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on the DL set associated with the eNB and determine
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termined from a DCI in the PDCCH. A UL DCI may
indicate which of UL parameter sets to use. The UL
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loss and a timing advance value.
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DEVICE AND METHOD FOR ENHANCED SEAMLESS MOBILITY

PRIORITY CLAIM
HEEDY This application claims the benefit of priority to United States
Provisional Patent Application Serial No. 62/217,623, filed September 11, 20135,
and entitled “ENHANCED SEAM-LESS MOBILITY SUPPORT FOR LTE-A.”

which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
{8602} Embodiments pertain to radio access networks. Some
embodiments relate to the use of Coordinated Multipoint {CoMP) 1n cellular
networks, including Third Generation Partnership Project Long Term Evolution
(3GPP LTE) networks and LTE advanced (LTE-A) networks as well as 4%

generation (4G) networks and 5% generation (5G) networks

BACKGROUND
10003} With the mcrease 1n different types of devices communicating
over networks to servers and other computing devices, usage of 3GPP LTE
systems has increased. In particular, as the number and complexity of user
cquipment (UEs}) has grown, users have demanded extended functionality and
enhanced and vaned applications. While the demand for telephony and
messaging services has remained steady, the demand for data-intensive
applications such as video streaming has continued to increase, increasing the
desire for higher transmission rates and stressing network resources. To aid in
serving UEs in 3GPP LTE networks using 4G and beyond, Coordinated
Multipoint {CoMP} is being standardized.
[0004] However, m certam situations handover in CoMP networks may
become problematic due to an extensive amount of offset, causing both

downlink and uplink mobility-related issues.
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BRIEF DESCRIPTION OF THE FIGURES
[6005] In the figures, which are not necessarily draws to scale, like
numerals may describe similar components in different views. Like mumerals
having different letter suffixes may represent different instances of similar
components. The figures illustrate generally, by way of example, but not by way
of limitation, various embodiments discussed i the present document,
[B006] FIG. 1 15 a functional diagram of a wircless network in
accordance with some embodiments.
{0007 FIG. 2 illustrates components of a communication device in
accordance with some embodiments.
{6608] FIG. 3 illustrates a biock diagram of a communication device in
accordance with some embodiments.
{0609} FIG. 4 dlustrates another block diagram of a communication
device in accordance with some embodiments.
[6018] FIG. 5 is a functional diagram of a wireless network using CoMP
in accordance with some embodiments.
0011} FiG. 6 illustrates CoMP using multiple Fast Founer Transform
{(FFT) processes in accordance with some embodiments.
0612} FI1G. 7 illustrates a flowchart of a method of physical downlink

control channel (PDUCH) reception in accordance with some embodiments.

DETAILED DESCRIPTION OF THE INVENTION
HERRY The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the ant to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be incladed i, or
substituted for, those of other embodiments. Embodiments set forth mn the
clatms encompass all available ecquivalents of those claims.
014} FIG. 1 shows an example of a portion of an end-to-end network
architecture of a Long Term Evolution (L'TE} network with various components
of the network in accordance with some embodiments. As used herein, an LTE

network refers to both LTE and LTE Advanced (LTE-A) networks as well as

]
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other versions of LTE networks to be developed. The network 100 may
comprise a radio access network (RAN} (e.g.. as depicted, the E-UTRAN or
evolved universal terrestral radio access network) 101 and core network 120
{c.g., shown as an evolved packet core (EPC)} coupled together through an S1
mterface 115, For convenience and brevity, only a portion of the core network
120, as well as the RAN 101, is shown m the example.

[0015] The core network 120 may include a mobility managerment entity
(MME) 122, serving gateway (serving GW) 124, and packet data network
gateway {(PDN GW) 126, The RAN 101 may include evolved nodeBs {¢NBs}
104 (which may operate as base stations} for communicating with user
equipment (UE) 102, The eNBs 104 may mclude macro ¢NBs 104a and low
power (LP) ¢NBs 104b. The term eNBE and cell is used interchangeably herem.
The eNBs 104 and UEs 102 may employ CoMP techniques as described berein.
{0016} The MME 122 may be similar in function to the control plane of
legacy Serving GPRS Support Nodes (SGSN}. The MME 122 mav manage
mobility aspects in access such as gateway selection and tracking area list
management. The serving GW 124 may terninate the mterface toward the RAN
101, and route data packets between the RAN 101 and the core network 120, In
addition, the serving GW 124 may be a local mobility anchor point for inter-eNB
handovers and also may provide an anchor for inter-3GPP mobility. Other
responsibilities may include fawful intercept, charging, and some policy
enforcement. The serving GW 124 and the MME 122 may be implemented m
one physical node or separate physical nodes.

[06017) The PDN GW 126 may terminate a SGi interface toward the
packet data network (PDN). The PDN GW 126 may route data packets between
the EPC 120 and the external PDN, and may perform policy enforcement and
charging data collection. The PDN GW 126 may also provide an anchor point
for mobility devices with non-LTE access. The external PDN can be anv kind of
1P network, as well as an IP Multimedia Subsystem (IMS) domain. The PDN
GW 126 and the serving GW 124 may be implemented in a single physical node

or separate physical nodes.
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6018} The ¢NBs 104 (macro and micro} may terminate the air interface
protocol and may be the first point of contact for a UE 102, In some
embodiments, an cNB 104 may fulfill various logical functions for the RAN 101

mcluding, but not hmited to, RNC (radio network controller functions) such as

L

radic bearer management, uplink and downlink dynamic radio resource
management and data packet scheduling, and mobility management. In
accordance with emabodiments, UFs 102 may be configured to communicate
orthogonal frequency division multiplexed (OFDM) commumication signals with
an eNB 104 over a multicarrier communication channel in accordance with an

10 OFDMA communication technique. The OFDM signals may comprisc a
plurality of orthogonal subcarmers.

{6019} The 51 interface 115 may be the mterface that separates the RAN
101 and the EPC 120. It may be split into two parts: the 51-U, which may carry
traffic data between the eNBs 104 and the serving GW 124, and the S1-MME,

W

which may be a signaling interface between the eNBs 104 and the MME 122,
The X2 interface may be the interface between eNBs 104, The X2 mnterface may
comprise two parts, the X2-C and X2-U. The X2-C may be the control planc
mterface between the eNBs 104, while the X2-U may be the user plane interface
between the eNBs 104.

20 [{0020) With celhular networks, LP cells 104b may be typically used to
extend coverage to indoor arcas where outdoor signals do not reach well, or to
add network capacity in areas with dense usage. In parficular, it may be
desirable to enhance the coverage of a wircless commumnication system using

cells of different sizes, macrocells, microcells, picocells, and femtocells, to boost

jo]
[

system performance. The cells of different sizes may operate on the same
frequency band, or may operate on different frequency bands with cach cell
operating in a different frequency band or only cells of different sizes operating
on different frequency bands. As used herein, the term LP cNB refers to any
suitable relatively LP eNB for implementing a smaller cell (smaller than a macro
30 cell) such as a femtocell, a picocell, or a microcell. Femtocell eNBs may be
typically provided by a mobile network operator to is residential or enterprise

customers. A femtocell may be typically the size of a residential gateway or
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smaller and generally connect to a broadband line. The femtocell may connect
to the mobile operator's mobile network and provide extra coverage in a range of
typically 30 to 50 meters. Thus, a LP cNB 104b might be a femtocell ¢NB smce
it 15 coupled through the PDN GW 126, Similarly, a picocell may be a wireless
communication svstem typically covering a small area, such as in-bulding
{offices, shopping malls, train stations, ete.), or more recently in-aircraft. A
picocell eNB may gencrally connect through the X2 link to another eNB such as
a macro eNB through its base station controlier {BSC} functionality, Thus, LP
eNB may be implemented with a picocell eNB since 1t may be coupled to a
macro ¢cNB 104a via an X7 interface. Picoccll eNBs or other LP cNBs LP eNB
104b may incorporate some or all functionality of a macro eNB LP ¢NB 104a.
In some cases, this may be referred to as an access point base station or
enterprise femtocell.

[8021] Communication over an LTE network may be split up into 10ms
frames, cach of which mav contain ten 1ms subtrames. Each subframe of the
frame, in turn, may contain two slots of 0 5ms. Each subframe may be used for
uplink (UL) communications from the UE to the oNB or downlink (DL)
communications from the eNB to the UE. In one embodiment, the eNB may
allocate a greater number of DL communications than UL communications in a
particolar frame. The eNB may schedule transoigsions over a variety of
frequency bands {fi and 2}, The allocation of resources in subframes used in
one frequency band and may differ from those in another frequency band. Each
alot of the subframe may contain 6-7 OFDM symbols, depending on the system
used. In one embodiment, the subframe may contain 12 subcarriers. A
downlink resource grid may be used for downlink transmissions from an eNB to
a UE, while an uplink resource grid may be ased for uplink transmissions from a
UE to an ¢NB or from a UE to ancther UE. The resource grid may be a time-
frequency grid, which is the physical resource in the downlink in each siot. The
smallest time-frequency unit in a resource grid may be denoted as a resource
element (RE). Each column and cach row of the resource grid may correspond
to one OFDM symbol and ong OFDM sabcarrier, respectively. The resource

grid may contamn resource blocks (RBs) that describe the mapping of physical

W
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channels to resource elements and physical RBs (PRBs}. A PRB may be the
smallest unit of resources that can be allocated to a UE. A resource block may
be 180 kHz wide in fregueney and 1 slot long in time.  In frequency, resource
blocks may be either 12 x 15 kHz subcarriers or 24 x 7.5 kHz subcarriers wide.
For most channels and signals, 12 subcarriers may be used per resource block,
dependent on the system bandwidth. In Frequency Division Duplexed (FDD)
maode, both the uplink and downlink frames may be 10ms and frequency (full-
duplex) or time ¢half-duplex) separated. In Time Pivision Duplexed (TDD;), the
uplink and downlink subframes may be transmitted on the same frequency and
are multiplexed in the time domain. The duration of the resource grid 400 in the
time domain corresponds to one subframe or two resource blocks. Each
resovrce grid mav comprise 12 (subcarriers) ¥ 14 (symbols) =168 resource
clements.

