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(57) Abstract: Various methods and devices are provided to address the need for improved mobile communications in heterogen -
eous networks (100). In one method, an anchor- cell transceiver node communicates with a mobile device via a primary link. The an-
chor-cell transceiver node conveys information for the mobile device to the mobile device by routing at least a portion of the inform-
ation to the mobile device via a secondary-cell transceiver node.
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METHOD AND APPARATUS FOR IMPROVED MOBILE COMMUNICATIONS
IN HETEROGENEOUS WIRELESS NETWORKS

Field of the Invention

The present invention relates generally to communications and, in particular,

to mobile communications in heterogeneous wireless networks.

Background of the Invention

This section introduces aspects that may help facilitate a better understanding
of the mventions. Accordingly, the statements of this section are to be read in this
light and are not to be understood as admissions about what is prior art or what is not
prior art.

The rapidly increasing demand for mobile data applications coupled with
limited licensed spectrum availability has led to significant interest in the deployment
of heterogeneous networks comprising mixtures of macro-cells and small cells
operating in the same spectrum. Such networks often exhibit relatively poor
performance on the downlink because of the interference caused by macro-cell
transmissions to those from small cells. Judicious resource partitioning schemes have
been shown to mitigate the interference problem, leading to significant improvement
in the edge and median throughput in heterogeneous networks. However, it is,
typically, only static or near-static users that can avail of this improvement; users with
a high degree of mobility do not benefit from the high bandwidth made available by
the heterogeneous networks because of the following reason: They are either forced to
remain connected to macro-cells in order to avoid frequent handoffs, which means
they cannot make use of the extra bandwidth that is typically available only with the
small cells, or, if they are allowed to connect to small cells, the frequent handoffs that
ensue preclude their getting a consistently high level of throughput. Consequently,
there is likely to be a clear difference in the quality of experience for static {or near-

static) users and highly mobile users of heterogeneous networks.
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The best known solution to avoid the frequent hard handoffs between different
base stations is to permit soft handoffs where a mobile user maintains links with
multiple base stations at the same time. If a mobile user is in soft handoff with a set of
base stations, downlink transmissions to the mobile user are carried synchronously (in
an identical manner) by all of the base stations involved in the soft handoff. In such an
arrangement, the performance associated with the downlink connection to the mobile
user is more-or-less determined by the base station that has the strongest link to the
mobile user. While soft handoff may alleviate some of the problems experienced by
highly mobile users, it has several limitations. For example, soft handoffs are not
available in several networks, e.g. those based on the 3GPP LTE standard. Also, they
typically lead to a loss of capacity for data-oriented networks since they require
multiple base stations to carry replicas of the same data. Finally, if resources are
partitioned between macro-cells and small cells in order to avoid certain interference-
related problems, it will not be possible to implement soft handoffs between macro-
cells and small cells. Taking all of these points into account, it is clear that soft
handofts do not offer a viable solution to the problem being addressed.

Thus, new solutions and techniques that are able to enable even highly mobile
users of heterogeneous networks to experience improved performance would meet a

need and advance wireless communications generally.

Brief Description of the Drawings

FIG. 1 is a block diagram depiction of a heterogeneous wireless network in

accordance with multiple embodiments of the present invention.

FIG. 2 is a logic flow diagram of functionality involved in determining
whether to perform a macro-cell handoff in accordance with various embodiments of

the present invention.

FIG. 3 is a logic flow diagram of functionality involved in determining
whether to perform a small-cell handoff in accordance with certain embodiments of

the present invention.
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FIG. 4 1s a block diagram depiction of a protocol stack in accordance with

certain embodiments of the present invention.

Specific embodiments of the present invention are disclosed below with
reference to FIGs. 1-4. Both the description and the illustrations have been drafted
with the intent to enhance understanding. For example, the dimensions of some of the
figure elements may be exaggerated relative to other elements, and well-known
elements that are beneficial or even necessary to a commercially successful
implementation may not be depicted so that a less obstructed and a more clear
presentation of embodiments may be achieved. In addition, although the logic flow
diagrams above are described and shown with reference to specific steps performed in
a specific order, some of these steps may be omitted or some of these steps may be
combined, sub-divided, or reordered without departing from the scope of the claims.
Thus, unless specifically indicated, the order and grouping of steps is not a limitation
of other embodiments that may lie within the scope of the claims.

Simplicity and clarity in both illustration and description are sought to
effectively enable a person of skill in the art to make, use, and best practice the present
invention in view of what is already known in the art. One of skill in the art will
appreciate that various modifications and changes may be made to the specific
embodiments described below without departing from the spirit and scope of the
present invention. Thus, the specification and drawings are to be regarded as
illustrative and exemplary rather than restrictive or all-encompassing, and all such
modifications to the specific embodiments described below are intended to be

included within the scope of the present invention.

