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User Equipment (UE) and methods for antenna port quasi co-location

signaling in coordinated multi-point (CoMP) operations are generally
described herein. In some embodiments, one or more downlink
channels are at least partially offloaded from a serving Evolved Node-B
(eNB) to one or more neighbor eNBs. The UE may receive signaling

to use for estimation of one or more large-scale physical-layer
parameters associated with the one or more downlink channels

PROCEDURE FOR ANTENNA. PORT CO-LOCATION
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Tassé kuvataan yleisesti kayttdjalaite (UE) ja menetelmid antenniportin
néennaisyhteispaikannussignaloinnille koordinoiduissa
monipistetoiminnoissa (CoMP). Joissakin suoritusmuodoissa yksi tai
useampi laskevasuuntaisyhteyskanava siirretdan vahintaan osittain
palvelevasta kehitetystd solmusta B (eNB) yhteen tai useampaan
naapuri-eNB:hen. UE voi vastaanottaa signalointia palvelevalta eNB:Ita
naapurieNB:n referenssisignaalin osoittamiseksi kaytettdviksi yhden
tai useamman laajaskaalaisen fyysisen tason parametrien estimointiin
liittyen yhteen tai useampaan laskevasuuntaisyhteyskanavaan, jotka
yksi tai useampi naapuri-eNB tarjoaa. UE voi estimoida kyseiset yhden
tai useampia laajaskaalaisen fyysisen tason parametrit osoitetun
referenssisignaalin vastaanoton naapuri- ja palvelevalta eNB:Ita
perusteella. UE voi myds kayttéaa estimoitua yhta tai useampaa
laajaskaalaisen fyysisen tason parametria yhden tai useamman
laskevasuuntaisyhteyskanavan prosessoimiseen naapuri- ja
palvelevalta eNB:Ita.
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USER EQUIPMENT AND METHOD FOR ANTENNA PORT QUASI CO-
LOCATION SIGNALING IN COORDINATED MULTI-POINT OPERATIONS

[0001] Embodiments pertain to wireless communications. Some
embodiments relate to coordinated multipoint (CoMP) operations in cellular
networks, such as E-UTRAN networks operating in accordance with one of the
3GPP standards for the Long Term Evolution (LTE) (3GPP LTE).

[0002] By coordinating and combining signals from multiple antenna
locations, CoMP operations may make it possible for mobile users to enjoy
consistent performance and quality when they access and share videos, photos and
other high-bandwidth services whether they are close to the center of a cell or at its
outer edges. During CoMP operations, user equipment (UE) may receive signals
from multiple sites (e.g., a serving enhanced node B (eNB) and a neighbor eNB) to
take advantage of multiple reception to improve link performance. One issue with
CoMP operations is that it becomes difficult for a UE to process signals received
from a neighbor eNB due to a mismatch in some of the parameters between the
serving and neighbor eNBs.

[0003] Thus, what are needed are UEs and methods for signaling in CoMP
operations to allow a UE to address parameter mismatch for improved CoMP
operations.

[0004] The problems of the prior art are solved by the UEs of claims 1 and 9,
as well as the method of claim 6.

[0005] Examples provide a user Equipment (UE) configured for coordinated
multi-point (CoMP) operations in which one or more downlink channels are at least
partially offloaded from a serving Evolved Node-B (eNB) to one or more neighbor
eNBs, the UE configured to: receive signaling from the serving eNB that indicates a
reference signal of a neighbor eNB to use for estimation of one or more large-scale
physical-layer parameters associated with the one or more downlink channels
provided by the neighbor eNB; estimate the one or more large-scale physical-layer
parameters based on receipt of the indicated reference signal from the neighbor eNB,;
and apply the estimated one or more large-scale physical-layer parameters for

processing regions of the one or more downlink channels from the neighbor eNB.
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[0006] Examples may provide that the UE is configured for CoMP operations
in an Evolved Universal Terrestrial Radio Access Network (E-UTRAN), wherein the
indicated reference signal is a reference signal of a CoMP measurement set
comprising channel-state information reference signals (CSI-RSs), and wherein the
one or more downlink channels include at least one of a physical downlink shared
channel (PDSCH) and an enhanced physical downlink control channel (e-PDCCH).
[0007] Examples may provide that the UE is to apply the estimate of the one
or more large-scale physical-layer parameters for receipt of a UE-specific RS from
the neighbor eNB and use the UE-specific RS to demodulate one of the downlink
channel received from the neighbor eNB.

[0008] Examples may provide that the signaling received from the serving
eNB further indicates that the one or more downlink channels is also being provided
by the serving eNB, and wherein the UE is further configured to: estimate the one or
more large-scale physical-layer parameters based on receipt of a reference signal
from the serving eNB; and apply the estimated one or more large-scale physical-
layer parameters for processing regions of the one or more downlink channels from
the serving eNB.

[0009] Examples may provide that the e-PDCCH is at least partially
offloaded to a neighbor eNB, the UE is to apply the estimate of the one or more
large-scale physical-layer parameters for receipt of an e-PDCCH UE-specific RS
from the neighbor eNB and use the e-PDCCH UE-specific RS to demodulate sets of
the e-PDCCH received from the neighbor eNB, and wherein when the PDSCH is at
least partially offloaded to a neighbor eNB, the UE is to apply the estimate of the one
or more large-scale physical-layer parameters for receipt of a PDSCH UE-specific
RS from the neighbor eNB and use the PDSCH UE-specific RS to demodulate
resource block allocations of the PDSCH received from the neighbor eNB.

[0010] Examples may provide that the large-scale physical-layer parameters
include one or more of a timing offset, frequency offset or shift, channel power delay
profile, channel Doppler spread, and average channel gain, and wherein when the
large-scale physical layer parameters include at least a timing offset, the signaling
received from the serving eNB indicates that the reference signal of the neighbor
eNB is to be used for timing offset estimation associated with the one or more

downlink channels of the neighbor eNB, and wherein the UE is configured to:
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perform initial timing synchronization based on receipt of a synchronization
sequence of the serving eNB, estimate a timing offset between downlink frames of
the serving eNB and downlink frames of the neighbor eNB based on receipt of a
reference signal from the serving eNB and the indicated reference signal of the
neighbor eNB; and apply the estimated timing offset for processing regions of one or
more downlink channels of the neighbor eNB.

[0011] Examples may provide that when one or more downlink channels are
fully-offloaded, the UE is arranged to receive the one or more downlink channels
from one or more neighbor eNBs and not from the serving eNB.

[0012] Examples may provide that when one or more downlink channels are
partially-offloaded, the UE is arranged to receive the one or more downlink channels
concurrently from both the serving eNB and at least one neighbor eNB, the one or
more downlink channels being partitioned into regions, the regions being sets for the
e-PDCCH and resource block allocations for the PDSCH, each region sent by one of
the eNBs, and wherein the UE is configured to receive signaling from serving eNB
indicating resource blocks that comprise a region of the one or more downlink
channels that are transmitted from the serving eNB and indicating the resource
blocks that comprise the region of the one or more downlink channels that are
transmitted by the one or more neighbor eNBs, and wherein the UE is further
configured to apply a different processing to each region of the one or more
downlink channels independently.

[0013] Examples may provide that the UE uses channel information
determined from the e-PDCCH UE-specific RS for symbol detection and
demodulation of the e-PDCCH.

[0014] Examples may provide that the UE is configured for single fast-
Fourier transform (FFT) processing to process the CSI-RSs, a cell-specific reference
signal (CRS), at least one of the downlink channels, and the UE-specific RS in a
single FFT processing step.

[0015] Examples may provide that the signaling is provided using radio-
resource control (RRC) layer signaling, wherein the RRC layer signaling indicates at
least one of a configuration of a CoMP management set, a reference CSI-RS resource

index of the CoMP resource management set, COMP measurement set and a
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configuration of a reference physical cell identity of the reference signal of the
serving or the neighbor eNB.

[0016] Examples may provide that the signaling is provided using MAC
layer signaling.

[0017] Examples may provide that when the PDSCH is at least partially
offloaded, signaling for the PDSCH is provided using physical (PHY) layer signaling
in downlink control information (DCI).

[0018] Examples provide a method for coordinated multi-point (CoMP)
operations in which one or more downlink channels are at least partially offloaded
from a serving Evolved Node-B (eNB) to one or more neighbor eNBs, the method
comprising: receiving signaling from the serving eNB to indicate a reference signal
of a neighbor eNB to use for estimation of one or more large-scale physical-layer
parameters associated with the one or more downlink channels provided by the
neighbor eNB, the large-scale physical-layer parameters including one or more of a
timing offset, frequency offset or shift, channel power delay profile, channel Doppler
spread, and average channel gain; and estimating the one or more large-scale
physical-layer parameters based on receipt of the indicated reference signal from the
neighbor eNB for processing regions of the one or more downlink channels received
from the neighbor eNB, wherein the indicated reference signal is a reference signal
of a CoMP measurement set comprising channel-state information reference signals
(CSI-RSs).

