipment associated with a second access point
is received, where the second reference signal transmission is
associated with a second downlink data packet transmission
from a second apparatus at the third time; and to choose a
transmission strategy for use at the third time based at least in
part on the estimated reference signal resources.

[0102] Preferably the second downlink data packet trans-
mission at the third time is a coordinated multipoint transmis-
sion.

[0103] Preferably in coordinated beamforming coordi-
nated multipoint transmission, the second reference signal
transmission is used to one of: design a downlink transmit
weight and choose a precoder from a codebook.

[0104] Preferably the at least one memory and the com-
puter program code are further configured to cause the appa-
ratus to design beamforming weights based on the second
reference signal transmission.

[0105] Preferably the beamforming weights generate spa-
tial nulling in a direction towards the second user equipment.
[0106] Preferably a bandwidth of the first reference signal
transmission is equal to a bandwidth of a downlink radio
barrier.

[0107] Preferably, when receiving the reference signal
transmission, the at least one memory and the computer pro-
gram code are further configured to cause the apparatus to
separate the first reference signal transmission using a trans-
mission comb.

[0108] Preferably reference signal transmissions from user
equipment associated with the first access point use a first
finger in the transmission comb and reference signal trans-
missions from user equipment not associated with the first
access point use a second finger in the transmission comb.
[0109] Preferably reference signal transmissions from user
equipment associated with the first access point use a first
time and/or frequency region and reference signal transmis-
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sions from user equipment not associated with the first access
point use a second time and/or frequency region.

[0110] Preferably the at least one memory and the com-
puter program code are further configured to cause the appa-
ratus to send, to a second access point, reference signal power
information and a cyclic shift for the first reference signal.
[0111] Preferably the at least one memory and the com-
puter program code are further configured to cause the appa-
ratus: to determine whether to cancel the scheduling assign-
ment; and in response to determining to cancel the scheduling
assignment, to inform the first user equipment that the sched-
uling assignment has been canceled.

[0112] Preferably the apparatus comprises an access point.
[0113] Alternatively the apparatus comprises a base sta-
tion.

[0114] Preferably the reference signal comprises a sound-

ing reference signal.

[0115] Alternatively the reference signal comprises a
physical random access channel signal.

[0116] In a fourth aspect there is provided an apparatus
comprising: means for sending a scheduling assignment to a
first user equipment at a first time; means for receiving a
reference signal transmission from the first user equipment at
a second time; and means for sending a downlink data packet
transmission to the first user equipment at a third time.
[0117] Preferably the reference signal transmission from
the first user equipment is a first reference signal transmis-
sion, and the apparatus further comprises:

means for estimating, at the second time, reference signal
resources, over which a second reference signal transmission
from a second user equipment associated with a second
access point is received, where the second reference signal
transmission is associated with a second downlink data
packet transmission from a second access point at the third
time; and means for choosing a transmission strategy for use
at the third time based at least in part on the estimated refer-
ence signal resources.

[0118] Preferably the downlink data packet transmission at
the third time is a coordinated multipoint transmission.
[0119] Preferably, where, in coordinated beamforming
coordinated multipoint transmission, the received reference
signal transmission is used to one of: design a downlink
transmit weight and choose a precoder from a codebook.
[0120] Preferably, where, in dynamic access point selection
coordinated multipoint transmission, the reference signal
transmission is used in coordination with reference signal
reception at other access points in a coordinated multipoint
transmission set to choose a transmission access point to
serve at least one other user equipment at the third time.
[0121] Preferably, where, in dynamic blanking coordinated
multipoint transmission, the reference signal transmission is
used in coordination with reference signal reception at other
access points in a coordinated multipoint transmission set to
determine whether the second access point should transmit to
at least one other user equipment at the third time, where the
coordinated multipoint transmission set comprises the sec-
ond access point.

[0122] Preferably the apparatus further comprises means
for designing beamforming weights based on the second ref-
erence signal transmission.

[0123] Preferably the beamforming weights generate spa-
tial nulling in a direction towards the first user equipment.
[0124] Preferably abandwidth of the reference signal trans-
mission is equal to a bandwidth of a downlink radio barrier.
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[0125] Preferably the receiving means comprise means for
separating the reference signal transmission using a transmis-
sion comb.

[0126] Preferably reference signal transmissions from user
equipment associated with the first access point use a first
finger in the transmission comb and reference signal trans-
missions from user equipment not associated with the first
access point use a second finger in the transmission comb.
[0127] Preferably reference signal transmissions from user
equipment associated with the first access point use a first
time and/or frequency region and reference signal transmis-
sions from user equipment not associated with the first access
point use a second time and/or frequency region.