Summary of the Invention

Various methods and devices are provided to address the need for improved
mobile communications in heterogeneous networks. In a first method, an anchor-cell
transceiver node communicates with a mobile device via a primary link. The anchor-

cell transceiver node conveys information for the mobile device to the mobile device



WO 2012/158477 PCT/US2012/037418

10

15

[\
thn

30

4

by routing at least a portion of the information to the mobile device via a secondary-
cell transceiver node. An article of manufacture is also provided, the article
comprising a processor-readable storage medium storing one or more software
programs which when executed by one or more processors performs the steps of the
first method.

Many embodiments are provided in which the first method is modified. For
example, in many embodiments, the anchor-cell transceiver node also instructs the
secondary-cell transceiver node and the mobile device to establish a secondary link for
a period of time until expiration. To prevent expiration, the anchor-cell transceiver
node may send a refresh indication for the secondary link to the secondary-cell
transceiver node and the mobile device. The anchor-cell transceiver node may also
trigger the secondary-cell transceiver node and the mobile device to handoff to a new
secondary-cell transceiver node. In many embodiments, the anchor-cell transceiver
node performs Radio Link Control (RLC) processing for both the primary link and
also a secondary link between the secondary-cell transceiver node and the mobile
device. Depending on the embodiment, the anchor-cell transceiver node, may also
perform Hybrid Automatic Repeat request (HARQ) processing for the primary link
and the secondary link.

In a second method, a secondary-cell transceiver node receives from an
anchor-cell transceiver node information for a mobile device, the anchor-cell
transceiver node having a primary link with the mobile device. The secondary-cell
transceiver node transmits the information to the mobile device. An article of
manufacture is also provided, the article comprising a processor-readable storage
medium storing one or more software programs which when executed by one or more
processors performs the steps of the second method.

Many embodiments are provided in which the second method is modified. For
example, in many embodiments, the secondary-cell transceiver node is a candidate
secondary-cell transceiver node for the mobile device. In other embodiments, the
secondary-cell transceiver node receives from the anchor-cell transceiver node an
indication for the secondary-cell transceiver node and the mobile device to establish a
secondary link for a period of time until expiration. The secondary-cell transceiver

node may also receive a refresh indication for the secondary link from the anchor-cell
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transceiver node. Further, the secondary-cell transceiver node may receive from the
anchor-cell transceiver node an indication for the secondary-cell transceiver node and
the mobile device to handoff to a new secondary-cell transceiver node. In many
embodiments, the secondary-cell transceiver node communicates with the anchor-cell
transceiver node to support Radio Link Control (RLC) processing at the anchor-cell
transceiver node for a secondary link between the secondary-cell transceiver node and
the mobile device. In some embodiments, the secondary-cell transceiver node
performs all physical layer processing for a secondary link between the secondary-cell
transceiver node and the mobile device. While in other embodiments, the secondary-
cell transceiver node communicates with the anchor-cell transceiver node to support
Hybrid Automatic Repeat request (HARQ) processing at the anchor-cell transceiver
node for the secondary link between the secondary-cell transceiver node and the
mobile device.

In a third method, a mobile device communicates with an anchor-cell
transceiver node via a primary link and with a secondary-cell transceiver node via a
secondary link. The mobile device receives primary-link information via the primary
link and secondary-link information via the secondary link, the primary-link
information being different than the secondary-link information. An article of
manufacture is also provided, the article comprising a processor-readable storage
medium storing one or more software programs which when executed by one or more
processors performs the steps of the third method.

Many embodiments are provided in which the third method is modified. For
example, in many embodiments, the mobile device may receive the primary-link
information and secondary-link information at the same time. In some embodiments,
the mobile device monitors a candidate set of secondary-cell transceiver nodes for
possible communications from any of the candidate secondary-cell transceiver nodes.
In other embodiments, the mobile device receives from the anchor-cell transceiver
node an indication for the mobile device and the secondary-cell transceiver node to
establish the secondary link for a period of time until expiration. The mobile device
may also receive a refresh indication for the secondary link from the anchor-cell
transceiver node. Further, the mobile device may receive from the anchor-cell

transceiver node an indication for the secondary-cell transceiver node and the mobile
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device to handoff to a new secondary-cell transceiver node. Depending on the
embodiment, the mobile device monitors both the primary link and the secondary link
until the occurrence of at least one of the secondary link expires without being
refreshed or the mobile device hands off to a new secondary link.

An anchor-cell transceiver node apparatus is also provided. The anchor-cell
transceiver node being configured to communicate with other devices of a system and
being operative to communicate with a mobile device via a primary link and to convey
information for the mobile device to the mobile device by routing at least a portion of
the information to the mobile device via a secondary-cell transceiver node. Many
embodiments are provided in which this anchor-cell transceiver node is modified.
Examples of such embodiments can be found described above with respect to the first
method.