[0019] Examples may provide that the one or more downlink channels
include at least one of a physical downlink shared channel (PDSCH) and an
enhanced physical downlink control channel (e-PDCCH).

[0020] Examples may provide that when the e-PDCCH is at least partially
offloaded to a neighbor eNB, the method includes the UE: applying the estimate of
the one or more large-scale physical-layer parameters for receipt of an e-PDCCH
UE-specific RS from the neighbor eNB; and using the e-PDCCH UE-specific RS to
demodulate sets of the e-PDCCH received from the neighbor eNB.

[0021] Examples may provide that when the PDSCH is at least partially
offloaded to a neighbor eNB, the UE is to apply the estimate of the one or more
large-scale physical-layer parameters for receipt of a PDSCH UE-specific RS from
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the neighbor eNB and use the PDSCH UE-specific RS to demodulate resource block
allocations of the PDSCH received from the neighbor eNB.

[0022] Examples may provide that the UE is configured for CoMP operations
in an Evolved Universal Terrestrial Radio Access Network (E-UTRAN), and
wherein the indicated reference signal comprises at least one of a cell-specific
reference signal (CRS), a Primary Synchronization Sequence (PSS) and Secondary
Synchronization Sequence (SSS).

[0023] Examples may provide a user Equipment (UE) configured for
coordinated multi-point (CoMP) operations, the UE having processing circuitry to:
process signaling received from a serving eNB to determine a reference signal of the
serving eNB to use for estimation of one or more large-scale physical-layer
parameters associated with one or more downlink channels provided the serving
eNB, the large-scale physical-layer parameters include at least a timing offset,
wherein when the one or more downlink channels are at least partially offloaded to
the neighbor eNB, the processing circuitry is further arranged to: further process the
signaling received from the serving eNB to determine a reference signal of the
neighbor eNB to use for estimation of one or more large-scale physical-layer
parameters associated with the one or more downlink channels provided by the
neighbor eNB for CoMP operations; apply the one or more large-scale physical-layer
parameters estimated from the reference signal of the serving eNB for processing
regions of the one or more downlink channels from the serving eNB; and apply the
one or more large-scale physical-layer parameters estimated from the reference
signal of the neighbor eNB for processing regions of the one or more downlink
channels from the neighbor eNB.

[0024] Examples may provide that the indicated reference signal is a
reference signal of a CoMP measurement set comprising channel-state information
reference signals (CSI-RSs).

[0025] Examples may provide that the one or more downlink channels
include at least one of a physical downlink shared channel (PDSCH) and an
enhanced physical downlink control channel (e-PDCCH).

[0026] FIG. 1 illustrates a wireless network in accordance with some

embodiments;
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[0027] FIG. 2 illustrates timing mismatch in accordance with some
embodiments;
[0028] FIG. 3 is a functional block diagram of user equipment (UE) in

accordance with some embodiments;

[0029] FIGs. 4A through 4C illustrate various CoMP scenarios in accordance
with some embodiments; and

[0030] FIG. 5 is a procedure for antenna port quasi co-location signaling for
CoMP operations in accordance with some embodiments.

[0031] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

[0032] FIG. 1 illustrates a wireless network in accordance with some
embodiments. Wireless network 100 includes user equipment (UE) 102 and a
plurality of enhanced node Bs (eNBs) 104, 106 and 116. The eNBs may provide
communication services to UEs, such as UE 102. The eNB 104 may be a serving
eNB when the UE 102 is located with a region (e.g., a cell) served by eNB 104. The
eNBs 106, 116 may be neighbor eNBs.

[0033] In accordance with embodiments, UE 102 may be configured for
coordinated multi-point (CoMP) operations in which one or more downlink channels
107 are at least partially offloaded from the serving eNB 104 to one or more
neighbor eNBs, such as neighbor eNBs 106 and/or 116. In these embodiments, the
UE 102 may receive signaling from the serving eNB 104 to indicate a particular
reference signal of a neighbor eNB (e.g., reference signal 105 of neighbor eNB 106,
and/or reference signal 115 of neighbor eNB 116) to use for estimation of one or
more large-scale physical-layer parameters associated with the one or more downlink
channels 107 that may be provided at least in part by the neighbor eNB. The UE 102
may estimate the one or more large-scale physical-layer parameters based on receipt
of the indicated reference signal 105 from the neighbor eNB and may apply the
estimated one or more large-scale physical-layer parameters for processing the one or

more downlink channels 107 from the neighbor eNB. Accordingly, mismatch
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between these parameters may be addressed. For example, improved symbol
detection and demodulation of an offloaded downlink channel transmitted by a
neighbor eNB may be achieved.

[0034] This is unlike some conventional techniques which may estimate one
or more of the large-scale physical-layer parameters based on a reference signal 103
from the serving eNB 104 for processing a downlink channel that has been at least
partially offloaded. Conventional estimation of any one or more of these large-scale
physical-layer parameters based on reference signals (e.g., reference signal 103) sent
by the serving eNB 104 may result in poor performance.

[0035] In some embodiments, the one or more downlink channels 107 may
be simultaneously offloaded to two or more neighbor eNBs, such as neighbor eNB
106 and neighbor eNB 116. In these embodiments, the serving eNB 104 may provide
signaling to the UE 102 to indicate the particular reference signal 105 of neighbor
eNB 106 to use for estimation of one or more large-scale physical-layer parameters
associated with the one or more downlink channels 107 that may be provided at least
in part by neighbor eNB 106, and the serving eNB 104 may provide signaling to
indicate the particular reference signal 115 of neighbor eNB 116 to use for estimation
of one or more large-scale physical-layer parameters associated with the one or more
downlink channels 107 that may be provided at least in part by neighbor eNB 116.
As discussed in more detail below, the one or more downlink channels 107 may be
either fully offloaded to neighbor eNBs 106 and 116, or partially offloaded to
neighbor eNBs 106 and 116.

[0036] The large-scale physical-layer parameters may include a timing offset,
frequency offset or shift, channel power delay profile, channel Doppler spread, and
average channel gain, although the scope of the embodiments is not limited in this
respect. Other large-scale physical-layer parameters, such as delay spread, Doppler
shift, and average delay, may also be included.

[0037] In some embodiments, the UE 102 is configured for CoMP operations
in an Evolved Universal Terrestrial Radio Access Network (E-UTRAN) and the
indicated reference signal 105, 115 may be a channel state information reference
signal (CSI-RS) of a CoMP measurement set or one of a cell-specific reference
signal (CRS), a Primary Synchronization Sequence (PSS) and Secondary

Synchronization Sequence (SSS). The CoMP measurement set may be a set of CSI-
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RSs which UE 102 may use to perform CSI measurements and provide feedback to
an eNB. The one or more downlink channels 107 that are at least partially offloaded
from the serving eNB 104 to the one or more neighbor eNBs 106, 116 may include a
physical downlink shared channel (PDSCH) and/or an enhanced physical downlink
control channel (e-PDCCH). In these embodiments, the UE 102 may apply the
estimate of the one or more large-scale physical-layer parameters for processing the
downlink channel 107 that is offloaded (i.e., PDSCH and/or the e-PDCCH) and
received from one or more neighbor eNBs 106, 116.

[0038] In some embodiments, the neighbor eNB 106 and/or the neighbor
eNB 116 may be associated with a pico cell while the serving eNB 104 may be
associated with a macro cell, although the scope of the embodiments is not limited in
this respect. In various CoMP scenarios described in more detail below, remote-radio
heads (RRHs) may perform the CoMP operations of a neighbor eNB.

[0039] In fully-offloaded CoMP embodiments, one or more downlink
channels 107 may be completely offloaded to one or more neighbor eNBs, such as
neighbor eNB 106 and neighbor eNB 116. In these fully-offloaded CoMP
embodiments, the downlink channel that is fully-offloaded may be transmitted by the
one or more neighbor eNBs 106, 116 and is not transmitted by the serving eNB 104.
In these fully-offloaded embodiments, the e-PDCCH and/or the PDSCH, for
example, may be completely offloaded to one or more neighbor eNBs, such as
neighbor eNB 106 and/or neighbor eNB 116. The e-PDCCH and/or the PDSCH, for
example, may alternatively be completely offloaded to two neighbor eNBs, such as
neighbor eNB 106 and neighbor eNB 116. The e-PDCCH and/or the PDSCH, for
example, may alternatively be completely offloaded to three neighbor eNBs, such as
neighbor eNB 106, neighbor eNB 116 and another neighbor eNB (not illustrated).
[0040] In partially-offloaded CoMP embodiments, one or more downlink
channels 107 may be partially offloaded to one or more neighbor eNBs, such as
neighbor eNB 106 and/or neighbor eNB 116. In these partially-offloaded CoMP
embodiments, the downlink channel that is partially offloaded is transmitted
concurrently by the serving eNB 104 and by the one or more neighbor eNBs. In these
partially-offloaded embodiments, the serving eNB 104 may indicate that the
downlink channel (e.g., the e-PDCCH and/or the PDSCH) is sent from the serving

eNB 104 as well from one or more neighbor eNBs, such as neighbor eNB 106 and/or
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neighbor eNB 116. This allows the UE 102 to additionally use one or more large-
scale physical-layer parameters estimated from one or more reference signals (e.g.,
PSS/SSS/CRS or CSI-RS) of serving eNB 104 for downlink channel processing (i.e.,
in addition to one or more reference signals (e.g., PSS/SSS/CRS or CSI-RS) of a
neighbor eNB 10 downlink channel processing).