[0128] Preferably the apparatus further comprises means
for sending, to a second access point, reference signal power
information and a cyclic shift for the reference signal.
[0129] Preferably the apparatus further comprises: means
for determining whether to cancel the scheduling assignment;
and means for informing the first user equipment that the
scheduling assignment has been canceled in response to
determining to cancel the scheduling assignment.

[0130] Preferably the reference signal comprises a sound-
ing reference signal.

[0131] Alternatively the reference signal comprises a
physical random access channel signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0132] FIG. 1 shows the overall architecture of the E
UTRAN system.

[0133] FIG. 2 shows a simplified block diagram of exem-
plary electronic devices that are suitable for use in practicing
various exemplary embodiments of this invention.

[0134] FIG. 3 illustrates a simplified diagram of CoMP
transmissions.
[0135] FIG. 4 shows an exemplary method for providing

SRS in accordance with this invention.

[0136] FIG. 5 shows exemplary SRS transmissions using
quantized power levels in accordance with this invention
[0137] FIG. 6 demonstrates the results of simulations using
an exemplary method for providing SRS in accordance with
this invention.

[0138] FIG. 7 shows a transmission diagram of an exem-
plary exchange in accordance with various exemplary
embodiments of this invention.

[0139] FIG. 8 is a logic flow diagram that illustrates the
operation of an exemplary method, and a result of execution
of computer program instructions embodied on a computer
readable memory, in accordance with various exemplary
embodiments of this invention.

[0140] FIG. 9 shows an exemplary apparatus comprising
means suitable for use in practicing various exemplary
embodiments of this invention.

DETAILED DESCRIPTION

[0141] Various exemplary embodiments in accordance
with this invention provide a SRS correlator for multiple SRS
sequences. The SRS sequences may be built at each access
point. For example, when the SRS transmission is over one
OFDMA symbol, the correlation may be performed after FFT
processing. By providing deterministic timing relationship
between channel sounding and downlink transmission, each
access point can independently perform nulling (without
using low latency coordination with other access points). The
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coordination of SRS resources can be done at a slow rate and
that liberates the CoMP network from rigid architecture
requirements.

[0142] Before describing in further detail various exem-
plary embodiments of this invention, reference is made to
FIG. 2 for illustrating a simplified block diagram of various
electronic devices and apparatus that are suitable for use in
practicing exemplary embodiments of this invention.

[0143] In the wireless system 330 of FIG. 2, a wireless
network 335 is adapted for communication over a wireless
link 332 with an apparatus, such as a mobile communication
device which may be referred to as a UE 310, via a network
access point, such as a Node B (base station), and more
specifically an eNB 320. The network 335 may include a
network control element (NCE) 340 that may include the
MME/SGW functionality shown in FIG. 1, and which pro-
vides connectivity with a network, such as a telephone net-
work and/or a data communications network (e.g., the inter-
net 338).

[0144] The UE 310 includes a controller, such as a com-
puter or a data processor (DP) 314, a computer-readable
memory medium embodied as a memory (MEM) 316 that
stores a program of computer instructions (PROG) 318, and a
suitable wireless interface, such as radio frequency (RF)
transceiver 312, for bidirectional wireless communications
with the eNB 320 via one or more antennas.

[0145] The eNB 320 also includes a controller, such as a
computer or a data processor (DP) 324, a computer-readable
memory medium embodied as a memory (MEM) 326 that
stores a program of computer instructions (PROG) 328, and a
suitable wireless interface, such as RF transceiver 322, for
communication with the UE 310 via one or more antennas.
The eNB 320 is coupled via a data/control path 334 to the
NCE 340. The path 334 may be implemented as the S1
interface shown in FIG. 1. The eNB 320 may also be coupled
to another eNB via data/control path 336, which may be
implemented as the X2 interface shown in FIG. 1.

[0146] The NCE 340 includes a controller, such as a com-
puter or a data processor (DP) 344, a computer-readable
memory medium embodied as a memory (MEM) 346 that
stores a program of computer instructions (PROG) 348.
[0147] At least one of the PROGs 318, 328 and 348 is
assumed to include program instructions that, when executed
by the associated DP, enable the device to operate in accor-
dance with exemplary embodiments of this invention, as will
be discussed below in greater detail.

[0148] That is, various exemplary embodiments of this
invention may be implemented at least in part by computer
software executable by the DP 314 of the UE 310; by the DP
324 of'the eNB 320; and/or by the DP 344 of the NCE 340, or
by hardware, or by a combination of software and hardware
(and firmware).