A secondary-cell transceiver node apparatus is also provided. The secondary-
cell transcetver node being configured to communicate with other devices of a system
and being operative to receive from an anchor-cell transceiver node information for a
mobile device, the anchor-cell transceiver node having a primary link with the mobile
device. The secondary-cell transceiver node is further operative to transmit the
information to the mobile device. Many embodiments are provided in which this
secondary-cell transceiver node is modified. Examples of such embodiments can be
found described above with respect to the second method.

A mobile device apparatus is also provided. The mobile device being
configured to communicate with other devices of a system and being operative to
communicate with an anchor-cell transceiver node via a primary link and with a
secondary-cell transceiver node via a secondary link. The mobile device is further
operative to receive primary-link information via the primary link and secondary-link
information via the secondary link, the primary-link information being different than
the secondary-link information. Many embodiments are provided in which this mobile
device is modified. Examples of such embodiments can be found described above

with respect to the third method.

Detailed Description of Embodiments
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To provide a greater degree of detail in making and using various aspects of
the present invention, a description of our approach to improving mobile
communications in heterogeneous networks and a description of certain, quite
specific, embodiments follows for the sake of example. FIGs. 1-4 are referenced in an
attempt to illustrate some examples of specific embodiments of the present invention
and some of the specific problems that they may address.

The basic concept underlying the present approach is called Seamless Macro-
cell Anchored Radio Transmission (SMART). A mobile device supporting a SMART
connection maintains a link with a macro-cell, which acts as its anchor. The link
between the mobile device and its anchor macro cell is referred to as its primary link.
In addition, if the mobile device finds itself in the vicinity of a small cell, it can,
optionally, have a secondary link with the small cell. Both the primary and secondary
links support bearer traffic as well as control traffic. The decision as to whether a
mobile device should be allowed to have a secondary link and when it should be torn
down is made by the device’s anchor cell. The radio resources (e.g., blocks spread
over time and frequency) are assumed to be suitably partitioned between macro-cells
and small cells so that there is no interference between the downlink transmissions of
the macro-cells and small cells. (While this is not absolutely essential for the viability
of this approach, it makes its implementation easier.)

The mobile device frequently measures the received signal strengths (or,
alternatively, signal to noise plus interference ratios (SINRs)) associated with
neighboring cells and reports them to its primary (i.e., anchor) cell. Based on this
report, if the primary cell finds the conditions suitable, it sends control messages to
the mobile device and the strongest small cell reported by the mobile device to form a
secondary link for a certain period of time. Until the expiry of this time period, the
mobile device continues to monitor the control and data channels associated with this
secondary link in addition to those associated with its primary link to its anchor cell.
Also, during this period, the anchor cell can direct some or all of the downlink data
intended for the mobile device to be delivered via the small cell participating in the
secondary link (i.e., the secondary cell). Actual scheduling and transmission of this
data i1s done independently by the secondary cell. Note that a mobile having a

secondary link does not preclude its anchor cell from transmitting some of its
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downlink data over the primary link. Thus, a mobile device having a primary and a
secondary link needs to simultaneously monitor the control and data channels
associated with these two links.

The mobile device continues to measure and report the received signal
strengths associated with neighboring cells at all times. If the conditions remain
suitable for maintaining the secondary link, the primary (anchor) cell extends the
duration of the secondary link by sending refresh messages to the mobile device and
secondary cell. If it finds that a different small cell is better suited to form a secondary
link with the mobile device, it effects a “secondary handoff” by sending appropriate
messages to the mobile device, its existing secondary cell and the new secondary cell.
If the primary cell finds that the current secondary link has become too weak with no
suitable replacement, it allows the secondary link to expire by refraining from sending
any refresh messages to the mobile device and its current secondary cell. Finally, if the
primary cell finds that a different macro-cell is better suited to act as the primary cell
of the mobile device, it initiates a “primary handoff” which is similar to hard handoffs
in typical cellular networks.

An important goal of this approach is to keep the secondary link establishment
and handoff procedures as light-weight as possible. This allows mobile devices to
opportunistically make use of the extra bandwidth available at small cells. In order to
make secondary handoff procedures light-weight, Radio Link Control (RLC) and all
of the relevant higher layers of the communication protocol associated with the
primary as well as the secondary links are terminated at the anchor cell. Moreover, in
one of the embodiments of the present invention even the higher level functions (e.g.,
Hybrid Automatic Repeat request or HARQ) of the physical layer for the primary and
secondary links are terminated at the anchor cell. (In a different embodiment the entire
physical layer of the protocol for the secondary link is terminated at the secondary
cell.) This results in more efficient secondary handoff procedures, reducing the delays
involved in setting up or tearing down secondary links.

