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Description
TECHNICAL FIELD:

[0001] The exemplary and non-limiting embodiments
of this invention relate generally to wireless communica-
tion and, more specifically, relate to coordinated multi-
point (CoMP) operation, including intra-cell CoMP.

BACKGROUND:

[0002] This section is intended to provide a back-
ground or context to the invention that is recited in the
claims. The description herein may include concepts that
could be pursued, but are not necessarily ones that have
been previously conceived, implemented or described.
Therefore, unless otherwise indicated herein, what is de-
scribed 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:

3GPP third generation partnership project

BS base station

cal channel quality indicator

CSl channel state information

CSI-RS channel state information reference signal

DL downlink (eNB towards UE)

eNB E-UTRAN Node B (evolved Node B)

EPC evolved packet core

E-UTRAN  evolved UTRAN (LTE)

FDMA frequency division multiple access

HSPA high speed packet access

IMTA international mobile telecommunications
association

ITU-R international telecommunication union-ra-
diocommunication sector

LPN low power node

LTE long term evolution of UTRAN (E-UTRAN)

LTE-A LTE advanced

MAC medium access control (layer 2, L2)

MIMO multiple input multiple output

MM/MME mobility management/mobility manage-
ment entity

NodeB base station

OFDMA orthogonal frequency division multiple ac-
cess

O&M operations and maintenance

PDCP packet data convergence protocol

PHY physical (layer 1, L1)

PMI precoding matrix indicator

PDSCH physical downlink shared channel

PUCCH physical uplink control channel

PUSCH physical uplink shared channel

Rel release

RI rank indicator
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RLC radio link control

RRC radio resource control

RRH remote radio head

RRM radio resource management

RS reference signal

RSRP reference signal received power

RSRQ reference signal received quality

SGW serving gateway

SINR signal to interference plus noise ratio

SRS sounding reference signal

SC-FDMA  single carrier, frequency division multiple
access

UE user equipment, such as a mobile station,
mobile node or mobile terminal

UL uplink (UE towards eNB)

UPE user plane entity

UTRAN universal terrestrial radio access network

[0004] One modern communication system is known

as evolved UTRAN (E-UTRAN, also referred to as
UTRAN-LTE or as E-UTRA). In this system the DL ac-
cess technique is OFDMA, and the UL access technique
is SC-FDMA.

[0005] One specification of interestis 3GPP TS 36.300
V10.5.0 (2011-09) Technical Specification 3rd Genera-
tion Partnership Project; Technical Specification Group
Radio Access Network; Evolved Universal Terrestrial
Radio Access (E-UTRA) and Evolved Universal Terres-
trial Radio Access Network (E-UTRAN); Overall descrip-
tion; Stage 2 (Release 10), referred to for simplicity here-
after as 3GPP TS 36.300.

[0006] Figure 1A reproduces Figure 4.1 of 3GPP TS
36.300 and shows the overall architecture of the E-
UTRAN system (Rel-8). The E-UTRAN system includes
eNBs, providing the E-UTRAN user plane (PD-
CP/RLC/MAC/PHY) and control plane (RRC) protocol
terminations towards the UEs. The eNBs are intercon-
nected with each other by means of an X2 interface. The
eNBs are also connected by means of an S1 interface
to an EPC, more specifically to a MME by means of a S1
MME interface and to a S-GW by means of a S1 interface
(MME/S-GW 4). The S1 interface supports a many-to-
many relationship between MMEs / S-GWs / UPEs and
eNBs.
[0007] The eNB hosts the following functions:
functions for RRM: RRC, Radio Admission Control,
Connection Mobility Control, Dynamic allocation of
resources to UEs in both UL and DL (scheduling);
IP header compression and encryption of the user
data stream;

selection of a MME at UE attachment;

routing of User Plane data towards the EPC (MME/S-
GW);

scheduling and transmission of paging messages
(originated from the MME);

scheduling and transmission of broadcast informa-
tion (originated from the MME or O&M); and
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a measurement and measurement reporting config-
uration for mobility and scheduling.

[0008] Of particular interest herein are 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).

[0009] Referencein this regard may be made to 3GPP
TR 36.913V10.0.0 (2011-03) Technical Report 3rd Gen-
eration Partnership Project; Technical Specification
Group Radio Access Network; Requirements for further
advancements for Evolved Universal Terrestrial Radio
Access (E-UTRA) (LTE-Advanced)(Release 10). Refer-
ence can also be made to 3GPP TR 36.912 V10.0.0
(2011-03) Technical Report 3rd Generation Partnership
Project; Technical Specification Group Radio Access
Network; Feasibility study for Further Advancements for
E-UTRA (LTE-Advanced) (Release 10).

[0010] A goal of LTE-A is to provide significantly en-
hanced services by means of higher data rates and lower
latency with reduced cost. LTE-A is directed toward ex-
tending and optimizing the 3GPP LTE Rel-8 radio access
technologies to provide higher data rates at lower cost.
LTE-A will be a more optimized radio system fulfilling the
ITU-R requirements for IMT-Advanced while keeping the
backward compatibility with LTE Rel-8.

[0011] Uplink and downlink frames (of 10 msec dura-
tion) are defined in 3GPP TS 36.211 V10.3.0 (2011-09)
Technical Specification 3rd Generation Partnership
Project; Technical Specification Group Radio Access
Network; Evolved Universal Terrestrial Radio Access (E-
UTRA); Physical Channels and Modulation (Release 10).
Figure 1B reproduces Figure 6.2.2-1: Downlink resource
grid, of 3GPP TS 36.211 and shows the relationship of
OFDM symbols, subcarriers, resource blocks and re-
source elements.

[0012] Coordinated Multipoint (CoMP) transmission
and reception is one of the investigated technologies in
3GPP LTE-A to enhance specifically cell-edge data rates
in order to create a more uniform data rate experience
for the end-user over the entire cell area. The CoMP tech-
niques involve increased collaboration between different
BS nodes in DL transmission to theUE andUL reception
from the UE.

[0013] Reference in this regard can be made to 3GPP
TR 36.819V11.0.0 (2011-09) Technical Report 3rd Gen-
eration Partnership Project; Technical Specification
Group Radio Access Network; Coordinated multi-point
operation for LTE physical layer aspects (Release 11).
[0014] Reference can also be made to 3GPP RP-
111365, 3GPP Work Item Description: Coordinated Mul-
ti-Point Operation for LTE, Sept. 2011.

[0015] One scenario relates to a CoMP solution focus-
ing on a heterogeneous network involving the collabora-
tion/cooperation between a macro eNB with high trans-
mission power and lower power eNBs within the macro-
eNB coverage area. Specifically, one target scenario as-
sumes a technique using the same cell-ID for all the
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eNBs/network nodes within the macro-eNB coverage ar-
ea, which can be referred to as "Intra-cell CoMP". Ref-
erence in this regard can be made to R1-110603, CoMP
simulation assumptions, Jan. 2011.

[0016] HUAWEI ET AL: "Consideration on CSI-RS
configuration”, 3GPP Draft R2-111555/R1-111156 is a
discussion document that analyzes the details of Chan-
nel State Information - Reference Signal configuration.

SUMMARY

[0017] The presentinvention is defined by the append-
ed independent claims. Certain more specific aspects
are defined by the dependent claims.

[0018] In a first aspect thereof the exemplary embod-
iments of this invention provide a method that comprises
the steps of independent claim 1.

[0019] In another aspect thereof the exemplary em-
bodiments of this invention provide an apparatus accord-
ing to independent claim 15.

[0020] Inyetanotheraspectthereofthe exemplary em-
bodiments of this invention provide a method according
to independent claim 8.

[0021] The presentinvention is defined by the append-
ed claims and limited only by their scope. Any embodi-
ment (of the invention) referred to in this description and
not fully falling within the scope of said appended claims
is to be interpreted as an example useful for understand-
ing the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] In the attached Drawing Figures:

Figure 1Areproduces Figure 4.1 of 3GPP TS 36.300,
and shows the overall architecture of the E-UTRAN
system.

Figure 1B reproduces Figure 6.2.2-1: Downlink re-
source grid, of 3GPP TS 36.211 and shows the re-
lationship of OFDM symbols, subcarriers, resource
blocks and resource elements.

Figure 2 shows a basic procedure of data transmis-
sion utilizing CSI-RS.

Figure 3 shows an example of a network deployment
scenario with four pico transmission nodes within the
coverage area of one macro cell.

Figure 4 illustrates two tables. Table 1 depicts CSI-
RS port configurations as a function of time.