[0149] The UE 310 and the eNB 320 may also include
dedicated processors, for example SRS scheduler 315 and
SRS scheduler 325.

[0150] In general, the various embodiments of the UE 310
can include, but are not limited to, cellular telephones, tablets
having wireless communication capabilities, personal digital
assistants (PDAs) having wireless communication capabili-
ties, portable computers having wireless communication
capabilities, image capture devices such as digital cameras
having wireless communication capabilities, gaming devices
having wireless communication capabilities, music storage
and playback appliances having wireless communication
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capabilities, Internet appliances permitting wireless Internet
access and browsing, as well as portable units or terminals
that incorporate combinations of such functions.

[0151] The computer readable MEMs 316, 326 and 346
may be of any type suitable to the local technical environment
and may be implemented using any suitable data storage
technology, such as semiconductor based memory devices,
flash memory, magnetic memory devices and systems, opti-
cal memory devices and systems, fixed memory and remov-
able memory. The DPs 314, 324 and 344 may be of any type
suitable to the local technical environment, and may include
one or more of general purpose computers, special purpose
computers, microprocessors, digital signal processors
(DSPs) and processors based on a multicore processor archi-
tecture, as non-limiting examples. The wireless interfaces
(e.g., RF transceivers 312 and 322) may be of any type suit-
able to the local technical environment and may be imple-
mented using any suitable communication technology such
as individual transmitters, receivers, transceivers or a combi-
nation of such components.

[0152] Coordinated multi-point (CoMP) is a scheme to
improve cell performance (e.g., in cell edge situations). FIG.
3 illustrates a simplified diagram of CoMP transmissions.
[0153] As shown, UE 401 is served by a first set of access
points (e.g., RRH 406, RRH 408 and RRH 410). Likewise,
UE 402 is served by a second set of access points (e.g., RRH
412, RRH 414 and RRH 416). UE 403 and UE 404 are served
by access points from both sets (e.g., RRH 410 from the first
set and RRH 412 from the second set). Each access point may
be configured to receive SRS transmission on SRS resources.
For example, transmission from UE 403 can be received by
RRH 410 and RRH 412.

[0154] Invarious CoMP schemes, there is a need to balance
the achieved gain and required CSI/CQI feedback. Timely
and coordinated SRS transmission and reception may be used
to obtain channel state information at cells to achieved aver-
age and cell edge throughput. Signaling may be used to
enable a UE to probe the wireless channels of interfering cells
(e.g., in a TDD system). The interfering cells take into
account captured spatial information from coordinated SRS
for downlink nulling weight design. In coordinated beam-
forming, spatial nulling may be created in the directions of the
out of cell UEs transmitting SRS.

[0155] The term “cell” may also be used to describe a
“cell/transmission point/access point”, it should be under-
stood that the disclosed approach can also be applied to vari-
ous networks. Further, the SRS resources considered below
can be provided on Rel-8/9/10 SRS resources, or through a
DM RS.

[0156] To achieve spectral efficiency gain via CoMP, it is
important for the eNBs to have timely and accurate channel
state information from UEs. This can be achieved by requir-
ing the UE to transmit SRS periodically. However, periodic
SRS transmission by the UE has high overhead. To keep the
overhead to an acceptable level, the UE may be required to
transmit SRS less frequently. This reduces the usefulness of
the CSI as the information may be outdated by the time of its
application. To overcome these limitations, the UE can be
implicitly asked to transmit SRS every time it receives a
scheduling assignment. For instance, when a UE receives a
downlink scheduling assignment in subframe n, it will expect
a data transmission in subframe n+k. Prior to that data trans-
mission, it will transmit an SRS in subframe n+k-d. This
reduces SRS overhead while still providing timely and accu-
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rate CSI. This SRS transmission will be received by multiple
eNBs, both within and outside of the CoMP set. These eNBs
can then use the CSI to formulate an appropriate coordination
strategy for the UE. For instance, eNBs within the CoMP set
can use the CSI to perform coordinated beamforming to the
UE. In addition, eNBs outside of the CoMP set can perform
interference avoidance or nulling to minimize to the impact to
this UE.

[0157] Theuse of predefined SRS transmission timing also
reduces the coordination effort among eNBs. It is not neces-
sary for the eNBs to be informed ahead of time of upcoming
data transmissions to the UE. Instead, each eNB can monitor
the SRS channel for UE transmission. When a SRS transmis-
sion is detected in subframe n+k-d, it may be tied to a data
transmission in subframe n+k. This allows the eNB to modify
its data transmissions in subframe n+k automatically. Thus,
the required coordination among eNBs is minimized with the
proposed scheme and the frequent information exchange
among eNBs typical in conventional CoMP schemes can be
avoided.