{0022} Fach OFDM symbol may contain a cvelic prefix (CP) which may
be used to effectively eliminate Inter Symbol Interference, and a Fast Fournier
Transform (FFT} penod. The duration of the CP may be determined by the
highest anticipated degree of delay spread. Although distortion from the
preceding OFDM symbol may exist within the CP, with a CP of sufficient
duration, preceding OFDM symbols do not enter the FFT pertod. Once the FFT
period signal is received and digitized, the receiver may ignore the signal in the
CP.

0231 There may be several different physical downlink channels that
are conveyed using such resource blocks, including the physical downlink
control channel (PDCCH) and the phvsical downlink shared channel (PDSCH).
Each subframe may be partitioned into the PBCCH and the PDSCH. The
PDCCH may normally occupy the first two symbols of each subframe and
carries, among other things, information about the transport format and resource
aliocations related to the PDSCH channel, as well as H-ARQ information related
to the uplink shared channcl. The PDBSCH may carry user data and higher layer
signaling to a UE and occupy the remainder of the subframe. Typically,
downlink scheduling (assigning control and shared channel resource blocks to

UEs within a cell) may be performed at the eNB based on channel quality
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mformation provided from the UEs to the eNB, and then the downlink resource
assignment information may be sent to cach UE on the PDCCH used for
{assigned to) the UE.

[6624] The PDCCH may contain downlink control information (DC1) o
one of a number of formats that tell the UE how to find and decode data,
transmitted on PDSCH in the same subframe, from the resource grid. The DCH
format may provide details such as number of resource blocks, resource
allocation type, modulation scheme, transport block, redundancy version, coding
rate otc. Hach DCI format may have a cyclic redundancy code (CRC) and be
scrambiled with a Radio Network Temporary Identificr (RNTI) that identifies the
target UE for which the PDACH is intended. Use of the UE-specific RNTI may
bt decoding of the BCI format (and hence the corresponding PDSCH) to only
the intended UE. In addition to receiving downlink transmissions, the UE 102
may transmit uplink information to an eNB 104a, 104b via a Physical Uplink
Shared Channel (PUSCH). The PUSCH may carry RRC messages, Uplink
Control Information (UCT) and data.

[0025] In addition to the PDCCH, an enhanced PDCCH (ePDCCH) may
be used. The PDSCH may contan data in some of the RBs and the ¢ePDCCH
may contain the downlink control signals in others of the RBs of the bandwidth
supported by the UE 1062, Different UEs may have different ePDCCH
configurations. The scts of RBs corresponding to ¢ePDCCH may be configured,
for example, by higher laver signaling such as Radio Resource Control (RRC)
signaling for ePDCCH monitoring.

[3026] Periodic reference signaling messages containing reference
signals may occur between the eNB and the UEs. The downlink reference
signals may include cell-specific reference signal (CRS5} and UE-gpecific
reference signals. The CRS may be used for scheduling transmissions to
multiple UEs, channel estimation, coherent demodulation at the UE and
handover. CRS may, however, be usable only with 2 or 4 antennas. CRS may
be transmitied in each sixth subcarrier dering the first and fifth OFDM aymbols
of each slot when the short CP is used and during the first and fourth OFDM

symibols when the long CP is used. Other reference signals may include a
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channel state information reference signal {CSI-RS) used for measurement
purposes, and a Discovery Reference Signal (BRS) specific to an individual UE.
CS1-RS are relatively sparse, occur in the PDSCH and are antenna dependent.
The Primary Synchronization Signal (PSS) and Secondary Svnchronization
Signal {$55) may be used by the UE to identify the cell using the physical cell
1D (PCID), the current subframe number, slot boundary, and duplexing mode.
The PSS and SS8 may be sent in the center 1.08 MHz of the system bandwidih
used by the eNB in a broadcast to all UEs in symbol periods 6 and 5,
respectively, in each of subframes 0 and 5 of cach radio frame with a normal CP.
Multimedia Broadeast Multicast Service Single Frequency Network (MBSFN)
reference signals used to provide Evolved Multimedia Broadcast Multicast
Services {cMBMS) to the UE.

06271 The above and other periodic messages thus not only provide
mformation regarding the communication channel, but also enable tracking in
time and/or frequency of communications with the UE. The uplink reference
signals may include Demodulation Reference Signals (DM-RS), which may be
used to enable coherent signal demodudation at the eNB. DM-RS may be time
multipicxed with aplink data and transmitied on the fourth or third symbol of an
uplink slot for normal or extended CP, respectivelv, using the same bandwidth as
the data. Sounding Reference Signals (SRS) may be used by UEs with different
transmussion bandwidth to allow channel dependent uplink scheduling and may
typically be transmitted in the last symbol of a subframe.

[0028] The eNBs 104 and UEs 102 may cmploy CoMP for transmission
and reception. In downlink CoMP, the eNBs 104 may provide overlapping
coverage and may coordinate transmissions to a UE 102, Inuplink CoMP, the
reception of UE signals may be coordinated among the eNBs 104 to iraprove
network performance at cell edges. In some embodiment, the eNBs 104
providing the overlapping coverage may be a homogenecus set of macro ¢NBg
104a while in other emmbodiments the eNBs 104 may be heterogeneous,
mcluding a macro eNB 104a and a LP eNB 104b. The eNBs 104 may be

geographically separated but dynamically coordinated through a high-speed
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backhau! to provide joint scheduling and transmigsions as well as proving joint
processing of the received signals.

{0029} CoMP may emploved m difterent technigues, which mclude Jomt
Processimg, Dynamic Point Selection and Coordinated scheduling/beamformung.
In Joint Processing, the eNBs 104 may transmit data on the same frequency in
the same subframe and/or uplink transmissions from the UE 102 may be
received by the ¢NBs 104 and combined to improve the signal quality and
strength and perhaps actively cancel mterference from transmissions that are
intended for other UEs, This may increase the amount of data in the network
dependent upon how many eNBs 104 transmit the data. Uplink transmissions
from the UE 102 may be detected by antennas at the different eNBs 104, which
may form a virtual antenna array. The signals received by the eNBs 104 may be
combined and processed to increase the strength of low strength signals or those
masked by interfercnee. In Dynamic Point Sclection, data may avatlable for
transmission at multiple ¢eNBs 104 but only scheduled from eNB 104 in cach
subframe. In Coordinated scheduling/beamforming, cach eNB 104 in the CoMP
arca may transmut data to the UE 102 in different subframes while scheduling
decisions as well as beam coordination are coordinated among the eNBs 104, In
some embodiments, blanking or muting of signals from one eNB 104 may be
used when another eNB i transmitting to decrease interference.

[0030] Embodiments described herein may be implemented into a
system using any suttably contigured hardware and/or software. FIG. 2
tustrates components of a UE in accordance with some embodiments. At least
some of the components shown may be used m an eNB or MME, for example,
such as the UE 102 or ¢NB 104 shown in FIG. 1. The UE 200 and other
components may be configured to use the CoMP framework as described herein.
The UE 200 may be one of the UEs 102 shown 1 FIG. 1 and may be a
stationary, non-mobile device or may be a mobile device. In some
embodiments, the UE 200 may mclude application circuitry 202, bascband
circuitry 204, Radio Frequency (RF) circuitry 206, front-cnd module (FEM}
circuitry 208 and one or more antennas 210, coupled together at least as shown,

At least some of the baseband circuitry 204, RF circuitry 206, and FEM circuitry
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208 may form a transceiver. In some embodiments, other network elements,
such as the eNB may contain some or all of the components shown in FIG. 2.
Other of the network elements, such as the MME, mayv contain an interface, such
as the S1 interface, to communicate with the eNB over a wired connection
regarding the UE.

{0031} The application or processing circuitry 202 may nclude one or
maore application processors. For example, the application circuttry 202 may
include circuitry such as, buot not limited {o, one or more single-core or multi-
core provessors. The processor(s) may include any combination of general-
purpose processors and dedicated processors {¢.g., graphics processors,
application processors, etc.}). The processors may be coupled with and/or may
include memory/storage and may be configured to execute instructions stored
the memory/storage to enable varous applications and/or operating systems 1o
run on the system.