Simulation studies have shown that mobile devices with the capability for
SMART connections may display more than a 100% gain in their edge throughput as

compared to ordinary devices that maintain links with a single cell at a time. Further
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doubling of gains in edge throughput is possible if judicious restrictions are placed on
the use of primary links by SMART mobiles that have strong secondary links.

The wireless network 100 of FIG. 1 comprises two macro-cells, A and B,
whose coverage areas have been illustratively represented by hexagons centered at the
corresponding base stations (cells). The network additionally comprises the small cells
¢, d and f, whose coverage areas have been represented by (small) circles with centers
located at the corresponding base stations {cells). FIG. 1 also depicts a mobile station,
m, which at different points in time is shown to be located at points P1, P2, P3, P4,
and PS.

Mobile station m 1s at point P1 when it establishes a connection with the
wireless network using a standard procedure similar that used in wireless networks
conforming to the 3GPP LTE standard, for example. The connection establishment
procedure includes measuring the received signal strengths associated with different
base stations (cells) in the neighborhood of the mobile station, selecting the one that
corresponds to the strongest received signal, and connecting to that cell by exchanging
a few control messages with it. The only difference in the case of mobile station m,
which is capable of supporting a SMART connection, is the following: Whereas an
ordinary mobile station selects the cell that corresponds to the strongest received
signal regardless of whether it is a macro-cell or a small cell, a mobile station with
SMART capability restricts itself to macro-cells only when it first establishes a
connection with a wireless network, 1i.e., it selects the macro-cell with the strongest
received signal and connects to it. Thus, in the present example, mobile station m,
when it attempts to connect to the wireless network at point P1, selects macro-cell A,
which corresponds to the strongest received signal, and establishes a connection with
it. Macro-cell A becomes the primary cell (also referred to as the anchor cell) of
mobile m; the connection between mobile station m and macro-cell A is referred to as
the primary link.

Logic flow diagram 200, of FIG. 2, illustrates logic that may be used by
macro-cell A to decide if a primary handoff needs to be initiated. Even after
establishing its primary link with macro-cell A, mobile station m continues to
periodically measure the received signal strengths associated with all cells (macro-

cells as well as small cells) in its neighborhood and report them to its primary cell,
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macro-cell A. (We will assume that the signal strengths included in the report are in
units of dBm.) Whenever such a report is received (201), macro-cell A compares the
reported signal strength associated with itself with those reported signal strengths
associated with the rest of the macro-cells included in the report. If (202) the macro-
cell associated with the strongest reported signal strength is different from that
associated with itself (i.e., macro-cell A) and if (203) the former exceeds the latter by
more than A,.4,dB, it initiates (204) a primary handoff to the macro-cell associated
with the strongest reported signal strength. Instead of initiating a primary handoff on
the first instance when the reported signal strength for a macro-cell (say, macro-cell
B) exceeds that associated with itself by the threshold amount, macro-cell A may
choose wait for a certain amount of time to ensure that the reported signal strength for
B continues to exceed that associated with itself before initiating a primary handoff to
macro-cell B. Such a wait 1s likely to reduce the likelihood of the primary link flip-
flopping between macro-cells A and B. Otherwise (205), it sees no need to make the
strongest reported macro-cell to act as the primary cell of mobile station m.

After testing for primary handoffs as described, macro-cell A carries out a
comparison of the received signal strengths associated with small cells included in the
report. Logic flow diagram 300, of FIG. 3, illustrates logic that may be used to
compare the reported received signal strengths associated with small cells. In
accordance with this logic, if the strongest received signal strength (301) associated
with a small cell as reported by mobile station m is less than (302) the threshold value
Asec-add, the macro-cell A does not take any action (310). Otherwise (i.e., the strongest
signal strength associated with a small cell exceeds the threshold value Agecada), it
carries out the following actions.

If the mobile station m does not have a secondary link (303), it decides to add
a secondary link (304) between the mobile station m and the small cell associated with
the strongest reported signal strength. If the mobile station m already has a secondary
link, macro-cell A compares (305) the identity of the small cell associated with the
strongest received signal strength (say, y) with the mobile station’s current secondary
cell (say, x). If the two are identical, it sends refresh messages (306) to the mobile
station m and its current secondary cell (cell x) to extend the duration for which the

secondary link is to be kept. If the small cell y associated with the strongest received
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signal strength is different from the mobile station’s current secondary cell (x), macro-
cell A compares (307) the difference between the signal strength associated with cells
y and x with a threshold value Ao dB. If the difference exceeds Agcno dB, it
initiates a secondary handoff (308) to small cell y by sending appropriate control
messages to mobile station m and small cells x and y. If this difference is smaller than
the threshold value Agcno dB, macro-cell A compares (309) the signal strength
associated with its current secondary cell (1.e., cell x) with the threshold Agec.aqa dBm.
If the signal strength associated with cell x is less than Agecqa dBm, macro-cell A
initiates a secondary handoff (308) to small cell y by sending appropriate control
messages to mobile station m and small cells x and y; otherwise, i.e. if the signal
strength assoctated with cell x is greater than Aec.aq dBm, it extends the duration of
the current secondary link between small cell x and mobile station m by sending
refresh messages (306) to both.

