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Amendments to the Specification:

Please insert the following heading and paragraph after the Title and before the
“BACKGROUND” section of the application.

-- CROSS-REFERENCE TO RELATED APPLICATION--

The present application is a U.S. National Stage filing under 35 U.S.C. § 371 of
International Application Serial No. PCT/CN2014/083578, filed on August 01, 2014.
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Amendments to the Claims:

This listing of claims will replace all prior versions and listings of claims in the

application.

1. (Currently Amended) A method for a base station of a wireless network to
allocate communication resources between uplink and downlink channels, the
method comprising:
determining a quality status of a first frequency spectrum resource that is
available for use by the base station for an uplink channel or a
downlink channel;
assigning the first frequency spectrum resource to a shared resource pool
based on the determined quality status of the first frequency
spectrum resource;
scheduling a second frequency spectrum resource that is available for use

by the base station for the uplink channel or the downlink channel

based on an initial directional allocation of communication resources
for the base station;

after scheduling the second frequency spectrum resource for the base
station, determining an updated directional allocation of
communication resources for the base station; and

selecting the first frequency spectrum resource from the shared resource
pool and scheduling the first frequency spectrum resource for either
the uplink channel or the downlink channel based on the determined
updated directional allocation of communication resources for the

base station.

2. (Currently Amended) The method of claim 1, wherein assigning the first
frequency spectrum resource to the shared resource pool based on the determined
quality status of the first frequency spectrum resource comprises assigning the

first frequency spectrum resource to the shared resource pool according to the

-3-

Ex.1002.00003



Atty. Dkt. No. CN-879177-02-US-NAT

first frequency spectrum-reseureesresource being:
less suitable for the uplink channel than a third frequency spectrum
resource that is available for use by the base station, and
less suitable for the downlink channel than a fourth frequency spectrum

resource that is available for use by the base station.

3. (Original) The method of claim 2, wherein the first frequency spectrum
resource is less suitable for the downlink channel than the third frequency
spectrum resource in response to a channel quality indicator (CQI) of the first
frequency spectrum resource being less than a CQI of the third frequency

spectrum resource.

4. (Original) The method of claim 2, wherein the first frequency spectrum
resource is less suitable for the uplink channel than the third frequency spectrum
resource in response to a received interference power (RIP) of the first frequency
spectrum resource being greater than an RIP of the third frequency spectrum

resource.

5. (Original) The method of claim 1, further comprising:

determining a quality status of the second frequency spectrum resource; and

based on the determined quality status of the second frequency spectrum
resource, assigning the second frequency spectrum resource to one
of an uplink resource pool or a downlink resource pool,

wherein assigning the second frequency spectrum resource to one of the
uplink resource pool or the downlink resource pool comprises
determining a quality status of the second frequency spectrum

resource.

6. (Original) The method of claim 5, wherein assigning the second frequency

spectrum resource to one of the uplink resource pool or the downlink resource

4-
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pool comprises:

assigning the second frequency spectrum resource to the uplink resource
pool in response to the quality status of the second frequency
spectrum resource being indicative that the second frequency
spectrum is usable for the uplink channel, and

assigning the second frequency spectrum resource to the downlink resource
pool in response to the quality status of the second frequency
spectrum resource being indicative that the second frequency

spectrum is usable for the downlink channel.

7. (Currently Amended)The method of claim 5, wherein determining the
quality status of the second frequency spectrum resource comprises determining

at least one of a channel quality indicator (COQD[[CQI]] and a received

interference power (RIP)[[RIP]] of the second frequency spectrum resource.

8. (Original) The method of claim 5, wherein assigning the second frequency
spectrum resource to one of the uplink resource pool or the downlink resource
pool comprises ranking the second frequency spectrum resource with respect to
other frequency spectrum resources assigned to the uplink resource pool or the
downlink resource pool based on the quality status of the second frequency

spectrum resource.

9. (Currently Amended)The method of claim 1, wherein determining the

quality status of the first frequency spectrum resource comprises determining at

least one of a channel quality indicator (COD[[CQI]] and a received interference

power (RIP)[[RIP]] of the first frequency spectrum resource.

10.  (Original) The method of claim 1, wherein assigning the first frequency
spectrum resource to the shared resource pool comprises assigning a physical

resource block that includes multiple subcarriers and multiple resource elements

-5-
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associated with each of the multiple subcarriers to the shared resource pool.

11.  (Currently Amended) A wireless base station for a wireless communication
network, the wireless base station comprising:

a quality status module configured to determine a quality status of a first
frequency spectrum resource associated with an air interface that is
available for use by the wireless base station for an uplink channel
or a downlink channel, and to determine a quality status of a second
frequency spectrum resource associated with the air interface that is
available for use by the wireless base station for [[an ]]the uplink
channel or the downlink channel;

a processor module coupled to the quality status module and configured to
assign the first frequency spectrum resource to a shared resource
pool based on the determined quality status of the first frequency
spectrum resource; and

a scheduler module coupled to the processor module and configured to
schedule the second frequency spectrum resource for [[an]]the
uplink channel or the downlink channel based on an initial
directional allocation of frequency spectrum resources for the
wireless base station and to schedule the first frequency spectrum
resource based on an updated directional allocation of frequency

spectrum resources for the wireless base station.

12.  (Currently Amended) The wireless base station of claim 11, wherein the
processor module is further configured to determine the updated directional
allocation of frequency spectrum resources for the wireless base station after the
second frequency spectrum resource is scheduled for [[an]]the uplink channel or

the downlink channel.

13.  (Original) The wireless base station of claim 11, further comprising a

-6-
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memory coupled to the processor module and configured to store the shared
resource pool, wherein the processor module is further configured to assign the
second frequency spectrum resource to one of an uplink resource pool stored in
the memory or a downlink resource pool stored in the memory based on the

determined quality status of the second frequency spectrum resource.

14.  (Canceled)

15.  (Original) The wireless base station of claim 13, wherein the updated
directional allocation of frequency spectrum resources is based on current
resource requests from a wireless device serviced by the wireless base station, on
current resource requests from the wireless base station, on a number of
frequency spectrum resources scheduled from the uplink resource pool for uplink
channels, and on a number of frequency spectrum resources scheduled from the

downlink resource pool for downlink channels.

16. (Original) The wireless base station of claim 11, wherein the initial
directional allocation of frequency spectrum resources is based on current
resource requests from a wireless device serviced by the wireless base station and

from the wireless base station.

17. (Currently Amended) The wireless base station of claim 11, wherein the
quality status module is configured to determine the quality status of the first
frequency spectrum resource by determination of at least one of a channel quality
indicator (CQI) and a received interference power (RIP) of the first frequency

spectrum resource.

18.  (Original) The wireless base station of claim 11, wherein the processor
module is configured to assign the first frequency spectrum resource to the shared

resource pool by assignment of a physical resource block that includes multiple

-7-
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subcarriers and multiple resource elements associated with each of the multiple

subcarriers to the shared resource pool.

19. (Currently Amended) The wireless base station of claim 11, wherein the
processor module is configured to assign the first frequency spectrum resource to
the shared resource pool[[ by]] in response to the first frequency spectrum
resource being less suitable for the uplink channel than a third frequency
spectrum resource that is available for use by the wireless base station, and being
less suitable for the downlink channel than a fourth frequency spectrum resource

that is available for use by the wireless base station.

20.  (Currently Amended) A non-transitory computer-readable medium that
includes computer-executable instructions stored thereon, which in response to

execution by a processor, cause the processor to perform or control

performance of the method of-any-ef-elaims+4+ claim 1.
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REMARKS
It is respectfully requested that the foregoing amendments be made prior to examination

of the present application.
Amendments to the Specification

The specification is amended to include a cross-reference to related application paragraph

as the first paragraph. No new matter is added.
Amendments to the Claims

By the present communication, claims 1,2, 7,9, 11, 12, 17, 19, and 20 are amended, and

claim 14 is canceled without prejudice or disclaimer thereof.

The claim amendments add no new matter, and entry and examination of the amended
claims is respectfully requested. Upon entry of this amendment, claims 1-13 and 15-20 will be

pending and under examination in this application.
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Conclusion

Favorable consideration of the application as amended is respectfully requested. The

Examiner is invited to contact the undersigned by telephone if it is felt that a telephone interview

would advance prosecution.

Dated this 31st day of January, 2017.

-10-

Respectfully submitted,

/R. Burns Israelsen Reg. No. 42685/
R. Burns Israelsen

Registration No. 42685

Attorney for Applicant
Telephone No. (435) 252-1360
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radio network node comprising such scheduler.
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Method in a scheduler for reducing inter-cell interference.

FIELD OF THE INVENTION

The present invention relates to methods and arrangements in
cellular mobile communication systems, in particular to the

inter-cell interference management in cells.

BACKGROUND

In cellular radio systems it 1s desirable to achieve high
data rates for users alsc at the cell edges that typically
have poor radio conditions. Traditionally, radio resources
are therefore divided into different sets that are assigned
to neighboring cells to make it possible to reduce the
interference level for the cell edge users, thus allowing
them to communicate with higher data rates, but at the cost
of a reduced cell capacity. Other, more advanced methods like
soft frequency reuse (sometimes also referred to as power
planning) in OFDM systems or fractional frequency reuse also
aim to provide users at the cell edges with higher data
rates. These methods provide good ways of controlling the

trade-off between cell edge data rate and cell capacity.

Previous solutions to provide high data rates to users at
cell edges suffer from the disadvantage that they imply a
trade-off between cell edge data rate and cell capacity.
Furthermore, in many packet data systems where packets of
different sizes originating from different sources, e.g.
Voice over IP, web traffic etc, are transmitted from
different locations in the cells in each transmission time

interval, the traffic load varies significantly in both the
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spatial and temporal domains. The traffic variation is
independent between the different cells, and the time scale
of the load variations 1is such that the transmissions from

different cells cannot be successfully coordinated.

It can thus be concluded that static resource division
methods and interference coordination methods that do not
take into account and utilize the traffic wvariations only

have a limited potential.
SUMMARY

It is therefore an object of the present invention to avoid
this trade-cff and instead improve the data rate that 1is
available to users at the cell edge while at the same time
maintaining the cell capacity as for a system where all radio
resources can be used (i.e. a reuse-1 system). Furthermore,
it is an object of the invention to make the inter-cell
interference more predictable and thereby allowing the link

adaptation to be more exact.

The present invention relates to a method for
reducing inter-cell interference and a scheduler performing
said method. More specifically, the invention relates to a
method in a scheduler for reducing inter-cell interference
in a cellular radio system in which said scheduler (111)
controls a set of shared radio resources. The method
comprises the steps of assigning cell specific resource
priority weights (RPW) to the different radio resources
available in a cell (11), said assignment differs from the
assignment of the same radio resources in at least one
neighboring cell, and thereafter utilizing the resource
priority weights for selection of radio resources. Hence,

the same radio resources will not primarily be selected by
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a scheduler of a neighboring cell, thus avoiding inter-cell

interference.

The resource priority weights are cell specific since the
same resource will be assigned different weights in the
respective schedulers of the neighboring cells. The present
invention thus provides the advantage that sufficiently high
data rates are available to users at the cell edge while at
the same time the cell capacity can be maintained as for a

system where all available radio resources can be used.

The aspect of the invention described above also implies the
advantage that the inter-cell interference becomes more
predictable and, when the cell is not fully loaded, can be

concentrated to some specific radio resources.

It 1s another advantage of the present invention that the
probability that the same radio resources are selected in
neighboring cells is significantly reduced, while avoiding at
the same time the cell capacity loss that i1s associated with

traditional frequency reuse schemes.

The invention is equally applicable to transmission in both
uplink and downlink. In case of uplink transmission the
scheduler aims to assign resources with high resource

priority weights to cell edge-users.

The invention furthermore relates to a scheduler controlling
a set of shared resources in a cellular radio system,

comprising means for performing the method according to the

invention.

The invention furthermore relates to a radio network node in
a cellular radio system comprising a scheduler, where said
scheduler comprises means for performing the method according

to the invention.
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In one embodiment of the invention, the cell specific
resource priority weights are combined with channel quality
indication reports, CQI, from the users to form weighted
quality indexes, WCQI, for the radio resources that are
available to the scheduler. Hereby, the channel quality
variations between different users are taken into account and

a scheduling gain is achieved.

In yet another embodiment of the invention, the cell specific
resource priority weights and/or the weighted quality index
is/are combined with one or more usage limitation rules,
which may be cell specific and/or user specific and/or
resource sgpecific and/or time dependent. Hereby, it is
possible to further define which resources that may be used

by which users under different conditions.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of
the invention will be apparent from the following detailed
description of preferred embodiments as 1llustrated in the

drawings.

Figure 1 illustrates a cellular radio network comprising

network units according to the claimed invention;

Figure 2 illustrates an embodiment of the invention, where
resources in three cells are categorized into three priority

classes;

Figure 3 1illustrates another embodiment of the invention,
where resources in three cells are prioritized according to a

priority list.

Figure 4 shows a flow chart illustrating an embodiment of the

method according to the invention.
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DESCRIPTION

The present invention relates to cellular radio systems as
shown in Figure 1. The base station 1 1s provided with a
scheduler 111 which owns and controls a set of shared radio
resources of cell 11. The radio resources of neighboring
cells 12a-f are owned and controlled by their respective
schedulers 222a-f. The radio resources may comprise of sets
of sub-carriers in an OFDM system, time slots in a TDMA
system, or spreading codes in a CDMA system. Further, the
respective set of radio resources shall be orthogonal, or
near orthogonal, to each other. It is also noted that the
benefits of the present invention can be advantageously used
when the traffic load 1in communication system varies
significantly in both the spatial and temporal domains. This
1s a typical behavior in many packet data systems where
packets of different sizes originating from different
sources, e.g. VoIP, web traffic etc. are transmitted from
different locations in the cells in each transmission time
interval, TTI. Hereby it 1is assumed that the traffic
variation are independent between the different cells in the
system and that the time scale of the load variations is such
that we can not successfully coordinate the transmissions
from different cells, e.g. by means of a joint scheduling
decision in a centralized node or by some distributed

scheduling algorithm.

The present invention exploits gains with schemes that adapt
to the user traffic in some way. One such scheme is to have
an underlying reuse-3 cell planning of preferred resources
assigned to each cell. 2all cells will first use all their
preferred resources before any other allowed resources. Only
when one cell has a lot of data it will use all allowed
resources. It 1s also possible to have some resources that

are prohibited, as in traditional reuse schemes. By this
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resource division (preferred, allowed, and possibly also not-
allowed resources) the average cell edge SINR (Signal to
Interference plus Noise Ratio) can be improved, at low and
moderate load at least, while the bandwidth cost of a re-use
larger than one is avoided. This is illustrated in Figure 2
showing an example with three cells where resources are
categorized as ©preferred, allowed, and prohibited by
assigning separate priority class indexes to the resources,
one for each category. The priority class index expresses the
order of priority that can be applied to the resources as
integers in an indexing vector. Although the example in
FPigure 2 shows the set of resources as a continuous set, they
may also be distributed. Said resource division makes the
interference more predictable, thus allowing the 1link

adaptation to be more exact and aggressive.

In a further embodiment of the present invention a priority
list is introduced covering each resource in the scheduler,
whereby the scheduler always selects the resources with the
highest priority. One way of creating appropriate resource
priority lists for the schedulers is to assign each scheduler
with a starting resource ro, ri, r; for the schedulers in cell
0, cell 1, and cell 2 regpectively and then selecting
resources in both directions when they are needed. In such a
priority list, each available resource is assigned different
priority class indexes where the lowest priority class index
igs assigned to the starting resource and the subsequently
following resources are assigned raising indexes. This is
illustrated in Figure 3 showing an example with three cells
where the resources are prioritized in order to minimize the
inter-cell interference. The resources in a cell 1 are
selected by starting with a resource r and then using as
many resources as needed from both sides of r, according to

the principle of r,, r-1, r+l, r-2, r+2,.. or equivalently,
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r, r+l, r-1, r+2, r-2,.. Not allowed resources are marked

in the figure with x. The numbering in the different boxes
indicates the priority class indexes, i.e. the order in which

the resources will be utilized in the different cells.

In the examples described above, the priority class index
(PCI) 1is associated with a one-to-one mapping to the cell
specific resource priority weight (RPW). The resources with
the lowest priority class index, i.e. the resources to be
used first, will be assigned the highest resource priority
weights. The resource with the highest priority class index,
i.e. the resources to be used only when all other resources
are already occupied, will be assigned the smallest resource
priority weight. The priority class index thus indicates the
priority order of the resources. The RPW of a resource with
index r in the cell with index ¢ may typically be calculated
as

RPW(c,r) = K1 - K2 x PCI{(c,r),

where K1 and K2 are constant values. Alternatively a table
can be designed where each priority class index is associated

with a corresponding priority class weight.