In the example time instants t2 and t6 (with config-
urable periodicity), the CSI-RS ports are configured
forexpanded CSI measurements as described in de-
tail below, such that independent measurements
from different LPNs are possible. Table 2 also de-
picts CSI-RS port configurations as a function of
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time. In the example time instants t2 and t6, the CSI-
RS ports are configured for expanded CSI measure-
ments, such that independent measurements from
different LPNs are possible. During the expanded
CSI port configurations the shared CSI-RS configu-
ration is still active.

Figures 5A and 5B, collectively referred to as Figure
5, show a basic principle of an expanded CSI-RS
resource bitmap, where Figure 5A relates to the Ta-
ble 1 in Figure 4 and Figure 5B relates to the addi-
tional configured CSI-RS resources of Table 2 in Fig-
ure 4.

Figures 6A and 6B, collectively referred to as Figure
6, show message flows, where Figure 6A shows a
conventional message flow in accordance with LTE
Rel-10/11 operation, while Figure 6B shows a mes-
sage flow in accordance with measurement config-
urations and reporting in accordance with this inven-
tion.

Figure 7 shows a simplified block diagram of various
electronic devices that are suitable for use in prac-
ticing the exemplary embodiments of this invention.

Figures 8 and 9 are each a logic flow diagram illus-
trating the operation of a method, and a result of
execution of computer program instructions embod-
ied on a computer readable medium.

DETAILED DESCRIPTION

[0023] The exemplary embodiments of this invention
relate to DL CoMP operation in general, and more spe-
cifically relate to a single-cell operation mode of Coordi-
nated Multipointreception and transmission (RX and TX).
[0024] InLTE Release-10 one new feature is the intro-
duction of CSI-RS (Channel State Information - Refer-
ence Signals). The goal is to transmit separate RS for
CSI estimation purposes in some selected (particular)
subframes with, e.g., 5ms or 10ms periodicity. The UE
estimates the CSI based upon the CSI-RS, which are
configured to be used by the UE, and transmits the CSI
feedback to the eNB, which in turn can use the CSl in its
scheduling decisions as well as for the selection of a prop-
er transmission format (including, e.g., transmission
rank, precoder, transport block size, and other needed
parameters) for the data. The data in DL transmission
mode 9 (TM9) is transmitted together with user specific
(dedicated) demodulation reference symbols (DM-RS),
spanning the same physical resource blocks as the data
for that UE. The same precoding is applied for the DM-
RS and the data. This allows for the usage of any pre-
coding by the eNB, as the actually-used precoding is
transparent to the UEs and does not need to be signaled
to the UEs.

[0025] Figure 2 shows a basic procedure of data trans-
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[0026] Inaddition to the CSI-RS transmission intended
for the UE, LTE Rel-10 also provides a possibility to con-
figure other CSI-RS patterns with zero transmit power
(i.e., muted patterns, indicating which of the resource el-
ements the eNB will leave empty when transmitting data
on the PDSCH). This allows for reducing the interference
towards CSI-RS in neighbouring cells as well as provid-
ing for future evolution of the CSI-RS design, so that a
Rel-11 UE can, e.g., measure CSI-RS from multiple cells
and/or multiple CSI-RS configurations simultaneously
without PDSCH interference (a feature not yet included
in LTE Rel-10).

[0027] The following definitions will be used in the en-
suing description of the embodiments of this invention.
[0028] CSI-RS port: resource elements (REs) where
there is a transmission of a CSI-RS sequence from a
given antenna port in a given transmission point.
[0029] CSI-RS resource: a set of CSI-RS ports (1, 2,
4 or 8 ports) and a respective sequence that is configured
for a UE to measure and report as one combined set,
i.e., the UE may assume that all CSI-RS ports within the
CSI-RS resource are to be treated jointly creating a sin-
gle, combined CSI report (RI, PMI & CQl) for all of the
ports within the CSI-RS resource.

[0030] CSI-RS muting (zero transmit power) pattern:
a bitmap that identifies sets of CSI-RS ports which are
assumed to be muted in the PDSCH transmission to the
UE.

[0031] Oneexampleofanetwork deploymentscenario
of interest herein is depicted in Figure 3. Within the cov-
erage area of one macro eNB with, e.g., 4 TX antennas
there are altogether four picocell type of hotspots, each
having some number (e.g., 1, 2, or4) oftransmitantennas
and a respective number of CSI-RS ports configured.
[0032] The picocell transmission nodes (having lower
TX power as compared to the macro transmission node,
and therefore denoted as low power nodes (LPNs)) may
or may not have the same Cell ID as the macro trans-
mission node. In the conventional heterogeneous net-
works scenario the picocell nodes/LPNs are cells of their
own, each having a distinct Cell ID. However, in the case
of intra-cell CoMP several transmission nodes, such as
Remote Radio Heads (RRHSs) (possibly having different
transmission powers), share the same physical Cell-ID
and can only to be distinguished by different CSI-RS re-
sources. Transmission nodes with the same Cell-ID are
referred to as transmission points (TPs) of the cell. Figure
3 shows a non-limiting example of four TPs, TP1-TP4.
[0033] Forthe case of intra-cell CoMP several alterna-
tives indicated below, in addition to others, exist for the
definition of CSI-RS resources for each of the transmis-
sion points in the cell.

(A) A first alternative is to use different CSI-RS re-
sources in all transmission points.

(B) Another alternative is to reuse the same CSI-RS
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resource for all TPs (including the macro node). Note
that the reuse of the same set of CSI-RS resources
is also possible in the case of a different number of
TX antennas in the different TPs (the total number
of ports is then given by the largest number of TX
antennas of all the TPs within the cell).

(C) Another alternative is to reuse a CSI-RS resource
for all LPNs, which is different than the CSI-RS re-
source used by macro node.

[0034] The alternative (A) above is the most flexible
from the point of view of implementing different CoMP
schemes, as the mechanisms of CSI-RS resource con-
figuration described above can be used to arrange inde-
pendent measurements of channels from different trans-
mission points. However, such a configuration implies
maximum CSI-RS overhead to the PDSCH transmission,
while it is clear from Figure 3 that most UEs are not able
to effectively combine signals from the many transmis-
sion points that are distributed over the cell. Moreover,
in order to support more sophisticated CoMP schemes,
such as joint transmission (simultaneous transmission to
the UE from multiple transmission points), the individual
measurements should be combined at the eNB. This
would imply however an inherent loss. In addition, con-
stantly monitoring and reporting the CSl for all of the con-
figured CSI-RS resources would imply high measure-
ment overhead and reporting overhead for the UE and,
therefore, from network point of view a high UL control
channel overhead.

[0035] Alternative B above is the simplest configura-
tion as no muting patterns are required for the purpose
of intra-cell operation, and the measurement overhead
is minimal. However, this alternative implies a limitation
on the supported modes of operation in the system. Es-
sentially, from the CSI reporting point of view it implies
joint transmission from all TPs in the cell. However, the
reuse of the PDSCH (by multi-user spatial multiplexing)
is possible for those UEs that are as an example in the
core areas of LPNs, as the contribution from macro and
other LPNs would be reduced in that case.

[0036] Alternative C above provides a good trade-off
between CSI-RS overhead and flexibility for reuse of the
PDSCH within the cell. CSI for coherent joint transmis-
sion is supported between LPNs enabled with single CSI
feedback for the shared CSI-RS resource. There are also
independent CSI measurements with the macro node
having a separate CSI-RSresource and, hence, aflexible
coordination between LPNs and the macro node is sup-
ported. Moreover, from Figure 3 itis evident that for many
UEs there is not much benefit of being able to measure
frequently the channels from several different LPNs sep-
arately, as most UEs are typically only observing relevant
channels from the macro eNB and one LPN. In any case,
there are UEs that benefit from CoMP transmission from
two or more LPNs, as for example the UE2 located be-
tween TP1 and TP3 in Figure 3.
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[0037] One problem with the approach of Alternative
C is that in case the PDSCH is reused in different LPNs,
the CSI measurements will notbe accurate. Forexample,
if TP1 and TP3 in Figure 3 are transmitting a separate
PDSCH for different users, then UE6 under TP3 will
measure a PMI and CQI distorted by the same CSI-RS
transmission from TP1. The PMI is quantized to a rela-
tively small codebook and, hence, the small disturbance
by TP1 would not necessarily affect the PMI selection
and therefore would not necessarily result in any per-
formance degradation. However, fluctuations in CQl can
be relatively large, as some links (in this case TP1) that
were previously considered as contributing to the signal
have to be considered instead as representing interfer-
ence.

[0038] Itis therefore advantageous that the UE would
only regularly report the CSI for the ports that are con-
figured in the system for regular CSI feedback, but that
it also should be able to provide information to the eNB
regarding the relative received powers from different
transmission points. With this information the eNB is able
to at least decide whether to reuse the PDSCH in different
LPNs, and also apply a CQl correction removing the dis-
tortion explained above after each scheduling decision.
[0039] The embodiments of this invention provide a
solution to these problems by the use of an enhanced
CSI-RS resource configuration at the UE.