[0158] In each cell, SRS resources may be configured to
receive SRS transmissions from UEs from other cells. A
common SRS resource, in time and frequency, in a CoMP
transmission set may be configured to facilitate the reception
of in-cell and out-of-cell SRS transmissions. The SRS
resources can be configured through X2/0OAM. A CoMP
transmission set may consist of various cells (e.g., cells A, B,
C and D).

[0159] As shown in FIG. 4, in a first subframe 501 (sub-
framen), the eNB A (of cell A) may inform a UE (e.g., UE A1)
that the UE is to receive an assignment in a future subframe
503 (e.g., subframe n+k, where k is greater than 0) through a
control channel (for example, it can be through a DCI trans-
mitted on PDCCH or ePDCCH 505 which is the new down-
link control channel to be standardized in LTE release-11
and/or later releases, etc.). The downlink control channel
transmission from the eNB A may indicate SRS instructions
implicitly. Alternatively, both SRS instructions and downlink
assignments may be included in the downlink control chan-
nel. No matter whether the associated SRS transmission with
the downlink assignment in the future (in subframe n+k) is
indicated implicitly or explicitly, a deterministic timing rela-
tionship between uplink SRS transmission 507 and downlink
PDSCH transmission 509 is assumed and established. In the
downlink control channel, the MCS level of the PDSCH 509
may be determined with the most recent channel state infor-
mation including those for the desired signal and interference.
To account for the uncertainty in channel state or interference
in subframe n+k, the downlink MCS can be chosen with a
‘fudge factor’ based on a success rate of past assignments.
[0160] The UE Al may then transmit a SRS in a subframe
502 (e.g., subframe n+k—d where d is less than k) prior to the
indicated subframe for PDSCH transmission (e.g., subframe
n+k) on a SRS resource configured for other cell observation.
As the SRS transmission from UE Al targets other cells so
they can acquire the spatial information of UE A1 with little
coordination with the home cell of UE A1, the sounding from
UE Al may be conducted on sub-bands for the scheduled
PDSCH transmission which will take place in subframe n+k.
Both neighboring cells (e.g., eNB B, eNB C and eNB D) and
the serving cell (e.g., eNB A) may receive the SRS transmis-
sion from the UE A1 Separate or common SRS regions may
be used for SRS from a serving cell and other cells. The eNBs
may, at each cell (e.g., at subframes n+k-d) conduct SRS
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reception on the in-cell resources and out-of-cell resources.
The access points may then use this SRS reception for inter-
ference estimation at a later subframe, for example, a sub-
frame with a deterministic time lag, such as d (e.g., on sub-
frame n+k—-d+d, or subframe n+k).

[0161] The neighboring cells may then design downlink
weight based on a captured spatial signature for the SRS
transmission by UE A1. The neighbor cells may also consider
other UEs in the CoMP transmission set. The designed down-
link weight is configured so that the interference to known
UEs is minimized in relevant subframes (e.g., UE Al in
subframe n+k). A desired channel response at the home cell
511 may also be captured and used.

[0162] To trade off between processing latency budget,
configuration flexibility and impact to implementation such
as RF chain switching time, the deterministic timing relation-
ship among downlink control channel (PDCCH or ePDCCH)
transmission, UE SRS transmission, and downlink data (PD-
SCH) transmission can be conditional on the TDD downlink-
uplink configuration, TDD special subframe configuration
and the subframe index of the downlink control transmission.
For example, for TDD downlink-uplink configuration 1, one
set of {d.k} can be used when the downlink control is trans-
mitted on subframe O (or 5), and another set of {d k} is used
when the downlink control is transmitted on subframe 1 (or
6), yet another can be used when the downlink control is
transmitted on subframe 4 (9). Even on the same downlink-
uplink configuration/special subframe configuration/down-
link control subframe index, different sets of {dk} are
allowed for full flexibility in configuration.

[0163] The SRS bandwidth (BW) may be the same as the
assigned downlink (DL) resource bearers (RBs). This saves
on the SRS instruction and allow the other eNBs to perform
better intercell interference coordination (ICIC). For
example, coordinated beamforming (CB) or muting may be
performed for only the assigned RBs and no coordination is
needed for RBs not used. Additionally, an eNB can also
coordinate with multiple cells.

[0164] Separate SRS regions may be used for SRS from a
home cell and desired cells. Alternately, transmission combs
can be used to separate desired and interfering signals at an
eNB. Different cyclic shifts in SRS can be also used to set up
resources for in-cell SRS transmission and out-of-cell SRS
transmission.