The resource division as described in the foregoing implies
however a reduced scheduling gain since in each cell it is
only allowed to select the best resources from the set of
preferred resourcegs, while there are still such resources
available, and not from all resources. There is thus a trade-
off between inter-cell interference levels and predictability
versus the single user scheduling gain that can be obtained
from having each user transmitting only on the resources with
the best quality. These two principles can be combined by
adding channel quality indication (CQI) reports from each
user to the cell specific resource priority weights (RPW)

into a weighted channel quality index (WCQI) as follows:

WCQI(c,u,r) = CQI(u,r) + RPW(c,r)
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In the above expression c¢ denotes the cell index, u denotes
the user index, and r denotes the resource index. It is
assumed that the CQI values are limited to the range [0,
CQIyax] and that resources with a WCQI below zero (or some
other pre-defined threshold value) are nct allowed to be used

by the scheduler.

As previously menticned, the resources can be partitioned
into classes represented by the priority class indexes. A

scaled value of RPW can furthermore be calculated as e.g.,

RPW(c,r) = (PCIpax - PCI{c,r)) x A to the resources with index

r belonging to the corresponding priority classes in the cell
c, where A is a constant value representing a scaling factor

and PCIp.x 1s the maximum value of a PCI. By setting A to
{CQImax + 1) or larger it can be assured that all resources of
a class with a lower priority class index are used before
starting to use any resources having a higher priority class
index. Setting A to CQI,.x or smaller allows the scheduler to
sometimes use a resource with a higher priority class if the
channel quality indicator of the corresponding higher-

priority-class index resource is sufficiently large.

With reference to Figure 2 we may set A = (CQIgx + 1) and the
priority class index to 0, 1, and -1 for the respective
priority classes denoted preferred, allowed, and prohibited
in figure 2. In this example PCIn = 1 and the resulting
resource priority weights will then become (CQImx + 1), 0,
and -(CQImx + 1) for the resources denoted preferred, allowed,

and prohibited respectively.

In Figure 3 there is only one resource in each priority class.
The resource priority indexes in Figure 3 may thus be used to

calculate the resource priority weights as RPW(c,r) = {(PCIpax

- PCI(c,r)) x A, with PCInxx = 20 and PCI(c,r) is given by the
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numbers in the figure, 1i.e. in accordance to what was
previously described by the resource ordering (r,, r-1, r+l1,
r-2, r+2,.), for each cell ¢ = 1, 2, and 3. Resources marked
with an X in PFigure 3 will be assigned a resource priority
weight of -(CQInax + 1) to ensure that the weighted CQI (WCQI)

is always a negative value regardless of the CQI value.

It i1s thus possible to scale the impact that the RPW and the
CQI respectively will have in the calculation of the weighted

channel quality index (WCQI).

A further aspect of the invention introduces the possibility

to use or not to use the resources of some priority classes
under certain conditions. The following is a non-

comprehensive list of possible restrictions:

1. Resources with higher resource priority indexes may not be
used before any resources with lower priority indexes. This
can also be achieved by setting the parameters of the RPW

calculation properly.

2. Resources of certain priority classes may not be used
unless the buffer fill ratio is above a threshold (different

priority classes may have different thresholds).

3. Resources of certain priority classes may not be used
unless the packet delay is above a threshold (different

priority classes may have different thresholds).

4. Resources of certain priority classes may not be used
unless the packet error rate (or some other packet quality

measurement like the packet drop rate) is above a threshold.

5. If there 1is information available of the 1load in
neighboring cells it 1s possible to restrict certain
resources to be used only if the load measurements in the

neighboring cells are all below (or above) a threshold.
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6. A utilization restriction can be set to some resources,
e.g. resources of a certain priority class may be used in a
transmission time interval (TTI) only if the utilization of
these resources is below a threshold. Utilization may, e.g.,
be measured as the time and frequency usage count of the
resources of this priority class summarized over the previous

N TTIs.

7. The resources in a specific priority class may only be

used for Npax consecutive TTIs.

8. If resources of some specific priority class are used in a
transmission time interval TTI(n), then the same resource
must not be used in TTI(n+ Nsrr) where Nprr 1s related to the
HARQ round-trip time. The reason for this could be to let
through a retransmission from a user equipment that in its
first transmission was interfered by a user equipment in a
neighboring cell that rapidly increased its power, whereby
the channel quality for the first UE was detericrated between

measurement and transmission.

Alternatively, when in a transmission time interval TTI(n)
the transmitted power on resources of certain priority have
increased more than a threshold over a pre-defined time
interval, the same resources must not be used in transmission
time interval number (n+N,,) where N,. is related to the HARQ

round-trip time.

9. Any of the restrictions disclosed in sections 2-8 can be
combined with a timer. When the threshold is exceeded a timer
is started indicating that it 1is allowed to use the
corresponding resource until the timer expires (each priority

class may have its own timer value).

10. Any of the restrictions disclosed in sections 2-8 can be

combined with a hysteresis for the threshold values. Once the
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threshold is exceeded it is allowed to use the corresponding
resources until the measurement falls below another threshold

(typically lower than the first threshold).

11. The resources of some specific priority classes may only
be used by users with a certain premium classification
(PLATINUM/GOLD/SILVER) or any combination thereof or,
assuming that there are such users, the resources may always

be scheduled to such users first.

12. The resources of some specific priority classes may only
be used by emergency calls or the resources are always

scheduled first to emergency users if such users exist.

The above mentioned thresholds, hysteresis intervals, timers
and restriction rules may ke applied differently to resources

of different priority classes.

The introduction of restrictions, e.g. as disclosed above,
can be formalized by expanding the calculation of the WCQI
values to also include a time varying restriction rule

RR(c,u,r, t) as follows (t i1s the TTI index):
WCQI(c,u,r,t) = CQI{u,r,t) + RPW(c,r) + RR(c,u,r, t)

Whenever a certain resource 1s not allowed because of any
combination of usage restrictions like the ones listed above,
RR is set to a value less than
-~ (CQIpax + RPWpax) which will assure that the corresponding

WCQI value is below zero.

In further embodiments not described herein, additional
factors covering aspects of the conditions in the own and
neighboring cells other than those described herein could be

added in the calculation of the WCQI value.
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To summarize, the method according to one aspect of the

invention could be carried out as illustrated in Fig. 4:

In step 10, the resources of a cell are assigned cell
specific resource priority weights (RPW), expressed e.g. as
an indexing vector of integers representing the priority
order for each resource. The same radio resources in at least
one neighboring cell are assigned different resource priority

weights.

Channel quality indication reports are created by measuring
at step 20, the Signal to Interference plus Noise Ratio
(SINR}, and in step 30 converting said measured SINR value
into an index value by means of e.g. mapping the measured

value to a table of CQI indexing values.

In step 40, a vrestriction comprising one or several
restriction rules is added to the calculation of WCQI in
order to further define which resources that can be used

under certain condition.

Either one of the RPW or the CQI values could be scaled with
a factor in order to increase its impact in the calculation
50 of the weighted channel quality index (WCQI). The choice
of scaling can e.g. depend on the cell layout of the network.
For example, 1n an environment with a large number of cells
overlapping each other, the inter-cell interference is
probably a significant problem, and the impact of the RPW
could be scaled to have a relatively large impact, whereas in
a different environment, it is more advantageous to give the

CQI a greater impact.

In step 60, the scheduler then selects resources in
accordance with the calculated weighted channel quality index

and any applied restriction rules.
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Different resources may be allowed to be used with different
power levels. There is nothing that prohibits the use of the
present invention together with power limitations on the

different resources.

The cell specific resource priority weights can be
generated 1in a central node such as an operational
maintenance node and provided to the different Dbase
stations (1, 2a-f) from said central node over an open
interface. The cell specific resource priority weights can
either be generated manually by means of a net planning
instrument or automatically in a Radio Resource Management

node (RRM) or the like.

The present invention is applicable to both wuplink and
downlink transmission. In case of uplink transmission the
scheduler aims to assign resources with high resource
priority weights to cell edge-users. The users are
categorized into groups dependent on their geographic
position in the cell, and are assigned resources of different
priority classes. Such categorization into e.g. cell-edge
users and cell-centre users could be based on geometry
measurements. Cell-edge users are then assigned to resource
with lower priority indexes than cell-centre users. The

benefits of this are twofold:

Firstly, a user far from the receiving base station will
often be power limited and it is then not able to increase
the transmit power in case the interference increases. Hence
the only way to improve the performance of this cell-edge
user is to reduce the interference on the used resources. If
resources with high resource priority weights in one cell are
assigned low resource priority weights in an interfering cell
there is a high probability that the corresponding resources

will be unused in the interfering cell and thus the cell edge
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user will experience less inter-cell interference if it is

assigned to resources with high resource priority weights.

Secondly, even if the resources assigned to a cell-edge user
are used in a neighboring interfering cell they will often be
assigned to users close to the base station in the other
cell. Such cell-centre users typically have a much smaller
path loss compared to cell-edge users and they can therefore
often transmit with a power much lower than the maximum
possible power. The cell centre-users also have a larger path
loss to interfered base stations since they are typically
located at a longer distance from interfered base stations.
Because of this they will generate less interference for

cell-edge users in the neighboring cells.

Also for the downlink it is beneficial to map
resources transmitted with high power to resource with high
resource priority weights. This ensures that a resource
transmitted with low power from one base station will have
a low probability of colliding with resources transmitted
with high power from a neighboring interfering Dbase
station.

While the invention has been described in connection
with what is presently considered to be the most practical
and preferred embodiments, it is to be understood that the
invention is not to be limited to the disclosed
embodiments, but is intended to cover various modifications

within the scope of the appended claims.
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CLATMS

1. A method in a scheduler for reducing inter-cell
interference in a cellular radio system in which said
scheduler (111) controls a set of shared radio resources,
characterized by the steps of

- assigning cell specific resource priority weights
(RPW) to the different radic resources available in a cell
(11), said assignment differs from the assignment of the
same radio resources in at least one neighboring cell (lZa-
£);

- utilizing the resource priority weights for
selection of radio resources.

2. The method according to claim 1, comprising
categorizing the radio resources of a cell (11) into
priority classes, where each class 1s represented by a
priority class index.

3. The method according to claim 1, comprising
categorizing users into groups dependent on their
geographic position in the cell, and assigning resources of
different priority classes to the users of the different
groups.

4., The method according to claim 2 comprising

categorizing the radio resources into priority classes

dencted ‘“preferred”, “allowed” and “prohibited”, where the
‘preferred” resources are used first, the *allowed”
resources are used only when no more unused ‘preferred

resources” exist, and the ‘“prohibited” resources are never
used.

5. The method according to claim 2, comprising
creating a priority list according to which each priority
class comprises only one resource.

6. The method according to c¢laim 5, comprising

assigning the lowest priority class index to a starting
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resource (r,), said starting resource is different from
starting resources in neighboring cells, and assigning
raising priority class indexes to the resources following
the starting resource according to the principle r,, r,-1,
r+l, r-2, r+2,. from said starting resource.

7. The method according to any of the preceding
claims, comprising combining the cell specific resource
priority weights with channel gquality indication reports
(CQI) from the users to form weighted quality indexes
(WCQI) for the radio resources that are available to the
scheduler (111).

8. The method according to claim 7, comprising
creating the channel quality indication reports (CQI) by
measuring the Signal to Noise Ratio (SNR) or the Signal to
Interference plus Noise Ratio (SINR) and converting said
measured value into an index value.

9. The method according to claim 7 or 8, comprising
multiplying the CQI or the RPW with a scaling factor, said
scaling factor determines the relative influence of the
term with which it is multiplied in the calculation of the
weighted channel quality index (WCQI).

10. The method according to any of the preceding
claims, whereby the cell specific resource priority weights
and/or the weighted quality index is combined with one or
more usage limitation rules applied to some of radio
resources under certain conditions.

11. The method according to claim 10, whereby the
usage limitation rules may be cell specific and/or user
specific and/or resource specific and/or time dependent.

12. The method according to claim 10 or 11, whereby
resources with higher priority indexes may not be used
before any resources with lower priority indexes.

13. The method according to c¢laim 10 or 11,

comprising applying said usage limitation rules as binary
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values, representing compliance or non-compliance with
certain conditions, on the cell specific resource priority
weights or the weighted channel quality index.

14. The method according to claim 13, whereby
resources of certain priority may not be used unless the
buffer fill ratio is above a predefined threshold, whereby
resources of different ©priority may have different
thresholds.

15. The method according to <c¢laim 13, whereby
resources of certain priority may not be used unless the
packet delay 1s above a predefined threshold, whereby
resources of different priority may have different
thresholds.

16, The method according to claim 13, whereby
resources of certain priority may not be used unless a
packet quality measurement such as packet error rate or
packet drop rate is above a predefined threshold.

17. The method according to claim 13, whereby
certain resources may be used only if locad measurements in
neighboring cells are all below (or above) a threshold.

18. The method according to claim 13, whereby
certain resources may be used in a certain transmission
time interval TTI only if the utilization of these
resources is below a threshold.

19. The method according to claim 18, whereby
resources of certain priority may only be used for a
predetermined number N, of consecutive transmission time
intervals TTI.

20. The method according to claim 18 or 19, whereby
when resources of certain priority are used in a
transmission time interval TTI{(n), the same resource must
not be used in transmission time interval number (n+N_,,)

where N, is related to the HARQ round-trip time.
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21. The method according to claim 18 or 19, whereby
when used in a transmission time interval TTI(n) the
transmitted power on resources of certain priority have
increased more than a threshold over a pre-defined time
interval, the scame resources must not be used in
transmission time interval number (n+N._,) where N, 1is
related to the HARQ round-trip time.

22 . The method according to any of claims 14 to 21,
whereby as the threshold is exceeded, a timer is started
whereby a corresponding set of resources is allowed to be
used during the time set by the timer, whereby resources of
certain priority may have its own timer value.

23. The method according to any of claims 14 to 21,
whereby a restriction is combined with a hysteresis in the
threshold wvalues, whereby as the threshold is exceeded a
corresponding set of resources is allowed to be used until
a measurement falls Dbelow another threshold, which 1is
preferably lower than the first threshold.

24. The method according to claim 10 or 11, whereby
resources of certain priority may only be used by users
with a certain classification or the resources are always
scheduled to users of such classifications first if such
users exist.

25. The method according to claim 10 or 11, whereby
resources cf certain priority may only be used by emergency
calls or the resources are always scheduled first to
emergency users if such users exist.

26. The method according to any of the preceding
claims, whereby said scheduler 1s arranged in a base
station, and whereby the scheduler receives said cell
specific resource priority weights from a central node such

as an operational maintenance node.
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27. The method according to any of the preceding
claims, whereby cell specific power limitations are

assigned to different radio resources.

28. A scheduler (111, 222a-f) controlling a set of
shared radio resources in a cellular radio system,
characterized in means for performing the method

according to any of claims 1-27.

29. A radio network node (1, 2a-f) in a cellular
radio system, comprising a scheduler, c haracterized
in that said scheduler comprises means for performing the

method according to any of claims 1-27.
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Method for Resource Allocation in a Communication System

TECHNICAL FIELD

This invention relates to telecommunication technology and, more particularly, to
a method for resource sharing among different transport resources in UTRAN.

BACKGROUND OF THE INVENTION

Nowadays, there are more and more transport resources introduced into UTRAN
(UMTS Terrestrial Radio Access Network), for example, ATM transport and IP
transport. With its own specific advantages, IP transport technology is acting as a
UTRAN transport solution gradually and will be an alternative to ATM transport
technology. Due to current predominant position of ATM transport network and
migration issues from ATM transport network to IP transport network, multiple
transport technologies will still coexist and interwork in radio access network for a
long time. It’s necessary to find some ways to assure that UTRAN nodes can
communicate with each other which have ATM or IP over different interfaces such
as Iu, Tub, Iur interfaces etc in UTRAN networks.

RNC (Radio Network Controller) is required to support dual stack of transport
technology (ATM and IP) over Iub interface, so as to support multiple transport
resources in UMTS. RBS (Radio Base Station) supports either ATM or IP
transport resource or both of them due to different requirement of user service and
migration impacts. It’s necessary and important that the two transport technologies
can coexist and interwork well.

Currently, there’re mainly two solutions about interworking between different
transport resources. On Iub interface, assume RNC supports dual stack of transport
technology (ATM and IP). RNC 101 connects with different kinds of RBS 102

directly as shown in Figure 1.

Under this condition, RNCs 101 have to set up new transport bearers based on the
same type of transport resource as that supported by RBS 102. For example, if
RBS 102 only supports ATM transport resource, only the ATM transport resources
on RNC 101 side are used for new transport bearer establishment over Iub
interface. Even RBS 102 also supports dual stack of transport resource (such as
ATM and IP), RNC 101 can only set up transport bearer on two type of transport
resource respectively where it should be same on both sides. The usages of two
different kinds of transport resources are independent.

In order to resolve this issue of communication between different kinds of
transport technologies, a new equipment is provided in 3GPP TR 25.933 V5.4.0
and Ericsson patent (patent number: US 2001/0053145 A1). This new equipment

1
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named as interworking unit (IWU) 103 is defined to implement the transform
between different transport technologies as shown in Figure 2. RNC 101 can set
up new transport bearers based on different transport resource with that supported
in RBS 102 by IWU 103.