[0041] In some partially-offloaded CoMP embodiments, a downlink channel
(i.e., the e-PDCCH and/or PDSCH) may be partially offloaded to two neighbor eNBs
allowing the UE to receive a downlink channel from three eNBs (e.g., serving eNB
104, neighbor eNB 106 and neighbor eNB 116). In some of these embodiments,
network may be an E-UTRAN and may operate in accordance with one or more of
the 3GPP LTE specifications, release 11 or later, although this is not a requirement.
[0042] In some embodiments, the UE 102 may apply the estimate of the one
or more large-scale physical-layer parameters (i.e., estimated from reference signal
105 and/or reference signal 115) for receipt of a user-specific reference signal (UE-
specific RS) from a neighbor eNB (e.g., neighbor eNB 106 and/or neighbor eNB
116) and use the UE-specific RS to demodulate regions of the downlink channel 107
that are received from the neighbor eNB. Additionally, in partially-offloaded
embodiments, the UE 102 may apply an estimate of the one or more large-scale
physical-layer parameters (i.e., estimated from reference signal 103) for receipt of a
UE-specific RS from the serving eNB 104 and use the UE-specific RS to demodulate
regions of the downlink channel 107 that are received from the serving eNB 104.
[0043] The UE-specific RS may include an e-PDCCH UE-specific RS and/or
a PDSCH UE-specific RS. The e-PDCCH UE-specific RS may be used by the UE
102 for demodulation of the e-PDCCH. The PDSCH UE-specific RS may be used by
the UE 102 for demodulation of the PDSCH. The UE-specific RS may be a
demodulation reference signal (DM-RS).

[0044] In an example embodiment, the serving eNB 104 may indicate that
the e-PDCCH is being sent from both the serving eNB 104 as well as from two or
more neighbor eNBs (e.g., neighbor eNB 106 and neighbor eNB 116). The serving
eNB 104 may indicate to the UE 102 to use reference signal 105 to estimate one or
more large-scale physical-layer parameters of neighbor eNB 106 and to use reference
signal 115 to estimate one or more large-scale physical-layer parameters of neighbor

eNB 116. The estimated one or more large-scale physical-layer parameters of
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neighbor eNB 106 may be used to receive a UE-specific RS from eNB 106 which
may be used for demodulation and processing of the e-PDCCH from eNB 106. The
estimated one or more large-scale physical-layer parameters of neighbor eNB 116
may be used to receive a UE-specific RS from eNB 116 which may be used for
demodulation processing of the e-PDCCH from eNB 116. A similar approach may
be applied when the PDSCH is at least partially offloaded.

[0045] In some embodiments, the estimate of the one or more large-scale
physical-layer parameters may, for example, be used for symbol detection and
demodulation, although the scope of the embodiments is not limited in this respect.
In some embodiments, the estimate of the one or more large-scale physical-layer
parameters may be used for channel estimation based on a UE-specific RS for the
offloaded channel (i.e., the e-PDCCH UE-specific RS or the PDSCH UE-specific
RS).

[0046] FIG. 2 illustrates timing mismatch in accordance with some
embodiments. As shown in FIG. 2, frames 204 may be received from a serving eNB,
such as serving eNB 104 (FIG. 1), and frames 206 may be received from a neighbor
eNB, such as neighbor eNB 106 (FIG. 1). A timing offset 208 may exist between
frames 204 and 206 due to different propagation distances between the serving eNB
104 and UE 102 (FIG. 1) and between the neighbor eNB 106 and the UE 102.
[0047] In accordance with embodiments, when the large-scale physical layer
parameters include a timing offset, such as timing offset 208, the signaling received
from the serving eNB 104 may indicate that the reference signal 105 of the neighbor
eNB 106 that is to be used for timing estimation associated with the one or more
downlink channels 107 of the neighbor eNB 106. In these embodiments, the UE 102
may perform initial timing synchronization based on receipt of a synchronization
sequence (e.g., the PSS and/or the SSS) of the serving eNB 104. The UE 102 may
then estimate a timing offset 208 between downlink frames 204 of the serving eNB
104 and downlink frames 206 of the neighbor eNB 106 based on receipt of a
reference signal 103 from the serving eNB 104 and the indicated reference signal 105
of the neighbor eNB 106. The UE 102 may apply the estimated timing offset for
processing one or more downlink channels 107 provided by the neighbor eNB 106.
As illustrated in FIG. 2, the timing offset 208 may be limited to the length of the
cyclic prefix (CP) 209.
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[0048] In some embodiments, the signaling from the serving eNB 104 may
also indicate that a reference signal from the neighbor eNB 106 is to be used for
timing estimation when a particular downlink channel (e.g., the e-PDCCH) is also
sent by the neighbor eNB 106. In these CoMP embodiments, the UE 102 may use the
e-PDCCH UE-specific RS from the neighbor eNB 106 to process the e-PDCCH
received from the neighbor eNB 106, even though there is a timing mismatch
between a reference signal (e.g., the CRS) of the serving eNB 104 and the e-PDCCH
of the neighbor eNB 106 since the timing offset has been estimated and compensated
by the UE 102. By compensating for any timing mismatch between a reference
signal of the serving eNB 104 (e.g., the CRS) and a reference signal from the
neighbor eNB 106 (e.g., the e-PDCCH UE-specific RS for e-PDCCH processing),
any negative impact of such timing mismatch may be avoided.

[0049] In some embodiments, a channel estimation procedure may be
performed on a UE-specific RS that is sent by neighbor eNB 106. Estimates of the
large-scale physical-layer parameters, for example, may be used by the UE 102 for
UE-specific RS channel estimation procedures.

[0050] In some embodiments, the one or more downlink channels that are at
least partially offloaded may be partitioned into regions or sets. Each region may be
sent by one of the eNBs participating in CoMP operations. The UE 102 may receive
signaling from the serving eNB 104 indicating which resource blocks comprise the
region of the one or more downlink channels (e.g., e-PDCCH and/or the PDSCH)
that are transmitted from the serving eNB 104. The UE 102 may also receive
signaling indicating the resource blocks that comprise the region of the one or more
downlink channels that are transmitted by the one or more neighbor eNBs. In these
embodiments, the UE 102 may apply a different processing (i.e., for the one or more
large-scale physical layer parameters including application of timing offset
compensation) to each region of the offloaded downlink channel independently.
[0051] In some embodiments, the regions of the e-PDCCH may be referred
to as sets. In some embodiments, the regions of the PDSCH may be a resource block
allocation.

[0052] In some embodiments, when the e-PDCCH includes multiple regions
(i.e., sets), the CSI-RS resource may be configured or indicated for each region (or

set) of the e-PDCCH that is sent to be specific to an eNB that is participating in the
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CoMP operations. In these embodiments, multiple e-PDCCH region configurations
may be sent to UE 102. Each configuration may have its own reference signal
configuration or indication, an example of which is illustrated below:

e-PDCCH-Config-Set-r11 ::= CHOICE {

csiRsIndex-r11 INTEGER (0..3),
physCellld-r11 PhysCellld,

3
In this example, a CSI-RS index is used instead of a configuration of CSI-RS. The

CSI-RS index points to a particular CSI-RS which is configured by a control
message.

[0053] In some embodiments, the UE 102 may calculate CSI feedback based
on the CSI-RSs (i.e., of the CoMP measurement set) of each eNB involved in the
CoMP operations (including the serving eNB 104 and one or more neighbor eNBs).
The UE 102 may transmit the CSI feedback to the serving eNB 104. In some of these
embodiments, the CSI feedback for the neighbor eNB may, for example, be sent to
the serving eNB 104 (over an X2 interface). In some embodiments, a set of CSI-RS
of the CoMP measurement set may be configured for the UE 102 and provided by
the serving eNB 104.