[B032] The baseband circuitry 204 may include circwitry such as, but not
limited to, one or more single-core or multi-core processors. The baseband
circuitry 204 may include one or more baseband processors and/or control logic
to process baseband signals received from a receive signal path of the RF
circurtry 206 and to generate baseband signals for a transmit signal path of the
RF circuitry 206. Basceband processing circuity 204 may interface with the
application circuitry 202 for gencration and processing of the bascband signals
and for controlling operations of the RF circuitry 206. For example, in some
embodiments, the baseband circuitry 204 may include a second generation (2(G)
bascband processor 204a, third generation (3() baseband processor 204b, fourth
generation (44) baseband processor 204¢, and/or other baseband processor(s)
2044 for other existing generations, generations in development or to be
developed in the future {e.g., fifth generation (53G), 6G, ¢ic.}. The baschand
circuitry 204 {e.z., one or more of baseband processors 204a-d) may handle
various radio control functions that enable communication with one or more
radio networks via the RF eircuitry 206. The radio control functions may
include, but are not limited to, signal modulation/demodulation,

encoding/decoding, radio frequency shifting, etc. In some embodiments,
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modulation/demodulation circuitry of the bascband circutry 204 may include
FFT, precoding, and/or consteHation mapping/demapping functionality. In some
embodiments, encoding/decoding circuitry of the bascband circuitry 204 may

mclude convolution, tail-biting convolution, turbo, Viterbi, and/or Low Density

L

Parity Check (LDPC) encoder/decoder functionality. Embodiments of
modulation/demodalation and encoder/decoder functionality are not limited to
these examples and may include other suttable functionality in other
embodiments.

[6033] In some embodiments, the baseband circuitry 204 may mclade
10 clements of g protocol stack such as, for example, clements of an evolved
universal terrestrial radio access network (EUTRAN) protocol meluding, for
example, physical (PHY), media access control (MAC), radic link control
{RLC), packet data convergence protocol {(PDLP), and/or RRC clements. A

central processing unit {CPU) 204¢ of the bascband circuitry 204 may be

W

configured o run elements of the protocol stack for signaling of the PHY, MAC,
RLC, PBCP and/or RRC lavers. In some embodiments, the baseband circuitry
may include one or more andio digital signal processor(s) (DSP) 2041, The
audio DSP(s) 204f may be include elements for compression/decompression and
echo cancellation and may include other suitable processing elements in other

20 embodiments. Components of the baseband circuitry may be suitably combined
in a single chip, a single chipsct, or disposed on a same circuit board in some
embodiments. In some embodiments, some or all of the constituent componentis
of the baseband circuitry 204 and the application circuitry 202 may be

implemented together such as, for example, on a system on a ¢hip (SOC).

jo]
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{8634} In some embodiments, the baseband circuitry 204 may provide
for communication compatible with one or more radio technologies. For
example, in some embodiments, the baseband circuitry 204 may suppoit
communication with an evolved untversal torrestrial radio access network
{(EUTRAN) and/or other wireless metropolitan area networks (WMAN),

30 awireless local area network (WLAN), a wircless personal area network
(WPAN). Embodiments in which the baseband circuitry 204 is configured to

support radio comumumnications of more than one wireless protocol may be

11
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referred to as mudti-mode baschand circuttry. In some embodiments, the device
can be configured to operate in accordance with communication standards or
other protocols or standards, including fnstitute of Electrical and Electronic
Engincers (IEEE) 802 .16 wircless technology (WiMax), IEEE 802.11 wireless
technology (WiFi) meluding IEEE 802 ad, which operates in the 60 GHz
mitlimeter wave spectrum, varigus other wireless technologies such as global
system for mobile communications (GSM), enhanced data rates for GSM
evolution (EDGE), GSM EDGE radio access network (GERAN}, umiversal
mobile telecommunications system {(UMTS), UMTS terrestrial radic access
network (UTRAN}, or other 2G, 3G, 4G, 3G, ctc. technologies either already
developed or 1o be developed.

{8035} RF circuitry 206 may cnable communication with wireless
networks using modulated electromagnetic radiation through a non-solid
medim. In various embodiments, the RF circuitry 206 may include switches,
filters, amplifiers, etc. to facilitate the communication with the wireless network.
RF circuatry 206 may inchude a receive signal path which may include circaitry
to down-convert RF signals received from the FEM circuitry 208 and provide
bascband signals to the baseband circuitry 204, RF circuitry 206 may also
include a transmit signal path which may include circuitry to up-convert
baseband signals provided by the baseband circuitry 204 and provide RF ocutput
signals to the FEM circuitry 208 for transmission.

036} In some embodiments, the RF circuitry 206 may include a receive
signal path and a transmit signal path. The receive signal path of the RF circuttry
206 may include mixer circuitry 206a, amplifier circuitry 206k and filter
circuttry 206¢. The transmit signal path of the RF circuitry 206 mayv mclude
filter circuitry 206¢ and mixer circuitry 206a. RF circuitry 206 may also inclade
synthesizer cirenitry 2064 for synthesizing a frequency for use by the mixer
circuitry 206a of the receive signal path and the transmit signal path. In some
embodiments, the mixer circuitry 206a of the receive signal path may be
configured fo down-convert RF signals recetved from the FEM circuitry 208
based on the synthesized frequency provided by syathesizer cirauitry 206d. The

amplificr circuitry 206b mav be configured to amplify the down-converted
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signals and the filter circaitry 206¢ may be a low-pass filter (LPF) or band-pass
filter (BPF) configured to remove unwanted signals from the dowa-converted
signals to gencrate output bascband signals. Output bascband signals may be

provided to the baseband circuitry 204 for further processing. In some

L

embodiments, the output baseband signals may be zero-frequency baseband
signals, although this is not a requirement. In some embodiments, nuxer circuitry
206a of the receive signal path may comprise passive mixers, although the scope
of the embodiments is not limited m this respect.

10637] In some embodiments, the mixer circuitry 206a of the transmit

10 signal path may be configured to up-convert input haschand signals based on the
synthesized frequency provided by the synthesizer circuitry 2064 to generate RF
output signals for the FEM circuitry 208. The baseband signals may be provided
by the baseband circuitey 204 and may be filtered by filter circuitry 206¢. The

filter circuttry 206¢ may include a low-pass filter (LPF), although the scope of

W

the embodiments 1s not imited in this respect.

6038} In some embodiments, the mixer circuitry 206a of the receive
signal path and the nuxer circuitry 206a of the transout signal path may nclude
two or more mixers and may be arranged for quadrature downconversion and/or
gpconversion respectively. In some embodiments, the mixer circuitry 206a of the
20 recetve signal path and the mixer circutiry 206a of the transmit signal path may
mclude two or more nuxers and may be arranged for image rejection {e.g..
Hartley image rejection). In some embodiments, the mixer circuiiry 206a of the
recetve signal path and the mixer circuitry 206a may be arranged for direct

downconversion and/or direct upconversion, respectively . In some embodiments,

jo]
[

the mixer civcuitry 206a of the receive signal path and the mixer circuitry 206a
of the transmit signal path may be configured for super-heterodyne operation.
{0639} In some embodiments, the output baseband signals and the oput
bascband signals may be analog bascband signals, although the scope of the
embodiments 18 not Himited n this respect. In some alternate embodiments, the
30 output baseband signals and the mput baseband signals may be digital baseband
signals. In these alternate embodiments, the RY circuttry 206 may include

analog-to-digital converier (ADC) and digital-io-analog converter (DAC)

13
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circuitry and the baseband cirawntry 204 may include a digital baseband interface
to comununicate with the RF circwtry 206.
{0046} In some dual-mode embodiments, a separate radio IC circuitry

may be provided for processing signals for each spectrum, although the scope of

L

the embodiments is not limited in this respect.

{0041} In some embodiments, the synthesizer cirenitry 206d may be a
fractional-N synthesizer or a fractional N/N+1 synthesizer, although the scope of
the embodiments is not limited i this respect as other types of frequency
synthesizers may be suitable. For example, synthesizer circuitry 206d may be a
10 delta-sigma svnthesizer, a frequency multiplier, or a synthesizer comprising a
phase-locked loop with a frequency divider.

0042} The synthesizer circuitry 206d may be configured to synthesize
an output frequency for use by the mixer circuitry 206a of the RF circuitry 206

based on a frequency input and a divider control input. In some embodiments,

W

the synthesizer circuitry 206d may be a fractional N/N+1 synthesizer,

06043} In some embodiments, frequency nput may be provided bv a
viltage controlled oscillator (VCO), although that 1s not a requirement. Divider
control mput may be provided by etther the baseband civcuitry 204 or the
applications processor 202 depending on the desired output frequency. In some
20 embodiments, a divider control input {¢.g., N) may be determined from a lock-
up table based on a channel indicated by the applications processor 202,

[0044] Synthesizer circuitry 206d of the RF circuitry 206 may mclude a
divider, a delay-locked loop (DLL), a multiplexer and a phase accumulator. In

some embodiments, the divider may be a dual modulus divider (BMD) and the

jo]
[

phase accumulator may be a digital phase accumulator (DPA). In some
embodiments, the BMBP may be configured to divide the input signal by either N
or N+1 {e.g, based on a carry out) fo provide a fractional division ratio. In some
example embodiments, the DLL may include a set of cascaded, tunable, delay
clements, a phase detector, a charge pump and a D-type flip-tiop. In these

30 embodiments, the delay elements may be configured to break a VCO period up

mnto Nd equal packets of phase, where Nd is the number of delay clements in the
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delay line. In this way, the DLL provides negative feedback to help ensure that
the total delay through the delay line s one VCO cycle.