For example, RNC 101 has free ATM transport resource on Iub interface. Peer
RBS 102 node only supports IP transport technology. When RNC 101 establishes
a new transport for user plane transmission, RNC 101 sends ATM transmission
address and bind ID with Alcap protocol to IWU 103. When IWU 103 receives the
request of transport bearer set up, IWU 103 selects out the corresponding IP
address of RBS 102 and sets up transport bearer with RBS 102 by IP Alcap
protocol. By this interworking equipment, a transport bearer can be set up
successfully between RNC 101 and RBS 102.

This basic procedure is shown in Figure 3. Here, assume that RNC 101 supports
dual stack of transport and only ATM transport resource available. RBS 102 only
supports IP transport.

However, the transport resource usage in RNC 101 is still irrelevant. This causes
unbalanced utilization among different transport resources. In more serious
scenarios, one kind of transport resource is highly used even exhausted while
another kind of transport resource is extremely free. Thus, a big waste of transport
resources may occur due to invalid transport resource usage.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method for allocating transport
resources in a radio communication network with high resource utilization rate.

It is a further object of the present invention to provide a radio communication
network in which the resource utilization rate is high.

According to one aspect of this invention, the present invention provides a method,
comprising a first steps of

receiving a request for setting up a transport bearer corresponding to a transport
service type, the transport service type being associated with one of the transport
resources. If the associated transport resource is in a low load state, the transport
bearer is set up on the associated transport resources. If the associated transport
resource is not in a low load state and any of the other transport resources is in a
low load state, the transport bearer is set up on the any of the other transport
resources. If neither of the cases above occur, the request is rejected.

According to another aspect of this invention, the present invention provides a
radio communication network, comprising a plurality of radio base stations, and a
radio network controller communicating to the plurality of radio base stations.
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wherein the radio network controller is configured to allocate transport resources
in the following steps. First, a request for setting up a transport bearer
corresponding to a transport service type is received from one of the plurality of
radio base stations , the transport service type being associated with one of
transport resources. Then, if the associated transport resource is in a low load state,
the transport bearer is set up on the associated transport resources. If the associated
transport resource is not in a low load state and any of the other transport
resources is in a low load state, the transport bearer is set up on the any of the
other transport resources. If neither of the cases above occur , the request is
rejected.

With this invention, it is possible to enable resource sharing between different

transport resources and increase the overall utilization rate of transport resource
and avoid the congestion and overload of specific transport resources.

This invention also provides a redundancy mechanism among different transport
resource .When one kind of transport resource are unavailable in some abnormal
condition, the new service can be established on other available transport resource
to secure the network accessibility and stability, robustness.

In this invention, the dual threshold of method ensures the accuracy and reliability
of utilization status estimation for transport resources.

The strategy of different level of threshold basis on different types of service
provides a flexible way for resource sharing between various types of users and
increases utilization of transport resource.

BRIEF DESCRIPTION OF THE DRAWINGS

Features as well as advantages of the present invention will become to be more
apparent to those skilled in the art from the following detailed description of the
preferred embodiments when taking reference to the accompanying figures.

In these figures:

FIG 1 illustrates an solution for interworking between different transport resources
according to the prior art;

FIG. 2 illustrates another solution for interworking between different transport
resources according to the prior art;

FIG. 3 illustrates the basic procedure in the interworking according to an existing
solution;

FIG 4 illustrates the architecture for resource sharing among different transport
resources;

FIG. 5 illustrates the main flow chart for resource sharing among different
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transport resources;

FIG. 6 illustrates the relationship between time and the utilization rate of
- bandwidth or throughput;

FIG. 7 illustrates an exemplary procedure of the dual threshold method;

FIG. 8 illustrates the different levels for different priorities for different service
users;

FIG. 9 illustrates an exemplary procedure of the multi-level protective threshold
method.

DETAILED DESCRIPTION OF THE INVENTION

It should be noted that the present invention is described in the no limiting,
example context of a universal mobile telecommunication systems (UMTS). The
following example will describe transport resource interworking between RNC
101 and RBS 102 in Iub interface.

As shown in Figure 4, in a radio access network of UMTS, assume that RNC 101
supports dual stack (such as ATM/IP) of transport technologies. RNC 101 is
connected with different types of RBSs 102 over Iub interface. Some RBSs 102
support IP transport. Some RBSs 102 still support ATM transport. The others
support both IP and ATM transport over Iub. The transport resource between RNC
101 and IWU 103 are seen as a resource pool 104 and able to share each other
based on the specific method of current invention.

Different service has its preferred transport resource based on its specific quality
of service (Qos) and bandwidth utilization requirements. For example, data service
is preferred transporting on IP transport resource, while AMR (Adaptive
Multi-Rate) service is preferred transporting on ATM transport resource due to
sensitivity to transmission delay etc. This relationship between different service
and transport resources can be configured on RNC 101 by operators. In the present
invention, such preference is always satisfied, if possible.

Figure 5 describes the main procedure of transport resource management between
ATM and IP transport technologies in RNC 101. RNC 101 measures the utilization
of transport resource in real time and stores related status information (such as
user data throughput on IP based transport or utilization rate of physical bandwidth
resource on ATM based transport).

When new request of transport bearer comes, RNC 101 will initiate the procedure
of transport resource management. At step S501, when a new transport bearer
(such as for user plane of R99 PS data RAB) setup request comes, RNC 101
selects related preferred transport type according to configured relationship
between service type and transport resource.

At step S502, RNC 101 checks utilization status of the preferred transport resource,
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if it is in low (normal) load state, then at step S503, the new transport bearer is set
up on the preferred transport resource.

If at step $502, RNC 101 determines the preferred IP transport resource in high
load state, then, at step 504, RNC 101 checks utilization status of the unpreferred
transport resource, if it is in low load state, the new transport bearer will be set up
on the unpreferred ATM transport resource. Otherwise, RNC 101 rejects the
request of new transport bearer (step S506). At step 502, preferably, RNC 101
checks availability status of the transport resource before checking utilization
status.

This method allows for different transport resource to share each other when one
transport resource is unavailable or on highly loaded condition. This can ensure a
good utilization rate of transport resource and keep a balance among different
transport resources.

In above main procedure, the estimation of utilization status of transport resource
and resource sharing are two key parts. The accuracy of estimation of utilization
status is a prerequisite of resource adjustment.

Hereafter, two methods are introduced into the estimation of utilization status for
transport resources and resource management. The first one is dual threshold
detection and hysteresis timer strategy. This method is to ensure that accuracy of
estimation and avoid erroneous decision from jitters of transport resource.

The other new method sets multi-level protective threshold of transport resource
admission for different types of service users. This method can ensure flexible
utilization and management between different transport resources and good quality
of service for various users.

In the dual threshold method, dual thresholds (High_Thr and Low_Thr) and a
hysteresis timer are configured by operators. Here the load during measurement is
for physical bandwidth on ATM transport or average throughput on IP transport, as
shown in Figure 6.

The main procedure of the dual threshold method is shown in Figure 7.

At step 8701, RNC 101 resides in normal load state of transport resource usage
and flag (Load_status_flag) is 0. RNC 101 monitors utilization status on current
transport resource. At step S702, RNC 101 checks current average measured
utilization rate, if it is more than high threshold (High_Thr), then, at step S703,
RNC 101 checks duration under high threshold, if it is longer than hysteresis timer
of time, then, at step $704, RNC 101 determines that transport resource in high
load state and sets flag (Load_status_flag) as 1.

Then, at step S705, RNC 101 checks current average measured utilization rate, if it
is less than low threshold (Low_Thr), then at step S706, RNC 101 checks duration
under high threshold, if it is longer than and hysteresis timer of time, then RNC
101 decides the transport resource to return normal load state and sets flag
(Load_status_flag) as 0 from 1.
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Or, if it is determined current average measured utilization rate is not more than
high threshold (High_Thr) (at step $702), or duration under high threshold is not
longer than hysteresis timer of time (at step S703), then the process goes back to
step S701.

The thresholds and hysteresis timer also can be adjusted dynamically based on
specific methods. Furthermore, the method about accumulation and smoothing of
multiple samples can be adopted and have better effect on estimation of utilization
status.

This method of dual threshold and hysteresis timer can monitor the trend of
transport resource utilization and make accurate decision on utilization status of
resource usage. This assures a correct precondition for following resource
adjustment.

For the burst characteristics of packet data traffic, the fluctuation of its
corresponding transport resource is more obvious and intense. Thus, it’s
recommended that this method is used to monitor utilization status on date service
user preferred IP transport resource.

The other method provided by the present invention for the estimation of
utilization status for transport resources and resource management defines
multiple protective threshold of resource utilization and implements different
access priorities of different service users during load sharing among different
transport resource.

In this method, admission priorities of transport resource are configured for
different service types of users in system by operators based on the type of
preferred transport resource and Qos requirements of service.

In below example, assume preferred transport resource for AMR users is ATM
bandwidth. Accordingly, the priority of service types is set as below: high priority
for incoming AMR users (such as Handover users), medium priority for incoming
data users and local AMR users, and low priority for other users.

Different admission thresholds for transport resource are also defined based on
different types of users’ priority to ensure high transport resource utilization rate
and good performance of overall system. Accordingly, three thresholds are defined
in Figure 8.

Figure 9 shows the main procedure of resource allocation for users basis when a
new transport bearer request comes.

At step S901, when new transport bearer (such as a transport bearer of data user)
request comes, RNC 101 will record service type of this new transport bearer and
check current the utilization status of allocated ATM bandwidth resource. At step
S902, RNC 101 checks utilization rate of bandwidth, if, including the new needed
transport resource, it is not less than thresholdl, which means utilization rate of
transport resource is in high load state, RNC 101 will reject the request of this
transport bearer (at step S907).
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If, at step S902, RNC 101 determines utilization rate of bandwidth including the
new needed transport resource is less than thresholdl, then at step S903, RNC 101
checks whether the quest is from incoming AMR users, if not, then, at step $904,
RNC 101 checks whether the request is from incoming data users or local AMR
users while the utilization rate of bandwidth is less than threshold2, if not, at step
S905, RNC 101 checks whether the utilization rate of bandwidth is less than
threshold3, if not, then at step S907, the current transport bearer request is
rejected.. '

If, at step S903, S904, or $S905, the result of judgment is “yes”, then at step $906,
RNC 101 allocates free transport resource for new transport bearer.

When multiple new users (such as one AMR user and one data user) access
simultaneously, RNC 101 will adopt same method as above single user
independently firstly. When the free transport resource is enough only for one user,
the preferred user will have higher priority to be allocated the free transport
resources. For example, here, the free ATM transport resource will be allocated to
its preferred AMR service user and data service user will be put in queues and
waiting for free resource.

Another scenario is when a data service user access with high data rate, if the
current free preferred and unpreferred transport resource can meet with its
requirements of bandwidth. Then RNC 101 can consider to downswitch the data
service user to lower data rate, then check if free transport resource is enough for
this user according to above method for single user as Figure 9.

On this example, this method is used in the process of service users admission.
Meanwhile, during service users holding, the transport resource will vary with the
resource release and reallocation. RNC 101 will monitor utilization of all transport
resources simultaneously and keep track of fluctuation of load for transport
resource. Based on this knowledge, it will adjust different service users to their
preferred transport resources dynamically and keep balance of utilization for
different transport resource on the whole.

The method of dual thresholds provides a reliable way of estimation for transport
resource utilization. The method of multi-level protective threshold gives a
strategy on transport resource share based on service user priorities configured by
operators. Both together can implement transport resource sharing between
different types of transport resource in RNC 101 and IWU 103.

The embodiments of the invention described above are intended to be exemplary
only. Those skilled in the art may understand that the provided embodiments can
be further varied in many aspects. The scope of the invention is therefore intended
to be limited solely by the scope of the appended claims.
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We claim:

1. A method for allocating transport resources in a radio communication node,
comprising the steps of:

receiving a request for setting up a transport bearer corresponding to a transport
service type, the transport service type being associated with one of the transport
resources(S501);

if the associated transport resource is in a low load state(S502), setting up the
transport bearer on the associated transport resources(5503),

if the associated transport resource is not in a low load state and any of the other
transport resources is in a low load state(S504), setting up the transport bearer on
the any of the other transport resources(S505),

otherwise, rejecting the request.

2. The method of claim 1, wherein the transport resources comprise bandwidth or
throughput of a channel.

3. The method of claim 2, wherein when the average measured utilization rate of
the bandwidth is less than a threshold for a duration longer than a predetermined
time interval, the associated transport resource is considered as being in the low
load state.

4. The method of claim 2, wherein a plurality of users are assigned to thresholds
respectively and for each of the users, when the average measured utilization rate
of the bandwidth is less than the assigned threshold for a duration longer than a
predetermined time interval, the associated transport resource is considered as
being in the low load state.

5. The method of any one of claims 1-5, wherein the node is a radio network
controller.

6. A radio communication network, comprising:
a plurality of radio base stations (102); and

a radio network controller (101) communicating to the plurality of radio base
stations, wherein the radio network controller (101) is configured to allocate
transport resources in the following way:

receive from one of the plurality of radio base stations (102) a request for setting
up a transport bearer corresponding to a transport service type, the transport
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service type being associated with one of transport resources; and

if the associated transport resource is in a low load state, setting up the transport
bearer on the associated transport resources,

if the associated transport resource is not in a low load state and any of the other
transport resources is in a low load state, setting up the transport bearer on the any
of the other transport resources,

otherwise, rejecting the request.

7. The radio communications network of claim 6, wherein the transport resources
comprise bandwidth or throughput of a channel.

8. The radio communications network of claim 7, wherein if the average measured
utilization rate of the bandwidth is less than a threshold for a duration longer than
a predetermined time interval, the associated transport resource is considered as
being in the low load state.

9. The radio communications network of claim 7, wherein a plurality of users are
assigned to thresholds respectively and for each of the users, if the average
measured utilization rate of the bandwidth is less than the assigned threshold for a
duration longer than a predetermined time interval, the associated transport
resource is considered as being in the low load state.

10. An apparatus for allocating transport resources in a radio communication

network, comprising:

means for receiving a request for setting up a transport bearer corresponding to a
transport service type, the transport service type being associated with one of the
transport resources,

means for setting up the transport bearer on the associated transport resources if
the associated transport resource is in a low load state, or on the other transport
resources if the associated transport resource is not in a low load state and the
other transport resource is in a low load state.
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250 = I TRI X [R) Y, IR JEE 43 i AR B iR I 5/ e AR 3 A T 1) A A
AL UL

AE 26 VY I [P 8) P, BT e 2l b2 s A8 2 HEAE BT 26— BT (Kb 55 (5 8 3 AT — 8L
YN

6. MRAZBOA LK 4 515 Pri® i) 77 i, SRR AR+ AT IR AT/ sdas B e fa BL S
B2 —8 R R EE R SIS REFERE B EAFEE A EREFE LA E
SEAVAE IR
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FER W IZE REORSINING IR T EZRRE

B
[0001] A WIS K JeZedl A 408, TCHD JAE i 70 W 28 vh i L R S I NSl S i it 75 2

[0002] T HAERAMERLLERANFE . — B E L RAE AR E
WIZR, R 2 1 G R A B8 T5 B VIAE G, B, 2 G0 0 Il 4 FH 0 R 4
K AL Z T AR IEAR B F B8 0 4L 8 0 W [E) ELIE g 0 < DLR R 28 i B8 2 3ok
RIS FFBETT o

[0003]  HWHE(E RGN L A FETH = 45y 248 (limeDivision Duplex,
faj#% TDD) J5 2\, 1 4 TD-SCDMA & 4% ;454 2 ik (Frequency Division Duplex, fijFK FDD)
J7E, B HIWCDMA 2240 ;DL 2B XL T FDD (Half Frequency Division Duplex) 75 3., {0 GSM
RY.