[0165] The SRS transmission power ata UE may be used at
cells to weight the spatial channel information properly.
When coordination is possible among different cells, the
eNBs may exchange information on SRS transmission power,
transmission comb and cyclic shift of SRS transmissions
from those UEs. This puts a burden to the network to establish
a low latency link between eNBs, which has both implemen-
tation and standard implications. First the link should be low
latency to provide value to the whole scheme. Second, except
in a priopetary implementation, the SRS transmission power
of UEs is not shared among eNBs. To enable that, and espe-
cially for a multi-vendor network, the X2 link between eNBs
may be used to distribute the needed information, which
involves standard modification.

[0166] In contrast to the drawbacks inherent to a tightly
coupled network, a loosely coupled network may have no
need for a low-latency broadband connection between eNBs.
With a loosely coupled network, the eNBs may not need to
exchange information on UEs’ SRS transmission power.
Additionally, the SRS power may be indicated implicitly by a
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UE selecting the SRS transmission resource. The SRS trans-
mission power of a UE may be quantized. For example, a UE
may be assigned two or more SRS resources, where each SRS
resource is associated with a SRS transmission power.
Depending on the measured pathloss (e.g., to the home cell
and a dominant cell) a quantized transmission power may be
used by the UE on the corresponding SRS resource. Then
each cell may scale and combine the interference estimation
from different SRS resources associated with different trans-
mission power to get a summed interference estimation
depending on the CoMP scheme used in the network.
[0167] The captured energy at SRS resources at an inter-
fering cell may be contributed to by transmissions to/from
other than SRSs. In one example, it can be a PUSCH trans-
mission from UEs in other cells far away from the home cell
which are not configured for coordinated SRS transmission/
reception. The summed interference estimation can be
adjusted according to the estimated power level for non-
coordinated uplink transmissions. For example, the estima-
tion of non-coordinated uplink transmission power can be
conducted on SRS resources which are not configured for
UEs to send SRS, and the estimated interference power level
for non-coordinated uplink transmission can be subtracted
from the captured energy at each SRS resource. Adjusting for
the power due to non-coordinated transmission can ensure the
summed interference estimation is at the right interference
level seen by an eNB.

[0168] For example, a UE may be allowed to transmit at
set/quantized power levels (e.g., pl and p2 where p1 is greater
than p2). There may be two SRS resources associated with the
allowed power levels. In the CoMP transmission set, the SRS
for transmissions at a first power level (e.g., pl) uses a given
cyclic shift (e.g., a shift of 0-3) and the SRS for transmissions
atanother power level (e.g., p2) uses another cyclic shift (e.g.,
4-7). Once a covariance matrix (e.g., R1) for the first power
level region (e.g., with cyclic shift 0-3) is calculated, and a
covariance matrix (e.g., R2) for the second power level region
(e.g., with shift 4-7) is calculated, they can be scaled and
added together for a cell to design the downlink weight. This
avoids the need for exchanging transmission power informa-
tion (e.g., through X2 signaling) between eNBs.

[0169] FIG. 5 shows exemplary SRS transmissions using
quantized power level in accordance with this invention. Two
UEs (UEs 601, 602) are configured to use a first SRS resource
(SRS resource 604) with a first quantized power level. Two
other UEs (UEs 605, 606) are configured to use a second SRS
resource (SRS resource 608) with a second quantized power
level.

[0170] Signaling may also be used for to override and/or
cancel transmission (e.g., using PDCCH signaling). As
above, at the first subframe (e.g., time n) the UE is informed
of a future transmission (e.g., at subframe n+k). Then, at the
time the future transmission is to occur (e.g., subframe n+k),
the eNB may override the previous communication (e.g., to
update MCS, accommodate retransmission, etc.). Therefore,
if the UE receives another communication (e.g., a second
PDCCH communication at subframe n+k) the UE may dis-
card the previous communication (e.g., the first PDCCH com-
munication). Additionally, a “cancel” command (e.g., using a
PDCCH communication) may be used to cancel the transmis-
sion (e.g., due to higher priority traffic requiring the
resources).

[0171] FIG. 6 demonstrates the results of simulations using
an exemplary method for providing SRS in accordance with
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this invention. As shown, the signal to noise ratio (SINR) is
higher when providing a SRS prior to a transmission as com-
pared to the conventional techniques.

An exemplary embodiment in accordance with this invention
are suitable for use in various networks. For example, a het-
erogeneous network (HetNEt) where multiple types of access
points are in operation; and/or loosely coupled CoMP cells.
Accordingly, these techniques are functional in existing sys-
tems and systems undergoing gradual improvements.