[0054] FIG. 3 is a functional block diagram of a UE in accordance with some
embodiments. UE 300 may be suitable for use as UE 102 (FIG. 1) although other UE
configurations may also be suitable. UE 300 may include a transceiver 304 for
communicating with at least two or more eNBs and processing circuitry 302
configured to perform at least some of the operations described herein. UE 300 may
also include a memory and other elements not separately illustrated. The processing
circuitry 302 may also be configured to determine several different feedback values
discussed below for transmission to an eNB. The processing circuitry may also
include a media access control (MAC) layer. In some embodiments, the UE 300 may
include one or more of a keyboard, a display, a non-volatile memory port, multiple
antennas, a graphics processor, an application processor, speakers, and other mobile

device elements. The display may be an LCD screen including a touch screen.
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[0055] In accordance with some embodiments, the processing circuitry 302
may be configured to estimate the one or more large-scale physical-layer parameters
based on receipt of an indicated reference signal from the one or more neighbor
eNBs. For example, the UE 300 may estimate a first timing offset from receipt of
reference signal 105 from neighbor eNB 106 and may estimate a second timing
offset from receipt of reference signal 115 from neighbor eNB 116. The processing
circuitry 302 may apply the estimated timing offsets for processing the one or more
downlink channels 107 from the neighbor eNBs. For example, the processing
circuitry 302 may apply the first timing offset estimated from reference signal 105
for receipt of a UE-specific RS from neighbor eNB 106 (e.g., the e-PDCCH UE-
specific RS) and use the UE-specific RS from neighbor eNB 106 to demodulate the
regions of the downlink channel (e.g., the particular sets of the e-PDCCH) received
from the neighbor eNB 106. Furthermore, the UE 102 may apply the second timing
offset estimated from reference signal 115 for receipt of a UE-specific RS from
neighbor eNB 116 (e.g., the e-PDCCH UE-specific RS) and use the UE-specific RS
from neighbor eNB 116 to demodulate the regions of the downlink channel (e.g., the
particular sets of the e-PDCCH) received from the neighbor eNB 116. Additionally,
the processing circuitry 302 may apply the timing estimated from reference signal
103 for receipt of a UE-specific RS from serving eNB 104 (e.g., the e-PDCCH UE-
specific RS) and use the UE-specific RS from serving eNB 104 to demodulate the
regions of the downlink channel (e.g., the particular sets of the e-PDCCH) received
from the serving eNB 104.

[0056] In accordance with embodiments, rather than estimating one or more
of the large-scale physical-layer parameters based on a reference signal 103 from the
serving eNB 104, such as the CRS, for symbol detection and demodulation of the e-
PDCCH and/or PDSCH transmitted by the neighbor eNB 106, the UE 300 may
estimate one or more large-scale physical-layer parameters based on receipt of the
indicated reference signal 105 of the neighbor eNB 106 for symbol detection and
demodulation of the e-PDCCH and/or PDSCH transmitted by the neighbor eNB 106.
Accordingly, improved symbol detection and demodulation of the e-PDCCH and/or
PDSCH transmitted by the neighbor eNB 106 may be achieved. Conventional
estimation of any one or more of these large-scale physical-layer parameters based

on reference signals sent by the serving eNB 104 may result in poor performance.
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[0057] The one or more antennas utilized by the UE 300 may comprise one
or more directional or omnidirectional antennas, including, for example, dipole
antennas, monopole antennas, patch antennas, loop antennas, microstrip antennas or
other types of antennas suitable for transmission of RF signals. In some multiple-
input multiple-output (MIMO) embodiments, the antennas may be effectively
separated to take advantage of spatial diversity and the different channel
characteristics that may result between each of antennas and the antennas of a
transmitting station.

[0058] Although the UE 300 is illustrated as having several separate
functional elements, one or more of the functional elements may be combined and
may be implemented by combinations of software-configured elements, such as
processing elements including digital signal processors (DSPs), and/or other
hardware elements. For example, some elements may comprise one or more
microprocessors, DSPs, application specific integrated circuits (ASICs), radio-
frequency integrated circuits (RFICs) and combinations of various hardware and
logic circuitry for performing at least the functions described herein. In some
embodiments, the functional elements may refer to one or more processes operating
on one or more processing elements.

[0059] In some embodiments, the UE 300 may be configured to transmit and
receive OFDM communication signals over a multicarrier communication channel in
accordance with an OFDMA communication technique. The OFDM signals may
comprise a plurality of orthogonal subcarriers. In some LTE embodiments, the basic
unit of the wireless resource is the Physical Resource Block (PRB). The PRB may
comprise 12 sub-carriers in the frequency domain x 0.5 ms in the time domain. The
PRBs may be allocated in pairs (in the time domain). In these embodiments, the PRB
may comprise a plurality of resource elements (REs). A RE may comprise one sub-
carrier X one symbol.

[0060] In some embodiments, the UE 300 may be part of a portable wireless
communication device, such as a personal digital assistant (PDA), a laptop or
portable computer with wireless communication capability, a web tablet, a wireless
telephone, a wireless headset, a pager, an instant messaging device, a digital camera,

an access point, a television, a medical device (e.g., a heart rate monitor, a blood
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pressure monitor, etc.), or other device that may receive and/or transmit information
wirelessly.

[0061] In some UTRAN LTE embodiments, the UE 300 may calculate
several different feedback values which may be used to perform channel adaption for
closed-loop spatial multiplexing transmission mode. These feedback values may
include a channel-quality indicator (CQI), a rank indicator (RI) and a precoding
matrix indicator (PMI). By the CQL the transmitter selects one of several modulation
alphabets and code rate combinations. The RI informs the transmitter about the
number of useful transmission layers for the current MIMO channel, and the PMI
indicates the codebook index of the precoding matrix (depending on the number of
transmit antennas) that is applied at the transmitter. The code rate used by the eNB
may be based on the CQI. The PMI may be a vector or matrix that is calculated by
the UE and reported to the eNB. In some embodiments, the UE may transmit a
physical uplink control channel (PUCCH) of format 2, 2a or 2b containing the
CQI/PMI or RL

[0062] FIGs. 4A through 4C illustrate various CoMP scenarios in accordance
with some embodiments. CoMP scenario one is illustrated in FIG. 4A in which a
homogeneous network performs intra-site CoMP operations. In this scenario, each
eNB 402 may perform intra-site CoMP within its coordination area 405, which may
be within the cell that it serves. COMP scenario two is illustrated in FIG. 4B in which
a homogeneous network with high-power remote radio heads (RRHs) 412 that
perform CoMP operations within a coordination area 415. In CoMP scenario two, the
RRHs 414 may be coupled by high-bandwidth links 416, such as optical fiber links.
The coordination area 415 may comprise a plurality of cells.

[0063] CoMP scenarios three and four are illustrated in FIG. 4C in which a
heterogeneous network includes lower-power RRHs 424 that perform CoMP
operations within a higher-power eNB 422 providing macrocell coverage area 425
where transmission and reception points are provided by the RRHs 424 and higher-
power eNB 422. In CoMP scenarios three and four, a single eNB 422 may coordinate
CoMP operations within the coverage area 425. In CoMP scenario three, the RRHs
424 may have different cell IDs than the macrocell. In CoMP scenario four, the
RRHs 424 may have the same cell ID as the cell ID of the macrocell. In CoMP
scenarios three and four, the RRHs 424 may be coupled to the eNB 422 by high-



20135776 PrH 17 -07- 2013

10

15

20

25

30

16

bandwidth links 426, such as optical fiber links. Each RRH 424 may provide
communications within a micro or pico cell as illustrated.

[0064] In CoMP scenarios one through four, the e-PDCCH UE-specific RS
antenna ports may be linked via signaling with one of the CSI-RS of the CoMP
management set. In some embodiments for CoMP scenarios one through three, the e-
PDCCH UE-specific RS may be linked (by physical cell identity configuration) with
other cell reference signals (e.g., PSS/ SSS/CRS) to provide a timing reference (or a
reference to one or more other large scale properties) for e-PDCCH processing. The
linkage of a UE-specific RS to some other reference signal (e.g., CSI-RS, PSS, SSS,
or CRS) allows usage of estimated timing (or other large-scale physical-layer
parameter) on the indicated reference signals for the subsequent e-PDCCH
processing.

[0065] For the CoMP measurement set (which may include CSI-RS from the
serving eNB 104 and CSI-RS from the neighbor eNB 106), the UE 102 may provide
CSI feedback based on receipt of CSI-RSs from each eNB involved in the CoMP
operations. For the CoMP resource management set, the UE provides more basic
information such as reference signal received power.

[0066] In some embodiments, the serving eNB 104 provides the CSI
feedback for a neighbor eNB 106 to the neighbor eNB over the backhaul network
(e.g., the X2 interface) for use by the neighbor eNB 106 for configuring the UE-
specific RS (i.e., e-PDCCH UE-specific RS and the PDSCH UE-specific RS).
Alternatively, rather than the serving eNB 104, a master eNB or central processing
unit may perform all CoMP processing.

[0067] In some embodiments, the UE 102 may calculate CSI feedback based
on CSI-RS of the serving eNB 104 and transmit the CSI feedback (for the serving
eNB) to the serving eNB 104, and the UE may calculate CSI feedback (for the
neighbor eNB) based on CSI-RS of one or more neighbor eNB 106 involved in the
CoMP operations and transmit the CSI feedback (for the neighbor eNB) to the
serving eNB 104.