[0004] 4 TDD J5 U E B0 m 2  Jo 75 O IR , 485005 FRI s B B LR A S A LR 8
WUHRI R 5 LR AR T F 5 18 AL 5 R P, A R DE R 2R i v R B8 o (HELAZAE LR 6l i 28
5 Dok K B AT CRAR T FDD 72X 5 DA S RE S 8 3 75 1A FDD 75 K,

[0005] 4 FDD 77 A EEAN 2 &S SR RIS  LRE G ORI & X 8. (U HATTE
DL R s« 75 B8 (A0 , i AT MR b g IR 5 18 5L 29 M A FH 774 TRV HE, (675
BRER LMW MER IR s LR B AT S AT A 7E SR e Aol S5 AN R

[0006] =X T FDD 4L FOD LLit, FHLAE i « Zuip Bk 43 B A P B 2 o 10 18 45 44 T 58,
A EEBHAIG 5 LA BN 3 8 FE R 5 IO\ 80 D0 B D 3 2% Th e ) S B MR . B R AT S A
PES R AEXRRME 45 B AN R

[0007]  H T, fEBFFT A0 O 280 # R T 7 AT T 800 4 I A, Wik B2 1T (45 &
A HAR) TiH A fHS Rk L gtk O U T 7 A2 4F (Duplex arrangements
for future broadband radiointerfaces. IST-2003-507581 WINNER D2.5 v1.0)” Xf 7 ff
AT e BTy N HEAT T VRAL 48 FDDL 4L TDD. 2 X T FDD (GSM) « FDD _bAT #id i J ] X TDD.
FDD FAT#iiEd 5| A TDD B )3 (V-4 FDD (Band switched FDD Hybrid) . LA S A% H XX
TDD S5 () XU J5 XU T, (Dual band TDD Hybrid) . M4k, 3RS SRS 4 2 ML A T )
o IXLEREST (1) H 1AL T T 3T R T Al T H3EIE TDDFDD ATy A7 2
A5 2, M2 BRI T TDD A1 EDD AR 5T A TDD A FDD iR

[0008]  WINNER D2.5 vl.0 25 H i D14 iyR 4 FDD (Band switchedFDD Hybrid) {# /4
XTI A RUSRHT Bo 7R 58 — AN TRV BE A, 7R B A F T EAT R RIS SIUB B A AT, 758 —
NI IR) B A5 R 2 a5 AN R) B 0 2 T 5 I 48 S P B i (1 WA s de T AP A B A R B
B 2 [R]5E U, 55 B TR B P AEAIEE A T MAT RIS B FHF HAT. EREEH]
F1ig 20050243748 2 T ILEIBME R4 H TAHH AR AL (0T V14 (Band switching

for coherentbeam forming in full-duplex wireless communication) ”H 23T T iX T
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[0009]  WINNER D2.5 vl.0 %5 H AU RS L (Dual band TDDHybrid) At H e (1
TDD AT , 3X A STRE A FH 5 30 AT BE S A T 7 20A7 44 TDD AL X T (half duplex = (T+F)
DD) .

[0010]  ZEINH IR Z LRI AR o LA BiE mh e B BT A0 R SEAF A TOD. Fon XL 75 24
I8 o

[oo11]  HH N“EAT A TDD/ JERIFDD 73 R E 18 5 R4 Ji ik (Method of operating
a TDD/virtual FDD hierarchical cellulartelecommunication system)” ({5 H|HiE
US20050174954 # H4T —FhAE TDD R 254 FDD 2407778 o 95 00 T, 45 T FDD () 4T85
(1301 A% 38 43 A A iy FDD T AE 77 2N AT 838, A TDD SIiE4E 25 £ FDD TAE /70 1
ATIBIE, EAERE R — A R 19 DD ST 77 Ko i TR A DD 1) EAT A% o ()3 42 40
SRR LA R TS A T FDD B _EAT AR T BT A )

[0012] & ) 4 “— Pl 45 & 4 Rl X BT Al B X 803 10 &R B8 VR (L 5 .
200610003173. 4”) 25 I RG ARG < X FDD S0t AR SO 1 TDD AT B H0) R iy 4k
TR IR AR Er A B 3w, HoAA 2R R T 77 A i & i . 25 F FR s ¢ 6 FDD i
TEFL TDD AUHE £8P S 773002 < AR B T P DUASE T et i o 1, AR R 2 ] LA
FHAR B A A 325 21 g X A0 R0 A g X 400 B ey B 58 Bl 45 5 SR, B4 Rt AR
XS LA SRR A 55 .

[0018] & A g “— P B w0 W T R 4 L AT I W68 1 (0 5 ik” CHAE 5 .
200620169883, 4) #5 H IR I 73 W LR LR AT RE T ) R G RE R wli | 20 DL A FE i i 2%
i G A A R R RS A S AT B i . G, 2Rk A TE AT HR [ IR ) 2 R
TiE R s Zimie F AR N AT B A% BB AR I R AHE B, I HL# A X A
R AT 5 FILE AT T A Bl f5 5 DA 2 16 5 Rk AT . (HZ R WA 45 A A
73 00T A 52 I A A SO 0 HAR O vk S 45 7R 0 247 T 850 R e A OB i SE I
%o

[0014] LA igEc— Mg 0 W T RS FAT R ULEE ) 0 387 (A 5 .
200620171582 5) 25 IR R IN 70 U T R4 N AT Re ) ) B G A % el | 28 g LA B 5 ki FH 2%
Uity J8 (A8 AL ) MUt A AT B ) 0t o 2% ads FH T HE _BAT B0 IS 1 ) i R I R R
B EENTIE AR BAT B g AR bR e AR I AR B I HLZ i 78 X ) S R U
SRAL BAT B A bR IA(E S LA A 7 AT . EOK IS A HIIE 200620169883, 4
B A A R

[0015]  WINNER D2.5 v1.0 &5 H 8 V14 R & FDD BAT LRk a2 « AR R 7 TDD
(5 108 L S, {BAS L 4% TDD A S AR X BRb S5 I B At 19 R0 o 4k, im0y
RIEH U B G TOD KR, 76 RS0 R 22 2% 1 R0 B4 B0 7= e A0t [R) R0 AT Y
I s DA M R4l FDD MR, B2 5k 28 i Rt 46 FE A2 2% BRI T 48

[0016]  WINNER D2.5 v1.0ZyHIFAURAF RS AL (Dual band TDDHybrid) B4R RESZIR
4t TDD A1 T (hal fduplex = (T+F)DD) o {HH:AL TDD XL T 5 sRAFAE R AFE 42 /N T T2kt
JE AR A e 5 3 B XU T AN H A TDD 78S Re AR 0 Rl 45 I S A7 FH A R g 2k

[0017] B2, WA RA R TH AR FEA S S 2 4 TDD J7 U5 #6F i 4t i ZiE 1) B 1)
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RARAEAT s A FDD AT HEXTFRML 5 W) 32 ER e 0 B R R R PR AT . S/ b—FhER AR B TDD
HEEE S AT A R 0GR X T 28 1) T 254, I 64T FDD PR i 1ot i 2 X £ 1K)
— MR L7

LZIRAR

[0018]  Jy T B e BRAT BEA T AFAE B ] DR HH AR B

[0019]  RABAK M AT/, 3-HE T FHFER oA LA O g NS R BRI
VA TR LU AL AR VAR AR 43y AL A (1 55— E st A b fa gl 5%
fF18 5 DL R 78 32 14 LA 73 77 2R R A3 (9 38 AR v it b ket R ARE 1 F0 / slidasill
fH18.

[0020]  Hrb, REIER / BEEHIEEH T ASE LT EEP A —ME 2 Dhisie 4 il
FEHR A RIS K UL BB B AR .

[00211 78 AR 4375 3001 A H 0 25 — A meoxet S 1 i) 2 TR 3 0 22 2o Wk 451 T )
I RAT S — s ERS — 8 i I AT I B2 HR b 5558, ULATE S — AR O i F
Foy el 2o 22 e 4 UL 4515 18 R 7 VR R AT A S — 30y B — Jo el i AT I B 22
M B A58 B e o St MR o 232 pi R 2 K S B A/ s RS i v e
A3 FH S8 Ay RS 2RI T AT I SR 2 HE SIS TR/ S dss I I, AR R AR
XA bR 7 4 i T R SR S R/ BRI T A O vE SR A A B
TIREWIN AT B HE R R TE RN/ SR HIE I .

[0022]  ILrp, fiff H] TR 42 o5 22 20 IR SOUBAE T RN/ ol 45 1 4 DA R B IR S — i
[) DX T) P 5 &% 0 A FH 22 HE A 28 — A0 b ik 45 8 3 1) o 4 2 5 58 B — IR B R B S AE 2R —
() X[ P, 8 72 55 — At b (0 S it s T RN/ Bl R 8 R BB e 4R % s R M I S e
/R e S TE S I TR DX TA) P, 2% AR S AR/ B S O 1R AT N AR R 20
3 DAL AE S DY IR [R] X TR] P 280t OF 22 FEAE 365 — s B DIk 25 (5 AT — B R4
[0023]  JLAb, ff F & 2 LR A R E R / s dlfEE LR PR R
() DA P 5 T 28 i A FE 22 HEAE 58— Mty b 0ol 45 38 0 | 280 56 % — IR B R 5 54628
I [H) DX T) P, T 2642 fO7E 38 00y R R GHBTE A/ B (5 T8 b e 2o e 1) R st F
J/ FUFE A S 7658 — N (R IX TR) P, o e s S IR/ s w8 J3EAT 0 2 A AR
AR 5 LSRR S DY I 8] DX T8) Y, D8 i A8 ZCHFE S — S0ty b B S5 8 AT~ — k3l
R5 o

[0024]  ABAD / ok H B AR UL T E R MR Db —F Ok S D RGBSR
f5 B BB E R B R R DR A E N 4R 1E

[0025]  ARE A< B o5 — 7 T, B4 T — B AR 43 XU 25 e O sh 5] N Ahis AR &R
G, URBARE 20— DR, B RS TAE T Ay b, A A
TN ARG s AN RS, B R TR TR A L, I
A W L egmigif s 2 ok, H TS 58 B nds
REFIER DL AT — ey 558 — R i SR RrE 3 s DL /b — AN a5 b 8 5 )
TG, 5 — 2RI SRR T Tn ek e R, F T SRR R/ sy SRR

[0026]  7EEE— Aty b (5 — I 43 AU O Z5 A I B AT I B p S 50 — R A R 2%
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i (0L 55 AT, FRALS I 20 XU JE e ot R ) AT IR B |42 o7 i 22 58— R4k b i L
FHRIE s LARAESE I S i o U T2 £/ K M AT B P 25— Bk i R
v (BB TEAT / B R T8, RS — I 20 XL G et 45 44 9 AT i it mp it ar 2 42
S AR R R ASHETE / B HIEE

[0027] TRk % v A FH 26 A IR S A TE AT/ sl iR IE SE LS 30 — ek i 2
[R)F) S AT/ s i, AR e R i A R 28—ty ik A5 (T B 5 50 — R RS R
[A) A A 0

[0028]  JE&k & um Al FH o — My LI HJE T 2 5 RSB m k55 [ IE LM 4R 1)
77 AR

[0020] 3R 2Rk SRR — TR SR Y | AR, TR um i 24150 — R s AE
S s B DA BTy AR R BRI R

[0030] 25 " RICEH R R R S e, B R R A SR R S
RICEFE T & AR AL B o

[0031]  5K—R L&l 9 50 SR R R [RIAERT R) B[R]0 AR, AT SeB AT 7346
i LIPS AR

[0032] A MG 7 —BlEROREE TDD £EAFIEH B P L M AT ML 55 1) R PERDBUT 27 0 ]
B, SRS FDD RIS S AR SEIAT 0 — P L7732 JE I AR 5 I 23 U A 15
5 B AR 8] AN 52 T8 il J 1) PR A, R AAE — A Je ol JA S0 P SR (B AR, AT £ e
RGN TER AR T LAE XUz 25 VB iy 3 0 X G b 5 (o Ml 57
WMouh 23 s DL Gy T e A A ) T Se Bt

[0033] A< B I FL R A RVDAC R £ Bl A U8 B 45 v B, 9F L, #8820 BB A U 9 A3 AR
5T 2 L, E A S O S A A I T T A ARSI A At s R A P U
A5 ORI ERAD LUK B P AR TR B O S AR SEBLRI 3R A

i ] 152 AR

[0034]  Bff Fel FH SR (RN A ¢ WY Fg it — 0 0L, O ELAG R B [0 0 — B8 00 o A R TR 5
St — i T TR A T, I AN S AR T B AR P A

[0035] &1 1 27 HERRE A% s W RO TR IR 23 X2 e L 5 A ANT S BB R 70V R RE K
[0036] 18] 2 JE 7R L AR AR e A S A1 () 3 | Nl S B A TE RN 20 X AR 7 B
[0037] Pl 3 2 725 H MR ke A A A ST ) D e e 1) DI e 2 iy A 3R 7 A0 S 158 7 VA IR UAE
FRE

[0038] &) 4 J2& 715 AR AR A W1 W 481 1) I e 2% i [r] S B ¥ SR A S0 SR WA DT R IR U
FEl

[0039] &1 5 &7 H AR AR A BT S ] 10 A P At SR B BRI 20 AT B N R B
[0040] & 6 & A< Hi AR A e B A8 187 5 1 N A b B A A T R XU IR 0 AR R PR R
e B ARSI 7R B s LL &

[oo41] [ 7 J2 7R HA AT S BRIV I 3 XX e e b N R Geitie A H iy = SE 401

BAELEAR
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[0042] DL 4 £ B B A R IR W D012 S A 1R AT U I, B A B, b Ak P AR ) AR 3k s
it AN T U B AR R AR R A, AN TR e AR

[0043] [ 1 J2& 7 HEARAE A HE OB IR 43 0 28 rpgs b g LA SN OB 1R BRI FE P
[0044]  ZMEFE 1, W A K AR 23 XU A5 /2 TR 5| AN A1 BRI 5 15, 1207 L I
DA ARER :S102, 75 8 CU7E LA 43 77 2000 A% ) 5 — AR ot i H A ik 451538 5 L
S S104, 238 [ E LA 43 77 OB A8 A 0 38 AR RO i B R it (s e/ sidss il i
.,

[o045]  Hop, RAGMFEIEAN / sldasthilEE A A UUR & B —F ek 28 Dhisfe 4 i
FEtRA TR KU AF 1B B .

[0046] 1] 2 A2 o1 HEARAR A o B SEBAS 11 o | N A IR X T 0 00 T 5 VR s s
[0047]  ZHRPE 2, 7E VLW 4 77 SO A I 3 — 3R o % (RA, £1) B ekt 2
L VA ETE (  R  £1 ERyJedin 201 B AT 201d 2 HE 4 (E1E LA
S ARSI 1 _EAR R & m A s 3 )TN 55 T ) v 8 HE Sty ©1 B Jegkimi 201 19 1
ATHFBR 2010 224NV 451518

[0048]  {E LA 43 77 A AL H IS R A (R, £2) BRVERTCEIE S 2 4 imif) R
PRIZTERD / BRPSHIE M7 i R AR T 12 F R TEER i 202 BB 202d Z2HE R (= /
S I s ARy £2 1R 2% 2 Jn 2 4 WU OB JE RN/ s s T R 7 e A
s £2 ERJEgemt 202 (1) EATHEER 202u 2o RBHEE R / B HIfE T .

[0049]  [&] 3 J& 7= HAAR I A R B S5 I A7) (1) D e 55 1] DI 2 2 i R 1K 90 S W (K 7 v 1Ryt
F B o

[0050]  Z:HRIE 3, A FH JC 44 il 8 A i AR T AN/ slds il s T HE L 12D IR :S301,
P 55— It 1) DR8] P, 2o i P 2 HERE B £1 _F ol 453038 17 Jo 2k 992 A 5 Il — IR T
S302, 7E 55 N [E] X 8] P, 283 AE AT 72 bR RBRIETE R / sk dilfEiE L e g Sk
RN SARAN / Frds HIE R 55303, 77 5 =B [RI DX 18] iy , 2R AR SO AT/ slds il Zm kA 1 a0k
B UARAL TR 4 5 LA S304, 7R VU IN R X (8] P, 2 um 7 2 HEAE Ay £1 Bk 5518 ik
TN — IR 5

[00511  [&] 4 J& 7 AR B8 A & 9 SR 481) ) T 20 258 0k [v) TC 2892 o5 R 367 A0 R BRI 7 5 1K 9
TR

[0052]  Z:MEIE 4, fi FH 4o 22 S U I REE AL/ B HIE 46 DL 2B 3R (s401,
FE SR — I TR DX TB] W 5 TE R At 22 HECC A0S £1 il 453818 g 2o 50 e — B B4
SA402, 7755 IS RN R P FEER 42 s 7Ry £2 BRI RIS R / B s Riel & k&
SRR AN/ FE EIEAR 55403, 7E 2 =i MK W) PN, JG2k8s AURTR S st/ slodes it ik
AT DB T AR s LUK S404, 76 58 VY i () DX () P » TE 2k e e HEFE i £1 _Efnlk
FARTEHAT T — IR 5t

[0053]  JCUAN / ol EE S DU G B A I A b — R R S TR G R s AR
FREBNERE LS EERERE L. LU B E M S E .