The interference power at each SRS resource can be either
summed or used separately, depending on SRS reception
quality and the CoMP scheme used in the network, and
whether the cell is in a UE’s CoMP transmission set or not. A
first non-limiting example is a coordinated beamforming
CoMP scheme where, if the second cell is not in the CoMP
transmission set of the first UE, the second cell chooses a
precoder from a codebook or designs a transmit weight for its
own UEs to minimize its interference to out-of-cell UEs as
exemplified through the captured spatial information; how-
ever, if the second cell is in the CoMP transmission set of the
first UE, the second cell chooses a precoder from a codebook
or designs a transmit weight for its own UEs (including the
first UE) to minimize its interference to out-of-cell UEs
through the captured spatial information A second non-lim-
iting example is a dynamic cell selection CoMP scheme
where, the interference power captured at the SRS resources
at the second cell is used to determine whether the second cell
should be used in the transmission to the first UE. A third
non-limiting example is a dynamic blanking CoMP scheme
where, the interference power captured at SRS resources at
the second cell is used to determine whether the second cell’s
transmission should be turned off to mitigate interference to
the first UE.

[0172] FIG. 7 shows a transmission diagram of an exem-
plary exchange in accordance with various exemplary
embodiments of this invention. At a first time (t,), a first UE
(UE 701) receives downlink control information 710 from a
transmission from a first access point (eNB 703). At a second
time (t;) which comes at the second deterministic timing
offset with respect to the first time, the UE 701 transmits SRS
720 at a quantized transmission power on its corresponding
SRS resource. An uplink receiver (eNB 705) at a second cell
captures spatial information from the transmission 720' by the
UE 701. The captured spatial information is weighted accord-
ing to the quantized SRS transmission power levels and
summed. The eNB 705 chooses a transmission strategy
depending on the CoMP scheme used in the network. At a
third time (t,), the eNB 703 transmits downlink data 730 to
the UE 701. The transmission strategy from the eNB 703 to
the UE 701 may be chosen or designed similarly as done in
the second cell in order to minimize interference to out-of-
cell UEs. Likewise, the eNB 705 may transmit downlink data
735 to a UE 702 in the second cell. As part of the process
shown in FIG. 7 the eNB 705 may recognize the SRS being
transmitted by the UE 701. It may then determine that eNB
703 will schedule data to UE 701 at time t2 using a beam that
was formed based on UE 701 SRS transmission. Accordingly
attime t2 the eNB 705 may transmit to UE 702 using weights
that have been designed to minimize interference with eNB
703 data transmission to UE 701. Although not shown for the
purposes of clarity in FIG. 7, it should also be appreciated that
at time t1 the eNB 703 may capture an SRS being sent by UE
702 at time t1.
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[0173] Based on the foregoing it should be apparent that the
exemplary embodiments of this invention provide a method,
apparatus and computer program(s) to provide sounding ref-
erence signals for coordinated multipoint transmissions.
[0174] FIG. 8 is a logic flow diagram that illustrates the
operation of a method, and a result of execution of computer
program instructions, in accordance with the exemplary
embodiments of this invention. In accordance with these
exemplary embodiments a method performs, at block 810, at
a first time, a first UE reads downlink control information
from a PDCCH/e-PDCCH transmission from a first cell. The
downlink control information schedules a downlink data
transmission (PDSCH) in the future with a first deterministic
timing offset with respect to the read downlink control infor-
mation. The first UE obtains an instruction from the read
downlink control information or infers the request implicitly
from the downlink control information for uplink SRS trans-
mission in the future with a second deterministic timing offset
with respect to the read downlink control information, the
second deterministic timing offset is less than the first deter-
ministic timing offset. At block 820, at a second time which
comes at the second deterministic timing offset with respect
to the first time, the first UE transmits SRS at a quantized
transmission power to its corresponding SRS resource. At
block 830, at the second time, an uplink receiver at a second
cell captures spatial information from out-of-cell transmis-
sion on SRS resources corresponding to all quantized SRS
transmission power levels. The captured spatial information
is weighted according to the quantized SRS transmission
power levels and summed. At block 840, at a third time which
comes at the first deterministic timing offset with respect to
the first time, the second cell chooses a transmission strategy
depending on the CoMP scheme used in the network. At the
third time, the first cell transmits the downlink data to the first
UE. The transmission strategy from the first cell to the first
UE is chosen or designed similarly as on the second cell to
minimize its interference to out-of-cell UEs

[0175] The various blocks shown in FIG. 8 may be viewed
as method steps, and/or as operations that result from opera-
tion of computer program code, and/or as a plurality of
coupled logic circuit elements constructed to carry out the
associated function(s).