[0068] In some embodiments, the UE 102 may use channel information
determined from the e-PDCCH UE-specific RS for symbol detection and
demodulation of the e-PDCCH. The UE-specific RS are UE-specific reference

signals and in these embodiments, an eNB may transmit a UE-specific RS in every
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resource block (RB) within a resource allocation after multiplication by the
beamforming matrix for a corresponding UE. The eNB may use the CSI feedback
from the UE to generate the beamforming matrix. In these embodiments, the UE 102
may use the e-PDCCH UE-specific RS from the neighbor eNB 106 for demodulation
and symbol detection of the e-PDCCH received from the neighbor eNB 106, and the
UE 102 may use the PDSCH UE-specific RS from the neighbor eNB 106 for
demodulation and symbol detection of the PDSCH received from the neighbor eNB
106.

[0069] In some embodiments, the UE 102 may be configured for single fast-
Fourier transform (FFT) processing to process signals of different eNBs (e.g., the
CSI-RSs, CRSs, e-PDCCH regions (sets), resource blocks of the PDSCH and the
UE-specific RSs) in a single FFT processing step. In CoMP operations, although the
PDSCH, e-PDCCH, PDCCH, CRS, as well as other signals may be sent from
different eNBs, the UE 102 may use a single FFT operation which may be
configured to correspond to the timing of the CRS from serving eNB 104. In this
way, the possible mismatches between parameter of other reference signals and
channels (transmitted by neighbor eNBs 106) may be individually compensated in
frequency domain after FFT. Alternatively, the UE 102 may take multiple FFTs (i.e.,
for the same OFDM symbols) corresponding to the received timing of each channel
or reference signal, however this may result in additional processing complexity. In
some embodiments, the processing circuitry 302 of UE 300 (FIG. 3) may be
configured to perform FFT operations.

[0070] In some embodiments, the signaling provided from the serving eNB
104 to indicate a reference signal of a neighbor eNB 106 (i.e., reference signal 105 of
neighbor eNB 106 and/or reference signal 115 of neighbor eNB 116) to use for
estimation of one or more large-scale physical-layer parameters associated with the
one or more downlink channels 107 provided by one of more of the neighbor eNBs,
may be provided using radio-resource control (RRC) layer signaling. In these
embodiments, the RRC layer signaling may indicate the configuration of a reference
CSI-RS resource index of a CoMP resource management set or a configuration of a
reference physical cell identity of a reference signal (e.g., the PSS/SSS/CRS) of a
neighbor eNB. In some of these embodiments, another set of CSI-RS resources may

be configured for the UE 102 as part of the CoMP measurement set. In this case, the
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CoMP measurement set can be also used for configuration of the reference CSI-RS
resource.
The following is an example for configuring the e-PDCCH:
e-PDCCH-Config-r11 ::= CHOICE {

measSetCsiRsIndex-r11 INTEGER (0..3),
physCellld-r11 PhysCellld,

[0071] In some of these embodiments, the linkage (or co-location signaling)
performed using RRC layer signaling may include the configuration of the reference
CSI-RS resource index of the CoMP resource management set as shown in the
following example or may include configuration of the reference physical cell
identify of the other cell’s PSS/SSS/CRS.

Example:

e-PDCCH-Config-r11 ::= CHOICE {

managmentCsiRsIndex-r11 INTEGER (0..31),
physCellld-r11 PhysCellld,

[0072] In some alternate embodiments, the signaling to indicate the reference
signal of the one or more neighbor eNBs to use for estimation of one or more large-
scale physical-layer parameters may be provided using MAC layer signaling,
although the scope of the embodiments is not limited in this respect.

[0073] In some embodiments, when the PDSCH is at least partially
offloaded, signaling for the PDSCH is provided using physical (PHY) layer signaling
in the downlink control information (DCI). In these embodiments, DCI-based
signaling may be used as PDSCH decoding is performed after DCI decoding. On the
other hand, DCI-based signaling may not be as feasible for the e-PDCCH since e-
PDCCH decoding may be performed before DCI decoding (i.e., the e-PDCCH may
be first processed to decode the DCI).
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[0074] In some embodiments, the reference signal indicated for large scale
physical layer parameter estimation (including, for example, timing estimation) may
be configured independently for each different e-PDCCH region or set. It may also
be configured independently for common and UE-specific search spaces, localized
and distributed e-PDCCH allocations. In some embodiments, the indicated reference
signal may be also used for other purposes in e-PDCCH processing such as
frequency offset compensation, SINR, Doppler and power delay profile estimation
for channel estimation. In some embodiments, if the indication or signaling is not
provided, UE 102 may be configured to use a default parameter estimation (including
a default timing) derived from a reference signal (e.g., the PSS/SSS/CRS) of the
serving eNB 104.

[0075] In some embodiments, the CSI-RS of the CoMP measurement set may
be considered for co-location signaling. In these embodiments, the CSI-RS index
may be RRC signaled as a part of e-PDCCH configuration to indicate the particular
co-located CSI-RS resource of CoMP measurement set for e-PDCCH UE-specific
RS processing. The estimated power delay profile, timing, frequency offset and/or
Doppler spread estimated on the CSI-RS of indicated or configured CSI-RS may be
used by the UE 102 for e-PDCCH processing.

[0076] Alternatively, the CSI process which includes the CSI-RS index and
an interference measurement resource (IMR) such as a CSI interference measurement
(CSI-IM) may be used for co-location signaling. In these embodiments, interference
estimated on the IMR (in addition to power delay profile, timing, frequency offset
and/or Doppler spread estimated on CSI-RS) may be used to predict the expected
interference and SINR which is observed on e-PDCCH UE-specific RS. In these
embodiments, the CSI process index may be signaled to the UE (instead of CSI-RS
index) using RRC signaling as a part of e-PDCCH region or set configuration.

[0077] For CRS co-location signaling a value of a UE-specific RS
scrambling initialization seed may be used to indicate physical cell ID of CRS for co-
location. This signaling may be implicit and may note require new fields in e-
PDCCH for UE-specific RS co-location signaling. In these embodiments, the co-
location signaling described above may be different for different e-PDCCH
regions/sets, localized and distributed e-PDCCH allocations, as well as common and

UE-specific search space.
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[0078] In some embodiments, the PSS and SSS may provide the UE 102 with
its physical layer identity within the cell. These signals may also provide frequency
and time synchronization within the cell. The PSS may be constructed from Zadoft-
Chu (ZC) sequences and the length of the sequence may be predetermined (e.g., 62)
in the frequency domain. The SSS may use two interleaved sequences (i.e.,
maximum length sequences (MLS), shift-register generated (SRG) sequences or m-
sequences) which are of a predetermined length (e.g., 31). The SSS may be
scrambled with the PSSs that determine physical layer ID. The SSS may provide the
UE with information about the cell ID, frame timing properties and the cyclic prefix
(CP) length. The UE 102 may also be informed whether to use time-division
duplexing (TDD) or frequency-division duplexing (FDD). In FDD, the PSS may be
located in the last OFDM symbol in first and eleventh slot of the frame, followed by
the SSS in the next symbol. In TDD, the PSS may be sent in the third symbol of the
3rd and 13th slots while SSS may be transmitted three symbols earlier. The PSS may
provide the UE 102 with information about to which of the three groups of physical
layers the cell belongs to (e.g., 3 groups of 168 physical layers). One of 168 SSS
sequences may be decoded right after PSS and defines the cell group identity
directly.

[0079] In some embodiments, the UE 102 may be configured in one of ten
“transmission modes” for PDSCH reception: Mode 1: Single antenna port, port 0;
Mode 2: Transmit diversity, Mode 3: Large-delay CDD; Mode 4: Closed-loop spatial
multiplexing; Mode 5: MU-MIMO; Mode 6: Closed-loop spatial multiplexing, single
layer; Mode 7: Single antenna port, UE-specific RS (port 5); Mode 8,9,10: Single or
dual-layer transmission with UE-specific RS (ports 7 and/or 8).

[0080] In some embodiments, the CSI-RS may be used by the UE 102 for
channel state information measurements (e.g., for CQI feedback). In some
embodiments, the CSI-RS may be transmitted periodically in particular antenna ports
(e.g., up to eight transmit antenna ports) at different subcarrier frequencies (assigned
to the UE) for use in estimating a MIMO channel. In some embodiments, a UE-
specific reference signal may be precoded in the same way as the data when non-
codebook-based precoding is applied, although this is not a requirement.

[0081] In accordance with embodiments, the term “antenna port” may refer

to a logical antenna of an eNB which may correspond to one or more physical
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antennas of one or more eNBs (or RRHs). The correspondence between antenna
ports and physical antennas may depend on the specific eNB implementation. For
example, one logical antenna port may constitute transmission from multiple
physical antennas with beamforming where the UE 102 may not be aware about the
actual beamforming and/or mapping between logical and physical antennas used by
the eNB. In some embodiments, an antenna port may be the logical antenna on which
the channel estimation may be performed by the UE 102. In some embodiments,
there may be one to one mapping between one physical antenna and one antenna
port, although this is not a requirement.