[0054]  [&] 5 J2 7 HH AR A i B S 48] () A0 FE i 90 AR IR IR 23 AU T 2k B N R AR 7= B
[0055]  Z MR 5, #4E A Kk B HOTEIN 70 W T2 b A rh 5l NS R R AR .5 /0
— AR T 501, BRI S TAE B =y (B, £2) b, HAE AN 30T
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TR 202 22 /b— AN g4k 5T 502, 5 R nd e TAE TR — 4y (B, £1)
by FEAEFH I3 AT IR 4544 201 s & /b—AJodk i 503, H T £1 55 22800
2 502 B2 AR FRIE B UL AT AT T2 558 — R L8 8 501 fRFRER: ;LA R D—ANME
AbEE 5 BT 504, AT — IR A1 501 FIAE IR Ei B A 502 RERE, A TS B SAN
/By A

[0056]  H—TLHE S 501 S A& 503 2 [FE S £2 FRIIN 40 XU T 2k 45 5
202 [ AT IV 8 37 oS B A 2 S I ROBHEE AT/ BRI ETE 5 RRE8Em 501
Jigk # i 503 (A A 2 BRI 73 XU JC e 4544 202 (1) FAT I PR 7 6 v 2 o 4k
P R GRS AN / s s 1

[0057] %5 "B TLREE S 502 IR £ 503 2 [al{ HI AT £, E A2 XU 2 i 4
201 [ AT B 7 o8 3 sl 22 Zom DI 55 (518 558 2R e 8k i 502 5 Rk % i 503 2
UF) s P A £, AT 20 BT o4kt Ky 202 B AT IR 2 57 2 28 TR ek 3 m L 5151 .
[0058]  Thzk i 503 HAGME A 1 55 sk T 502 IR FFEERRE )1, DLRAE H
S £2 53R —R 0 AR ERERRE ST . BLAh, JCERZu 503 I8 FATFES R Lk i
P A B £1 PRI S SR Te gk S S S IR U UNE 5 TR B Y R
P

[0059] % ARG IFEA TAE 7 202 ks 503 4 A 2 LA RO R/ sidas il
TSI 5 — RT3 s (AP R R RH / BRdzs ol , DA BAT FHAIARY €1 b 4515 18 SE 5 56
RIS R B R

[0060]  HE— i, Foek & 503 A £1 R RE F 2% 2R ELH S (5
W CZE 5 502a/502b) [k 4515 1 DL 2 S 1 77 3 S IR B AL 4T

[0061]  iF—20h, 5 S Tudedh s 502 ] LIRS £1 Fine £2 XMy B TAR. 78
KRGO, Toek 4t 503 B TAEH 2 B ROBAN / slidas im0 RO A/ alds il S
SN, A AN TR TR B AR £2 A R T RAL L R AT/ s i R
[0062] B RIS AL 502 A JRTELHE M 501 B R B B R TR A B R X I
506 Ly B — AT ;T 78 i X 8 505 [P AL E .

[0063]  H—2RTLRTT i 501 A L& — e R 28, o n] DUg — A WA R Mg M oo
(ISR, B — gk i 501 BU R LU A0 N RSG5 —F 4 Nk Rl e
T BERIRE (ks R RER ) TR E

[0064] b4, B8 A JRER T A 502 T LUE — AN oo B R AR, ] L — A HUE R 8O
SR TTIAA R SR . B8 R TR AR T 502 R ER T LU W FRERZh M 2 — P A R 2R s B
A w2 77 W IR RE Canpe X RER ) PRy R 2R .

[0065] &% "R ILLRT & 502 KRIA LU S, XL BT LR #5118 LR IE, o]
DR PRI L AR 1B (1 gaid ok & 1%, 1 AT U DS I pa b 210 6 5 ORI

[0066] B T KJg T A 502 MR ZR AT Bt 7 3] LICR FH S 4 B ok = N AT 1o

[0067] 25 SRICET a1 601 S G H AN RE R RRL A FIEiE A 501
BHATH BLEEN S 502, sREAFAL T HEERX B 506 58— RILEN SR
T [H 505 AHAZ B IS AR 1 501,

[0068] S TLZR W A 501 AR AR N4 A 502 B ZEAIE <5 R B 501 AHAT
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TR e m 502 BRSO R ST T3 LA — 2R 04 b 5 501 3R = K T3
TRTERE 502 AR Y

[0069] ZE—K L&KW A ER R ALLE A MFHESE T2 T2 —M OteE
BB EE UL TLEE.

[0070]  Jf HAS—28 Ay 5 588 2R gk nZ IR AR TR) BRI TR, DAL A 5 43
R AT E IR R AR, BN, 85— 2Ry 588 2R gehe ri 2 R SR SR 40 ) 7 £ A8
RETE D RS EE (SIID) AL A,

[0071]  [&] 6 J2& 7~ th AR A A B S48 1) 5 | N A A0 R 5 T IR XU B 43 T R e N R
eI H AR 7R ]

[0072] ZHAEI6, IZARGEIE AR I E R R 501, X IS — R RSB A 501 K
T PR R 26, M R e w] LLLLECR R TE ()77 o8 AT 545 T30 3 Jnde e i 502, IX B
fR 58 280 S mUR IR R M R 2 8 A o8 28 i 503, 12 2 HL A 0 = BRI AR5
TEIRE T« T — AR EH AR I HH T2 /I )0 BRI 4 5 568 — 28 T e 4 UM i 2 1)
K IR LUK SR — 2 TC e AR o — RGBS K B IR R S o SRR AR .
AR S S TR RS S NG AL S R 0T 504 AHEERE, (il
AL S IR0 504 1, B 1 SEIREE — 28 R A H Al 38 R A R R AR A B
DNREAL, JESEER J FH T3 28 g i 5 55 b P 45 2 [R5 S5 488 1l 009 W85 S &
JC 601, B0, 7R A5 AL BE AR ) B0 504 WY, SEEL T AR A i e ds )

[0073] 2 52 i 49 Hp V%) T OE R AL B 5 P B0 T 601 2 R UL A A LT gk B D AL E
CPRI (Common Public Radio Intecrface)Specification i, ] DA Ty {8 Hh SE AL AL TH
e (B CPRI VB H I L4k L & #21 (REC) 19 i) 558 28 Judede sl (R CPRI BB
R BT sl (RE) 15 80) 2 B B RIE A A4 AR A2l .

[0074]  FEAMIFTAIRZ RS, 5T 58— Tod i A 601 MR — R B o, H TR
i £2, FR A — AN — 87 KU s I PN AT R 3 0 2 i 3 R R T 102, W
LARBUHE A £1, XL RS A AR B BE RAR S EEs.  MERAU
1 RIS o3 XT3 18 Y o4 2 s A A €2 B SOBTRT /ol £ 2 A 2 S 1o/
B HIE R.

[0075]  #&3))#% i AR5 AL T SRR T 501 B HIT, ZEMU 01 EXF e fg H T4
RIBAE B8 . 502 FATIRIN

[oo76]  {LAEHNT AZ BRI B A LI, T 5 AL PE S48 .70 501 AT 2 A J7 i 4k
o —J7 I, AR AP 535 570 501 ARYE 7> LI VS IR Y ) o B s R T S bk
W RS A 501 R £2 R R / 8% E 18 SEI Y 04 A 2 TR) IR 438
15 B, X G B2 DR NS B —  H G N0 3 5 SRS B 3
HE B TIPS S 55— 5 1, Jo Lk 283 503 T8 b Ad AT £1 b RS 20 XU ok 455 1
HZ A BN TR DA R B 7 AEATIE . X HL, AP S50 501
Je8k % 503 EARIISE R e 2L & AmA A E A I 5 S BAE VB AR, AL E A SR
FLHE 3 R0 T 502h. 5021502 j. T2, 15 AL L 45 i #7501 F) T4k i 502h,
5021.502j LAERSRIM 734 (VEBNER I IR &1 o gk i LAINH R I VA A 22 L B R R 1 77
KRB SSHAR ) 78077 X o g #am R Ie b 5548
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[0077]  TE£k%ui 503 BRI E B ALKT, M (E 4 H 586 50 501 BAT 5608 A BAH[R
(KRR BE D BR, (H A2, CERT 9 7 SR (VR B ARG <3 2R 04 3 502k, 5021 .

[0078] A SE i 5] H, BT ak 2R 2R G £k B SR/ R AE (PHS :PersonalHandy-phone
System) 3BT IRIEAT 22, B Pk B IR B AR an R 2 —FPEkE 2 A0 bk R
TRE AR AR A,

[0079] At f5) /2 LAJZ [R) RN ZE P I BtE SR ) 7 ) 2 5 43 B b 401, 42 F R (R L IR 7 2K
g s &7 3, tn] LLSg i HAh 7y s R S or B 4 oy i 2

[0080] A5 it {41 iz LA J2 1) St o B4 5 S5 B A 491, 4 B TR (KU 2 9y =R s R N =y
2, AT DUSE it PR R k3 20 4
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et CC Ak AT & UB Bl '8 s CC, {H1% CC L) PRB T4 7 1e 4 HiAth UE, ) i% CC
VA % UL B] D PRB, v ot ] H CC,

[0061]  7F kT &S jtafsl i 25 b, 2 7 ARAIE UE W45 i =, Al UE Z A Ak,
T ABEE FEAS U BRRAEERAS CC _EnT ] PRB B i) B FR o Tl4% FR 8 52 19 UE nT ] CC R 1
PSRRI, iz UE T P A v iy, BARTRYE i UE 54 CC_EWTH PRB £z R, 4
% UE Vi AR IR . AREAEREAS CC | 2h% UB 43 PRB S A it BB 10 LR .

[o062] iz CA REEE T 3 Al &R, 43 mad Ak CCL. CC2 M CC3. LANAT IR AE A,
BN AT AL S E T T B R 2 B, BAR SR T HRE -

[0063]  DUE 200 i 7E  AiA f5 AR K BT A UE A S5 407 FAT TR R UE,
[o064] i fT 3 A UE S5 Y01 AT Pl A, 47l id 48 UEL, UE2. 1 LE3.

[0065] LR 210 R 4E-% UE 7F L0 HI CC LR I E B FE, SR MAX C/T 5875402 % UR
(iR AL e

[oo66] {1 UEL RATACE T — P HRSS/DIX, XY CCL, UE2 M FTECE T P IRSS/X, 43090l
XFRY CC2 AT CC3, URS HRTALE T =ARS/NX, 73 BIXT Y CC1. CC2 AT CC3.

[0067]  UEL 7 CCL XMy e | (¥~-3515 18 5 &, oAy WUEL sUE2 71 CC2 i CC3 X WA 9 I
[ B {538 F iR, 10 ok WUE2 UES £F CCLLCC2 T CC3 A [l 38 B E A 518 R &, 10 4 WUES,
[0068] {5 1 Wypo > Woe W WUIBF 52 24 A0 N AT 7T, UE (A8 BE AR S 48 bR )7y UE2UEL UE3.
[0069] o 25 HH () 2, ACSTRES L LU MAX C/1 E1yERAE % UB [ UL SE g —Fhas
B, wIIER, n] LUR A PR AL RR SRS 25 UR (R FE LR
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[0070] DR 220 5E UE2 W] H CC ¥ B AR 5540, I L UE2 W] OC WU FE A SR 4 PP,
y UE2 1 JE 3 R

(00711 FAKRY, UE2 W] H] CC 2 CC2 A1 CC3. R bl A —5230 7 s GHZ P~ a] i CC 34T
DRSS HE Y FH A X AR F CC [ BEAR G4 R Ce2>CC3. MG 2A4 UE2 43 CC2
BRI, R AE CC2 b SERON UR2 IR IE A0 IC ) UR2 {5 e Ak it , b 7524 UR2 43
fitl CC3 L8

[0072] 3B 230, K UEL YR/ CC1 b4 & I

[0073] 1T UEL W]l cC HAT—>, Bl CCl. Rt T LA CCL (R AR sE ok, o
HHAT OC AN e Hk Iy, B4 UEL 43E CC1 by BR i

[0074] DR 240 52 UE3 n] H CC I8 BEAR 5645, JF4% H8 UE3 nl FH CC 1R FE L e 4 b4 7,
S UB3 1 B 3 IR

[o075]  EAARY, UE3 RJH CC A CC1.CC2 F1 CC3o KA B AT— 3L 77 LXK =af H CC
AT RIS LA HE T B IR i = CC [ FE R 4240 A CCL>CC3>CC2. 48 A UE3 43 Bit CCL
R IR REAE CCL b 5E iR UE3 It U 7 FL A » UE 15 A AL S, 75 o4 UE3 43l CC3
YR, AR CC3 oA UE3 23 Be (0 YR e A% 2K 3 UE3 BTl el 2 (M e AR B it , AR ik
X UE3 Bs YR 73 Bl 45 oK), AFEAE CC2 F24 UES 73 Bl 9

[0076] A 5E AN LELUE2 R UES BB U5 43 LI » S4B T AT I i = 5 0 9 s T 45
[0077] &l 2 fFrom LU AT YR FE A6 A S B S AT i BH . Wi L ), AR A BH S
PP AR VA RIS A T EAT A, ARSIy UnT LS AT R IX AN AR ER .
[0078] T 5 77 RN & THAG AR, 4% R AH St 49 b 42 (0t — b B2 s J 28, L i
Bl 3 B, ARSI gsfaan + -

[0079] B3R RE B G 301, F -l o 45 & IR 8 S 00 S0 4%

[0080]  AHUEL 1A F T 302, H T34 B &5 2 I B A e 4 P AR IR g 45 A 2o R R mT
R AR _ETREUR

(00811 b, & Ao iR K v F 0 A IR YR N, T s K G 302 Rk
ﬂ: :

[0082]  fiffi s ik £ uify ] JT] Al o 23 ip ()R FE AR 56 41

[0083] iz H fff 5 11 Pr s &8¢ ity ™) FH) o 523 28906 (0 i) 00 5 0 WA T A B 4% s ) P52 208 %
[0084]  EfEHh, TIAR I B #oc 301 HAAH + -

[0085] MR 5 i AF IL T FH A SR 3R B P (S 0 T, SR FH IE BU 2 IE B3 o2 15 8 iy
VR B

[oo86] I % Zeum AR W] F s SR B bR T34 P, SR e K3 T b Bk e 4 2
ity (U FE LB 2

[0087] & L IR 7o 2 B STt 491, Al o s 4% iy M P Rl R 280 1 U P A S R, AU
5T 302 BRI 0O 20, T e A LR

[oos8]  (—) MBI AL AT 302 HAAHF -

[00891  MA IR 25 w0 B HL M 1 R 0t 8008, RS RT L PRB 1 1l 5 253 8 49 ] FH
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[0000] 4% I3k 8 i T4 A ] R R B0 B P I s HE T, 108 &) AR 3
NI vl

(00911 (=) Mdkifl 8ot 302 HAKH T -

[0092] WA BT IR v B HLIBGE IR 80 5 80 T, TE A W] PRB [ 52 e 4 ] H ik
R

[0093] 4% M8 KANT] H A B B rT H PRB RIS HERS, A 0 25 ] H Rl s 3 i o P A
W

[0094] (=D Mb{i AL IT 302 HAAH T -

[00951  MCA IR £ v 0 B HLG 1 R ot 8008, TR RS R T PRB 1 1l 5 253 8 49 ] T
Ak A

[0096]  HRHE T i s 70 25N 1 A e 03 2 ) 45 0 i R 4% A SR i AT PR 4
& 108 ST A R Bk b RR R AR S =

[0097] 4% WA 1T HI A 72 2% b BE 8 AR R BR BHE T » 1 50 25T s R 0 1 1
s .

[oo98]  (PU) Mtk i B2 #A T 302 HAAHF -

[00991  MCA FITIAR i 0 B HLIe 1 i ot 800, TR R T PRB R 1l 52 3 B 4 ] T
TR

[0100] 4% I AT Ik 2 a7 25 AN ] F Rl 2 B 0 P 2 A it R HE P, 7 08 51 ] i Rk R 3%
W VLA

[0101] T FlT B Slido) i (2 8, S e Hh, Pk AU 5 82 oo 302 dE— B T -
[0102]  FRFE v i Z i 78 85 A 4 02 Bl bnl A PRB B 1 1 PR, Ay Bk 2% i ) 2008k %
P

[0103] AR, ARSI AR 52 AT LUK A& BT REAT 5 el ) AR ROV AN ot 5 AN % BT 1R R
PRI o IXHFE, M AR & BH 110 A s 5 RN A0 7R S T A 2 B AR T e B HL 25 [ i A 1
Z 0 A R B P X S s R AR R TE Y
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From the INTERNATIONAL STARCHNG AUTHORITY &
To ; -
30000000800000000C
160844
100044 S S
-8tk Floor Tower &, Hundred Ystand Park, Bei Zhan| s

Chang Tsi & Partuers INTERNATIONAL SEARCHING AUTHORITY

{(BOT Rule 43 Bis 1)
Dt of maibing{depmontlsiear)
24, Apr, 2E15{84, 64, 2015}
Ps.or agent’s fik seference IFOT FURTHER ACTION

Appies

CPCT-340021 A
CET-14002 See parugraph 2 below
International apphication Ne. Intemational filing dute(dayomtiryeast {Pricvity date (havimontdevear)

PCTACNZO14/083578 0L, Ang. 9014 {01. 08, 2014}

Toternational Patent Classifteatton (IPC) or both nativnal classiSension and 10
RO4R 72/708(2008. 01} %

Appiﬁ::mi
Frpive Techuology Development WL ot &l

. This opinion coftains tdivations relating to the following ftans:
BoxNe: T Rasis of the opinion
L Boxnedr prory
1 BoxNo. 1 Nenestablishaent of oprion with regard to novelty, nventtve ste fnd tntustrial applivability
Box Mo, IV Lack of unity ol invention
BoaNo. V. Reasoned statement sodar Bule 43645 o)) with xegeed to aovelty lnventive step or industial

8 O

applivability; citations and expdunationg sapponing such statertent
i BoxNo. VI Certain docnments cited
B poxe. VI Cortain defeets i Ge international appleation
£ Box No VI Certain vbservations on theintermasionat application

2. FURTHER ACTION
Ha devand for ntormational proliminary exanination is made, this optton wiff be considered 16 be & writien opinien
of the friternational Prelimimary Examining Antbority {TFEAT} exvept it this dacs ot apply where the apgdicant
chooses s Authodty other then (s one to be the PEA and ths chosen IPEA hes notified the Fismational Boreau
under Ruls 66 This(bY that weitten opindons of dile Ftematinnal Sesrching Anthority will not be o considerad.