[0040] Itis noted thatsingle-cell ID/Intra-cell CoMP op-
eration has been introduced/suggested to the 3GPP
community during the RAN1#63bis meeting (see
R1-110461, Baseline Schemes and Focus of CoMP
Studies, Jan. 2011). The operation and definitions of
feedback of channel state information (CSI) have not yet
been resolved.

[0041] Beforedescribinginfurtherdetail the exemplary
embodiments of this invention, reference is made to Fig-
ure 7 for illustrating a simplified block diagram of various
apparatus that are suitable for use in practicing the ex-
emplary embodiments of this invention. In Figure 7 a wire-
less network 90 includes an eNB 12, an NCE/MME/SGW
14, and atransmission point such as RRH 130. In a typical
case, and as is shown in Figure 3, there can be several
transmission points, such as the RRH 130, present within
the macro cell coverage area associated with the eNB
12 (the macro eNB).

[0042] The wireless network 90 is adapted for commu-
nication over a wireless link 35 and 36 with an apparatus,
such as a mobile communication device which may be
referred to as a UE 10, via a network access node, such
as a Node B (base station), and more specifically an eNB
12 as well as RRH 130 . The network 90 may include a
network control element (NCE) 14 that may include the
MME/SGW functionality, and which provides connectiv-
ity with a further network, such as a telephone network
and/or a data communications network 85 (e.g., the in-
ternet) through link 25. The NCE 14 includes a controller,
such as at least one computer or a data processor (DP)
14A, and at least one non-transitory computer-readable
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memory medium embodied as a memory (MEM) 14B
that stores a program of computer instructions (PROG)
14C.

[0043] The UE 10includes a controller, such as atleast
one computer or a data processor (DP) 10A, atleast one
non-transitory computer-readable memory medium em-
bodied as a memory (MEM) 10B that stores a program
of computer instructions (PROG) 10C, and at least one
suitable radio frequency (RF) transmitter/receiver pair
(transceiver) 10D for bidirectional wireless communica-
tions with the eNB 12 and/or RRH 130 via one or more
antennas 10E. The eNB 12 also includes a controller,
such as at least one computer or a data processor (DP)
12A, at least one computer-readable memory medium
embodied as amemory (MEM) 12B that stores a program
of computer instructions (PROG) 12C, and at least one
suitable RF transceiver 12D for communication with the
UE 10 via one or more antennas 12E (typically several
when multiple input, multiple output (MIMO) operation is
in use).

[0044] The eNB 12 is coupled via a data and control
path 13 to the NCE 14. The path 13 may be implemented
as an S1 interface as shown in Figure 1A. The eNB 12
may also be coupled to at least one transmission point
130 via data and control path 15, which may be imple-
mented as the X2 interface shown in Figure 1A in the
case of another logical base station, or it can be a direct
eNodeB internal interface, e.g., optical fiber connection,
to connect the at least one transmission, point such as
radio remote head (RRH) 130, to the eNB 12. Typically
the eNB 12 covers a single macro cell (shown in Figure
3) via the one or more antennas 12E.

[0045] In this example at least one transmission point
130 includes a controller, such as at least one computer
or a data processor (DP) 130A, at least one computer-
readable memory medium embodied as a memory
(MEM) 130B that stores a program of computer instruc-
tions (PROG) 130C, and at least one suitable RF trans-
ceiver 130D for communication with the UE 10 via one
or more antennas 130E (as stated above, typically sev-
eral when multiple input, multiple output (MIMO) opera-
tionisin use). The transmission point 130 communicates
with the UE 10 via a wireless link 36. The transmission
point 130 may communicate, depending on implemen-
tation, with the eNB 12 using the data and control path
15. The transmission point 130 can be another eNB or
can be logically part of the eNB 12 as, e.g., enabled by
a Radio Remote Head (RRH), and can create a local
(hotspot) coverage area inside the macro cell coverage
area of the eNB 12 (as shown in Figure 3). For intra-cell
COMP all of the transmission points 130 (see also Figure
3) are under full control of the single eNB 12. Thus, there
is centrally some unit where several transmission
points/RRHs 130 are connected as such, with the goal
being that the transmission points 130 and the macro
eNB 12 are centrally controlled together. The control is
typically at the location of the macro eNB 12, but could
also be at a location that is connected to the eNB 12 and
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the transmission point 130.

[0046] The transmission point 130 can be considered
in some embodiments as being an extension of the func-
tionality of the eNB 12 that provides spatially distributed
RF transmission and reception capabilities for the eNB
12. For example, in some embodiments the baseband
processing of the transmission point 130 can be per-
formed at the eNB 12.

[0047] For the purposes of describing the exemplary
embodiments of this invention the UE 10 can be assumed
to also include a CSI measurement and reporting unit
(CSI)10F, and theeNB 12 includes a CSI RS assignment
and measurementreceiving unit (CSI) 12F. The CSl units
10F and 12F are operated in accordance with the exem-
plary embodiments of this invention as described in fur-
ther detail below.

[0048] Atleastone of the PROGs 10C, 12C and 130C
is assumed to include program instructions that, when
executed by the associated DP, enable the device to op-
erate in accordance with the exemplary embodiments of
this invention, as will be discussed below in greater detail.
Thatis, the exemplary embodiments of this invention may
be implemented at least in part by computer software
executable by the DP 10A of the UE 10 and/or by the DP
12A of the eNB 12 and/or by the DP 130A of the TP 130,
or by hardware, or by a combination of software and hard-
ware (and firmware).

[0049] The various data processors, memories, pro-
grams, transceivers and interfaces depicted in Figure 7
can all be considered to represent means for performing
operations and functions that implement the several non-
limiting aspects and embodiments of this invention.
[0050] In general, the various embodiments of the UE
10 can include, but are not limited to, cellular mobile de-
vices, personal digital assistants (PDAs) having wireless
communication capabilities, portable computers having
wireless communication capabilities, image capture de-
vices such as digital cameras having wireless communi-
cation capabilities, gaming devices having wireless com-
munication capabilities, music storage and playback ap-
pliances having wireless communication capabilities, In-
ternet appliances permitting wireless Internetaccess and
browsing, as well as portable units or terminals that in-
corporate combinations of such functions.

[0051] The computer-readable MEMs 10B, 12B, 14B
and 130B may be of any type suitable to the local tech-
nical environment and may be implemented using any
suitable data storage technology, such as semiconductor
based memory devices, random access memory, read
only memory, programmable read only memory, flash
memory, magnetic memory devices and systems, optical
memory devices and systems, fixed memory and remov-
able memory. The DPs 10A, 12A, 14A and 130A may be
of any type suitable to the local technical environment,
and may include one or more of general purpose com-
puters, special purpose computers, microprocessors,
digital signal processors (DSPs) and processors based
on multi-core processor architectures, as non-limiting ex-
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amples.

[0052] The use of the exemplary embodiments of this
invention ensures that the network/eNBs 12 can acquire
sufficient information to reuse the PDSCH in intra-cell
CoMP operation (when beneficial), and to also support
joint transmission, while at the same time minimizing the
CSI-RS overhead.

[0053] Anaspectofthisinventionisto configurereused
CSI-RS resources, as an example among LPNs in intra-
cell CoMP, and define separate CSI-RS resources for
each transmission point for sporadic separate measure-
ments. The sporadic measurements may be implement-
ed with low additional overhead, and are used for gen-
erating simplified CSI| feedback reports that enables
adapting the PDSCH reuse and also possibly making the
related CQI compensation. The sporadic measurements
are made less frequently than normal measurements of
the CSI of the transmission nodes (Macro and LPNs).
[0054] One simple and non-limiting example of the
principle of the invention is illustrated in Table 1 of Figure
4. Assume there is one macro cell and four LPN hotspots
LPN1-LPN4 (there could be more or less than four LPNs
present). Assume further that each LPN is assigned CSI-
RS resource #1, which is the same for all LPNs, while
the macro eNB 12 is assigned CSI-RS resource #0. The
respective configurations are signaled to the UEs 10 of
interest. The UEs 10 may also be signaled a muting pat-
tern corresponding to the CSI-RS resources within the
cell or neighboring cells. In accordance with this invention
a secondary pattern or set of patterns is defined to indi-
cate the configuration for expanded CSI, similar to Alter-
native A, where each TP has aseparate CSI-RS resource
to be used for the expanded CSI measurements (for time
instants t2 and t6 in Table 1).

[0055] This secondary pattern avoids the need to
reconfigure the UE-specific CSI-RS in the cell each time
there is a change between compact (low-overhead) and
expanded (full-overhead) CSI-RS measurements. In-
stead, the eNB 12 can send a cell-specific notification
that the secondary pattern will be used in a given sub-
frame, which then serves as a trigger for the expanded
CSI measurements.