Returning to the example illustrated in wireless network 100 of F1G. 1, after
establishing a connection with macro-cell A (which becomes its primary cell), mobile
station m moves from point P1 to P2. While moving, as described previously, it
periodically measures the received signal strengths associated with all cells in its
neighborhood and reports them to its primary cell, i.e., macro-cell A. Each time such a
report is received, macro-cell A compares the reported signal strengths using the logic
described above. At some point near point P2, the recetved signal strength associated
with small cell ¢ exceeds the threshold value A..c..aq dBm while those associated with
all other small cells are much lower. Consequently, in accordance with the logic
depicted in logic flow diagram 300, macro-cell A decides to establish a secondary link
between small cell ¢ and mobile station m. It establishes the secondary link by sending
appropriate control messages to small cell and mobile station m. The control
message(s) to the mobile station m are sent over the control channel associated with
the primary link between macro-cell A and mobile station m, while those meant for
the small cell selected to provide the secondary link are sent over the backhaul
connections between the macro-cell and the small cell. After mobile station m
acknowledges receipt of the control message sent by macro-cell A, the latter may send
a control message to small cell ¢ to indicate that the mobile station is now ready to

communicate with it over the secondary link. The control message(s) sent by macro-
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cell A to mobile station m during the establishment of the secondary link carry the
information the mobile station would need in order to communicate over the
secondary link. This information may include, for example, the identifier of the
secondary cell (i.e., small cell ¢ in the current example), hopping sequences that may
be used by the latter, and so on.

Mobile station m continues to move from point P2 to point P3. All the while,
it periodically measures the received signal strengths associated with all cells mn its
neighborhood and report them to its primary cell A. Somewhere between points P2
and P3, the reported measurements indicate that the received signal strength
associated with small cell d exceeds that associated with mobile m’s current
secondary cell (i.e. small cell ¢) by more than Ao dB. The received signal strength
associated with macro-cell A is still the strongest among those associated with macro-
cells. Therefore, when macro-cell A processes the reported measurements, it
determines in accordance with the logic depicted in logic flow diagram 300 that the
mobile needs to undergo a secondary handoff so that the secondary link between small
cell ¢ and mobile m is now replaced with a secondary link between small cell d and
mobile m. In order to carry out the secondary handoff, macro-cell A sends control
messages to mobile m, small cell ¢ and small cell d, instructing small cell ¢ to tear
down its (secondary) link with mobile m, instructing small cell d to set up a
(secondary) link with mobile m and instructing mobile m to replace its secondary link
with small cell ¢ with a secondary link with small cell d. These control messages are
collectively referred to as secondary handoff messages. Once again, the information
required for mobile m to communicate with small cell d may also be sent along with
the control messages it receives from its primary cell (i.e., macro-cell A) during the
secondary handoff.

Mobile station m now moves from point P3 to point P4, continuing to measure
received signal strengths from neighboring cells and reporting them to its primary cell,
i.e., macro-cell A. Somewhere between points P3 and P4, the reported signal strength
associated with macro-cell B exceeds that associated with macro-cell A by more than
the primary handoff threshold Ao dB. Then, in accordance with the logic depicted
in logic flow diagram 200, macro-cell A decides to carry out a primary handoff for

mobile m so that its primary link is now with macro-cell B (instead of macro-cell A).
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To that end, macro-cell A exchanges control messages with mobile station m and
macro-cell B to inform them that macro-cell B should now act as the primary cell of
mobile station m. A primary handoff is like a hard handoff that takes place in
existing/emerging cellular networks, such as those based on the 3GPP LTE.

When a primary handoff takes place, the connection state for the primary and
secondary (if the latter exists) links for the corresponding mobile station is transferred
to the new primary cell so that all existing communications can proceed without
interruption. Note that the connection state in the case of a SMART connection
includes the identity and other relevant information associated with the secondary cell,
if the mobile station involved in the primary handoff has a live secondary link. Thus,
in the present example, when macro-cell A carries out a primary handoff for mobile
station m, the connection state transferred to macro-cell B (the new primary cell)
includes the identity and other relevant information concerning small cell d, which is
the secondary cell of mobile station m at the time of the primary handoff. The control
messages sent by macro-cell A to mobile station m and macro-cell B to carry out the
primary handoff are collectively referred to as primary handoff messages. Once again,
the information required for mobile m to communicate with macro-cell B, the new
primary cell, may also be sent along with the control messages it receives from macro-
cell A during the primary handoff. Note that macro-cell A also processes the received
signal strengths associated with small cells when it receives the report from mobile
station m. Since these indicate that received signal strength associated with the current
secondary cell (small cell d) is adequate (i.e., greater than the threshold value A aaa
dBm) and, according to the logic depicted in logic flow diagram 300, no other small
cell should replace small cell d as the secondary cell of mobile station m, it extends
the duration of mobile station m’s existing secondary link by sending refresh
messages to it and small cell d.