[0045] In some embodiments, synthesizer circuitry 206d may be
contigured to generate a carrier frequency as the output frequency, while n other
embodiments, the output frequency may be a multiple of the camier frequency
{¢.g., twice the carrier frequency, four times the camier frequency) and used in
conjunction with quadrature gencrator and divider circuttry to generate mukltiple
signals at the carner frequency with multiple different phases with respect to
cach other. In some embodiments, the cutput frequency may be a LO frequency
{fLo). In some embodiments, the RF circuitry 206 may mclude an 1Q/polar
converter.

{0046} FEM circuitry 208 may include a receive signal path which may
inchude circuitry configured to operate on RF signals received from one or more
antennas 210, amplify the received signals and provide the amphtied versions of
the received signals to the RF circuitry 206 for further processing. FEM circutry
208 may also include a transmit signal path which may mclude circutry
configured to amplitv signals for transmission provided by the R¥ circuitry 206
for transnussion by one or more of the one or more antennas 210

{6647} In some embodiments, the FEM circuitry 208 may tnclude a
TX/RX switch to switch between transmit mode and receive mode operation.
The FEM circuitry may include a receive signal path and a transmit signal path.
The receive signal path of the FEM ciremitry may mclude a low-noise amplifier
(LNA) to amplify received RF signals and provide the amplified received RF
signals as an output {¢.g., to the RF circuitry 206). The transmt signal path of
the FEM circuitry 208 may include a power amplifier (PA) to amplify input RF
signals {e.g., provided by RF circuitry 206}, and one or more filters to generate
RF signals for subsequent transmission {e.g., by one or more of the one or more
antennas 210

048] In some embodiments, the UE 200 may include additional
elements such as, for example, memorv/storage, display, camera, sensor, and/or
mnput/output {I/0) interface as descnibed in more detail below. In some

embodiments, the UE 200 described herein may be part of a portable wircless
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communication device, such as a personal digital assistant {PDA), a laptop or
portable computer with wireless commumnication capability, a web tablet, a
wireless telephone, a smartphone, a wireless headset, a pager, an instant

messaging device, a digital camera, an access point, a television, a medical

L

device (e.g., a heart rate monitor, a blood pressure monitor, ¢tc ), or other device
that may receive and/or transmit information wirelessly. In some embodiments,
the UE 200 may include one or more user interfaces designed to enable user
interaction with the system and/or peripheral component interfaces designed to
enable peripheral component interaction with the system. For example, the UE
10 200 may include one or more of a kevboard, a keypad, a touchpad, a display, a
sensor, a non-volatile memory port, a universal serial bus (USB) port, an audio
jack, a power supply interface, one or more antennas, a graphics processor, an
application processor, a speaker, a microphone, and other /0 components. The

display may be an LCD or LED screen including a touch screen. The sensor

W

may include a gvro sensor, an accelerometer, a proximity sensor, an ambicnt
Light sensor, and a posttioning unit. The positioning unit may commumicate with
components of a positioning network, ¢.g., a global positioning system (GPS)
satellite.

{86049} The antennas 210 may comprise one or more directional or

20 ommidirectional antennas, including, for example, dipole antennas, monopole
antennas, patch antennas, loop antennas, microstrip antennas or other types of
antennas suitable for transnussion of RF signals. In some multiple-input
multiple-output (MIMO} embodiments, the antennas 210 may be effectively

separated to take advantage of spatial diversity and the different chanuel

jo]
[

characteristics that may result.

{00561 Although the UE 200 15 illustrated as having several separate
functional elements, one or more of the functional elements may be combined
and may be implemented bv combinations of sofitware-configured elements,
such as processing elements including digital signal processors (DSPs), and/or
30 other hardware elements. For example, some elements may comprise one or
more microprocessors, BSPs, field-programmable gate arrays (FPGAs),

application spectfic integrated circuits {ASICs), radio-frequency mtegrated
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circuits {RFICs) and combinations of various hardware and logic circuitry for
performing at least the functions described herein. In some embodiments, the
functional clements may refer 1o one or more processes operating on one or

more processing elements.

L

{8051} Embodiments may be implemented in one or a combination of
hardware, firmware and software. Embodiments may also be implemented as
mstructions 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 nclude any non-transitory

10 mechanism for storing information in a form readable by amachmne (c.g., a
computer). For example, a computer-readabile 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. Some embodiments may include one or more processors and may be

W

configured with instructions stored on a computer-readable storage device.
j60352] FIG. 3 15 a block diagram of a communication device in
accordance with some embodiments. The device may be a UE or eNB,
for example, such as the UE 102 or eNB 104 shown m FIG. 1 that may

be configured to use dynamic switching 1n a CoMP network as

20 described herein. The physical layer circuitry 302 may perform various
encoding and decoding functions that may include formation of

baseband signals for transmission and decoding of received signals. The
communication device 300 may also include medium aceess control

layer (MAC) circuitry 304 for controlling access to the wircless

jo]
[

medium. The communication device 300 may also include processing
circurtry 306, such as one or more single-core or multi-core processors,
and memory 308 arranged to perform the operations described herein,
The physical laver circuitry 302, MAC circuitry 304 and processing
circuitry 306 may handle various radio control functions that enable

30 communication with one or more radio networks compatible with one or
more radio technologics. The radio control functions may inchude signal

modulation, encoding, decoding, radio frequency shifting, cte. For
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gxample, similar to the device shown in FIG. 2, in some embodiments,
communication may be ¢nabled with one or more of a WMAN, a
WLAN, and a WPAN. In some embodiments, the communication

device 300 can be configured to operate in accordance with 3GPP

L

standards or other protocols or standards, including WilMax, Wik,
GSM, EDGE, GERAN, UMTS, UTRAN, or other 3G, 3G, 4G, 3G, ctc.
technologics either already developed or to be developed. The
communication device 300 may include transceiver circuitry 312 to
enable communication with other external devices wirelessly and

10 interfaces 314 to enable wired communication with other external
devices. As another example, the transceiver circuitry 312 may perform
various transmission and reception functions sach as conversion of
signals between a baseband range and a Radio Frequency (RF} range.

[0053] The antennas 301 may comprise one or more directional

W

or omnidirectional antennas, including, for exampie, dipole antennas,
monopole antennas, patch antennas, loop antennas, microstiip antennas
o1 other types of antennas suitable for transmission of RF signals. In
some MIMO embodiments, the antennas 361 may be effectively
separated to take advantage of spatial diversity and the different channel
20 characteristics that may resulf.

[0054] Although the communication device 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

jo]
[

clements including DSPs, and/or other hardware elements. For
example, some clements may comprise one of More MICIOPrOCEssoTs,
DSPs, FPGAs, ASICs, RFICs and combinations of various hardware
and logic circuttry for performing at least the functions described herein.
In some embodiments, the tunctional clements may refer to one or more
30 processes operating on one or more processing clements. Embodiments
may be implemented in one or a combination of hardware, firmware and

software. Embodiments may also be implemented as instructions stored

1%
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on a computer-readable storage device, which may be read and executed
by at least one processor to perform the operations described herein.
[0055] FIG. 4 illustrates another block diagram of a

communication device mn accordance with some embodiments. In

L

alternative embodiments, the communication device 400 may operate as
a standalone device or may be conngcted {¢.g., networked) to other
communication devices. In a networked deplovment, the
communication device 400 may operate in the capacity of a server
communication device, a client communication device, or both in

10 server-client network environments. o an example, the communication
device 400 may act as a peer communication device m peer-to-pect
{P2P} {or other distributed) network environment. The communication
device 400 may be a UE, eNB, PC, atablet PC, a STB, a PDA, a mobile

telephone, a smart phone, a web appliance, a network router, switch or

W

bridge, or any conununication device capable of executing instructions
(sequential or otherwise) that specify actions to be taken by that
communication device. Further, while only a single comnwnication
device 15 tlustrated, the term “communication device” shall also be
taken to include any collection of commanication devices that

20  mdividually or jointly execute a set (or multiple sets) of mstructions to
perform any one or more of the methodologics discussed herein, such as
cloud computing, software as a service {Saa$S), other computer cluster
configurations,

{3056] Examples, as described herein, may include, or may

jo]
[

operate on, logic or a mumber of components, modules, or

mechanisms. Modules are tangible entitics (e.g., hardware) capable of
performing specified operations and may be configured or arranged in a
certain manuner. In an example, circuits may be arranged (¢.g., internally
or with respect to extemnal entities such as other circuits) n a specified
30 manner as a module. In an example, the whole or part of one or more
computer systems {¢.g., a standalone, client or server computer system)

or one or more hardware processors may be configured by firmware or
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software (2.g., instructions, an application portion, or an application) as
a module that operates to perform specified operations. In an example,
the software may reside on a communication device readable

medium. In an example, the software, when executed by the underlving
hardware of the module, causes the hardware to perform the specified
operations.