[0056] The expanded CSI-RS measurement configu-
ration and CSI measurements at the time instants t2 and
t6 in Table 1 could be implemented in atleast two different
ways.

(A.1) In a first technique (signaling technique A.1)
the UE 10 is signaled the CSI-RS resources #0-#4
and the corresponding muting pattern directly,
meaning that the five CSI-RS resources in the time
instants having expanded CSI-RS measurements
are signaled separately in a manner similar to the
Rel. 10 CSI-RS configuration signaling.

(B.1)In asecond technique (signaling technique B.1)
a configuration and reporting signaling with reduced
overhead can be used, such as by employing a CSI-
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RS port bitmap from the Rel. 10 ZeroPowerCSI-RS
configuration. This can be denoted by "expanded
CSI-RS configuration bitmap". In addition, a corre-
sponding muting pattern is sent to the UE 10 as in
the case of the first technique (A.1) above.

[0057] Another implementation embodiment is shown
in Table 2 of Figure 4, where the CSI-RS resource #1 is
always transmitted by the LPNs at all CSI-RS transmis-
sion instants, and the extended measurements are
based on CSI-RS resources #2-#5 in the respective
LPNs. This implementation embodiment may have high-
er overhead than the embodiment of Table 1, but it has
the benefit of being more backwards compatible, as the
measurements for normal CSI reporting are possible
from each of the subframes containing CSI-RS. In this
embodiment the UE 10 measures the CSI based on the
normal CSI-RS resources #0-#1 and the expanded CSI-
RS resources #2-#5 of Figure 5B in the expanded meas-
urement subframes at the exemplary time instants t2 and
t6. That is, the UE 10 measures both the expanded set
and the baseline set of CSI-RS resources in these sub-
frames. The UE 10 can report the regular full CSl report
for CSI-RS resources #0-#1 separately from the poten-
tially simplified CSI report for the second set of CSI-RS
resources #2-#5.

[0058] In either embodiment the information obtained
from making the expanded CS| measurements is report-
ed by the UE 10 to the eNB 12.

[0059] The expanded CSI-RS measurement configu-
ration and CSI measurements at the time instants t2 and
t6in Table 2 could be implementedin atleast two different
ways.

(A.2) In a first technique (signaling technique A.2)
the UE 10 is signaled the additional configurations
#2-#5 and the corresponding muting pattern directly,
meaning that the four additional configurations and
measurements are signaled separately in a manner
similar to the Rel. 10 CSI-RS resource signaling.

(B.2) Inasecond technique (signaling technique B.2)
a configuration and reporting signaling with reduced
overhead can be used, such as by employing a CSI-
RS port bitmap from the Rel. 10 ZeroPowerCSI-RS
configuration. This can be denoted by "expanded
CSI-RS configuration bitmap". In addition, a corre-
sponding muting pattern is sent to the UE 10 as in
case of the first technique (A.2) above.

[0060] It can be noted that for different UEs not all, but
just a subset of the additional CSI-RS resources trans-
mitted within the cell, can be configured for each specific
UE by either the first technique (A.1)/(A.2) or the second
technique (B.1)/(B.2).

[0061] A more detailed explanation of the second tech-
nique (B.1) /(B.2) is now provided.

[0062] First, reference can be made to 3GPP TS
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36.211 V10.3.0 (2011-09) Technical Specification 3rd
Generation Partnership Project; Technical Specification
Group Radio Access Network; Evolved Universal Ter-
restrial Radio Access (E-UTRA); Physical Channels and
Modulation (Release 10). As is explained in Section
6.10.5, CSI reference signals, for each bit set to one in
the 16-bit bitmap ZeroPowerCSI-RS configured by high-
er layers, the UE shall assume zero transmission power
for the resource elements corresponding to the four CSI
reference signal column in Tables 6.10.5.2-1 and
6.10.5.2-2 of 3GPP TS 36.211 V10.3.0 for normal and
extended cyclic prefix, respectively, except for resource
elements that overlap with those for which the UE shall
assume non-zero transmission power CSI-RS as config-
ured by higher layers. The most significant bit corre-
sponds to the lowest CSlI reference signal configuration
index and subsequent bits in the bitmap correspond to
configurations with indices in increasing order.

[0063] In the embodiments of this invention the gran-
ularity of the expanded CSI-RS configuration and report
may be the same as in the ZeroPowerCSI-RS bitmap,
i.e., groups of four CSI-RS ports or a bitmap indicating
each CSI-RS port as shown in Figures 5A and 5B for the
cases in Table 1 and Table 2, respectively. There is also
the possibility to have, for example, 40 bits for LTE FDD
with a per-CSI-RS port indication.

[0064] In general, Figure 5 shows a basic principle of
the expanded CSI-RS configuration bitmap for Table 1
(Figure 5A) for signaling method (B.1) and the additional
configurations of Table 2 (Figure 5B) for signaling method
(B.2). Based on the expanded CSI-RS configuration bit-
map the UE 10 estimates the channel/signal quality for
the subset of CSI-RS resources and reports the results
to the eNB 12.

[0065] Independent of the manner in which the ex-
panded CSI| measurement configurations are signaled
to the UE 10 (technique (A.1)/(A.2) or technique
(B.1)/(B.2) above), at the time instants t2 and t6 the UE
10 measures the channels toward the configured trans-
mit points based on the expanded CSI-RS resources.
Forthe second embodiment (according to signaling tech-
nique A2 or B2) the UE 10 can measure both, one with
full CSlI for the normal CSI-RS resources and one with a
smaller CSI for the expanded CSI-RS resources. Based
on the CSI measurements of the expanded CSI-RS re-
sources, the UE 10 composes and signals a correspond-
ing additional CSI report, which contains simplified CSI
information compared to the regular CSl report. The eNB
12 is then aware of the signal strength of the CSI-RS
antenna port groups and is therefore able to compensate
the CQI reported by the UE 10 for the next reporting in-
stances with the regular CSI-RS/muting patterns.
[0066] The measurement configuration and reporting
can be divided into regular (compact) CSl feedback and
a special (expanded) CSlfeedback. Note that both meas-
urements and reports are performed by the UE 10, but
the expanded measurements are preferably performed
less often (based on eNB 12 configuration) and poten-
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tially have a lower granularity CSI (as compared to reg-
ular CSI reports containing RI, PMI and CQl). For the
expanded CSI-RS configuration of Table 2, the UE 10
may report the regular full CSl report for CSI-RS resourc-
es #0-#1, separately from the special CSI report for the
second set of CSI-RS resources #2-#5.

[0067] The special, expanded CSI feedback configu-
ration and report are novel elements that can be config-
ured by multiple separate, independent CSI-RS resource
configurations as in technique (A.1)/(A.2) or by an "ex-
panded bitmap" as indicated in technique (B.1)/(B.2) for
all options.

[0068] Figure 6A shows a conventional message flow
inaccordance with LTE Rel-10/11 operation, while Figure
6B shows a message flow in accordance with measure-
ment configurations and reporting in accordance with this
invention.

[0069] In the conventional procedure of Figure 6A at
6A1 the eNB 12 configures one (in Rel-10) or multiple
(as already agreed to in Rel-11) CSI-RS resources and
muting patterns and signals this information to the UE
10. At 6A2 the eNB 12 requests periodic/aperiodic meas-
urements based on the configured CSI-RS resources. At
6A3 the UE 10 makes the measurements and signals a
CSl report to the eNB 12 for the configured CSI-RS re-
sources. At 6A4 there is an optional operation of the UE
10 reporting the CSI for the configured muting pattern.
[0070] In the procedure of Figure 6B, in accordance
with the exemplary embodiments of this invention, at 6B1
the eNB 12 configures additional expanded CSI-RS re-
sources and corresponding muting patterns and signals
this informationto the UE 10. At6B2 the eNB 12 requests
periodic (long periodicity)/aperiodic measurements
based on the expanded CSI-RS resources. At 6B3 there
is a transmission of CSI-RS from different TPs in those
subframes for the expanded CSl reporting in accordance
with the expanded CSI-RS resources for the UEs 10. At
6B4 the UE 10 signals a simplified CSI report to the eNB
12 for the expanded CSI-RS resources.

[0071] The following discussion focuses on the novel
measurement and reporting procedures, and the inter-
relationship with the conventional (Rel.-10) measure-
ment and reporting. The measurement configuration and
reporting in accordance with this invention can be con-
sidered to comprise the following logical steps:

(Step 1) The eNB 12 signals the expanded CSI-RS
resource configuration(s) to the UE 10 to be used
for the expanded CSI measurements either using
technique A or technique B (expanded bitmap) as
described above. In this Step 1 the eNB 12 can be
considered as configuring by signaling the CSI-RS
resource configuration to the UE 10. This corre-
sponds to 6B1 in Figure 6B.