Finally, mobile station m moves from point P4 to point PS, continuing to
measure received signal strengths from neighboring cells and reporting them to its
current primary cell, i.e., macro-cell B. Somewhere in the course of this movement,
the reported signal strength associated with small cell d, which is mobile station m’s
secondary cell falls below the threshold value Agec.aqq dBm, with no other small cell

showing up as a possible replacement in accordance with the logic depicted in logic
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flow diagram 300. In this case, macro-cell B, the current primary cell of mobile station
m, lets the existing secondary link (between mobile station m and small cell d) expire
at the end of its current duration by refraining from sending refresh messages to
mobile station m and small cell d. Since macro-cell B is the strongest cell at this point,
it sees no reason to effect a primary handoff in accordance with the logic depicted in
logic flow diagram 300.

In the above description, a secondary link for a given mobile device is
determined by the primary (anchor) cell and established only after explicit signaling
from the primary cell to both the secondary cell and the mobile device. In various
alternative embodiments, the primary cell may continue to determine which secondary
cells to use for secondary transmission to the mobile device, but the primary cell does
not explicitly signal this information to the mobile device. Rather, the mobile device,
perhaps with help from the primary (anchor) cell, maintains a candidate list of
secondary cells. Because the mobile device may receive transmissions from its
primary cell and any of the candidate secondary cells, the mobile device will search
across links to determine if there are any communications intended for itself. If a
transceiver node is in the candidate set, then we assume that the mobile is capable of
monitoring it for any data that may be sent via that node. The candidate set can change
over time with mobility (e.g., primary link handoffs or adding/dropping of secondary
links). The main advantage of this approach is in reducing the redirection signaling
that may be needed to allow the mobile to monitor one or more secondary links as
conditions related to load and/or channel quality vary. The tradeoff is additional
complexity incurred at the mobile in monitoring nodes that may not be sending data.

We now describe various examples of how communications may take place
over SMART connections. Since one of the driving ideas behind the concept of
SMART connections is that the procedures for the establishment, tearing down, and
handing over of secondary links be as light-weight as possible, we terminate most of
the layers of the communication protocol stack at the primary (anchor) cell.
Specifically, all layers of the protocol stack from the Radio Link Control (RLC) and
above are terminated at the primary cell. Thus, all the radio bearer links essentially
terminate at the primary cell. Since the primary handoffs are (relatively) rare, there is

less need to disturb these links and move the associated state information between
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cells. Moreover, for all the active communication flows, a copy of the Hybrid
Automatic Repeat Request (HARQ) state is also maintained at the primary cell. The
actual scheduling, encoding and transmission of downlink data being transmitted over
the secondary link is, of course, done by the secondary cell. Similarly, the secondary
cell performs the following functions for the uplink data transmitted over the
secondary link: sending transmission grant, receiving and decoding the data, and
sending positive or negative acknowledgement. For encoding and decoding efficiency,
the secondary cell also maintains the HARQ state for all uplink and downlink data
transmitted over the secondary link. Whenever there is a change in the HARQ state
for one or more data packets transmitted over the secondary link, the secondary cell
informs the primary cell about that change so that the copy of the HARQ state
maintained by the primary cell is in synch with the HARQ state at the secondary cell.
For the data transmitted over the primary link, all the protocol layers are, naturally,
maintained at the primary link. The mobile station, of course, terminates all of the
protocol layers for the primary link as well as the secondary link. Diagram 400 of F1G.
4 illustrates this implementation of the communication protocol stack for SMART
connections. {The term “PHY-lower” in diagram 400 refers to lower level physical
layer functions such as scheduling, encoding/decoding, modulation, etc.)

We now briefly describe how one may implement the protocol stack shown in
diagram 400 for secondary links. (For primary links, the implementation would follow
standard practice since all protocol layers are terminated at the primary cell itself) For
downlink communications, one possible implementation of the protocol stack would
be to place a small buffer at the secondary cell for RLC blocks. The PHY layer of the
secondary cell can remove these blocks sequentially for transmission to the mobile
station over the secondary link in accordance with its transmission schedule and
prevailing channel conditions. It can select a Modulation and Coding Scheme (MCS)
for transmitting these blocks based on the feedback it receives from the mobile station
and transmit them accordingly. Whenever the secondary cell transmits RLC blocks in
this manner, it stores some information in the form of a downlink “HARQ state” for
possible future use (i.e., in case a retransmission is necessary.) The HARQ state
includes information conceming the data that was transmitted as well as the MCS that