{0057} Accordingly, the term “moduic”™ is understood to
encompass a tangible entity, be that an entity that is physically
constructed, specifically configured {¢.g., hardwired), or temporanly
{(¢.g.. transitorily) configured {c.g., programmed) to operate in a
specified manner or to perform part or all of any operation described
herein. Considering examples in which modules are temporanly
configured, cach of the modules need not be instantiated at anv one
morment in time.  For example, where the modules comprise a general-
purpose hardware processor configured using sofiware, the general-
purpose hardware processor may be configured as respective different
modules at different tumes. Software may accordingly configure a
hardware processor, for example, to constitute a particular module at
one instance of time and to constitute a different module at a different
instance of time.

[0058] Communication device {¢.g., computer system} 400 may
nclude a hardware processor 402 {e g., a ceniral processing unit {CPU),
a graphics processing unit (GPU), a hardware processor core, or any
combination thereof). a main memory 404 and a static memory 406,
some or all of which may communicate with each other via an mterlink
{c.g., bus) 408. The communication device 400 may further include a
display unit 410, an alphanumernic mpwt device 412 {¢.g., a keyboard),
and a user wterface (Ul) navigation device 414 {(c.g., amouse). Inan
example, the display vnit 410, input device 412 and Ul navigation
device 414 may be a touch screen display. The comnuumication device
400 may additionally include a storage device (c.g., drive unit) 416, a

signal generation device 418 (¢.g., a speaker), a network interface
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device 420, and one or more sensors 421, sach as a global positioning
system {GPS) sensor, compass, accelerometer, or other sensor. The
communication device 400 may include an output controlier 428, such
as a serial {e.g., universal serial bus (USB), parallel, or other wired or
wireiess (e.g., infrared (IR}, near ficld commumication (NFC), etc.)
connection to communicate or control one or more peripheral devices
{c.g., a printer, card reader, etc. ).

HEESH) The storage device 416 may include a communication
device readable medivm 422 on which is stored one or more sets of data
structures or instructions 424 (¢.g., software) embodying or utilized by
any one or more of the technigues or functions described herem. The
mstructions 424 may also reside, completely or at least partially, within
the main memory 404, within static memory 406, or within the hardware
processor 402 during execution thercof by the communication device
400. In an example, one or any combination of the hardware processor
402, the main memory 404, the static memory 406, or the storage device
416 may constitute convnunication device readable media.

0664} While the communication device readable medium 422 1s
thustrated as a single medium, the term "communication device readable
medium” may include a single medium or multiple media{e.g., a
centralized or distributed database, and/or associated caches and servers)
configured fo store the one or more nstructions 424,

0061} The term “communication device readable medium™ may
include any medium that is capable of stoning, ¢encoding, or carrying
mstructions for execution by the communication device 400 and that
cause the communication device 400 to perform any one or more of the
techniques of the present disclosure, or that is capable of stoning,
encoding or carrving data structures used by or associated with such
mstructions. Non-limiting communication device readable medium
examples may include solid-state memories, and optical and magnetic
media. Specific examples of communication device readable media

may include: non-volatile memory, such as scmiconductor memory
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devices (¢.g., Electrically Programmable Read-Only Memory

(EPROM), Electrically Erasable Programmable Read-Only Memory
(EEPROM)) and flash memory devices; magnetic disks, such as internal

hard disks and removable disks; magneto-optical disks; Random Access
Memory (RAM); and CD-ROM and DVD-ROM disks. In some

examples, communication device readable media may include non-

transitory conumunication device readable media. In some examples,
commumication device readable media may include commumication

device readable media that is not a transitory propagating signal.

[06662] The instructions 424 may further be transmitted or received over
a communications network 426 using a transmission medium via the network
mterface device 420 utilizing any one of a mumber of transfer protocols {e.g.,
frame relay, mternet protocol (1P}, transmission control protocol (TCP), user
datagram protocol (UDP), hypertext transfer protocol (HTTP), etc.). Example
communication networks may include a local arca network {LAN), a wide area

network (WAN), a packet data network (e.g.

=

the Internet), mobile telephone
networks {¢.g., cellular networks), Plain Old Telephone (POTS) networks, and
wireless data networks (e.g., Institute of Electrical and Electronics Engineers
(IEEE) 802.11 family of standards known as Wi-Fi®, IEEE 802.16 family of
standards known as WiMax®), IEEE 80215 4 family of standards, a Long Term
Evolution (LTE) family of standards, a Universal Mobile Telecommunications
System (UMTS) family of standards, peer-to-peer (P2P) networks, among
others. In an example, the network interface device 420 may include one or
more physical jacks {¢.g., Ethemet, coaxial, or phone jacks) or one or more
antennas to connect to the communications network 426. In an example, the
network interface device 420 may include a plurality of antennas to wirelessly
commuicate using at least one of single-input multiple-output (SIMO}, MIMO,
or multiple-input single-output (MISO) techniques. fn some examples, the
network miterface device 420 may wirelessly commumnicate using Multiple User
MIMQO techniqoes. The torm “transmission medium” shall be taken to inclade
any intangible medium that is capable of storing, encoding or carrving

mstructions for execution by the communication device 400, and includes digital
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or analog communications signals or other infangible mediam to facilitate
commumnication of such software.
{0063} FiG. 5 is a functional diagram of a wireless network using CoMP

in accordance with some embodiments. Specifically, FIG. 5 illustrates an

L

example of CoMP scenario 3, a heterogeneous network in which a macro eNB
512 baving a macro cell 510 coverage arcaand a LP oNB 522 having a LP cell
520 coverage area bave different cell-1Ds. While a UE 502 in the CoMP
network may synchronize with one eNB (the synchronization source), in practice
communications between the UE and a different eNB (the transmuission point)

10 may encounter a time and/or frequency musmatch even if the eNBs themselves
are synchromzed. This mismatch mav be extensive m situations m which there
is a large difference in propagation delays between the synchronization source
and the transmission point.

[0064] As above, CoMP with single FFT processing may be used to

W

provide secamless mobility support for UEs in an LTE system. A UE 302 inthe
downlink first synchronizes with a single eNB 312 asing CRS transmutted by the
e¢NB 512. This ¢NB may be referred to as the synchronizing source or serving
cell. The synchronizing eNE 1s typically a macro ¢NB 512, The UE 302 may
also receive data when m a LP cell 520 from a LP ¢NB 522, which, as above

20 may be a micro, pico or nano ¢NB. Although in FIG. 3, the macro eNB 512 is
shown as the eNB, in some embodiments the eNB may be a remote radio head
{RRH) with a fiber connection to the macro eNB 512, The RRH may have the
same phystcal cell ID (PCl) as the macro eNB 512

[(3065] Transmission point switching to sapport seamicss UE mobibity

jo]
[

may be provided by dynamic point selection, where a combination of RRC and
BT signaling may be used to indicate the transmission point (the eNB from
which the UE is currently receiving data). A potential time and frequency
mismatch between synchronization source and the transmission point may be
handied m the frequency doman without changing pre-FFT synchronization. At
30 the same time, post-FFT compensation may limit the possible deployment
scenarios where such scamless mobility can be supported. For example, in

accordance with Technical Report 38 819 in the context of Release 11 regarding
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downlink CoMP, UE performance reguirements were defined by assuming
timing offsct in the range {-0.5, 2{ usec, where a substantial portion of the
recerved signal is within the CP. In situations in which dynamic switching is
used, timing offeets outside of this range (i.¢., a iming advance of 0.5psec or
timing delay of 2usec) may lead to inter-svmbol interference and corrupt the
received symbols. Timing offset for dynamic switching may mnchide differences
in synchronization ot the eNBs 512, 522 as well as propagation delays between
the eNBs 312, 522 in transmissions between the eNBs 512, 522 and the UE 502.
For a given symbol transmitted by the eNBs 512, 522, a iming offset may
correspond 1o a tune difference in the svotbol as recetved by the UE 502, which
may transiate to a phase ramp m the frequency domain after FFT processing.
{0066} Even ifthe eNBs 512, 522 are perfectly synchronized using a
bigh-speed backhaul, the timing offsets may correspond, as shown in FI1G. 5, to0
the maximum difference of the propagation delays between the synchromzation
source {e.g., macro eNB 512, also referred to herein as the serving cell} and the
transmission point (¢.g., pico eNB 522) is equal to 0.96us, when the cell radius =
289m {where the inter-site distance (IS5} = 500m). Increasing the coverage arca
of the macro cell 510 to a cell radius > 600m would not allow support of
seamiess mobility using the legacy downlink CoMP framework; the handover
procedure would introduce nterroption.  Similarly, the legacy uplink
transmission also targets a single reception point and is not substantially
optimized to support seamiess mobility.

{0067} The UE 502 may have the baseband capability for multiple FFT
processing. In particolar, this capability may be used to support carrier
aggregation and dual connectivity, which mav allow support of multi-link
connectivity at the UE 302 through dvnamic switching. However, unlike carmer
aggregation, n which different symbols in multiple frequency bands may be
received simultancously and FFT processed, symbols 1n the same frequency
band may be independently received from the different eNBs 512, 527 and FFT
processed vsing different timing offsets. This may permit an increase the range
of the macro cell 510 without substantially affecting mobility as the UE 502 may

perform control channel mounttoring, PI3SCH reception and PUSCH
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transmission using multipie svnchronization sources and reception points with
more than one pre-FFT processing.