(Step 2) The eNB 12 requests a report from the UE
10 concerning the channel quality of the different
CSI-RS resources, or individual resources indicated
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by the expanded CSI-RS resource configuration(s).
The channel quality can be a simplified version or a
normal, regular CSI version. This corresponds to
6B2 in Figure 6B.

[0072] It should be noted that the eNB 12 needs to
carefully coordinate the subframes where the special
CSI-RS muting pattern should be used by the UEs 10.
This is important because the eNB 12 may need to map
the different transmission points to different CSI-RS re-
sources during those particular subframes, and adapt
the PDSCH muting by the CSI-RS muting configurations
accordingly, as indicated in Table 1 (Figure 4).

[0073] The construction of the UE generated report
based on the expanded CSI-RS resources can be similar
to the report described in copending US Patent Applica-
tion S.N. 13/066,227, filed 04/08/2011, Reference Signal
Port Discovery Involving Transmission Points", Klaus
Hugl, Cassio Ribeiro and Timo Lunttila. These are re-
peated here for convenience (Steps 3-6 below).

[0074] Step 3: The UE 10 measures and determines
the channel quality of the individual CSI-RS resources
(for the signaling technique (B.1)/(B.2) each resource
contains one or several CSI-RS ports as indicated by the
"expanded CSI-RS configuration pattern") or the individ-
ual CSI-RS resources (for signaling technique
(A.1)/(A.2)).The definition of channel quality in this con-
text may comprise, for example: average received CSI-
RS power over the CSI-RS resource within the reporting
granularity, average received SINR, or projected data
throughput (similar to the CQI definition in LTE).

[0075] Step 4: The UE 10 reports the outcome of the
measurement to the eNB 12. The reporting may be im-
plemented using, e.g., Layer 1 signaling similar to the
CSI measurements, or via MAC procedures as is the
case of, e.g., RSRP/RSRQ measurements in LTE. Dif-
ferent reporting granularities/information can be consid-
ered. As non-limiting examples, a bitmap of the strongest
CSI-RS ports (or resources) is reported back to the eN-
odeB; or an indication of several CSI-RS ports (or re-
sources) and the related qualities. For example, an indi-
cation of the strongest CSI-RS resource, the quality of
the strongest CSI-RS resource, an indication of weaker
CSI-RS resources, and the relative quality of the weaker
CSI-RS resources as compared to the best resource.
[0076] The eNB 12 may impose certain measurement
restrictions on the UE 10 in order to guide the UE 10 on
how to construct the final report. For example, the selec-
tion can be based on the n strongest/best CSI-RS ports
or resources depending on the related reporting granu-
larity. The value of n can be set by the eNB 12 or by
higher layer signaling. Thus the UE 10 will report exactly
the n strongest/best CSI-RS ports or resources. As an-
other example, the eNB 12 can guide the UE 10 to take
into account a relative quality/performance measure
compared to the best quality/performance CSI-RS port
or resource.

[0077] (Step 5) The eNB 12 receives the report from
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the UE 10 and determines the UE 10 specific CoMP col-
laboration set and the transmission mode. That is, it de-
cides which transmission points are transmitting PDSCH
to a particular UE 10, and it is able to apply CQl com-
pensation for the LPNs sharing the same CSI-RS re-
source for normal, compact CSI-RS reporting based on
the received measurement reports.

[0078] It should be noted that the eNB 12 can trigger
the report request in Step 2 regularly in order to obtain
longer-term information of the best possible CoMP col-
laboration set for single-cell ID CoMP operations, and at
the same time reduce the overhead due to multiple CSI-
RS resources in the LPNs.

[0079] As was noted previously, one possible ap-
proach is to use different CSI-RS resources and config-
urations for each individual TP 130 in a cell. However,
this alternative implies a maximum CSI-RS overhead.
Also, in certain cases (coherent joint transmission) com-
bining of these reports at the eNB 12 may lead to sub-
optimal performance due to quantization of the individual
reports. The use of the embodiments of this invention
results in reduced overhead and a more straightforward
utilization of coherent JT possibilities for those UEs 10
that would benefit from it.

[0080] The exemplary embodiments of this invention
provide in one aspect thereof a definition of a set of re-
used CSI-RS resources, for example among LPNs in in-
tra-cell CoMP, and further define separate CSI-RS re-
sources for each transmission point for sporadic (less
frequent) separate measurements. The exemplary em-
bodiments further provide a technique to arrange the spo-
radic separate measurements and combine the regular
CSI-RS measurements and sporadic separate measure-
ments, and possibly (optionally) taking the sporadic
measurements into account in an appropriate CQI cor-
rection/adjustment (if required).

[0081] It should be noted that in general the reuse of
the CSI-RS resources can apply to any number of net-
work nodes, and can apply as well even to network nodes
having different cell-IDs.

[0082] In the conventional approach the eNB 12 can
reconfigure the UE-specific CSI-RS resource via RRC
signaling. In accordance with aspects of this invention
the eNB 12 can configure two kinds of CSI-RS resources,
i.e., the secondary resource configuration is introduced
to reduce the signaling needed compared to frequent
CSI-RS resource reconfiguration. The secondary CSI-
RS resource configuration has a longer periodicity, e.g.,
a multiple of 5ms or 10ms. The longer, less seldom re-
ported CQl measurement information can be used by the
eNB 12 to select the TP (or at least determine which
TP(s) are close to the UE 10) and enable CQIl compen-
sation. The longer CSI periodicity is used for enabling a
simpler CS| measurement to be made and reported by
the UE 10, enabling the eNB 12 to determine the domi-
nant TPs for the UE 10 and some coarse CQIl compen-
sation. Note in this regard that the CQI compensation
and dominant TPs would be used in the actual transmis-
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sion. However, they need not necessarily be used in, for
example, determining the precoder for the actual trans-
mission.

[0083] Based on the foregoing it should be apparent
that the exemplary embodiments of this invention provide
a method, apparatus and computer program(s) to en-
hance the operation of intra-cell CoMP.

[0084] In accordance with an aspect of this invention
a first set of CSI-RS resources are assigned to TPs 130
and a second set of CSI-RS resources are assigned to
the TPs 130, where the first setis smaller than the second
set. The assigned sets of CSI-RS resources are trans-
mitted at given OFDM symbols and at specific subcarri-
ers. In a non-limiting embodiment the first set comprises
one common CSI-RS resource for all TPs 130, and the
second set comprises a single CSI-RS resource per TP
130. At least one TP 130 can use the same CSI-RS re-
source in both sets. In a non-limiting example a CSI-RS
resource of the first set could be transmitted, e.g., every
5ms, while a CSI-RS resource of the second set could
be transmitted, e.g., every 20ms.

[0085] In accordance with an aspect of this invention
the first set of CSI-RS resources includes a common CSI-
RS resource thatis shared by atleast some of the plurality
of transmission points, and the second set of CSI-RS
resources comprises a single CSI-RS resource per trans-
mission point that is to be uniquely identifiable by the
user equipment (i.e., a logical, identifiable transmission
point as viewed by the UE 10). The separate CSI-RS
resources define which transmission points are to be
uniquely identifiable from the UE receiver point of view.
Note in this regard that it is possible to configure the sys-
tem such that the LPNs (physical transmission points)
may be divided into several groups. In the first set of CSI-
RS resources the LPNs could share the common CSI-
RSresource, whileinthe second setof CSI-RS resources
the groups of LPNs could have a separate CSI-RS re-
source per group. Therefore, the groups could form (log-
ically identifiable) transmission points from the perspec-
tive of UE 10 (while in reality there could be more physical
transmission points). In the exemplary embodiments de-
scribed in Figure 4 each LPN would form its own group
with respect to the second set of CSI-RS resources. Fur-
thermore, it is possible to apply the teachings of this in-
vention also in a group of macro cells, as long as the set
of transmission points that are sharing a CSI-RS re-
source can be configured to transmit the same CSI-RS
resource.

[0086] As should be apparent based on the foregoing
description certain aspects of this invention can be per-
formed at an evolved NodeB in a coordinated multi-point
(CoMP) wireless communication system. The evolved
NodeB can use a received channel state information re-
port for at least defining a CoMP transmission format for
a user equipment. The CoMP transmission format can
include, for example, a selection of the involved CoMP
transmission points, transmission rank / number of trans-
mission layers, precoding, and transport block size (as
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non-limiting examples). The evolved NodeB can also use
a received channel state information report for at least
making a scheduling decision, such as a scheduling de-
cision that comprises, as non-limiting examples, the use
of a non-CoMP transmission, blanking, and joint trans-
mission and the relevant parameters of the correspond-
ing transmission format. The evolved NodeB can also
use, if desired, a received channel state information re-
portin deriving a compensation value to be used for com-
pensating the reported channel quality indication value
in order for it to reflect the effect that a selected CoMP
transmission format has on the interference experienced
at the user equipment.