was used to transmit the data. Whenever the secondary cell creates or modifies the
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HARQ state associated with a set of RLC blocks transmitted over the secondary link
of a mobile station, it sends a copy of the HARQ state to the primary cell associated
with the mobile station. Note that receiving an “ack” or a “nack” for a downlink
transmission would result in a change in the corresponding HARQ state at the
secondary cell. These changes, too, are conveyed to the primary cell so that the copy
of the HARQ state maintained by the primary cell stays in sync with that at the
secondary cell. When the contents of the buffer maintained by the secondary cell fall
below a certain (lower) threshold value, it signals to the primary to send some more
RLC blocks for downlink transmission. Similarly, if the contents of the RLC buffer
exceed a different (upper) threshold value, the secondary cell tells the primary cell to
stop sending RLC blocks for the time being.

As far as uplink transmissions on the secondary link are concerned, the
secondary cell schedules these transmissions based on its own estimate of the channel
conditions and the requests it receives from the mobile station. After scheduling
uplink transmissions, the secondary cell sends transmission grants to the mobile
station over the control channel associated with the secondary link. When the mobile
station transmits data over the corresponding bearer channel, the secondary cell
demodulates and decodes the transmitted data. If the data is successfully decoded, it
sends an ack to the mobile station and passes the decoded data (in the form of RLC
blocks) to the RLC layer in the primary cell. If the decoding attempt is unsuccessful,
the secondary cell saves the HARQ state for use in subsequent decoding attempts and
sends a “nack” to the mobile station. A copy of the saved HARQ state is also sent to
the primary cell to keep the latter in sync.

Note that as shown in diagram 400, the RLC layer is implemented only in the
primary cell and that it provides the appropriate protocol support to all data flows
whether they are carried over the primary link or the secondary link. It is entirely up to
the policies implemented in the network infrastructure to determine how the data
flows should be distributed over the primary and secondary links associated with a
given mobile. (These policies are executed by the primary cell.) For instance, these
policies may require the primary cell to direct all (bearer) data entirely over the
secondary link or entirely over the primary link or partially over the primary link and

partially over the secondary link. In the last case, the division may be based on flow
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type so that certain connections (e.g. voice calls) may be directed over the primary
link while others (e.g. best-effort data) may be directed over the secondary link.
Alternatively, the primary cell may send some of the RLC blocks within each
connection over the primary link while sending the rest over the secondary link. All of
these and similar other variations of flow-directing strategies are consistent with
embodiments of the present invention.

While all variations of flow-directing strategies such as those discussed above
are consistent with embodiments of the present invention, we describe one which
offers performance benefits when the objective is to improve the “edge performance”
of network users. The edge performance is typically represented by the low percentiles
of the bit-rates available to network users. Since all “SMART” mobile stations are
attached to a macro-cell as their primary cell and macro-cells typically have a large
coverage area, the number of mobile stations attached to a macro-cell is also typically
large. Therefore, the bit-rate available to a mobile station from the macro-cell it is
connected to can be rather meager if the cell’s capacity is more or less equally
distributed over all the mobile stations connected to it. Now many mobile stations
connected to a macro-cell are also connected to a small cell as their secondary cell and
receive very high bit-rates via their secondary links. In contrast, there are a few mobile
stations that have either no secondary link or their secondary link is rather weak. It is
these mobile stations whose bit-rates represent the edge performance of the cellular
network. Therefore, in order to improve the bit-rate available to these “edge mobiles
stations,” we propose the following strategy: For each mobile station that has a
secondary link, the mobile station’s primary cell estimates the bit-rate available to it
via the secondary link. (This may be done by keeping track of the data successfully
delivered via the secondary link or may be obtained indirectly, by requesting the
secondary cell.) If the estimated bit-rate available to the mobile station via its
secondary link exceeds a threshold R, bits per second (bps), the primary cell directs
all of the bearer data intended for the mobile station via its secondary link. Otherwise,
it allows a share of the primary cell’s capacity to be used for carrying some of the data
intended for the mobile station. In this manner the macro-cell’s capacity is used only
to support mobile stations that have no secondary links or weak secondary links. As a

result, the bit-rate available to these mobile stations increases substantially.
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Many emerging mobile/wireless applications require high data-rates.
Heterogeneous networks comprising layers of macro-cells and small cells have the
capability to provide high data-rates simultaneously to a large number of mobile
devices. However, such high data rates are typically available only if the mobile
devices are connected to small cells. Consequently, a highly mobile user that
undergoes frequent handoffs between small cells and macro-cells is unlikely to
receive a high data-rate in a sustained manner; consequently, his quality of experience
is likely to be unacceptable — particularly for the high-data-rate applications. Various
embodiments of the present invention significantly expand the fraction of the highly
mobile user population that can receive high data rates. In other words, various
embodiments of the present invention may extend the high quality of experience to a
much larger section of the user population than state-of-the-art solutions.