{0068} More specifically, as indicated above, each eNB 512, 522 may
transmit a variety of signals including higher laver control signals in RRC
transmissions, cell-specific control signals in PRCCH or ¢ePDCCH
transmissions, reforence signals and data in PDSCH transmissions. The
reference signals mav include CRS, which may take one of a number of patterns
as transmitied by cach ¢NB 512, 522 In some embodiments, the PDSCH may
be transmitied within OFDM symbols that are not used in any of the cells 510,
520 for PDCCH transmission. Stmilarly, the CRS pattern transmitted by cach
eNB 312, 522 may be shifted m frequency according to the cell {1 of that eNB,
such that 3 of the 6 shifis provide non-overlapping CRS patterns. This permits
reception of CRS signals for measurement and feedback by the UE 502 to the
appropriate eNB 512, 522, The measurcment of the CRS signals may permit the
UE 502 to measure the timing offset and adjust the FFT processing accordingly.
[06069] To effect this, the serving cell 512 may initially transmuit to the
UE 302 control information parameters for onc or more other celis, such as
transmission point 322. The parameters may be provided m higher laver
signaling, such as via an RRC message during the RRC connection process in
which the UE 502 mitially attaches to the serving cell 512, e.g., when the UE
502 first powers on or is handed over to the serving cell 512, The control
mformation parameters may be provided, for example, via an
RRCComectionReconfiguration message from the serving cell 512 to the UE
502, In some embodiments, the control information parameters in the RRC
message may additionally include the parameters of an ¢PDCCH, such as
occupied physical resources of the ePDCCH and one or more reference signal
parameters of the ePDCCH. The control mformation parameters in the RRC
message may include a PCID and corresponding control information about the
PSS and $85 and CSI-RS/DRS for the serving cell 312 and one or more other
cells. The control information parameters for a particular cell may also be
referred to as a PDCCH set. Thus, the UE 502 may be able to monitor for the

control and reference signals for a plurality of cells.
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{6070} In some embodiments, the RRC message may inclade the control
information parameters of all neighboring cells. In some embodiments, the RRC
message may include the control information parameters of only those cells

configured to provide dynamuc switching with the serving cell 512, In some

L

embodiments, the RRC message may inchide the control information parameters
of only those cells configured to provide dynamic switching with the serving cell
512

6671 In some embodiments, the control information parameters
provided in the RRC message may be dependent on the configuration of the

10 network. For example, control information parameters for more cells may be
provided in a network with a denser cell distribution than in a network with a
sparser cell distribution. In another example, control information parameters for
more cells may be provided in a local network, such as within a confined area

such as a store or shopping arca. than in a non-local network, such as outdoors,

15 evenifthe cell distribution m the non-local network 1s denser than the local
network.
[6672] In some embodiments, the control information parameters

provided in the RRC message may be mdependent of charactenistics of the UE
502, while in other embodiments provided the control information parameters
20 may be dependent on characteristics of the UE 502. For example, if the UE 502
is a machine-type communication UE (MTC UE) and is non-mobile, the serving
cell 512 may decide not to include the control mformation parameters of other
cells in the RRC message. Similarly, if the serving cell 512 determines that the

UE 502 1s moving slowly relative to the distance to other cells, from location

jo]
[

data provided by the UE 302 or changes in signal strength for example, the
serving cell 312 may decide not to include the control information parameters of
other cells in the RRC message. The control information parameters in the RRC
message may be periodically or aperiodically updated, for example, as with a
change in cell status {¢.g.. a neighborning cell becomes active or inactivelora

30 change in the UE state (e.g., a change n the speed).

{0073] FiG. 7 illustrates a flowchart of a method of physical downlink

control channel (PDCCH) reception in accordance with some embodiments.
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FIG. 7 may illustrate the operations of one or more of the UE and ¢NBs shown
i FIGS, 1-6. At operation 702, the UE 502 may attach to a serving cell 512 and
receive ong or more parameter scts. Each parameter sot may be received in an

RRC message. The RRC message may be an RRCConnectionReconfiguration

L

message, for example.

{0074} At operation 704, the UE 502 may determine whether the
parameter sets include downlink (DL) parameter sets or an uphink (UL}
parameter sets. In some embodiments, both DL and UL parameter scts are
mncluded in the RRC message. In other embodiments. only DL or only UL

10 parameter sets are included in the RRC message. As indicated above, the
parameter sets may be updated from time to time, either perodically or
aperiodically, and may change not only parameters within the existing type
{DL/UL} of parameter sets but o addition, or mstead, may change between types

of parameter sets. Each DL parameter set may include a PCID for a particular

W

cell, along with PSS and §S8 and DRS configuration mformation for the
particular cell. The DRS configuration information may include, for example,
CS1-RS parameters for the particular cell. Each UL parameter set, on the other
hand, may include PUSCH and/or SRS configuration mformation for the
particolar cell.

20 {B075) In response to the RRC message containing DL parameter sets,
the UE 502 may usc the parameters i the RRC message to monitor for and
detect reference signals (RS) from the cells at operation 706. In some
embodiments, the UE 502 may detect a PSS and 558 along with the PCID of the

serving cell 512 and/or the transmission point 522. The UE 502 may also detect

jo]
[

the DRS of the serving cell 312 and/or the transmission point 522,

{6876} Using the DRE, at operation 708 the UE 502 may measure the
timing and frequency offset associated with each of the serving cell 502 and the
transmission point 522, In some embodiments, the UE 502 may also use the
PSS and $885 to aid in the measurement. The UE 502 may then adjust the FFT
30 window for each FFT of the UE 502 configured to process signals respectively
from the serving cell 512 and the transmission point 522 based on a timing

estimation from the refercnce signal such that the measured timing offset is
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within the -0.5 10 2 usec. The UE 502, however, may not be aware divectly
about the offset errors relative to the OFDM symbol boundary. Asis evident,
the timing offset for FFT processing of signals from the transmission point 522

may be ditferent from the timing offset for FF'T processing of signals from the

W

serving cell 512.

{0077 In some embodiments, the offset determination 15 performed

once, at the time the UE 302 initially detects the reference signals from a

particular cell. In this embodiment, once the offsets have been measured, the UE

502 may contimie to use the measured offsets of the particular cell so long as the

10 UE 502 is communicating with the particular cell. In some embodiments, the
UE 302 may continue to measure the reference signals to periodically or
apenodically update the offsets. Aperiodic updating of the particular cell may
oocur due to an event at the UE 502 and/or the particular cell, for example when
cither is powered down or i the event that the UE 302 is moving rapidly in

15 relation to the range of the particular cell (or changes velocity substantially).
The UE 502 may also provide reporting to the particular cell or to all cells, for
example, to indicate channel conditions and other information to the cell. In
some embodiments, the report may inchade the tining offsets measured by the
UE 562, Once the otfsets have been measured, the UE 502 may store the offsets

20 i memory to use in PBCCH or PDSCH reception, as desired.
{0078] At operation 710, the UE 502 may determine whether the
PDCCH transmission is dynanvcally switched (along with the PDSCH) or static.
This 1s to say that the UE 502 may determine whether the DL parameter sets
imnclude parameters to deternine which PDCCH to monitor (e.g., etther the

25 serving cell 512 or the transmission point 522 for PBSCH detection or whether
the DL parameter sets include parameters to determine which PDSCH to
monitor {¢.g., cither the serving cell 512 or the transmission point 522). Note
that although PDCCH transmissions are referred to, the UE 502 may monitor for
¢PDCCH transmissions in addition to or instead of the PDCCH transmissions.

30 {0079 In some embodiments, the PSS and 555 may include an index

that indicates which parameter set to use for PDCCH reception. In response to

determining at operation 710 that the PDCCH is dynamic, the UE 502 may at
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operation 712 monitor the appropriate PDCCH dependimg on the index. In some
embodiments, the UE 502 may determine from the PDBCCH which PDSCH to
decode. The UE 502 may thus determine at operation 512 that the PDCCH and

consequently PDBSCH of the serving cell 512 1s to be monitored and decoded, or

L

that the PDCCH and consequently PDSCH of the transmission point 522 is to be
monitored and decoded.
[0088] In response to determining at operation 710 that the PDCCH is
static, the UE 502 may at operation 714 monitor only the PDCCH of a single cell
of all of the PDCCHs 1n the network. For example, m some embodiments, the
10 UE 502 may monttor only the PDCCH of the serving ccll 512, In this
embodiment, the UE 502 may disregard the PDCCH of the transmission point
522 as the PDCCH of the transmission point 522 is not ased. Despite
monitoring only one PDCCH, however, the PDSCH may be dyaamically
switched among the cells. Thus, it may be desirable for the UE 502 to resolve
15 which PDSCH to decode for the particular PDCCH detected. The PDCCH may
mclade a DCI that permits the UE 502 to find and decode the PDSCH. The DCI
may be in anv DCI format, depending on the desired transmission characternistics
of the communication link between the UE 502 and the cell transmitting the
PDSCH. The BCI may contain one or more bits in a new PDSCH ficld to
20 mdicate the PBSCH for the UE 502 to monitor. Thas, the UE 502 may extract
the bits in the PDSCH field, and to determine the appropnate PDSCH to decode.
6081} At operation 716, the UE 502 may decode the appropriate
PDSCH. The appropriate PDSCH is determined independent of whether the
PDCCH is dynamic or static, and thus whether the parameter set or the PDCCH
mndicates which PDSCH to decode. The UE 502 may thus decode the PDSCH

jo]
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using the PDCCH at operation 712 or operation 714,

{00682} In response to determining, at operation 704, that the parameter

set includes UL PUSCH parameter sets for the different cells, the UE 502 may

store the UL PUSCH parameter sets in memory. The UL parameters in the UL
30 PUSCH parameter scts may mehude parameters to use for transmissions by the

UE 502 to each cell. Each UL set may thus target a specific UL reception point

and include UL parameters describing the UL transoussion. Subscquently, the
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UE 502 may at operation 718 receive an UL DCILin a PDCCH. In this case, the
UE 502 may or may not have already determined the offsets for DL
communication with the different cells.