[0087] Figure 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 8A, a step of assigning afirst set of channel state
information reference signal resources to individual ones
of a plurality of transmission points and assigning a sec-
ond set of channel state information reference signal re-
sources to individual ones of the plurality of transmission
points, where the first set is smaller than the second set.
At Block 8B there is a step of signaling information that
describes the first and second sets of the channel state
information reference signal resources to a user equip-
ment. At Block 8C there is a step of receiving a channel
state information report from the user equipment, the
channel state information report comprising information
that describes a measurement made by the user equip-
ment of at least one of the transmission points using at
least the second set of channel state information refer-
ence signals resources.

[0088] Figure 9 is a logic flow diagram that illustrates
the operation of a method, and a result of execution of
computer program instructions, further in accordance
with the exemplary embodiments of this invention. In ac-
cordance with these exemplary embodiments a method
performs, at Block 9A, a step of receiving at a user equip-
ment signaling information that is descriptive of a first set
of channel state information reference signal resources
assigned to individual ones of a plurality of transmission
points and a second set of channel state information ref-
erence signal resources assigned to individual ones of
the plurality of transmission points, where the first set is
smaller than the second set. At Block 9B there is a step
of making a measurement of at least one transmission
point using at least the second set of channel state infor-
mation reference signal resources. At Block 9C there is
a step of transmitting a channel state information report
from the user equipment, the channel state information
report comprising information that describes the meas-
urement made by the user equipment of at least one of
the transmission points using at least the second set of
channel state information reference signal resources.
[0089] The various blocks shown in Figures 8 and 9
may be viewed as method steps, and/or as operations
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that result from operation of computer program code,
and/or as a plurality of coupled logic circuit elements con-
structed to carry out the associated function(s).

[0090] Ingeneral,the various exemplary embodiments
may be implemented in hardware or special purpose cir-
cuits, software, logic or any combination thereof. For ex-
ample, some aspects may be implemented in hardware,
while other aspects may be implemented in firmware or
software which may be executed by a controller, micro-
processor or other computing device, although the inven-
tion is not limited thereto. While various aspects of the
exemplary embodiments of this invention may be illus-
trated and described as block diagrams, flow charts, or
using some other pictorial representation, it is well un-
derstood that these blocks, apparatus, systems, tech-
niques or methods described herein may be implement-
ed in, as non-limiting examples, hardware, software,
firmware, special purpose circuits or logic, general pur-
pose hardware or controller or other computing devices,
or some combination thereof.

[0091] Itshould thus be appreciated that at least some
aspects of the exemplary embodiments of the inventions
may be practiced in various components such as inte-
grated circuit chips and modules, and that the exemplary
embodiments of this invention may be realized in an ap-
paratus that is embodied 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 so as to
operate in accordance with the exemplary embodiments
of this invention.

[0092] Various modifications and adaptations to the
foregoing exemplary embodiments of this invention may
become apparent to those skilled in the relevant arts in
view of the foregoing description, when read in conjunc-
tion with the accompanying drawings. However, any and
all modifications will still fall within the scope of the non-
limiting and exemplary embodiments of this invention.
[0093] For example, while the exemplary embodi-
ments have been described above in the context of the
UTRAN LTE-A 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 com-
munication system, and that they may be used to advan-
tage in other wireless communication systems.

[0094] 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
elements, and may encompass the presence of one or
more intermediate elements between two elements that
are "connected" or "coupled" together. The coupling or
connection between the elements can be physical, logi-
cal, or a combination thereof. As employed herein two
elements may be considered to be "connected" or "cou-
pled" together by the use of one or more wires, cables
and/or printed electrical connections, as well as by the
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use of electromagnetic energy, such as electromagnetic
energy having wavelengthsin the radio frequency region,
the microwave region and the optical (both visible and
invisible) region, as several non-limiting and non-exhaus-
tive examples.

[0095] Further, the various names used for the de-
scribed parameters are not intended to be limiting in any
respect, as these parameters may be identified by any
suitable names. Further, the various names assigned to
different channels (e.g., PUSCH, PUCCH, etc.) are not
intended to be limiting in any respect, as these various
channels may be identified by any suitable names.
[0096] Furthermore, some of the features of the vari-
ous non-limiting and exemplary embodiments ofthis in-
vention may be used to advantage without the corre-
sponding 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. The scope
of the present invention is determined only by the scope
of the appended claims.

Claims
1. An apparatus, comprising means for:

assigning (8A) a first set of channel state infor-
mation reference signal resources to individual
ones of a plurality of transmission points and
assigning a second set of channel state infor-
mation reference signal resources to individual
ones of the plurality of transmission points,
where the first setis smaller than the second set;
signaling (8B) information that describes the first
and second sets of the channel state information
reference signal resources to a user equipment;
and

receiving (8C) achannel state information report
from the user equipment, the channel state in-
formation report comprising information that de-
scribes a measurement made by the user equip-
ment of at least one of the transmission points
using the second set of channel state informa-
tion reference signal resources.

2. The apparatus according to claim 1, where the first
set of channel state information reference signal re-
sources comprises at least one common channel
state information reference signal resource shared
by a plurality of the transmission points, and where
the second set of channel state information refer-
ence signal resources comprises a single channel
state information reference signal resource per
transmission point that is to be uniquely identifiable
by the user equipment.

3. Theapparatus according to claim 1 or claim 2, where
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during a transmission an individual one of the plu-
rality of transmission points transmits only the single
channel state information reference signal resource
of the second set.

The apparatus according to any one of claims 1
through 3, where the means for signaling the infor-
mation that describes the first and second sets of
the channel state information reference signal re-
sources are also configured to signal a muting pat-
tern corresponding to certain ones of the channel
state information reference signal resources.

The apparatus according to claim 1, where the meas-
urement made using the second set of channel state
information reference signal resources is a simplified
measurement compared to a measurement made
using the first set of channel state information refer-
ence signal resources.

The apparatus according to claim 1, where the re-
ceived channel state information report when using
the second set of channel state information refer-
ence signal resources is a simplified report as com-
pared to a report received when using the first set of
channel state information reference signal resourc-
es.

The apparatus according to claim 1, where receiving
the channel state information report from the user
equipment based on the measurement using the
second set of channel state information reference
signal resources occurs less frequently than receiv-
ing a channel state information report from the user
equipment based on a measurement using the first
set of channel state information reference signal re-
sources.

A user equipment comprising means for:

receiving (9A) signaling information that is de-
scriptive at least one of a first set of channel
state information reference signal resources as-
signed to individual ones of a plurality of trans-
mission points and a second set of channel state
information reference signal resources as-
signed to individual ones of the plurality of trans-
mission points, where the first setis smaller than
the second set;

making (9B) a measurement of at least one
transmission point using at least one of the first
and the second set of channel state information
reference signal resources; and

transmitting (9C) a channel state information re-
port, the channel state information report com-
prising information that describes the measure-
ment made by the user equipment of at least
one of the transmission points using the second
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set of channel state information reference signal
resources.

The user equipment according to claim 8, wherein
the means for transmitting the channel state infor-
mation report are for transmitting a simplified chan-
nel state information report as compared to a chan-
nel state information report corresponding to the first
set of channel state information reference signal re-
sources.

The user equipment according to claim 8 or claim 9,
where the channel state information report is com-
prised of a bitmap.

The user equipment according to claims 8 or claim
9, where the channel state information report indi-
cates a relationship between selected channel state
information reference signal resources.

The user equipment according to any one of claims
8 through 11, where the first set of channel state
information reference signal resources includes a
common channel state information reference signal
resource that is shared by at least some of the plu-
rality of transmission points, and where the second
set of channel state information reference signal re-
sources comprises a single channel state informa-
tion reference signal resource per transmission point
that is to be uniquely identifiable by the user equip-
ment.

The user equipment according to claim 8, further
comprising means for receiving a muting pattern cor-
responding to certain ones of the channel state in-
formation reference signal resources.

The user equipment according to claim 8, which is
configured such that transmitting the channel state
information report based on the measurement using
the second set of channel state information refer-
ence signal resources occurs less frequently than
transmitting a channel state information reportbased
on a measurement using the first set of channel state
information reference signal resources.

A method, comprising:

receiving (9A), at a user equipment, signaling
information that is descriptive at least one of a
first set of channel state information reference
signal resources assigned to individual ones of
a plurality of transmission points and a second
set of channel state information reference signal
resources assigned to individual ones of the plu-
rality of transmission points, where the first set
is smaller than the second set;

making (9B), by the user equipment, a meas-
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urement of at least one transmission point using
at least one of the first and the second set of
channel state information reference signal re-
sources; and

transmitting (9C), by the user equipment, a
channel state information report from the user
equipment, the channel state information report
comprising information that describes the meas-
urement made by the user equipment of at least
one of the transmission points using the second
set of channel state information reference signal
resources.