[0082] In accordance with some embodiments, two antenna ports may be
considered quasi co-located if the large-scale physical-layer properties of the channel
over which a symbol on one antenna port is conveyed can be inferred from the
channel over which a symbol on the other antenna port is conveyed. In some
embodiments, the CRS may be transmitted using antenna ports 0, 1, 2, 3, the CSI-RS
may be transmitted using antenna ports 15, 16, 17, 18, 19, 20, 21, 22, the PDSCH
UE-specific RS may be transmitted using antenna ports 7, 8, and the e-PDCCH UE-
specific RS may be transmitted using antenna ports 107, 108, 109, 110, although the
scope of the embodiments is not limited in this respect.

[0083] FIG. 5 is a procedure for antenna port quasi co-location signaling for
CoMP operations in accordance with some embodiments. Procedure 500 may be
performed a UE, such as UE 102 (FIG. 1), for CoMP operations.

[0084] In operation 501, the UE 102 may receive signaling from the serving
eNB 104 (FIG. 1) to indicate one or more reference signals (i.e., reference signal 105
of neighbor eNB 106 and/or reference signal 115 of neighbor eNB 116) to use for
independent estimation of one or more large-scale physical-layer parameters (e.g.,
timing offset) associated with the one or more downlink channels 107 (FIG. 1) that
are at least partially offloaded and provided by one or more neighbor eNBs.

[0085] In operation 502, the UE 102 may estimate the one or more large-
scale physical-layer parameters based on receipt of the indicated reference signal
from the one or more neighbor eNBs. For example, the UE 102 may independently
estimate a first timing offset from receipt of reference signal 105, and may

independently estimate a timing offset from receipt of reference signal 115.
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[0086] In operation 504, the UE 102 may apply the estimated one or more
large-scale physical-layer parameters for processing the one or more downlink
channels 107 from the neighbor eNBs. For example, the UE 102 may apply the first
timing offset estimated from reference signal 105 for receipt of a UE-specific RS
from neighbor eNB 106 (e.g., the e-PDCCH UE-specific RS) and use the UE-
specific RS from neighbor eNB 106 to demodulate the regions of the downlink
channel (e.g., the e-PDCCH) received from the neighbor eNB 106. Furthermore, the
UE 102 may apply the second timing offset estimated from reference signal 115 for
receipt of a UE-specific RS from neighbor eNB 116 (e.g., the e-PDCCH UE-specific
RS) and use the UE-specific RS from neighbor eNB 116 to demodulate the regions
of the downlink channel (e.g., the e-PDCCH) received from the neighbor eNB 116.
In this example, after demodulation of the regions or sets of the downlink channel
received from the serving eNB 104 and the neighbor eNBs, the demodulated
information may be combined providing improved reception and/or bandwidth.
[0087] Embodiments may be implemented in one or a combination of
hardware, firmware and software. Embodiments may also be implemented as
instructions stored on a computer-readable storage device, which may be read and
executed by at least one processor to perform the operations described herein. A
computer-readable storage device may include any non-transitory mechanism for
storing information in a form readable by a machine (e.g., a computer). For example,
a computer-readable storage device may include read-only memory (ROM), random-
access memory (RAM), magnetic disk storage media, optical storage media, flash-
memory devices, and other storage devices and media. In some embodiments, UE
300 (FIG. 3) may include one or more processors and may be configured with
instructions stored on a computer-readable storage device.

[0088] The following claims are hereby incorporated into the detailed

description, with each claim standing on its own as a separate embodiment.
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CLAIMS

1. User Equipment (UE) configured for coordinated multi-point (CoMP)
operations in which one or more downlink channels are at least partially
offloaded from a serving Evolved Node-B (eNB) to one or more neighbor eNBs,
the UE characterized by being configured to:

receive signaling from the serving eNB that indicates a reference signal
of a neighbor eNB to use for estimation of one or more large-scale physical-layer
parameters associated with the one or more downlink channels provided by the
neighbor eNB,;

estimate the one or more large-scale physical-layer parameters based on
receipt of the indicated reference signal from the neighbor eNB; and

apply the estimated one or more large-scale physical-layer parameters for
processing regions of the one or more downlink channels from the neighbor

eNB.

2. The UE of claim 1 characterized in that the UE is configured for
CoMP operations in an Evolved Universal Terrestrial Radio Access Network (E-
UTRAN),

the indicated reference signal is a reference signal of a CoMP
measurement set comprising channel-state information reference signals (CSI-
RSs), and

the one or more downlink channels include at least one of a physical
downlink shared channel (PDSCH) and an enhanced physical downlink control
channel (e-PDCCH).

3. The UE of claim 2 characterized in that the UE is to apply the
estimate of the one or more large-scale physical-layer parameters for receipt of a
UE-specific RS from the neighbor eNB and use the UE-specific RS to

demodulate one of the downlink channel received from the neighbor eNB.

4. The UE of claim 3 characterized in that the signaling received from

the serving eNB further indicates that the one or more downlink channels is also



20135776 PrRH 24 -06- 2014

10

15

20

25

30

24

being provided by the serving eNB, and the UE is further configured to: estimate
the one or more large-scale physical-layer parameters based on receipt of a
reference signal from the serving eNB; and apply the estimated one or more
large-scale physical-layer parameters for processing regions of the one or more
downlink channels from the serving eNB; and/or

when the e-PDCCH is at least partially offloaded to a neighbor eNB, the
UE is to apply the estimate of the one or more large-scale physical-layer
parameters for receipt of an e-PDCCH UE-specific RS from the neighbor eNB
and use the e-PDCCH UE-specific RS to demodulate sets of the e-PDCCH
received from the neighbor eNB, and when the PDSCH is at least partially
offloaded to a neighbor eNB, the UE is to apply the estimate of the one or more
large-scale physical-layer parameters for receipt of a PDSCH UE-specific RS
from the neighbor eNB and use the PDSCH UE-specific RS to demodulate
resource block allocations of the PDSCH received from the neighbor eNB;
and/or

the large-scale physical-layer parameters include one or more of a timing
offset, frequency offset or shift, channel power delay profile, channel Doppler
spread, and average channel gain, and when the large-scale physical layer
parameters include at least a timing offset, the signaling received from the
serving eNB indicates that the reference signal of the neighbor eNB is to be used
for timing offset estimation associated with the one or more downlink channels
of the neighbor eNB, and the UE is configured to: perform initial timing
synchronization based on receipt of a synchronization sequence of the serving
eNB, estimate a timing offset between downlink frames of the serving eNB and
downlink frames of the neighbor eNB based on receipt of a reference signal from
the serving eNB and the indicated reference signal of the neighbor eNB; and
apply the estimated timing offset for processing regions of one or more downlink

channels of the neighbor eNB.

5. The UE of claim 3 characterized in that when one or more downlink

channels are fully-offloaded, the UE is arranged to receive the one or more
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downlink channels from one or more neighbor eNBs and not from the serving
eNB; and/or

when one or more downlink channels are partially-offloaded, the UE is
arranged to receive the one or more downlink channels concurrently from both
the serving eNB and at least one neighbor eNB, the one or more downlink
channels being partitioned into regions, the regions being sets for the e-PDCCH
and resource block allocations for the PDSCH, each region sent by one of the
eNBs, and the UE is configured to receive signaling from serving eNB indicating
resource blocks that comprise a region of the one or more downlink channels
that are transmitted from the serving eNB and indicating the resource blocks that
comprise the region of the one or more downlink channels that are transmitted
by the one or more neighbor eNBs, and the UE is further configured to apply a
different processing to each region of the one or more downlink channels
independently; and/or

the UE uses channel information determined from the e-PDCCH UE-
specific RS for symbol detection and demodulation of the e-PDCCH; and/or

the UE is configured for single fast-Fourier transform (FFT) processing
to process the CSI-RSs, a cell-specific reference signal (CRS), at least one of the
downlink channels, and the UE-specific RS in a single FFT processing step;
and/or

the signaling is provided using radio-resource control (RRC) layer
signaling, the RRC layer signaling indicates at least one of a configuration of a
CoMP management set, a reference CSI-RS resource index of the CoMP
resource management set, CoMP measurement set and a configuration of a
reference physical cell identity of the reference signal of the serving or the
neighbor eNB; and/or

the signaling is provided using MAC layer signaling; and/or

when the PDSCH is at least partially offloaded, signaling for the PDSCH
is provided using physical (PHY) layer signaling in downlink control
information (DCI).
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6. A method for coordinated multi-point (CoMP) operations in which one
or more downlink channels are at least partially offloaded from a serving
Evolved Node-B (eNB) to one or more neighbor eNBs, the method
characterized by comprising:

receiving signaling from the serving eNB to indicate a reference signal of
a neighbor eNB to use for estimation of one or more large-scale physical-layer
parameters associated with the one or more downlink channels provided by the
neighbor eNB, the large-scale physical-layer parameters including one or more
of a timing offset, frequency offset or shift, channel power delay profile, channel
Doppler spread, and average channel gain; and

estimating the one or more large-scale physical-layer parameters based
on receipt of the indicated reference signal from the neighbor eNB for
processing regions of the one or more downlink channels received from the
neighbor eNB,

wherein the indicated reference signal is a reference signal of a CoMP
measurement set comprising channel-state information reference signals (CSI-

RSs).