1 s opinion 15, a5 provided above, constdered to be'a writie spinion of the [PRA, the applieant is nvited to'sebmit
i the IPEA & written veply together, where appropriate, with awendwments, Sefore the expiration of 3 months from the
dateof mailing of Foom PCTASALI0 or before the expiration of 22 months from the priovily date, whichever expires
Yater.
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~ For further opitions, see Foam POTISAM20,
3. For farther details, seenotes fo Form PCTASAZI0.
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Bax Moo V' Reasoned stateonent under Raix: £3Bis, o) with vegard to noveliy, investise swep ox issdusivial

spplicebility; citations aud ex phmtsom supporiing such statersest

1o Sumement:

Roveliy () Claims 180 YES
Clats None R@

Inventive dip (18} Clasms 1220 YER
Cladns Boge WY

Industriad applicability A Clawns £220 YES

Clatms Mong MO

£ Clntions and explanations
Referance is made to the following documents
WOR010075638 A1 08 July 2010{08.07 2010}
01 discloses a resouwrce allocation method in & communication system and
specifically discloses the following technical features {see desaription, page 2 line 21
to pags 3 line 22} the present irvention provides 8 method, comgrising a first step of
recelving & reguest for selfing up 8 tanspor! bearer corresponding to a transport
service type, the transport service type being associated with one of the transport
rasources; if the associated fransport resource is in g jow Iosed siate, the transport
bearer is set up on the associated fransport resowrce; §f the associated transport
resource is not in a low load state and any of the other fransport resources is in 8 low,
load state, the transport bearer is set up o the any of the other transport resources.
The subject matter of claime 1 and 20 differs from D1 in that 1) the communication
resources are allocated by & base statiom; 2§ the method comprises: assigring the
first frequency spectrum resource to a shared resource pool based on the
datermined quality status of the first frequency spectium rescurcs, detsrmining an
updated divectiong gilooation of communication resources for the base siation after
scheduing the second frequency spectrum resource, and selecting the first
frequency spectium resource from the sharsd resource pool and scheduling the first
frequency spectrum resource for either the uplink chamnat or the downlink channet
based on the determined updated directional allocation of communication resources
for the base station. The subject malter of claim 20 further differs from D1 in that &
non-transifory computerreadable medium includes compuler-executable
instructions stored thereon, which in response o exacution by 8 processor, cause
the ;arr:r:essw o parform or ;csﬂLz" ;‘:} srformance of *ne r*:ethad TF‘ELE:) @@asfm\‘f\\ d
araalsg noveal in thm SENISE ﬁf ?f‘TAﬁ il 33’2‘ ;
Tha subject matter of claim 11 differs fromy D1 In that 1) the basal

first fequency speclrum resouwrse 1o 2 shared resource

Fonn POTASARI N Box Mo, ¥ (Faly 20093
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determined quality status of the first fr:ﬁcs WENCY spectrum resauime, and schadules
the first frequency spactrum resaurce based on an updated directional allccation of
frequency spectrum resources; 2) the base station comprises @ qualily status
module, & processor module and g scheduler modude. Thus, daim 11 is novel in the
sense of PCT Article 33(2). Accordingly, dependent claims 12-18 are alse noved in
the sense of PCT Arlicle 33(2).

The prior axt, considered individually or in combination, does not teach or fairly
suggest the claimed inventions comprising the methods clsimed in daims 1-10, the
wiraless  base stations daimed in claims 1119 and the nondransitory
somputerraadable medium claimed in claim 20, Consequently, the subject-matters
of the claims 1-20 are not obvicus to the skiled in the fisld and involve inventive
steps in the sense of PCT Article 33(3).

The fechnicsl solitions of caims 1-20 can be applied In the field of mobile
sommunications and are industrially applicable in the sense of PCT Article 3344

hy

Foum POTASAZ TN Box No, V) (hiy 2009)
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid CMB control number.

Attorney Docket Number | 11013.10213US01

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2
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[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 44521

Email Address xinova-docket@clairvolex.com [ Add Email | [Remove Email

Application Information:

Title of the Invention DAFPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

Attorney Docket Number| [1013.10213US01 Small Entity Status Claimed [ ]

Application Type Nonprovisional ~
Subject Matter Utility v
Total Number of Drawing Sheets (if any) 8 Suggested Figure for Publication (if any)
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Attorney Docket Number | 11013.10213US01

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

Filing By Reference:

Only complete this section when filing an applicatiocn by reference under 35 U.S.C. 111(c) and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner (O Limited Recognition (37 CFR 11 9)
Customer Number 144521

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(g), 120, 121, or 365(c} or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required
by 35 US.C.119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the applicaticn number blank.

Prior Application Status -

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
A 371 of international | PCT/CN2014/083578 P314-08-01
Additional Domestic Benefit/National Stage Data may be generated within this form 2
by selecting the Add button.
Foreign Priority Information: Ex.1002.00096
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. Attorney Docket Number | 11013.10213US01
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h){1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

| Remove |
Application Number Cc>untryI Filing Date (YYYY-MM-DD) Access Codé (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

[X] Authorization to Permit Access to the Instant Application by the Participating Offices
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

If checked, the undersigned hereby grants the USFTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPQ), the Korean Intellectual Froperty Office {(KIPQO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14{(c) and (h). This box should not be checked if the applicant
does not wish the EPQO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{(c), access may be provided to information conceming the date o ffiling this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

vI

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. X

Organization Name | b\ ibIRE TECHNOLOGY DEVELOPMENT LLG

Mailing Address Information For Applicant:

Address 1 P711 Centerville Road

Address 2 Suite 400

City ilmington State/Province DE
Countrf JS Postal Code 19808
Phone Number Fax Number
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee |1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name | byio\rE TECHNOLOGY DEVELOPMENT LLG
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 P711 Centerville Road
Address 2 Suite 400
City Milmington State/Province DE
Countryi Us Postal Code 19808
Phone Number Fax Number
Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 2

selecting the Add button.

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications.

Signature |/R. Burns Israelsen Reg. No. 42685/ Date (YYYY-MM-DD)| [2017-01-31
First Name | R.Bums Last Name | [Israelsen Registration Number | Y2685
Additional Signature may be generated within this form by selecting the Add button. Add
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandna, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.8.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Cffice may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act {56 U.5.C. 552)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine

whether the Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in

order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent C o o p eration Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency’s responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2804 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were|
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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STATEMENT BY APPLICANT
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Aftorney Docket Number 11013.10213US01
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Initial Number Code’| Date of cited Document
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Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

First Named Inventor | Anpeng HUANG
Art Unit

Examiner Name

Aftorney Docket Number 11013.10213US01

CHINA ACADEMY OF
4 CN103874221A CN A 2014-06-18 TELECOMMUNICATION | See english abstract X
5 TECHNOLOGY

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

1 COSTA, E_, et al_, "Duplex arrangements for future broadband radio interfaces,” D2 5 v1.1, in Information Society
ITechnologies, pages 121 (October 30, 2004)

International Search Report and Written Opinion for International Application No. PCT/CN2014/083578 mailed on April
P4, 2015, pages 8

If you wish to add additional non-patent literature document citation information please click the Add button| Add
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 9 Applicant is to place a check mark here if|
English language translation is attached.
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Filing Date

INFORMATION DISCLOSURE

First Named Inventor | Anpeng HUANG
STATEMENT BY APPLICANT

. Art Unit
( Not for submission under 37 CFR 1.9%)

Examiner Name

Aftorney Docket Number 11013.10213US01

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /R. Bums Israelsen Reg. No. 42685/ Date (YYYY-MM-DD) 2017-01-31

Name/Print R. Burns Israelsen Registration Number 42685

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt
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Application Number: 15500928
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ADAPTIVE COMMUNICATION BRESOCURCE ALLOCATION IN A WIRELESS NETWORK

BACKGROUND

[0601] Unless otherwise indicated herein, the approaches described in this section are not
prior art o the claims in this application and are not admitied {0 be prior art by inciusion in
this section.

[0002] In recent years, wireless communication has become increasingly commonplace,
with an accompanying improvement in the reliability of such service. However, with the
development and ubiquitous use of mobile internet devices, such as smart phones and the
like, there has been explosive growth in the use of mobile Internet services, resulting in
wirgless traffic levels that may potentially exhaust available bandwidth., According to some
forecasts of global mobile data traffic, smart phones represenied only approximately 18
percent of total global handsets in use in 2012, bui represented approximately 92 percent of
total giobal handset traffic. VWith the total number of smart phones and other mobile Internet
devices continuing to rise, giobal mobile data traffic in 2020 may be expectad 1o reach
approximately 500 fo 1000 times that of such fraffic in 2013. Consequently, any
improvement in the efficient use of availabie wireless communication spectrum is a potential

chalienge to be addressed.
SUMMARY

(00031 In accordance with at least some embodiments of the present disclosure, a method
for a base station of a wireless network o allocate communication resources between uplink
and downlink channels comprises determining a quality status of a first frequency spectrum
resource that is available for use by the base siation for an uplink or downlink channel;
assigning the first frequency spectrum resource to a shared resource pool based on the
determined guality status of the first frequency spectrum resource; scheduling a second
frequency spectrum rescurce that is available for use by the base station for the uplink or
downiink channel based on an inilial directional aliocation of communication resources for
the base station; after scheduling the second freguency spectrum resource for the base
station, determining an updated directional allocation of communication resources for the
base station; and selecting the first frequency spectrum resource from the shared resource
pool and scheduling the first frequency spectrum resource for sither the uplink channel or
the downlink channel based on the determined updated directional allocation of

communication rescurces for the base station.
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00041 In accordance with at least some embodiments of the present disclosure, a wireless
base station for a wireless communication network comprises a quality status module, a
processor module, a scheduler module, and a memory. The quality status module is
configured to determine a quality status of a first frequency spectrum resource associated
with an air interface that is available for use by the wireless base station for an uplink
channel or a downlink channel, and to determine a quality status of a second frequency
spectrum resource associated with the air interface that is available for use by the wireless
base station for an uplink channel or downlink channel. The processor module is coupled to
the quality status module and configured to assign the first frequency spectrum resource 1o
a shared resource pool based on the determined quality status of the first frequency
spectrum rescurce. The scheduler module is coupled to the processor module and
configured to schadule the second frequency spectrum resource for an uplink channe! or
downiink channel based on an iniial directional allocation of frequency spectrum resources
for the wireless base station and o schedule the first frequency spectrum resource based
on an updaied directional aliocation of freguency spectrum resources for the wirgless base

station.

(00051 The foregoing summary is illustrative only and is not intended o be in any way
Himiting. In addition {o the illustrative aspects, embodiments, and features described above,
further aspects, embodiments, and features will become apparent by reference to the

drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[00G6] The foregoing and other features of the present disclosure will become more fully
apparent from the following description and appended claims, taken in conjunction with the
accompanying drawings. These drawings depict only several embodiments in accordance
with the disclosure and are, therefore, not to be considerad limiting of ifs scope. The
disclosure will be described with addilional specificity and detail through use of the

accompanying drawings.

F0007] FIG. 1 illustrates a wirgless mobile network, according to one or more embodiments

of the disclosure;

FIG. 2A illustrates an exampie of a frequency-division duplex allocation scheme

applied to a radio frame and a plurality of frequency spectrum rescurces;
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FiG. 2B illustrates an example of a time-division duplex allocation scheme applied o
a radio frame and multiple subcarriers;

FIG. 2C illustrates an example of an adaptive radio resource allocation scheme
applied to a radio frame and mulliple subcarriers, according to at least some embodiments
of the present disclosure;

FIG. 3 illustrates example multiple consecutive homogeneous frames, configured

according to at least some embodiments of the disclosure;

FIG. 4 sets forth a flowchart of an example method for a base station of a wireless
network to allocate communication resources between uplink and downlink channeis,

according to an embodiment of the disclosure;

FiG. 5 is a block diagram of an illustrative embodiment of a computer program

product to impiement a method for dynamic resource allocation in a wireless network; and

FIG. 6 is a block diagram illustrating an example computing device, according to at
least some embodimentis of the present disclosure.

DETAILED DESCRIPTION

fG008] In the following detailed description, reference is made to the accompanying
drawings, which form a part hersof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The ilustrative embodiments described in
the detailed description, drawings, and claims are not meant (o be limiting. Other
embodiments may be utilized, and other changes may be made, without departing from the
spirit or scope of the subject matter presentied here. The aspects of the disclosure, as
generally described herein, and illustrated in the Figures, can be arranged, subsiituted,
combined, and designed in a wide variety of different configurations, all of which are

explicitly contemplated and made part of this disclosure.

[0009] This disclosure is generally drawn, infer alia, 10 methods, apparatus, systems,
devices, and computer program products related o allocating communication resources in a

wireless network between uplink and downlink channels.

{00101 As described above, demand for the limited spectrum available for wireless
communication may be high and increasing quickly as mobile Internet use becomes part of

daily life for more and more consumers. in addition, the wireless {raffic currently being

3
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carried by wireless communication networks may be both "bursty” and asymmetric. Bursty
traffic may be characterized by unpredictable and sudden increases and decreases in
volume. For example, in modern wireless communication networks, a particular cell base
station may have widely variagble and somewhat random peak hours. This may be due, for
example, to approximately 1% of users typically generating more than about 80% of daily
network traffic, and less than approximately 10% of users generating about 80% of daily
network traffic. Asymmetric fraffic may be characterized by a large disparity between total
volume associated with uplink channels and downlink channels at a particular time. For
example, more than approximalely 75% of daily network load may be typically associated

with downiink traffic.

f0011] Such bursty and asymmetric wirgless fraffic can significantly undermine the ability of
a node (such as a cell base stalion) of a wireless mobile network to efficiently utilize
available frequency spectrum resources. This may be because duplex communication
schemes commonly used in wireless mobile networks, such as time-division duplex (TDD)
and frequency-division duplex (FDD) systems, may typically be unable to employ all
available frequency spectrum resources when uplink and downlink traffic is constantly
changing. Because the transmission signal strength at a node may be orders of magnitude
greater than the reception signal strength, a transceiver for the node may typically be
constrained o receive or transmit in a particular frequency band rather than transmitting and
receiving in the band simultaneously. Consequently, uplink channels (for receiving data)
and downlink channels for fransmitting data) of the node may be separated in the
frequency and/or the time domain. This siatic or semi-static aliocation of uplink and
downiink channels can result in unused or underutilized frequency spectrum resources
when uplink and downlink traffic loads change between the node and the mobile stations
{e.g., mobile phones or mobile computers using a mobile broadband adapter) serviced by
the node. According o some embodiments, a wireless network may be configured to
reduce or substantially eliminate unused or underutilized frequency spectrum resources.

One such wireless network is ilustrated in FIG. 1.

f0012] FIG. 1 illustrates a wireless mobile network 100, according to one or more
embodiments of the disclosure. Wireless mobile network 100 may include at least one node
110 and at ieast one wireless device 120, and may include other components {(which are not
ilustrated herein for purposes of brevity and clarity). Node 110 may be embodied as a celi
base station, a base transceiver station (BTS), an evoived node B (eNodeB), or other device

that is communicatively coupled 1o or included in wirgless mobile network 100 and is

4
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configured o communicate with wireless device 120. Wireless device 120, also referred o
as a mobile station (MS) or as user equipment (UE), may be embodied as a mobile handset,
a laptop computer equipped with a mobile broadband adapier, or any other device suitabiy

configured to connect to or otherwise communicate with node 110,

[0013] Node 110 may include a transceiver module 111, a processor module 112, and a
memory 115, Transceiver module 111 may be configured to communicate with one or more
wireless devices 120 via an air interface 130 using uplink and downlink channels, the
allocation of which is described below in conjunction with FIG. 2C. For example, transceiver
module 111 may include a transmitter to transmit data to one or more wireless devices 120
via downlink channels established by node 110 and a receiver o receive data from one or
more wireless devices 120 via uplink channels established by node 110, Memory 115 may
include a downlink resource pool 116, an uplink resource pooi 117, and a shared resource

pool 118, each of which is described in greater detail below in conjunction with FIG. 2C.