Patentanspriiche

Vorrichtung, die Mittel fir Folgendes umfasst:

Zuweisen (8A) einer ersten Menge von Kanal-
zustandsinformationen-Referenzsignalres-
sourcen zu einzelnen Ubertragungspunkten
mehrerer Ubertragungspunkte und Zuweisen
einer zweiten Menge von Kanalzustandsinfor-
mationen-Referenzsignalressourcen zu einzel-
nen Ubertragungspunkten der mehreren Uber-
tragungspunkte, wobei die erste Menge kleiner
als die zweite Menge ist;

Signalisieren (8B) von Informationen, die die
erste und zweite Menge der Kanalzustandsin-
formationen-Referenzsignalressourcen be-
schreiben, zu einem Benutzergerat; und
Empfangen (8C) eines Kanalzustandsinforma-
tionsberichts vom Benutzergerat, wobei der Ka-
nalzustandsinformationsbericht Informationen
umfasst, die eine durch das Benutzergerat vor-
genommene Messung mindestens eines der
Ubertragungspunkte unter Verwendung der
zweiten Menge von Kanalzustandsinformatio-
nen-Referenzsignalressourcen beschreiben.

Vorrichtung nach Anspruch 1, wobeidie erste Menge
von Kanalzustandsinformationen-Referenzsignal-
ressourcen mindestens eine gemeinsame Kanalzu-
standsinformationen-Referenzsignalressource um-
fasst, die durch mehrere Ubertragungspunkte der
Ubertragungspunkte gemeinsam genutzt wird, und
wobei die zweite Menge von Kanalzustandsinforma-
tionen-Referenzsignalressourcen eine einzige Ka-
nalzustandsinformationen-Referenzsignalressour-
ce pro Ubertragungspunkt umfasst, die durch das
Benutzergerat eindeutig identifizierbar sein soll.

Vorrichtung nach Anspruch 1 oder Anspruch 2, wo-
bei, wahrend einer Ubertragung, ein einzelner Uber-
tragungspunkt der mehreren Ubertragungspunkte
nur die einzige Kanalzustandsinformationen-Refe-
renzsignalressource der zweiten Menge ubertragt.
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Vorrichtung nach einem der Anspriiche 1 bis 3, wo-
bei die Mittel zum Signalisieren der Informationen,
die die erste und zweite Menge der Kanalzustands-
informationen-Referenzsignalressourcen beschrei-
ben, aulRerdem dazu ausgelegt sind, ein Stumm-
schaltungsmuster, das gewissen Kanalzustandsin-
formationen-Referenzsignalressourcen der Kanal-
zustandsinformationen-Referenzsignalressourcen
entspricht, zu signalisieren.

Vorrichtung nach Anspruch 1, wobei die Messung,
die unter Verwendung der zweiten Menge von Ka-
nalzustandsinformationen-Referenzsignalressour-
cen vorgenommen wird, im Vergleich zu einer Mes-
sung, die unter Verwendung der ersten Menge von
Kanalzustandsinformationen-Referenzsignalres-
sourcen vorgenommen wird, eine vereinfachte Mes-
sung ist.

Vorrichtung nach Anspruch 1, wobei der empfange-
ne Kanalzustandsinformationsbericht, wenn die
zweite Menge von Kanalzustandsinformationen-Re-
ferenzsignalressourcen verwendet wird, im Ver-
gleich zu einem Bericht, der empfangen wird, wenn
die erste Menge von Kanalzustandsinformationen-
Referenzsignalressourcen verwendet wird, ein ver-
einfachter Bericht ist.

Vorrichtung nach Anspruch 1, wobei das Empfangen
des Kanalzustandsinformationsberichts vom Be-
nutzergerat basierend auf der Messung unter Ver-
wendung der zweiten Menge von Kanalzustandsin-
formationen-Referenzsignalressourcen weniger
haufig stattfindet als das Empfangen eines Kanalzu-
standsinformationsberichts vom Benutzergerat ba-
sierend auf einer Messung unter Verwendung der
ersten Menge von Kanalzustandsinformationen-Re-
ferenzsignalressourcen.

Benutzergerat, das Mittel fir Folgendes umfasst:

Empfangen (9A) von Signalisierungsinformati-
onen, die eine erste Menge von Kanalzustand-
sinformationen-Referenzsignalressourcen, die
einzelnen Ubertragungspunkten  mehrerer
Ubertragungspunkte zugewiesen sind,
und/oder eine zweite Menge von Kanalzustand-
sinformationen-Referenzsignalressourcen, die
einzelnen Ubertragungspunkten der mehreren
Ubertragungspunkte zugewiesen sind, be-
schreiben, wobei die erste Menge kleiner als die
zweite Menge ist;

Vornehmen (9B) einer Messung mindestens ei-
nes Ubertragungspunkts unter Verwendung der
ersten und/oder der zweiten Menge von Kanal-
zustandsinformationen-Referenzsignalres-
sourcen; und

Ubertragen (9C) eines Kanalzustandsinformati-
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onsberichts, wobei der Kanalzustandsinforma-
tionsbericht Informationen umfasst, die die
durch das Benutzergerat vorgenommene Mes-
sung mindestens eines der Ubertragungspunk-
te unter Verwendung der zweiten Menge von
Kanalzustandsinformationen-Referenzsignal-
ressourcen beschreiben.

Benutzergerat nach Anspruch 8, wobei die Mittel
zum Ubertragen des Kanalzustandsinformationsbe-
richts zum Ubertragen eines vereinfachten Kanalzu-
standsinformationsberichts im Vergleich zu einem
Kanalzustandsinformationsbericht, der der ersten
Menge von Kanalzustandsinformationen-Referenz-
signalressourcen entspricht, bestehen.

Benutzergerat nach Anspruch 8 oder Anspruch 9,
wobei der Kanalzustandsinformationsbericht aus ei-
ner Bitmap besteht.

Benutzergerat nach Anspruch 8 oder Anspruch 9,
wobei der Kanalzustandsinformationsbericht eine
Beziehung zwischen ausgewahlten Kanalzustands-
informationen-Referenzsignalressourcen angibt.

Benutzergerat nach einem der Anspriiche 8 bis 11,
wobei die erste Menge von Kanalzustandsinforma-
tionen-Referenzsignalressourcen eine gemeinsa-
me Kanalzustandsinformationen-Referenzsignal-
ressource beinhaltet, die durch zumindest manche
Ubertragungspunkte der mehreren Ubertragungs-
punkte gemeinsam genutzt wird, und wobei die zwei-
te Menge von Kanalzustandsinformationen-Refe-
renzsignalressourcen eine einzige Kanalzustands-
informationen-Referenzsignalressource pro Uber-
tragungspunkt umfasst, die durch das Benutzergerat
eindeutig identifizierbar sein soll.

Benutzergerat nach Anspruch 8, ferner umfassend
Mittel zum Empfangen eines Stummschaltungsmus-
ters, das gewissen Kanalzustandsinformationen-
Referenzsignalressourcen der Kanalzustandsinfor-
mationen-Referenzsignalressourcen entspricht.

Benutzergerat nach Anspruch 8, das derart konfigu-
riert ist, dass das Ubertragen des Kanalzustandsin-
formationsberichts basierend auf der Messung unter
Verwendung der zweiten Menge von Kanalzustand-
sinformationen-Referenzsignalressourcen weniger
haufig stattfindet als das Ubertragen eines Kanalzu-
standsinformationsberichts basierend auf einer
Messung unter Verwendung der ersten Menge von
Kanalzustandsinformationen-Referenzsignalres-
sourcen.

Verfahren, umfassend:

Empfangen (9A), bei einem Benutzergerat, von
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Signalisierungsinformationen, die eine erste
Menge von Kanalzustandsinformationen-Refe-
renzsignalressourcen, die einzelnen Ubertra-
gungspunkten mehrerer Ubertragungspunkte
zugewiesen sind, und/oder eine zweite Menge
von Kanalzustandsinformationen-Referenzsig-
nalressourcen, die einzelnen Ubertragungs-
punkten der mehreren Ubertragungspunkte zu-
gewiesen sind, beschreiben, wobei die erste
Menge kleiner als sie zweite Menge ist;
Vornehmen (9B), durch das Benutzergerat, ei-
ner Messung mindestens eines Ubertragungs-
punkts unter Verwendung der ersten und/oder
der zweiten Menge von Kanalzustandsinforma-
tionen-Referenzsignalressourcen; und
Ubertragen (9C), durch das Benutzergerét, ei-
nes Kanalzustandsinformationsberichts vom
Benutzergerat, wobei der Kanalzustandsinfor-
mationsbericht Informationen umfasst, die die
durch das Benutzergerat vorgenommene Mes-
sung mindestens eines der Ubertragungspunk-
te unter Verwendung der zweiten Menge von
Kanalzustandsinformationen-Referenzsignal-
ressourcen beschreiben.