7. The method of claim 6 characterized in that the one or more
downlink channels include at least one of a physical downlink shared channel

(PDSCH) and an enhanced physical downlink control channel (e-PDCCH).

8. The method of claim 7 when the e-PDCCH is at least partially
offloaded to a neighbor eNB, the method characterized by including the UE:
applying the estimate of the one or more large-scale physical-layer parameters
for receipt of an e-PDCCH UE-specific RS from the neighbor eNB; and using
the e-PDCCH UE-specific RS to demodulate sets of the e-PDCCH received from
the neighbor eNB; and/or

wherein when the PDSCH is at least partially offloaded to a neighbor
eNB, the UE is to apply the estimate of the one or more large-scale physical-
layer parameters for receipt of a PDSCH UE-specific RS from the neighbor eNB
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and use the PDSCH UE-specific RS to demodulate resource block allocations of
the PDSCH received from the neighbor eNB; and/or

wherein the UE 1s configured for CoMP operations in an Evolved
Universal Terrestrial Radio Access Network (E-UTRAN), and wherein the
indicated reference signal comprises at least one of a cell-specific reference
signal (CRS), a Primary Synchronization Sequence (PSS) and Secondary

Synchronization Sequence (SSS).

9. The UE of claim 1 characterized by further being configured to:

process the signaling received from the serving eNB to determine a
reference signal of the serving eNB to use for estimation of one or more large-
scale physical-layer parameters associated with one or more downlink channels
provided the serving eNB, the large-scale physical-layer parameters include at
least a timing offset,

wherein when the one or more downlink channels are at least partially
offloaded to the neighbor eNB, the processing circuitry is further arranged to:

further process the signaling received from the serving eNB to determine
the reference signal of the neighbor eNB to use for estimation of the one or more
large-scale physical-layer parameters associated with the one or more downlink
channels provided by the neighbor eNB for CoMP operations;

apply the one or more large-scale physical-layer parameters estimated
from the reference signal of the serving eNB for processing regions of the one or
more downlink channels from the serving eNB; and

apply the one or more large-scale physical-layer parameters estimated
from the reference signal of the neighbor eNB for processing regions of the one

or more downlink channels from the neighbor eNB.

10. The UE of claim 9 characterized by that the indicated reference
signal is a reference signal of a CoMP measurement set comprising channel-state

information reference signals (CSI-RSs); and/or
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the one or more downlink channels include at least one of a physical
downlink shared channel (PDSCH) and an enhanced physical downlink control
channel (e-PDCCH).
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Patenttivaatimukset

1. Kayttajalaite (UE), joka on sovitettu koordinoiduille monipistetoiminnoille
(CoMP), joissa vksi tai useampi laskevasuuntaisyhteyskanava on vahintaan
osittain siirretty palvelevasta kehitetysta solmusta B (eNB) yhteen tai useam-
paan naapuri-eNB:hen, missa UE on tunnettu siita, etta se on sovitettu:

vastaanottamaan signaloinnin palvelevalta eNB:Itd, joka osoittaa
naapuri-eNB:n referenssisignaalin kaytettavaksi yhden tai useamman laaja-
skaalaisen fyysisen tason estimoinnissa liittyen yhteen tai useampaan naapu-
ri-eNB:n tuomaan laskevasuuntaisyhteyskanavaan;

estimoimaan yhden tai useamman laajaskaalaisen fyysisen tason
parametrin osoitetun referenssisignaalin naapuri-eNB:|té vastaanoton perus-
teella; ja

kayttdmaan estimoitua yhta tai useampaa laajaskaalaisen fyysi-
sen tason parametria yhden tai useamman laskevasuuntaisyhteyskanavan

alueiden prosessoimiseksi naapuri-eNB:|ta.

2. Patenttivaatimuksen 1 mukainen UE tunnettu siita, etta UE on sovitettu
CoMP-toiminnoille kehitetyssa universaalissa maaradiotoimintaverkossa (E-
UTRAN),

osoitettu referenssisignaali on CoMP-mittauksen joukon refe-
renssisignaali, jossa joukossa on kanavatilatiedon referenssisignaalit (CSI-
RS), ja

vhdessa tai useammassa laskevasuuntaisyhteyskanavassa on
vahintadn yksi fyysisesta laskevasuuntaisyhteydellisesta jaetusta kanavasta
(PDSCH) ja parannetusta fyysisesta laskevasuuntaisyhteydellisesta ohjauska-
navasta (e-PDCCH).

3. Patenttivaatimuksen 2 mukainen UE tunnettu siitd, ettd UE on yhden tai
useamman laajaskaalaisen fyysisen tason parametrien estimaatin kayttamista

varten UE-spesifisen RS:n vastaanottamiseen naapuri-eNB:Ita ja UE-
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spesifisen RS:n kayttéon yhden naapuri-eNB:lté vastaanotetun laskevasuun-

taisyhteyskanavan demoduloinnissa.

4. Patenttivaatimuksen 3 mukainen UE tunnettu siitd, etta palvelevalta
eNB:Ita vastaanotettu signalointi osoittaa lisaksi, etta kyseiset yksi tai use-
ampi laskevasuuntaisyhteyskanava on myds palvelevan eNB:n tuoma, ja UE
on lisaksi sovitettu: estimoimaan kyseisen yhden tai useamman laajaskaalai-
sen fyysisen tason parametrin osoitetun referenssisignaalin palvelevalta
eNB:Ita vastaanoton perusteella; ja kayttamaan estimoitua yhta tai useam-
paa laajaskaalaisen fyysisen tason parametria yhden tai useamman laske-
vasuuntaisyhteyskanavan alueiden prosessoimiseksi palvelevalta eNB:It&;
ja/tai

e-PDCCH:n ollessa siirretty vahintaan osittain naapuri-eNB:hen
UE:lla on kaytettavissa estimaatti yhdesta tai useammasta laajaskaalaisen
fyysisen tason parametrista e-PDCCH UE-spesifisen RS:n vastaanottamista
varten naapuri-eNB:Ita ja sen on tarkoitus kayttad e-PDCCH UE-spesifista
RS:aa naapuri-eNB:Itd vastaanotettujen e-PDCCH:n joukkojen demoduloimi-
seen, ja kun PDSCH on vahintaan osittain siirretty naapuri-eNB:lle, UE:lla on
kaytettavissa estimaatti yhdesta tai useammasta laajaskaalaisen fyysisen ta-
son parametristd e-PDCCH UE-spesifisen RS:n vastaanottamista varten naa-
puri-eNB:Ita ja sen on tarkoitus kayttda PDSCH UE-spesifista RS:aa naapuri-
eNB:Ita vastaanotettujen PDSCH:n resurssilohkoallokointien demoduloimi-
seen; ja/tai

laajaskaalaisen fyysisen tason parametreihin sisaltyy yksi tai
useampi ajoituspoikkeutus, taajuuspoikkeutus tai —siirto, kanavatehon viive-
profiili, kanavan Doppler-jakauma, ja keskimaarainen kanavavahvistus, ja
laajaskaalaisen fyysisen tason parametrien sisaltdaessa vahintdan yhden ajoi-
tuspoikkeutuksen palvelevalta eNB:Itd vastaanotettu signalointi osoittaa naa-
puri-eNB:n referenssisignaalin olevan kaytettavissa ajoituspoikkeutuksen es-
timointiin liittyen yhteen tai useampaan naapuri-eNB:n laskevasuuntaiskana-

vaan, ja UE on sovitettu: toteuttamaan alkuajoitussynkronoinnin palvelevan
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eNB:n synkronointisekvenssin vastaanoton perusteella, estimoimaan ajoitus-
poikkeutuksen palvelevan eNB:n laskevasuuntaiskehysten ja naapuri-eNB:n
laskevasuuntaiskehysten valilla referenssisignaalin palvelevalta eNB:Ita vas-
taanoton ja naapuri-eNB:n osoitetun referenssisignaalin perusteella; ja kayt-
tamaan estimoitua ajoituspoikkeutusta naapuri-eNB:n yhden tai useamman

laskevasuuntaiskanavan alueiden prosessoimiseksi.