The detailed and, at times, very specific description above is provided to
effectively enable a person of skill in the art to make, use, and best practice the present
invention in view of what is alreadv known in the art. In the examples, specifics are
provided for the purpose of illustrating possible embodiments of the present invention
and should not be interpreted as restricting or limiting the scope of the broader
inventive concepts.

Benefits, other advantages, and solutions to problems have been described
above with regard to specific embodiments of the present invention. However, the
benefits, advantages, solutions to problems, and any element(s) that may cause or
result in such benefits, advantages, or solutions, or cause such benefits, advantages, or
solutions to become more pronounced are not to be construed as a critical, required, or
essential feature or element of any or all the claims.

As used herein and in the appended claims, the term “comprises,”
“comprising,” or any other variation thereof is intended to refer to a non-exclusive
inclusion, such that a process, method, article of manufacture, or apparatus that
comprises a list of elements does not include only those elements in the list, but may
include other elements not expressly listed or inherent to such process, method, article
of manufacture, or apparatus. The terms a or an, as used herein, are defined as one or
more than one. The term plurality, as used herein, is defined as two or more than two.

The term another, as used herein, 1s defined as at least a second or more. Unless
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otherwise indicated herein, the use of relational terms, if any, such as first and second,
top and bottom, and the like are used solely to distinguish one entity or action from
another entity or action without necessarily requiring or implying any actual such
relationship or order between such entities or actions.

The terms including and/or having, as used herein, are defined as comprising
(1.e., open language). The term coupled, as used herein, is defined as connected,
although not necessarily directly, and not necessarily mechanically. Terminology
derived from the word “indicating” (e.g., “indicates” and “indication”™) is intended to
encompass all the various techniques available for communicating or referencing the
object/information being indicated. Some, but not all, examples of techniques
available for communicating or referencing the object/information being indicated
include the conveyance of the object/information being indicated, the conveyance of
an identifier of the object/information being indicated, the conveyance of information
used to generate the object/information being indicated, the conveyance of some part
or portion of the object/information being indicated, the conveyance of some
derivation of the object/information being indicated, and the conveyance of some
symbol representing the object/information being indicated.

What is claimed is:
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CLAIMS

1. A method of wireless communication comprising:
communicating, by an anchor-cell transceiver node with a mobile device, via a
primary link;
conveying, by the anchor-cell transceiver node, information for the mobile
device to the mobile device, wherein conveying the information to the mobile device
comprises
routing, by the anchor-cell transceiver node, at least a portion of the

information to the mobile device via a secondary-cell transceiver node.

2. The method as recited in claim 1, further comprising
mstructing, by the anchor-cell transceiver node, the secondary-cell transceiver
node and the mobile device to establish a secondary link for a period of time until

expiration.

3. The method as recited in claim 2, further comprising:
sending, by the anchor-cell transceiver node, a refresh indication for the

secondary link to the secondary-cell transceiver node and the mobile device.

4. The method as recited in claim 1, further comprising:
triggering, by the anchor-cell transceiver node, the secondary-cell transceiver

node and the mobile device to handoff to a new secondary-cell transceiver node.

5. The method as recited in claim 1, further comprising:
performing, by the anchor-cell transceiver node, at least one of
Radio Link Control (RLC) processing for the primary link and a
secondary link between the secondary-cell transceiver node and the mobile
device or
Hybrid Automatic Repeat request (HARQ) processing for the primary
link and a secondary link between the secondary-cell transceiver node and the

mobile device.
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6. A method of wireless communication comprising:

receiving, by a secondary-cell transceiver node from an anchor-cell transceiver
node, information for a mobile device, the anchor-cell transceiver node having a
primary link with the mobile device;

transmitting, by the secondary-cell transceiver node, the information to the

mobile device.

7. The method as recited in claim 6, further comprising:

communicating, with the anchor-cell transceiver node by the secondary-cell
transceiver node, to support Radio Link Control (RLC) processing at the anchor-cell
transceiver node for a secondary link between the secondary-cell transceiver node and

the mobile device.

8. The method as recited in claim 6, further comprising:

communicating, with the anchor-cell transceiver node by the secondary-cell
transceiver node, to support Hybrid Automatic Repeat request (HARQ) processing at
the anchor-cell transceiver node for a secondary link between the secondary-cell

transceiver node and the mobile device.
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9. A method of wireless communication comprising:
communicating, by a mobile device with an anchor-cell transceiver node, via a
primary link;
communicating, by the mobile device with a secondary-cell transceiver node,
5  viaa secondary link;
receiving primary-link information via the primary link and secondary-link
information via the secondary link, the primary-link information being different than

the secondary-link information.

10 10. The method as recited in claim 9, wherein receiving the primary-link
information and the secondary-link information comprises:
recetving the primary-link information and secondary-link imformation at the

same time.

15
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