Revendications

Procédé comprenant :

I’attribution (8A), au moyen d’un appareil, d’'un
premier ensemble de ressources de signal de
référence d’informations d’état de canal a cha-
que point de transmission de points de trans-
mission individuels d’une pluralité de points de
transmission et a attribuer un second ensemble
de ressources de signal de référence d’informa-
tions d’étatde canal auditchaque pointde trans-
mission des points de transmission individuels
de la pluralité de points de transmission, ou le
premier ensemble est plus petit que le second
ensemble ;

le signalement (8B), au moyen de I'appareil,
d’informations qui décrivent les premier et se-
cond ensembles des ressources de signal de
référence d’informations d’état de canal a un
équipement utilisateur ; et

la reception (8C), au moyen de I'appareil, d’'un
rapport d’informations d’état de canal en prove-
nance de I'équipement utilisateur, le rapport
d’informations d’état de canal comprenant des
informations qui décrivent une mesure réalisée
par I'équipement utilisateur d’au moins 'un des
points de transmission a I'aide d’au moins le se-
cond ensemble de ressources de signal de ré-
férence d’'informations d’état de canal.

2. Procédé selon la revendication 1, ou le premier en-



27

semble de ressources de signal de référence d’in-
formations d’état de canal comprend au moins une
ressource de signal de référence d’informations
d’état de canal commune partagée par la pluralité
de points de transmission et ou le second ensemble
de ressources de signal de référence d’informations
d’état de canal comprend une seule ressource de
signal de référence d’informations d’état de canal
par point de transmission qui doit étre uniquement
identifiable par I'équipement utilisateur.

Procédé selon la revendication 1 ou la revendication
2, ou, pendant une transmission, un point de trans-
mission individuel de la pluralité de points de trans-
mission transmet seulement la seule ressource de
signal de référence d’'informations d’état de canal du
second ensemble.

Procédé selon I'une quelconque des revendications
1 a 3, ou la signalisation des informations qui décri-
ventles premier et second ensembles de ressources
de signal de référence d’informations d’état de canal
signale également un motif de blocage correspon-
dant a certaines ressources desdites ressources de
signal de référence d’informations d’état de canal.

Procédé selon la revendication 1, ou la mesure réa-
lisée a I'aide du second ensemble de ressources de
signal de référence d’informations d’état de canal
est une mesure simplifiée par comparaison a une
mesure réalisée a I'aide du premier ensemble de
ressources de signal de référence d’informations
d’état de canal.

Procédé selon la revendication 1, ou le rapport d’in-
formations d’état de canal regu lors de I'utilisation du
second ensemble de ressources de signal de réfé-
rence d’informations d’état de canal est un rapport
simplifié par comparaison a un rapport regu lors de
I'utilisation du premier ensemble de ressources de
signal de référence d’informations d’état de canal.

Procédé selon la revendication 1, ou la réception du
rapportd’informations d’étatde canal en provenance
de I'équipement utilisateur en se basant sur la me-
sure a 'aide du second ensemble de ressources de
signal de référence d'informations d’état de canal se
produit moins fréquemment que la réception d’'un
rapportd’informations d’étatde canal en provenance
de I'équipement utilisateur en se basant sur une me-
sure a l'aide du premier ensemble de ressources de
signal de référence d’informations d’état de canal.

Procédé comprenant :
la reception (9A), au niveau d'un équipement

utilisateur, d’informations de signalisation qui
décrivent un premier ensemble de ressources
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de signal de référence d’informations d’état de
canal attribué a chaque point de transmission
de points de transmission individuels d’'une plu-
ralité de points de transmission et un second
ensemble de ressources de signal de référence
d’'informations d’état de canal attribué audit cha-
que point de transmission des points de trans-
mission individuels de la pluralité de points de
transmission, ou le premier ensemble est plus
petit que le second ensembile ;

la réalisation (9B), au moyen de I'équipement
utilisateur, d’'une mesure d’au moins un pointde
transmission a I'aide du premier et/ou du second
ensemble de ressources de signal de référence
d’informations d’état de canal ; et

la transmission (9C), au moyen de I'équipement
utilisateur, d’un rapport d'informations d’état de
canal a partir de I'équipement utilisateur, le rap-
port d’'informations d’état de canal comprenant
des informations qui décrivent la mesure réali-
sée par I'équipement utilisateur d’au moins l'un
des points de transmission a I'aide d’au moins
le second ensemble de ressources de signal de
référence d’informations d’état de canal.

Procédé selon la revendication 8, dans lequel, a
I'étape de transmission, le rapport d’informations
d’état de canal correspondant au second ensemble
de ressources de signal de référence d’informations
d’état de canal est un rapport d’informations d’état
de canal simplifié par comparaison a un rapportd’in-
formations d’état de canal correspondant au premier
ensemble de ressources de signal de référence d’in-
formations d’'état de canal.

Procédé selon la revendication 8 ou la revendication
9, ou le rapport d’'informations d’état de canal est
composé d’une table de bits.

Procédé selon la revendication 8 ou la revendication
9, ou le rapport d’'informations d’état de canal indique
une relation entre des ressources de signal de réfé-
rence d’informations d’état de canal sélectionnées.

Procédé selon I'une quelconque des revendications
8 a 11, ou le premier ensemble de ressources de
signal de référence d’informations d’état de canal
comprend une ressource de signal de référence d’in-
formations d’état de canal commune qui est parta-
gée par la pluralité de points de transmission et ou
le second ensemble de ressources de signal de ré-
férence d’informations d’état de canal comprend une
seule ressource de signal de référence d’informa-
tions d’état de canal par point de transmission qui
doit étre uniquement identifiable par I'équipement
utilisateur.

Procédé selon la revendication 8, comprenant en
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outre la reception d’'un motif de blocage correspon-
dant a certaines ressources desdites ressources de
signal de référence d’informations d’état de canal.

Procédé selon la revendication 8, ou la transmission
du rapport d’informations d’état de canal en se ba-
sant sur la mesure a I'aide du second ensemble de
ressources de signal de référence d’informations
d’état de canal se produit moins fréquemment que
la transmission d’un rapport d'informations d’état de
canal en se basant sur une mesure a l'aide du pre-
mier ensemble de ressources de signal de référence
d’'informations d’état de canal.

Appareil comprenant :

au moins un processeur et au moins une mémoire
contenant un code de programme d’ordinateur, ledit
ou lesdits processeurs étant configurés pour réaliser
un procédé selon I'une quelconque des revendica-
tions 1 a 7 ou I'une quelconque des revendications
8a14.
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INDIVIDUAL ONES OF A PLURALITY OF

TRANSMNISSION POINTS AND ASSIGNING A SECOND .

SET OF CHANNEL STATE INFORMATION REFERENGCE
SIGNAL RESCURCES TO INDMDUAL ONES OF THE
PLURALITY OF TRANSMISSION POINTS, WHERE THE

FIRST SET IS SMALLER THAN THE SECOND SET

]

SIGNALING INFORMATION THAT DESCRIBES THE
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USER EQUIPMENT

3
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FROM THE USER EQUIPMENT, THE CHANNEL STATE

INFORMATION REPORT COMPRISING INFORMATION
THAT DESCRIBES A MEASUREMENT MADE BY

THE USER EQUIPMENT OF AT LEAST ONE OF THE!

TRANSMISSION POINTS USING AT LEAST THE SECORND
SET OF CHANNEL STATE INFORMATION REFERENCE

SIGNAL RESOURCES

FIG.8
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RECEIVING AT A USER EQUIPMENT SIGNALING INFORMATION
THAT DESCRIBES A FIRST SET OF CHANNEL STATE INFORMATION
REFERENCE SIGNAL RESQURCES ASSIGNED TOQ INDIVIDUAL ONES
OF A PLURAUTY OF TRANSMISSION POINTS AND A SECOND SET
OF CHANNEL STATE INFORMATION REFERENCE SIGNAL RESOQURCES

ASSIGNED TO INDIVIDUAL ONES OF THE PLURALITY OF

TRANSMISSION POINTS, WHERE THE FIRST SET {S SMALLER THAN|

THE SECOND SEY

¥

MAKING & MEASUREMENT OF AT LEAST ONE TRANSMISSION FOINTY
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¥

TRANSMITTING A CHANNEL STATE INFORMATION REPORT FROM
THE USER EQUIPMENT, THE CHANNEL STATE INFORMATION
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