[0014] Processor module 112 may be configured (o control and/or perform the operations of
node 110, In some embodiments, processor module 112 may include a quality status
module 113 configured to determine a quality status of frequency spectrum resources
associated with air interface 130 that are available for use by node 110 for an uplink or
downiink channel, where air interface 130 may include the radic-based communication link
between wireless device 120 and node 110, In such embodiments, guality status module
113 may determine the quality status of each frequency spectrum resources associated with
air interface 130 based on channel quality indicator (CQI), received interference power (RIP),
and/or any other suitable quality metric or key performance indicator, such as R3S,
acknowledgement/negative acknowledgement (ACK/NACK) frequency, dropping rale, block
error rate, bit error rale, signal-to-interference-plus-noise ratio (SINR}, etc. In some
embodiments, processor moduie 112 may include a scheduler module 114 configured to
schedule frequency specirum resources associated with air interface 130 based on a target
directional allocation of radio resources {(e.q., frequency spectrum rescurces) for node 110,
The target directional allocation of such resources may be based at least in part on current
resource requests from node 110 (e.g., processor module 111) and from the one or more
wireless devices 120 serviced by nede 110, Thus, when resource requests for downlink
traffic from node 110 are greater than resource requests for uplink traffic from the one or
more wireless devices 120 serviced by node 110, scheduler module 114 may allocate
frequency spectrum resources between uplink and downlink channels accordingiy.

According to some embodiments, the allocation of each specific frequency spectrum
5
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resource available to node 10 as either an uplink and downlink channel by scheduler
module 114 (i.e., directional allocation of communication resources for the base station) may
bhe based at least in part on whether the specific fregquency specirum resource has been
assigned to downlink rescurce pool 1186, uplink resource pool 117, or shared resource pool
118. Such embediments are described below in conjunction with FIGS. 2C and 4. The
various elements of node 110 may be operatively coupled to each other, and may comprise
components of hardware, software (or other computer-readable instruction stored on a non-
trangitory computer-readable medium and executable by one or more processors), or a

combination of hardware and software {including firmware).

F0015] Wireless device 120 may include a transceiver module 121 and a processor module
122 operatively coupled to each other. Transceiver module 121 may include hardware,
software, and/or firmware compenents or combinations thereof suitable for communicating
with node 110 via uplink and downlink channels established by node 110. Processor
module 122 may inciude software and/or firmware components or combinations thereof that
enable wireiess device 120 to provide information to node 110 for determining COH, RIP
and/or any cther suitable guality metric of frequency spectrum resources associated with air
interface 130.

f0018] FIGS. 2A-2C illustrate examples of the allocation of frequency spectrum resources
for nodes of a wireless mobile network, according o various duplex communication
schemes. Specifically, FiG. 2A Hlustrates frequency spectrum resource allocation employing
FDD; FIG. 2B illustrates frequency spectrum resource allocation employing TDD; and FIG.
2C illustrates adaptive frequency spectrum resource allocation in wireless mobile network

100 according to al least some embodiments of the present disclosure.

[0017] FIG. 2A iHlustrates an example of an FDD allocation scheme 210 applied fo a radio
frame 200 and a plurality of frequency spectrum resources, subcarriers 201-206. Radio
frame 200 may be one of a pluralily of recurrent data blocks that are associated with a node
of a wirgless mobile network, whare each radio frame 200 corresponds to a time slot of fixed
iength, for example 10 ms. Radio frame 200 may include a fixed number (for instance, ten)
of subframes 207. Each of subframes 207 may occupy a time slot and may be, for example,
1 ms second in duration. Each of subcarriers 201-208 may be a freguency spectrum
resource thal may be available for use by the node as sither an uplink channel or a downlink
channel, such as a unique frequency band. Together, radio frame 200 and subcarriers 201-
208 may make up an air interface for the portion of the wireless mobile network associated

&
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with the node. s noted that such air interface may include fewer than six subcarriers 201-
206 or many more than six subcarriers 201-2086. For example, in long term eveolution (LTE)
networks, a minimum of 72 subcarriers may be employed at a particular node or base

station.

[0018] In FDD allocation scheme 210, the transmitter and the receiver of the node may
operate at different carrier frequencies. Stated in anocther way, the fransmitter may use
some of subcarriers 201-206 as downiink channels, and the receiver may use other of
subcarriers 201-206 as uplink channels. Furthermore, in FDD aliocation scheme 210,
downiink and uplink channels may usually be operated in paired specira, in which the same
amount of radio resources are reserved for downlink channels and for uplink channeis. In
the example iliustrated in FIG. 2A, the node may employ subcarriers 201-203 for uplink
channels and subcarriers 204-206 for downlink channels. Generally, FDD alleccation
scheme 210 may be more suited to applications like voice calls, whose bidirectional
capacity requirements are equal, but is less suitabie for Internet applications due o the
asymmetric and bursty traffic characterized thereby. To wit, even when downlink traffic from
the node to wireless devices greatly exceads uplink traffic from the wireless devices to the
node, in FDD aliocation scheme 210, the number of subcarriers 201-206 allocated as uplink
channels (e.q., subcarriers 201-203) may remain sgual to the number of subcarriers 201~
206 that are zliocated as downlink channels {e.g., subcarriers 204-208). Therefore, some or
most of subcarriers 201-203 may be idle or underutilized at the same time that subcarriers
204-206 cannot satisfy all downlink requests.

f0019] FIG. 2B iliusirates an example of a TDD allocation scheme 220 applied to radio
frame 200 and subcarriers 201-208. TDD allocation scheme 220 may be based upon using
the sames frequency spectrum resources (subcarriers 201-208) for both uplink and downlink
transmission, where wireless devices and a node do not transmif concurrently. Thus, any
one of subcarriers 201-208 may be used for an uplink channel and for a downlink channel
during radio frame 200, albeit during different subframes 207. As shown in FIG. 2B, each of
subcarriers 201-208 may be used for a downlink channel during subframes 207A and
subframes 207F-207J, and for an uplink channe! during subframes 207C-207E. When the
proportion of uplink and downlink traffic changes, the number of subframes 207 during
which subcarriers 201-208 are used for uplink channels and the number of subframes 207
during which subcarriers 201-206 are used for downlink channels can be reconfigured

accordingly.

~}
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00201 TDD aliocation scheme 220 may be useful for applications with traffic asymmetry,
such as when downlink traffic far exceeds uplink traffic (or vice-versa) during a particular
radio frame. However, TDD allocation scheme 220 may also have drawbacks. First, there
may generally be a limited number of different configurations available, typically seven, for
the allocation of subcarriers 201-208 as uplink and downlink channels. So while the
proportion of uplink channel capacity and downlink channel capacity for the node can be
varied, the granularity of options may be limited. Therefore, some of subcarriers 201-208
may usually be underutilized in each radio frame 200, since the proportion of uplink channel
capacity and downlink channel capacity for the node may nol be closely maliched to the

current requirements of the node and the wireless devices.

f0021] Second, in TDD aliccation scheme 220 each radio frame 200 may generally include
at least one guard period 217, which may expend frequency spectrum resources
{subcarriers 201-206) that could otherwise be employed as uplink or downlink channels.
Guard period 217, also sometimes referred to as a “guard interval,” may be used to ensure
that distinct transmissions do not interfere with one another. For example, guard peried 217
may prevent downlink transmissions carried by subcarrier 201 in an sarlier portion of
subframe 207B from interfering with uplink transmissions carried by subcarrier 201 in a later
portion of subframe 2078. Thus, during guard pericd 217, data may generally not be
interpreted by the node or the wirgless devices. Guard period 217 may be a period of time
that could be typically longer than the delay spread associated with uplink and downlink
channels available to the node. To avoid data loss and o reduce interference caused by
propagation delay between each user timesiot (a contiguous series of subframes used by
aeither the node or the wireless device) and a following user timesiot, one or more guard
periods 217 may be used in each radio frame 200. Typically, each user timeslot may end

with such a guard period.

f002231 Third, TDD allocation schaeme 220 may rely on discontinuous transmission of uplink
and downlink traffic to separate uplink and downlink transmission, for example using the
above-described guard periods 217. Discontinucus transmission could degrade

performance of radio frequency (RF) power amplifiers in transmitters.

f00231 Fourth, implementation of TDD allocation scheme 220 may involve exira signaling
overhead. Specifically, for each of the different configurations available for the allocation of
subcarriers 201-206 as uplink and downlink channels with respect to subframes 107,

configuration information may be transmitted to and/or from the wireless devices and the

Ex.1002.00120



WO 2016/015345 PCT/CN2014/083578

node. Such additional signaling overhead may expend frequency spectrum resources
{subcarriers 201-208) that could otherwise be employed as uplink or downlink channels.

fo024] FIG. 2C illustrates an example of an adaptive radio rescurce allocation scheme 230
applied to radio frame 200 and subcarriers 201-208, according to at least some
embodiments of the present disclosure. TDD allocation scheme 220 may include dynamic
allocation of subcarriers 201-206 in both the time and frequency domains. Consequently,
the number of subcarrers 201-206 allocated to uplink channels and to downlink channels
can be finely tailored 1o mailch the time-varying bandwidth demand associated with the
expanded use of mobile Internet services. Thus, even when the proportion of uplink traffic
to downlink traffic changes rapidiy, subcarriers 201-206 can be effectively exploited, so that

none or very few of subcarriers 201-206 are unused or underutilized.

f0025] As shown in FIG. 2C, some of subcarriers 201-208 may be allocated by scheduler
module 114 of node 110 for uplink channels for the duration of radio frame 200 (except
during guard period 227), while other of subcarriers 201-206 may be aliocated by scheduler
moduie 114 for downlink channels for the duration of radio frame 200, In addition, still other
of subcarriers 201-206 may be allocated by scheduler module 114 for uplink channels in
some subframes 207 of radio frame 200 and aliocated by scheduler module 114 for
downlink channels in other subframes 207 of radio frame 200. For exampls, in the scenario
depicted in FIG. 2C, subcarrier 201 may be allocated for an uplink channel for the duration
of radio frame 200 while subcarrier 206 may be allocated as a downlink channel for the
duration of radio frame 200. Concurrently, subcarriers 202, 203, and 205 may be allocated
as downlink channels during a first portion 240 of radio frame 200 (subframes 207A-207D
and a portion of subframe 207E) and as uplink channels during a second portion 250 of
radio frame 200 (a portion of subframe 207E and subframes 207F-207.J). Conversely,
subcarrier 204 may be ailocated for an uplink channe!l during first portion 240 of radio frame

200 and as a downlink channel during second portion 250 of radio frame 200,

(00261 In some embodiments, in adaptive radio resource allocation scheme 230, radio
frame 200 may include guard period 227 when subcarriers 201-206 are reconfigured {o
have a different direction allocation. As is the case with guard period 217 in FIG. 2B, during
guard period 227, data may generally not be interpreted by node 110 or wireless devices
120, Thus, guard period 227 may be used to ensure that a fransmission associated with a
specific frequency spectrum resource, such as a downlink transmission, does not interfere
with a transmission that is subsequently associated with the specific frequency specirum
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resource, such as an uplink transmission. Guard period 227 may be a period of time that is
typically longer than the delay spread associgted with uplink and downlink channels
available to node 110, for example on the order of about 1 microsecond. As shown in FIG.
20, guard period 227 may be disposed between first portion 240 of radio frame 200 and
sacond portion 250 of radio frams 200, where the direction aliocation of subcarriers 201-206
may be constant in first portion 240 and the direction allocation of subcarriers 201-206 may
be constant in second portion 250. Thus, guard period 227 may prevent downlink
transmissions carried by subcarriers 202, 203, 205, and 206 in first portion 240 of radio
frame 200 from interfering with uplink transmissions carried by, respectively, subcarriers 202,
203, 205, and 206 in second portion 250 of radio frame 200. Similarly, guard period 227
may prevent uplink transmissions carmried by subcarriers 201 and 204 in first portion 240 of
radio frame 200 from interfering with transmissions carried by, respectively, subcarriers 201

and 204 in second portion 250 of radio frame 200

(00271 While guard period 227 may be in some ways similar {o guard period 217 in FIG. 2B,
guard pericd 227 may be fundamentally different from guard period 217 in at least one
aspect. Specifically, in adaptive radio resource allocation scheme 230, guard period 227
may be included in a particular radio frame 200 when one "homogeneaous frame” ends and
another homogeneous frame begins in the particular radio frame 200. A homogeneous
frame may be considered to be any consecutive series of subframes 207 in which the
direction aliocation of subcarriers 201-206 remains unchanged. Thus, first portion 240 of
radic frame 200 may be considered as some or all of one homogeneous frame in adaplive
radio resource allocation scheme 230, and second portion 250 of radic frame 200 may be
considered as some or all of another homogeneous frame. Because guard period 227 may
be disposed between different homogeneous frames, and because a homogeaneous frame
typically may have a duration that includes muitiple radio frames 200, in some embodiments,
guard periods 227 may occur substantially less frequently than once per radio frame 200.
Cne such embeodiment is llustrated in FIG. 3.

foo28] FIG. 3 illustrates example multiple consecutive homogeneous frames 301, 302, and
303, configured according 1o at least some embodiments of the disclosure. Each of
homogenaous frames 301, 302, and 303 may include multiple subframes 207, and in some
cases multiple radio frames 200. As shown, homogenesous frame 301 may precede
homogeneous frame 302 and may be separated from homogeneous frame 302 by a guard
period 227 (described above in conjunction with FIG. 2C). Similarly, homogeneous frame

302 may precede homogengous frame 303 and may be separated from homogensous
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frame 303 by a guard pericd 227. tis noted that homogeneous frames 302 and 303 each
may include multiple radio frames 200, since in each case, the direction allocation of
subcarmers 201-206 may remain unchanged for a period of time longer than a single radio
frame 200. Consequently, the total duration of time in which frequency specirum resources
are idle during guard pericds 227 in adaptive radio resource allocation scheme 230 may
generally be significantly less than the total duration of time in which frequency specitrum

resources are idle during guard period 217 in TDD allocation scheme 220

F0029] In operation, node 110 in FIG. 1 may implement adaptive radio resource allocation
scheme 230 according to the following procedure. In some embodiments, the following
procedure may be performed once per radio frame 200. in other embodiments, the
procedure may be performed more frequently (for example, once every few subframes 207)

or less frequently {for exampie, once every N radio frames, once every sscond, eic.).

f0030] First, node 110 may obtain the quality status of the current uplink and downlink
frequency spectrum resources available (e.¢g., subcarriers 201-206) using gquality status
module 113. For example, guality status module 113 may acquire suitability of some or all
of subcarriers 201-206 for uplink channels by measurement of RIP for each of subcarriers
201-206. To acquire suitability of some or all of subcarriers 201-206 for downlink channels,
node 110 may measure CQI, for example through the measurement of reference signal
received power (RSRP) and received signal strength indicator (RS831). The measurement of
RIP and CQi can be basad on the particle size of a wavelet or on a smaller particle size,
such as physical resource block (FRB), a plurality of which may typically be included in each
subframe 207. 1t is noted that determination of quality status, as described above, can be
performed using information typically already measured by LTE and LTE-Advanced wireless
communication systems. Consequently, no additional signaling or other procedures may be

neaded for implementation of the herein-described procedurs.

f0031] Second, node 110 may sort the available frequency spectrum resources based on
the quality status measured for each. Thus, processor module 112 may assign high-guality
resources o downlink rescurce pool 116 and/or to uplink resource pool 117, and may assign
lower-quality frequency specirum resources to shared resource pool 118, For example, in
some embodiments, subcarriers with high CQI, which may indicate that the subcarrier is
well-suited for a downlink channel, may be assigned to downlink resource pool 118, and
subcarriers with low RIF, which may indicate that the subcarrier is well-suited for an uplink
channel, may be assigned io uplink resource pool 117, In such embodiments, the assigned
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subcarriers may be ranked in order of suitability, so that during scheduling (described below),
the subcarriers assigned to downlink resource pool 116 that are most suitable for uplink
channels can be selected first for downlink channels and the subcarriers assigned {o uplink
resource pool 117 that are most suitable for uplink channels can be selected first for uplink
channels. Similarly, in some embodiments, the subcarriers that are assigned to shared
resource pool 118 may be ranked in terms suitability for uplink and for downlink channels,
for example based on RIP and CQl values, respectively. Furthermore, in some
embodiments, ong or more frequency spectrum resources may be assigned (o both
downlink resource pool 118 and uplink resource pool 117, such as when a particular
subcarrier has both high CQi and low RIP.

f0032] Third, scheduler module 114 may scheduie some or all of the frequency spectrum
resources assigned o downldink resource pool 116 for downlink channels for nede 110 and
some or all of the frequency spectrum resources assigned to uplink resource pool 117 for
uplink channels for node 110. In some embodiments, scheduler module 114 may perform
such scheduling based on an initial directional allocation of frequency spectrum resources
for node 110, where the initial directional allocation of communication resources may
indicate current resource reguests from wireless devices 120 and from node 110, In this
way, the number of frequency spectrum resources scheduled for downlink channels may not
exceed the current number of reguested downlink channels requested by wireless devices
120, and the number of frequency spectrum resources scheduled for uplink channels may
not exceed the current number of requested uplink channels requested by node 110,

f0033] Fourth, processor module 112 may delermine an updated directional allocation of
frequency spectrum resources for node 110, In some embodiments, the updated directional
aliocation of frequency spectrum resources may be based on the number of current
resource requests from wireless devices 120, on the number of current rescurce requests
from node 110, on the number of frequency spectrum resources scheduled from uplink
resource pool 117 for uplink channels, on the number of frequency spectrum resources
scheduled from downlink resource pool 116 for downlink channels, and/or on some other
factor(s) or combination(s} thereof. Thus, in such embodiments, the updated directional
allocation of frequency specirum resources may be based on the remaining resource
reqgueasts (for both uplink and downlink channels) that are not yet satisfied after scheduling
frequency spectrum rescurces assigned to downlink resource pool 116 and to uplink

resource pool 117.
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f00341 Fifth, when there are remaining resource requests for node 110 (for either uplink or
downlink channels) that are not vet satisfied, scheduler module 114 may schedule one or
more freguency spectrum rasources assigned to shared resource pool 118 for uplink and/or
downlink channels. In some emboediments, the scheduling of such frequency spectrum
resources may be based on the updated directional allocation of frequency spectrum
resources described above. Consequently, frequency spectrum resources may be
dynamically allocated to satisfy resource requests for node 110, so that very few or no

frequency spectrum resources are idle.