{16083] In commumicating UL data to the network, it may be desirable for

L

the UE 502 to estimate an appropriate transmit power to use as well as a timing
advance for each cell. Using excessive transmit power may unnecessarily
reduce battery 1ife of the UE 502 and may interfere with the conununications of
other UEs, while using too little transmit power may entail additional repeated
transmissions o the cell to allow the cell to build up the signal strength for
10 detection of the symbol, if possible. Timing advance may be used to adjust for
propagation delay among UEs having different distances from a particular eNB.
The Timing Advance (TA} may be equal to twice the propagation delav between
a UE and the ¢eNB, assuming that the same propagation delay value applies tc
both DL and UL communications. The eNB may continuousty measure timing
15 of UL signals from each UE and adjust the uphnk transmission timing by
sending the value of Timing Advance to the respective UE based on uplink data
(PUCCH/PUSCH/ SKS). The oNB may estimate the arrival time, which can
then be used to calculate the TA value. The eNB may estimate the imitial TA
from the PRACH, which mayv be used as timing reference for uplink during
20 imtial access by the UE, radio hink failure or handover, sent by the UE. The
cNB may send a TA command in a Random Access Response (RAR}. Once the
UE 1s in connected mode, the eNB may continue to estimate the TA and send a
TA Command MAC Control Element to the UE if correction is desired.

{0084] The UE 502 may generally estimate the transmit power to the

jo]
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different cells from the path loss. The path loss may be determined by the UE
502 using signal strength of reference signals received at the UE 502 as
measured by the UE 502 and the transmit power of the eNB, which may be
provided to the UE 502 The DCI received by the UE 502 may contain a power
parameter that indicates to the UE 502 whether to mcrease or decrease the

30 transmission power to the eNB by a preset increment. To achieve a substantial
transmission power difference, the power of the UE 502 may be adjusted by

repeatedly transmitting a PDCCH for the UE 302 containing a DCI 1 which the
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power parameter increase or decrease the transmission power to the eNB.
Unfortunately, while this may be useful in an environment in which the path loss
changes relatively slowly, this may not be amenable to dynamic switching, in

which it may be desirable for the transmission power to change substantially

L

when the UE 502 transmission switches between the serving cell and the
transmission point.

[O085] To combat this, the UL DCI in the PDCCH received by the UE
502 at operation 718 may indicate which of the UL PUSCH parameter sets to
use for communication. The UL PUSCH parameter set may nclude the

10 downlink reference signal {e.g. DRS or CRS) to be used by the UE 502 to
determine the path loss. This selection of a set of downlink reference signals for
one ¢eNB independent of the set of downlink reference signals used for another
eNB, i.e., the downlink reference signals may be the same or may be different.

The actual uplink transmission power for PUSCH transmission may be

W

calculated by the UE 502 using open-loop power control equations provided n
Technical Specification (153 36.213 v.12.5.0. The UL PUSCH parameter set
mdicated by the DCI may also include one or more TA values, where cach TA
may be configured using legacy MAC signaling. The actual TA that that may be
ased by the UE 502 to receive the PUSCH transmission may be indicated in the
20 DL

[O086] In some embodiments, the DCI may indicate a transmission
power to use. The transmission power may be based on the reference signal
used by the UE 502 to estimate the path loss. The DCImay contan an index

mndicating which UL PUSCH parameter set to use, and each UL PUSCH

jo]
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parameter set may also be associated with a particular initial transmission power
and TA associated with that DCH index. In some embodimenis, the DCI format
may contain one or more bits in a new ficld to indicate the power level and one
or more bits m another field to indicate the TA. In some crmbodiments, the
serving cell 512 may transmit a BCI format 0 or 4, which may contain the power
30 control information.

[6087) A similar embodiment to support scamless mobility may be

configured for uplink control and SRS, More specificallv, one or more SRS

3
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transmission parameters may be configured for the UE 302 using higher laver
signaling. The actual transmission set for SRS transmission may be selected by
the UE 502 based on DCI triggering the SRS transmission. The SRS

transnussion parameters may include a TA and downlink reference signal {DRS

L

or CRS)} to be used to derive the path loss for the uplink transmit power equation

described in T5 36213 v.12.5.0.

{D088] After determining the appropriate UL PUSCH paramcter sct to

use from the DCI, the UE 502 may transmit the indicated reference signals. The

UE 502 may then estimate the path loss and calculate the transmission power, as

10 well as determine the TA to use, from a response from the cell indicated in the
UL PUSCH parameter set. The UE 302 may subsequently, at operation 720
transmit PUSCH data to the ccll mdicated in the UL PUSCH parameter set using
the calculated transmission power and TA.
[0089] FIG. 6 dlustrates CoMP using multiple Fast Fourier Transform

15 (FFT) processes i accordance with some embodiments. Rather than relving on
post-FFT synchronization, in which the FFT of the serving ¢ell 610 (e 2., ¢cNB
512 1 FI1G. 5) and transmission point 620 (e.g., eNB 522 in FIG. 5) partially
overlap the CP, as shown in FIG. 6, the constraint between the FFT window 614,
624 and the CP 612, 622 is more relaxed. The FFT window 614, 624 may

20 mchede a PDSCH symbaol to be processed by the FFT and other components, for

example, to demodulate the PDSCH symbol to bascband and decode the PDSCH

symbol. As shown, the FFT window 614 and CP 612 of the serving cell 610

may be permitted to entively overlap the FE'T window 624 and the CP 622 of the

transmission point 620 as the UE may be able to switch between receiving

jo]
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signals from the serving cell 610 and the transmission point 620.

{6034} The UE may thus perform control channel monitoring using
muftiple synchronization sources with more than one FFT processing. The UE
may be configured with one or more PICCH, PDSCH and/or PUSCH sets,
where cach PDCCH and PDSCH set may be configured with a PSS and 588 and
30 DRS (or other reference signall corresponding to the transmission source and
sach PUSCH may be configured with a reference signal to use for path loss

estimation and transmission power calculation and TA. Based on the
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configuration, the UE may perform PDCCH demoedulation using pre-FFT
processing in accordance with the timing and frequency offsets derived from the
reference signals and PUSCH transmission based on the calculated transmission
power and TA.

06911 Although an embodiment has been descnibed with reference to
specific example embodiments, i will be evident that varicus modifications and
changes may be made to these erabodiments without departing from the broader
spirit and scope of the present disclosure. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a restrictive sense. The
accompanying drawings that fora a part hereof show, by way of illustration, and
not of hmitation, specific embodiments m which the subject matter may be
practiced. The embodiments tHustrated are described m sufficient detail to
enable those skilled in the art to practice the teachings disclosed herein. {ther
embodiments may be utilized and derived therctrom, such that structural and
togical substitutions and changes mayv be made without departing from the scope
of this disclosure. This Dietailed Descniption, therefore, 1s not to be taken ina
fimuting sense, and the scope of various embodiments 1s defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.

{06692} Such embodiments of the mmventive subject matter may be
referred to herein, individually and/or collectively, by the term “invention”
merely for convemence and without intending to voluntarily hinut the scope of
this application to any single invention or inventive concept if more than ong s
i fact disclosed. Thus, although specific embodiments have been illustrated and
described herein, 1t should be appreciated that any arrangement calculated to
achieve the same purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all adaptations or variations
of vanious embodiments. Combinations of the above cmbodiments, and other
embodiments not specifically descnibed hercin, will be apparent to those of skill
in the art upon reviewing the above description.

[3093] In this document, the terms "a" or "an" are used, as is common in

patent documents, to include one or more than one, independent of any other
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mstances or usages of "at least one” or "one or more.” In this document, the
term "or" is used to refer to a nonexclusive or, such that "A or B" includes "A
but not B." "B but not A" and "A and B." unless otherwise indicated. In this
document, the terms "including” and " which” are used as the plain-English
cquivalents of the respective terms "comprising” and "wherein " Also, in the
following claims, the terms "including” and "comprising" are open-¢nded, that
is, a svstem, UE, article, composition, formulation, or process that includes
clements in addition to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the following claims, the

"o

terms "first," "second." and "thurd," etc. are used merely as labels, and are not
mtended to impose numerical requirements on their objects.