5. Patenttivaatimuksen 3 mukainen UE tunnettu siitd, ettd yhden tai use-
amman kanavan ollessa taysin siirretty UE on jarjestetty vastaanottamaan
kyseisen yhden tai useamman laskevasuuntaiskanavan yhdelta tai useam-
malta naapuri-eNB:Ita eika palvelevalta eNB:Ita; ja/tai

yhden tai useamman kanavan ollessa osittain siirretty UE on jar-
jestetty vastaanottamaan kyseisen yhden tai useamman laskevasuuntais-
kanavan samanaikaisesti seka palvelevalta eNB:Itd etta vahintaan yhdelta
naapuri-eNB:Itd, missa mainitut yksi tai useampi laskevasuuntaiskanava on
partitioitu alueisiin, jotka alueet ovat joukkoja e-PDCCH:ta varten ja resurssi-
lohkoallokointeja PDSCH:ta varten, ja joista kukin alue on yhden eNB:ista
lahettéama, ja UE on sovitettu vastaanottamaan signaloinnin palvelevalta
eNB:ltd, joka osoittaa resurssilohkot, joissa on yhden tai useamman laske-
vasuuntaiskanavan alue, jotka on lahetetty palvelevalta eNB:Ité ja osoittavat
resurssilohkot, joissa on yhden tai useamman laskevasuuntaiskanavan alue,
jotka on lahetetty yhdelta tai useammalta naapuri-eNB:Ita, ja UE on lisaksi
sovitettu kayttamaan eri prosessointia kullekin yhdelle tai useammalle laske-
vasuuntaiskanavien alueelle itsendisesti; ja/tai

UE kayttaa e-PDCCH UE-spesifisesta RS:sta maariteltya kanava-
tietoa kuvion tunnistamiseen ja e-PDCCH:n demodulointiin; ja/tai

UE on sovitettu yhdelle FFT-muunnosprosessoinnille CSI-RS:ien,
CRS:ien, vahintaan yhden laskevasuuntaiskanavan ja UE-spesisfisen RS:n
prosessoimiseksi yhdessa FFT-prosessointivaiheessa; ja/tai

signalointi on tuotettu kayttamalla RRC-tasosignalointia, joka

osoittaa vahintaan yhden CoMP-kasittelyjoukkokonfiguraatioista, CoMP-
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resurssikasittelyjoukon referenssi-CSI-RS-resurssi-indeksista, CoMP-
mittausjoukosta ja konfiguraatioista referenssina olevasta fyysisen kennon
yksilosta palvelevan tai naapuri-eNB:n referenssisignaalille; ja/tai
signalointi on tuotettu MAC-tasosignalointia kayttéen; ja/tai
PDSCH:n ollessa vahintaan osittain siirretty, signalointi PDSCH:lle

tuotetaan kayttden PHY-tasosignalointia DCI:ssa.

6. Menetelma koordinoiduille monipistetoiminnoille (CoMP), jossa yksi tai
useampi laskevasuuntaisyhteyskanava on vahintaan osittain siirretty palvele-
vasta kehitetysta solmusta B (eNB) yhteen tai useampaan naapuri-eNB:hen,
joka menetelma on tunnettu siitd, etta siina:

vastaanotetaan signalointi palvelevalta eNB:Itd naapuri-eNB:n
referenssisignaalin osoittamiseksi kaytettavaksi yhden tai useamman laaja-
skaalaisen fyysisen tason parametrin estimoinnissa liittyen yhteen tai useam-
paan naapuri-eNB:n tuomaan laskevasuuntaisyhteyskanavaan, missa laaja-
skaalaisen fyysisen tason parametreihin sisaltyy yksi tai useampi ajoituspoik-
keutuksesta, taajuuspoikkeutuksesta tai —siirrosta, kanavatehon viiveprofiilis-
ta, kanavan Doppler-jakaumasta, ja keskimaaraisesta kanavavahvistuksesta;
ja

estimoidaan yksi tai useampi laajaskaalainen fyysisen tason pa-
rametri osoitetun referenssisignaalin naapuri-eNB:Ita vastaanoton perusteella
yvhden tai useamman naapuri-eNB:Itd vastaanotetun laskevasuuntaisyhteys-
kanavan alueiden prosessoimiseksi,

missa osoitettu referenssisignaali on CoMP-mittausjoukon refe-

renssisignaali, jossa on kanavatilatietoreferenssisignaleja (CSI-RS).

7. Patenttivaatimuksen 6 mukainen menetelma tunnettu siita, etta yhdessa
tai useammassa laskevasuuntaisyhteyskanavassa on vahintaan yksi fyysises-
ta laskevasuuntaisyhteydellisesta jaetusta kanavasta (PDSCH) ja parannetus-

ta fyysisesta laskevasuuntaisyhteydellisesta ohjauskanavasta (e-PDCCH).
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8. Patenttivaatimuksen 7 mukainen menetelma kun e-PDCCH on vahintaan
osittain siirretty naapuri-eNB:hen, joka menetelma on tunnettu siitd, etta
siina on UE, joka:

kayttda estimaattia yhdesta tai useammasta laajaskaalaisen fyy-
sisen tason parametrista e-PDCCH UE-spesifisen RS:n vastaanottamista var-
ten naapuri-eNB:Ita; ja kayttaa e-PDCCH UE-spesifista RS:aa naapuri-eNB:Ita
vastaanotettujen e-PDCCH:n joukkojen demoduloimiseen; ja/tai

jolloin, kun PDSCH on vahintaan osittain siirretty naapuri-eNB:lle,
UE:lla on kaytettavissa estimaatti yhdesta tai useammasta laajaskaalaisen
fyysisen tason parametrista e-PDCCH UE-spesifisen RS:n vastaanottamista
varten naapuri-eNB:Ita ja silla on kaytettavissa PDSCH UE-spesifinen RS naa-
puri-eNB:Ité vastaanotettujen PDSCH:n resurssilohkoallokointien demodu-
loimiseen; ja/tai

jolloin UE on sovitettu CoMP-toiminnoille kehitetyssa universaa-
lissa maaradiotoimintaverkossa (E-UTRAN), ja jolloin osoitetussa referens-
sisignaalissa on vahintaan yksi kennospesifisesta referenssisignaalista (CRS),
primaarisynkronointisekvenssista (PSS) ja sekundaarisynkronointisekvenssista
(SSS).

9. Patenttivaatimuksen 1 mukainen UE tunnettu siitd, etta se on lisaksi sovi-
tettu:

prosessoimaan palvelevalta eNB:Ita vastaanotetun signaloinnin
palvelevan eNB:n referenssisignaalin maarittelemiseksi yhden tai useamman
laajaskaalaisen fyysisen tason parametrin estimoinnin kayttamiseksi yhden
tai useamman palvelevan eNB:n tarjoaman laskevasuuntaisyhteyskanavan
kanssa, missa laajaskaalaisen fyysisen tason parametreissa on vahintaan
ajoituspoikkeutus,

missa, kun yksi tai useampi laskevasuuntaisyhteyskanava on va-
hintdan osittain siirretty naapuri-eNB:lle, prosessointimikropiiristd on lisaksi

jarjestetty:
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lisaksi prosessoimaan palvelevalta eNB:Ita vastaanotettua signa-
lointia naapuri-eNB:n referenssisignaalin madrittelemiseksi yhden tai useam-
man laajaskaalaisen fyysisen tason parametrien estimointia varten kayttami-
seksi liittyen yhteen tai useampaan naapuri-eNB:n tarjoamaan laskevasuun-
taisyhteyskanavaan CoMP-toimintoja varten;

kayttamaan kyseista yhta tai useampaa laajaskaalaisen fyysisen
tason parametria estimoituna palvelevan eNB:n referenssisignaalista yhden
tai useamman laskevasuuntaisyhteyskanavan alueiden prosessointia varten
palvelevalta eNB:lta; ja

kayttamaan kyseista yhta tai useampaa laajaskaalaisen fyysisen
tason parametria estimoituna naapuri-eNB:n referenssisignaalista yhden tai
useamman laskevasuuntaisyhteyskanavan alueiden prosessointia varten naa-

puri-eNB:Ita.

10. Patenttivaatimuksen 9 mukainen UE tunnettu siita, etta osoitettu refe-
renssisignaali on CoMP-mittausjoukon referenssisignaali, jossa on kanavatila-
tietoreferenssisignaaleja (CSI-RS); ja/tai

yhdessa tai useammassa laskevasuuntaisyhteyskanavassa on
vahintaan yksi fyysisesta laskevasuuntaisyhteydellisesta jaetusta kanavasta
(PDSCH) ja parannetusta fyysisesta laskevasuuntaisyhteydellisesta ohjauska-
navasta (e-PDCCH).
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(ijPROCEDURE FOR_ ANTENNA PORT CO-LOCA?IﬂNi:),—5g)Q
SIGNALING IN CoMP_OPERATIONS

.

RECEIVE SIGNALING FROM THE SERVING eNB 501
T0_INDICATE A REFERENCE SIGNAL OF A NEIGHBOR eNB

y

ESTIMATE ONE OR MORE LARGE-SCALE PHYSICAL-LAYER
PARAMETERS BASED ON RECEIPT OF THE INDICATED 902
REFERENCE SIGNAL

PARAMETERS FOR PROCESSING THE ONE OR MORE DOWNLINK

APPLY THE ESTIMATED LARGE-SCALE PHYSICAL-LAYER }_504
CHANNELS FROM THE NEIGHBOR eNB
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