[0176] Theapparatus for carrying out the described method
may comprise various means, as shown schematically in FIG.
9. The apparatus is shown generally at 901. The apparatus
comprises sending means 902. The sending means may be
utilized for sending/transmitting information such as a sched-
uling assignment; downlink data packet transmissions; SRS
transmissions; SRS power information; a cyclic shift for the
SRS.

[0177] The apparatus also comprises receiving means 904.
The receiving means may be utilized for receiving SRS trans-
missions. The receiving means 904 may also comprise means
906 for separating a received SRS transmission using a trans-
mission comb.

[0178] Although sending means 902 and receiving means
904 have been shown in FIG. 9 as separate means, they may
alternatively be combined into a single means such as trans-
ceiver means.

[0179] The apparatus also comprises memory means 908
and processor means 910. Processor means 910 may com-
prise further means. These may include means for estimating
SRS resources 912; means for choosing a transmission strat-
egy 914; means for designing a downlink transmit weight
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916; means for choosing a precoder from a codebook 918;
means for designing beamforming weights 920; means for
determining whether to cancel a scheduling assignment 922;
means for informing a UE that a scheduling assignment has
been cancelled 924 (this may be in combination with sending
means 902).

[0180] In general, the various exemplary embodiments
may be implemented in hardware or special purpose circuits,
software, logic or any combination thereof. For example,
some aspects may be implemented in hardware, while other
aspects may be implemented in firmware or software which
may be executed by a controller, microprocessor or other
computing device, although the invention is not limited
thereto. While various aspects of the exemplary embodiments
of this invention may be illustrated and described as block
diagrams, flow charts, or using some other pictorial represen-
tation, it is well understood that these blocks, apparatus,
systems, techniques or methods described herein may be
implemented in, as nonlimiting examples, hardware, soft-
ware, firmware, special purpose circuits or logic, general
purpose hardware or controller or other computing devices,
or some combination thereof.

[0181] It should thus be appreciated that at least some
aspects of the exemplary embodiments of the inventions may
be practiced in various components such as integrated circuit
chips and modules, and that the exemplary embodiments of
this invention may be realized in an apparatus that is embod-
ied as an integrated circuit. The integrated circuit, or circuits,
may comprise circuitry (as well as possibly firmware) for
embodying at least one or more of a data processor or data
processors, a digital signal processor or processors, baseband
circuitry and radio frequency circuitry that are configurable
s0 as to operate in accordance with the exemplary embodi-
ments of this invention.

[0182] Various modifications and adaptations to the fore-
going exemplary embodiments of'this invention may become
apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the
accompanying drawings. However, any and all modifications
will still fall within the scope of the non-limiting and exem-
plary embodiments of this invention.

[0183] For example, while the exemplary embodiments
have been described above in the context of the E-UTRAN
(UTRAN-LTE) system, it should be appreciated that the
exemplary embodiments of this invention are not limited for
use with only this one particular type of wireless communi-
cation system, and that they may be used to advantage in other
wireless communication systems such as for example
(WLAN, UTRAN, GSM as appropriate).

[0184] It should be noted that the terms “connected,”
“coupled,” or any variant thereof, mean any connection or
coupling, either direct or indirect, between two or more ele-
ments, and may encompass the presence of one or more
intermediate elements between two elements that are “con-
nected” or “coupled” together. The coupling or connection
between the elements can be physical, logical, or a combina-
tion thereof. As employed herein two elements may be con-
sidered to be “connected” or “coupled” together by the use of
one or more wires, cables and/or printed electrical connec-
tions, as well as by the use of electromagnetic energy, such as
electromagnetic energy having wavelengths in the radio fre-
quency region, the microwave region and the optical (both
visible and invisible) region, as several non-limiting and non-
exhaustive examples.
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[0185] Further, the various names assigned to different
channels (e.g., PDCCH, ePDCCH, etc.) are not intended to be
limiting in any respect, as these various channels may be
identified by any suitable names.

[0186] Furthermore, some of the features of the various
non-limiting and exemplary embodiments of this invention
may be used to advantage without the corresponding use of
other features. As such, the foregoing description should be
considered as merely illustrative of the principles, teachings
and exemplary embodiments of this invention, and not in
limitation thereof.

1. A method comprising:

sending, from a first access point, a scheduling assignment

to a first user equipment at a first time;

receiving, at the first access point, a reference signal trans-

mission from the first user equipment at a second time;
and

sending, from the first access point, a downlink data packet

transmission to the first user equipment at a third time.