{00694} The Abstract of the Disclosure 18 provided to comply with 37
CFER §1.72(b), requiring an abstract that will allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to mterpret or limit the scope or meaning
of the claims. In addition, in the foregoing Detailed Description, it can be seen
that various features are grouped together in a single embodiment for the
purpose of streambining the disclosure. This method of disclosure 1s not to be
mterpreted as reflecting an intention that the claimed embodiments require more
features than are expressly recited in cach claim. Rather, as the following claims
reflect, inventive subject matter lics in less than all foatures of a single disclosed
embodiment. Thus the following claims are hereby incorporated into the
Detailed Pescription, with each claim standing on its own as a separate

embodiment.
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CLAIMS
What is claimed 1s:

1. An apparatus of user equipment (UE} comprising:
a transceiver arranged to conmmunicate with a plurality of evolved
NodeBs (eNBs) through dynamic switching; and
processing circuitry arranged to:
configure the transceiver to receive a plurality of parameter sets
cach associated with a different eNB, the parameter sets comprising at
least one of downlink (DL} parameter sets and upiink (UL) parameter
sets: and
in response receipt of the DL parameter sets:
configure the transceiver to receive reference signals
associated with one of the eNBs based on a BL parameter set
associated with the one of the eNBs;
determine a timing and frequency offset for
communications with the one of the eNBs based on the reference
signals received from the one of the ¢NBs; and
use the timing and frequency offset to decode a
dynamically switched physical downlink shared channel
(PDSCH) mdicated by a physical downlink control channel
(PDCCH), the dynamically switched PDSCH selected from
among PDSCHs provided by difterent ¢NBs.

2. The apparatus of claim 1, wherein the processing circuitry 1s further
arranged to:

configure the transceiver to receive reference signals associated with
another of the eNBs based on a DL parameter set associated with the other of the
cNBs, and

determine a timing and frequency offset for DL communications with the
other of the eNBs based on the reference signals received from the other of the

eNBs,
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wherein the tinnng and frequeney offset associated with the one of the
eNBg are independent of the timing and frequency offset associated with the

other of the eNBs.

3. The apparatus of claim 1 or 2, wherein the processing circaitry 15 further
arranged to:

configure the transceiver to receive the PDCCH from a same cNB
mdependent of an eNB from which the dynamically switched PDSCH 1s

received.

4. The apparatus of claim 3, wheren:

the PDCCH comprises downlink control information (BCH), the BCI
comprising an indication of which PBSCH of the PDSCHs from different eNBs
to decode as the dynamically switched PDSCH.

5. The apparatas of claim 1 or 2, wherein:

each DL parameter st is associated with a different ¢eNB and comprises
mformation associated with a ditferent PDCCH, including reference signal
mformation, and

the processing eircuitry 18 further arranged to configure the transceiver to
receive different PDCCHs from different eNBs, each PDCCH indicating a
different PDSCH for the transceiver to detect, based on the associated DL
parameter set, the PDCCHs from the different eNBs configured to be received

using a same set of frequency resources.

6. The apparatus of claim 1 or 2, wherein:

the PDCCH comprises an enhanced PDCCH (PDCCH).

7. The apparatus of claim 1 or 2, wherein:
gach DL parameter set comprises information of at least one of;
a Primary Synchronization Signal (PS5} and Secondary

Svachronization Signal {(585), and

3
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Discovery Reference Signals (DRS).

3. The apparatus of claim 1 or 2, wherein the processing circuitry is further

arranged to configure the transceiver to receive the parameter sets in an

L

RRCConnectionReconfiguration message, which is downconverted to baseband
by mixer circuitry prior to the transceiver configured o receive the reference

signals.

9. The apparatos of claim 1 or 2, wherein:

10 i response to the parameter sets comprising UL parameter sets, the
processing circuitry is further arranged to configure the transceiver to receive
downlink control information (DCT) in the PDCCH, the DCE indicating which of

the UL parameter sets for the UE to use.

W

10, The apparatus of claim 9, wherein:

gach UL parameter set 1s associated with a different eNB and comprises a
downlink reference signal o use to determine path loss between the UE and an
associated eNB and a timing advance value 1o use in communications with the
associated eNB.
20
11.  The apparatus of claim 9, wherein:

each UL parameter set is associated with a different eNB and comprises

sounding reference signal (SRS} parameters to use for transmission of a SRS,

jo]
[

12, The apparatus of claim 1 or 2, wherein:

the processing circnitry comprises baseband circuitry and is further
arranged to adjust a Fast Fourier Transform (FFT) window for the PDSCH based
on the reference signals such that a timing offset relative to an orthogonal

frequency division multiplexed (OFDM) symbol boundary is within a timing

(o8]
<

offset range of -0.5 to 2 usec.

13. The apparatus of claim 1 or 2, further comprising;

3
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a plurality of antennas configured to provide communications between

the transceiver and the eNBs.

14, An apparatus of an evolved NodeB (eNB) comprising:

L

a transcetver arranged to communicate with a user equipment (UE)
through dyvnamic switching; and

processing circuitry arranged to:

configure the transcetver to transmit to the UE in an

RR{CConnectionReconfiguration message a plurality of parameter sets
10 each associated with a different eNB, the parameter sets comprising
downlink (DL} parameter sets and uplink (UL) parameter sets, cach DL
parameter set comprising information of a Primary Synchronization
Signal (PSS), a Secondary Synchronization Signal (588) and Biscovery

Reference Signals (DRS), each parameter set to configure the UE for

15 reception of a dynamically switched physical downlink shared channel
{(PDSCHY; and
configure the transceiver to transmit to the UE a physical
downhink control channel (PDCCH) subsequent to transmussion of the
RRCConnectionReconfiguration message.
20
15, The apparatus of claim 14, wherein the processing circuitry is further
arranged to:
configure the transceiver to transmit to the UE the dynamically switched
PDSCH indicated by the PDCCH.
25
16.  The apparatus of claim 14 or 15, wherein:
the PDCCH comprises downlink control information (BCH), the DCI
comprising an ndication of which PDSCH of different PDSCHs from different
eNBs to decode as a dynamically switched PDSCH.
30

17.  'The apparatos of claim 14 or 15, wherein:
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gach DL parameter set is assoctated with a different eNB and comprises
information associated with a different PDCCH, ncluding reference signal
mformation, and

the different PDCCHs onginate from different eNBs, each PDCCH
mdicating a different PDSCH for the transceiver to detect, based on the
associated DL parameter set. the PDCCHs from the different eNBs using a same

set of frequency resources.

18.  The apparatos of claim 14 or 15, wherein:

the PRCCH comprises an enhanced PDCCH (ePDCCH).

19, The apparatus of claim 14 or 15, wherein:
the processing circuitry is further arranged to configure the transceiver to
transmit downlink control information (BCY) in the PDCCH, the DCI indicating

which of the UL parameter sets to use.

20, The apparatus of claim 19, wheremn:

cach UL parameter set is associated with a different eNB and comprises a
downlink reference signal fo use to determine path loss between the UE and an
associated eNB and a timing advance value to use in communications with the

associated eNB.

21, The apparatus of claim 20, wherein:
cach UL parameter set is associated with a different eNB and comprises

sounding reference signal (SRS) parameters 1o use for transmission of a SRS,

22. A computer-readable storage medium that stores instructions for
cxecution by one or motre processors of user equipment (UE) to communicate
with a plurahity of evolved NodeBs (eNBs) m a Coordinated Multipont (CoMP)
network, the one or more processors to configure the UE to:

receive, in an RRCConnectionReconfiguration message, a plurality of

downlink (DL) parameter sets each associated with a different eNB and
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comprising reference signal information for a Primary Synchronization Signal
(P55}, a Secondary Synchronization Signal (888} and Discovery Reference
Signals (DRS);

recetve reference signals associated with one of the ¢NBs based on a DL
parameter set associated with the one of the eNBs;

determing a timing and frequency offset for communications with the one
of the eNBs based on the reference signals received from the one of the eNBs;
and

use the timing and frequency offset to decode a dynamically switched
physical downlink shared channel (PDSCH) of the CoMP network ndicated by
a physical downlink control channel (PDCCH), the dynamically swiiched

PDSCH selected from among PINCHS provided by different eNBs.

23 The medium of claim 22, wherein the instructions further configure the
UE to:

receive the PRCCH from a same eNB independent of an eNB from
which the dynamically switched PDSCH 15 received, the PDCCH comprising
downlink control information (DCI), the DCI comprising an indication of which
PDSCH of different PDSCHs from different ¢NBs to decode as the dynamically
switched PDSCH.

24, The medium of claim 22, wherein:

gach DL parameter set is assoctated with a different eNB and comprises
information associated with a different PDCCH, ncluding reference signal
mformation, and

the processing circaitry i1s further arranged to configure the transceiver to
recerve different PBCCHs from different eNBs, each PDCCH indicating a
different PDSCH for the transceiver to detect, based on the associated DL
parameter sot, the PDCCHSs from the different eNBs configured to be received

using a same set of frequency resources.
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25, The medium of claim 22, wherein the instructions further configure the
UE to:

receive a plurality of UL paramcter seis n the
RRCConnectionRecontiguration message, each UL parameter set associated
with a different eNB and comprising a downlink reference signal to use to
determine path loss between the UE and an associated ¢eINB and a tining
advance value to usc in communications with the associated cNB, and

receive downlink control information (BCI) in the PBCCH, the DCI

mndicating which of the UL parameter sets to use.
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