2. The method of claim 1, further comprising:

estimating, at a second access point at the second time,

reference signal resources, over which the reference sig-
nal transmission from the first user equipment in the first
access point is transmitted,

where the reference signal transmission is associated with

the downlink data packet transmission from the first
access point at the third time; and

choosing a transmission strategy for use at the third time

based at least in part on the estimated reference signal
resources.

3. (canceled)

4. The method of claim 2, where, in coordinated beam-
forming coordinated multipoint transmission, the received
reference signal transmission is used to one of:

design a downlink transmit weight; and

choose a precoder from a codebook.

5. The method of claim 2, where, in dynamic access point
selection coordinated multipoint transmission, the reference
signal transmission is used in coordination with reference
signal reception at other access points in a coordinated mul-
tipoint transmission set to choose a transmission access point
to serve at least one other user equipment at the third time.

6. The method of claim 2, where, in dynamic blanking
coordinated multipoint transmission, the reference signal
transmission is used in coordination with reference signal
reception at other access points in a coordinated multipoint
transmission set to determine whether the second access point
should transmit to at least one other user equipment at the
third time,

where the coordinated multipoint transmission set com-

prises the second access point.

7. The method of claim 2, where the second reference
signal transmission is used to design beamforming weights.

8. The method of claim 7, where the beamforming weights
generate spatial nulling in a direction towards the first user
equipment.

9. (canceled)

10. (canceled)

11. (canceled)

12. The method of claim 1, where reference signal trans-
missions from user equipment associated with the first access
point use a first time and/or frequency region and reference
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signal transmissions from user equipment not associated with
the first access point use a second time and/or frequency
region.

13. The method of claim 1, further comprising sending,
from the first access point to a second access point, reference
signal power information and a cyclic shift for the reference
signal.

14. (canceled)

15. (canceled)

16. (canceled)

17. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code, the

at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus to perform at least the following:

send a scheduling assignment to a first user equipment at a

first time;

receive a first reference signal transmission from the first

user equipment at a second time; and

send a first downlink data packet transmission to the first

user equipment at a third time.

18. The apparatus of claim 17, where the at least one
memory and the computer program code are further config-
ured to cause the apparatus to:

estimate, at the second time, reference signal resources,

over which a second reference signal transmission from
asecond user equipment associated with a second access
point is received,

where the second reference signal transmission is associ-

ated with a second downlink data packet transmission
from a second apparatus at the third time; and

choose a transmission strategy for use at the third time

based at least in part on the estimated reference signal
resources.

19. (canceled)

20. The apparatus of claim 18, where, in coordinated beam-
forming coordinated multipoint transmission, the second ref-
erence signal transmission is used to one of:

design a downlink transmit weight; and

choose a precoder from a codebook.

21. The apparatus of claim 18, where the at least one
memory and the computer program code are further config-
ured to cause the apparatus to design beamforming weights
based on the second reference signal transmission.
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22. The apparatus of claim 21, where the beamforming
weights generate spatial nulling in a direction towards the
second user equipment.

23. (canceled)

24. (canceled)

25. (canceled)

26. The apparatus of claim 17, where reference signal
transmissions from user equipment associated with the first
access point use a first time and/or frequency region and
reference signal transmissions from user equipment not asso-
ciated with the first access point use a second time and/or
frequency region.

27. The apparatus of claim 17, where the at least one
memory and the computer program code are further config-
ured to cause the apparatus to send, to a second access point,
reference signal power information and a cyclic shift for the
first reference signal.

28. (canceled)

29. The apparatus of claim 17, wherein the apparatus com-
prises one of an access point and a base station.

30. (canceled)

31. (canceled)

32. (canceled)

33. A computer program embodied on a non-transitory
computer readable medium, comprising computer executable
instructions which when run on one or more processors per-
form the method of claim 1.

34. (canceled)

35. The apparatus of claim 18, wherein the memory and
computer program code are configured such that, in dynamic
access point selection coordinated multipoint transmission,
the reference signal transmission is used in coordination with
reference signal reception at other access points in a coordi-
nated multipoint transmission set to choose a transmission
access point to serve at least one other user equipment at the
third time.

36. The apparatus of claim 18, wherein the memory and
computer program code are configured such that, in dynamic
blanking coordinated multipoint transmission, the reference
signal transmission is used in coordination with reference
signal reception at other access points in a coordinated mul-
tipoint transmission set to determine whether the second
access point should transmit to at least one other user equip-
ment at the third time,

where the coordinated multipoint transmission set com-

prises the second access point.
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