f0035] Furthermore, in some embodiments, a particular frequency spectrum resource
assigned to shared resource pool 118 may be scheduled by scheduler moduie 114 of node
110 for an uplink or a downlink channel based on suitability of the particular frequency
spectium rescurce for an uplink or a downlink channel, respectively. For example, a
frequency spectrum resource assigned o shared resource pool 118 may be scheduled by
scheduler moduie 114 of node 110 for a downlink channel when the frequency spectrum
resource has a higher CQI than other frequency spectrum resources assigned to shared
resource pool 118, Similarly, a frequency spectrum resource assigned fo shared resource
poot 118 may be scheduled by scheduler module 114 of node 110 for an uplink channel
when the frequency spectrum resource has a lower RIP than other frequency spectrum
resources assigned to shared resource pool 118, Thus, not only are available frequency
spectrum resources efficiently utilized by node 110, these frequency spectrum resources
may be scheduled for either uplink or downlink channe! based on the current suitability of

each resource, which can enhance user experience and system-level performance.

f0036)] While assignment and schaduling of frequency spectrum resources is described
herain in terms of subcarriers 201-208, the above-described procedure may also be
implementad on an individuai PRB basis. Thus, each individual PRB {a pluratlity of which
may be associated with each frequency spectrum resource in 8 singie subframe 207) may
be assigned o one or more of downlink resource pool 116, uplink resource pool 117, and/or
shared resource pool 118, and may be scheduled for an uplink channel or a downiink

channel.

f0037] FIG. 4 sets forth a flowchart of an example method 400 for a base station of a
wireless network to aliccate communication rescurces belween uplink and downlink
channels, according to an embodiment of the disclosure. Method 400 may include one or
more operations, functions, or actions as illustrated by one or more of blocks 401-405.
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Although the blocks are llustrated in a sequential order, these blocks may also be
performed in parallel, and/or in a different order than those described herein. Also, the
various blocks may be combined into fewer biocks, divided into additional blocks, and/or
elimingled based upon the particular implementation. Additional blocks representing other
operations, functions, or actions may be provided. Although method 400 is described in
conjunction with node 110 of FIG. 1, any suitable computing device configured o perform

method 400 is within the scope of this disclosure.

f0038] Method 400 may begin in block 401 ("Determineg quality status of a first frequency
spectrum’”), in which guality status moduie 113 (or any other suitably configured software,
firmware, or logic circuit entity, ete.) may determine a quality status of at least a first
frequency spectrum resource that is available for use by the base station for an uplink or
downiink channel, such as one of subcarriers 201-206. In some embodiments, quality
status module 113 may determine this quality status by determining at least one of a
channel quality indicator (CQI) value and a received interference power (RIF) of the first
frequency spectrum resource. CQI and RIP are each existing channel performance
measures that may already typically be in place in wireless networks. Hence, no additional

signaling may be required for quality status module 113 fo compiete block 401,

F0039] In block 402 ("Assign first frequency spectrum resource to shared resource pool
based on quality status”), processor module 112 {or any other suitably configured software,
firmware, or logic circuit entity, etc.) may assign the first frequency spectrum resource to
shared resource pool 118, based on the guality status of the first frequency specirum
resource dsetermined in block 401, In some embodiments, processor module 112 may
assign the first frequency spectrum rescurce 1o shared resource pool 118 when it is
determined that the first frequency spectrum resource is less suitable for an uplink channsl
than one or more other frequency specirum resources available o node 110 and also is less
suitable for a downlink channel than one or more frequency spectrum resource that are
available to node 110.

F0040] Specifically, the first frequency specirum resource may be determined by quality
status module 113 to be less suitable for a downlink channel in response to a CQI of the first
frequency spectrum resource being less than a CQ of one or more other frequency
spectrum resources. Similarly, the first frequency spectrum resource may be determined by
quality status module 113 {0 be less suitable for an uplink channel than one or more other
frequency spectrum resources in response to an RIP of the first frequency spectium
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resource being greater than an RIP of the one or more other frequency specirum resources.
Thus, because the first freguency spectrum resource is determined by quality status module
113 1o currently be a sub-optimal resource for uplink and/or downlink channels, the first
frequency spectrum resource may be assigned by processor module 112 to shared
resource pool 118, The first frequency spectrum resource may subsaquently be schaduled
by scheduler module 114 (see block 407) for an uplink or a downlink channel after higher
guality frequency spectrum resources are scheduled for use, and if additional radio
resources may be needed {0 satisfy current resource requests by node 110 and/or wireless

devices 120.

fo041] In block 403 ("Determine a quality status of a second frequency spectrum resource’™,
guality status module 113 may determine a quality status of at least a second frequency
spectrum rescurce that is available for use by the base station for an uplink or downlink
channel, such as one of subcarriers 201-206. Quality status of the second frequency

specirum rescurce may be determined using techniques described above in biock 401.

f0042] In block 404, ("Assign second frequency spectrum rescurce to uplink resource pool
or downlink resource pool based on quality status™), processor module 112 {(or any other
suitably configured software, firmware, or logic circuit entity, otc.) may assign the second
frequency spectrum resource 1o downlink resource pool 118 and/or 1o uplink resource pool
117 based on the quality status determined in block 403. For example, in response to the
guality status of the second frequency spectrum resource being indicative that the second
frequency spectrum is usable for an uplink channel, processor module 112 may assign the
second frequency specirum resource to uplink resource pool 117, In some embodiments,
the second frequency speacirum resource may be “usable for an uplink channe!l” when the
guality status meets or exceeds a particular threshold, such as when an RIP valus
associated with the second frequency spectrum resource is equal {o or less than a specified
maximum value or some cother value. Similarly, in response to the quality status of the
second frequency spectrum resource being indicative that the second frequency spectrum is
usable for a downlink channel, processor module 112 may assign the second frequency
spectrum resource to downlink resource pool 118, In some embodiments, the second
frequency spectrum resource may be "usable for a downlink channel” when the guality
status meeis or exceeds a particular threshold, such as when a CQl value associaled with
the second frequency specirum resource is equal to or grealer than a specified minimum

value or some other value.
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f3043] in block 405, ("Schedule sacond frequency specirum resource based on initial
directional allocation™), scheduler module 114 {(or any other suitably configured software,
firmware, or logic circuit entity, etc.) may schedule the second frequency spectrum resource
for an uplink or a downlink channel! based on an initial directional allccation of
communication resources for node 110. The iniial direction allocation of communication
resources may indicate a target number of uplink and downlink channels node 110 should
establish to satisfy current uplink and downlink traffic of node 110, For example, an initial
direction aliocation of communication resources may be based on current resource requests
from wireless devices 120 and from node 110, Thus, when the second frequency spectium
resource is determined 1o be suitable for an uplink channel, and the initial direction
aliocation of communication resources indicates that node 110 should establish an uplink
channel to satisfy current uplink and downlink traffic of node 110, scheduler module 114 may
schedule the second frequency spectrum resource for an uplink channel. Similarly, when
the second frequency specirum resource is determined o be suitable for a downlink
channel, and the initial direction allocation of communication resources indicates that node
110 should establish a downlink channel {o satisfy current uplink and downlink fraffic of node
110, scheduler module 114 may schedule the second frequency spectrum resource for a
downlink channel.

f0044] In block 406 (“Determine an updated directional allocation of communication
resources”), afler scheduling the second frequency spectrum resource in block 403,
processor module 112 (or any other suitably configured software, firmware, or logic circuit
entity, elc.) may determine an updated directional allocation of communication rescurces for
node 110. Specifically, the updated directional allocation of frequency spectrum resources
may be based on current resource requests from wireless devices 120, on current resource
requests from node 110, on the number of frequency spectrum resources that are already
assigned for uplink channels, on the number of frequency spectrum resources assigned for
downlink channels, and/or on other factor(s) or combination(s) thereof. Thus, the updated
direction allocation of frequency spectrum resources may indicate, after the second
frequency spectrum resource is assigned for one of an uplink or downlink channel, whether
any additional uplink or downlink channels should be established by node 110 to satisfy

currert resource requests from wireless devices 120 and node 110.

[0045] In block 407 (“Schedule first frequency spectrum resource based on the determined
updated directional aliocation of communication resources”), scheduier module 114 (or any

other suitably configured software, firmware, or logic circuit entity, etc.) may select the first
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frequency spectrum resource from shared resource pool 118 and may schedule the first
spectrum for either an uplink channel or a downlink channel. Scheduler module 114 may
schedule the first frequency spectrum resource for either uplink channel or downlink channel
hased on the updated directional allocation of communication rescurces determined in block
408, Thus, frequency spectrum resources previously assigned to shared resource pool 118
in block 402 may be scheduled according to what resources node 110 are usable to satisfy
current resource requests from wireless devices 120 and node 110 after higher-quality
frequency spectrum resources have heen scheduled.

foo48] FIG. 5 is a block diagram of an illustrative embodiment of a computer program
product 500 {o implement a method for dynamic resource allocation in a wireless nefwork.
Computer program product 500 may inciude a signal bearing medium 504. Signal bearing
medium 504 may include one or more seis of executable instructions 502 that, in response
to execution by, for example, a processor of a computing device, may provide at least the

functionality or features described above with respect to FIGS. 1-4.

f0047] In some implementations, signal bearing medium 504 may encompass a non-
transitory computer readable medium 508, such as, but not limited o, a hard disk drive, a
compact disc (CD), a digital video disk (DVD), a digital tape, memory, etc. In some
implementations, signal bearing medium 504 may encompass a recordable medium 510,
such as, but not limited to, memory, read/write (RAWW) Chs, RAW DVDs, etc. In some
implementations, signal bearing madium 504 may encompass a communications medium
506, such as, but not limited to, a digital and/or an analog communication medium (e.g., a
fiber optic cable, a waveguide, a wired communications link, a wireless communication link,
etc.}. Computer program product 500 may be recorded on non-transitory computer
readable medium 508 or ancther similar recordable medium 510.

[0048] FIG. 6 is a block diagram illustrating an example computing device 800, according to
at least some embodiments of the present disclosure. In some embodiments, computing
device 600 may be used to implement node 110 of FIG. 1. In a very basic configuration 802,
computing device 800 typically includes one or more chip mulliprocessors 804 and a system
memory 806. A memory bus 808 may be used for communicating bebween processor 804
and system memory 606,

f0049] Chip multiprocessor 804 may be substantially similar in configuration and operation
to processor module 112 in FiIG. 1. Depending on the desired configuration, processor 804
17
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may be of any type including but not imited to a microprocessor (UF), a microcontroller (ul),
a digital signal processor {(DSF), or any combination thereof. Processor 604 may include
one maore levels of caching, such as a level one cache 610 and a level two cache 612, a
processor core 814, and registers 616, An example processor core 614 may include an
arithmetic logic unit (ALU), a floating point unit (FPU), a digital signal processing core (DSP
Core}, or any combination thereof. An example memory controller 618 may also be used
with processor 804, or in some implementations memory controller 818 may be an intermal

part of processor 604,

{0050] Depending on the desired configuration, sysiem memory 8086 (which may be used {o
implement main memory 170 of FIG. 1) may be of any type including but not limiled to
volatile memory {(such as RAM), non-voialile memory (such as ROM, flash memory, efc.) or
any combination thereof. System memory 806 may include an operating system 820, one
or more applications 622, and program data 624. Application 822 may be arranged to
perform at least the functions and operations as those described with respect processor
module 112, Application data 624 may be useful for operation with application 622. In
some embodiments, application 622 may be arranged to operate with application data 624
on operating system 820. This described basic configuration 602 is illustrated in Fig. 6 by

those components within the inner dashed line.

f0051] Computing device 800 may have additional features or functionality, and additional
interfaces to facilitate communications between basic configuration 802 and any reguired
devices and interfaces. For example, a bus/inierface controlier 830 may be used 10
facilitate communications between basic configuration 802 and one or more data storage
devices 832 via a storage interface bus 834. Data storage devices 832 may be removable
storage devices 636, non-removable storage devices 638, or a combination thereof.
Examples of removable storage and non-removabie storage devices include magnetic disk
devices such as flexibie disk drives and hard-disk drives (HDDs), optical disk drives such as
compact disk {(CD) drives or digital versatile disk (DVD) drives, solid state drives (85Ds),
and tape drives {o name a few. Example computer storage media may includs volatile and
nonvolatile, removable and non-removabie media implemented in any method or technology
for storage of information, such as computer readable instructions, data struciures, program

modules, or other data.

00521 System memory 808, removable storage devices 636 and non-removable storage
devices 838 are exampiles of computer storage media. Computer storage media includes,
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but is not limited to, RAM, ROM, EEPROM, flash memory or other memory fechnology, CD-
ROM, digital versatile disks (DVDs) or other optical storage, magnetic casseties, magnstic
tape, magnetic disk storage or other magnetic storage devices, or any other medium which
may be used to store the desired information and which may be accessed by computing
device 600. Any such computer storage media may be part of computing device 600,

[0053] Compuling device 800 may also include an interface bus 640 for facilitating
communication from various interface devices {&.q., output devices 642, peripheral
interfaces 844, and communication devices 6846) {o basic configuration 802 via bus/interface
controlier 630, Example output devices 842 include a graphics processing unit 648 and an
audio processing unit 850, which may be configured to communicate to various exiernal
devices such as a display or speakers vig one or more AV ports 652, Example peripheral
interfaces 644 include a serial interface controlier 654 or a parallel interface controlier 658,
which may be configured to communicate with external devices such as input devices (e.g.,
keyboard, mouse, pen, voice input device, touch input device, efc.) or other peripheral
devices (e.q., printer, scanner, &ic.) via one or more /O poris 858, An example
communication device 846 includes a network coniroller 880, which may be arranged to
facilitate communications with one or more other computing devices 662 over a network
communication link, such as, without limitation, optical fiber, Long Term Evolution (LTE), 3G,

WiMax, via one or more communication ports 664,

[0054] The network communication link may be one example of a communication media.
Communication media may typically be embodied by computer readable instructions, data
structures, program modules, or other data in a modulated data signal, such as a carrier
wave or other transport mechanism, and may include any information delivery media. A
“modulated data signal” may be a signal that has one or more of its characteristics setf or
changed i such a manner as to encode information in the signal. By way of example, and
not limitation, communication media may include wired media such as a wired network or
direct-wired conneclion, and wireless media such as acoustic, radio frequency (RF),
microwave, infrared (IR) and other wireless media. The term computer readable media as

used herein may include both storage media and communication media.

f00558] Computing device 800 may be implemented as a porlion of a small-form factor
portable {or mobile) electronic device such as a cell phone, a personal data assistant (PDA),
a personal media player device, a wireless web-watch device, a personal headset device,
an application specific device, or a hybrid device that include any of the above functions.
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Computing device 600 may also be implemenied as a personal computer including both
laptop computer and non-laptop computer configurations

[0056] The foregoing detailed description has set forth various embodiments of the devices
and/or processes via the use of block diagrames, flowcharis, and/or examples. Insofar as
such block diagrams, flowcharts, and/or exampiles contain one or more functions and/or
operations, each function and/or operation within such block diagrams, flowcharts, or
exampies can be implementad, individually and/or collectively, by a wide range of hardware,
software, firmware, or virtually any combination thereof. In one embodiment, several
portions of the subject matter described herein may be implemented via application specific
integrated circuits (ASICs), fielid programmable gate arrays (FPGAS), digital signal
processors (DSPs), or other integrated formats. However, some aspects of the
embediments disclosed herein, in whole or in part, can be equivalently implemented

in integrated circuits, as one or more computer programs running on one or more
compuiers (2.¢g., 8s one or More programs running on one or more computer systams), as
ONE O MOTre Programs running on one of mMmore processors (8.g., as one or more programs
FUnNNING on one or More Microprocassors), as firmware, or as virtually any combination
thereof, and designing the circuitry and/or writing the code for the software and or firmware
are possible in light of this disclosure. In addition, the mechanisms of the subject matter
descrived herein are capable of being distribuied as a program product in a variety of forms,
and that an iliustrative embodiment of the subject matter described herein applies
regardliess of the particular type of signal bearing medium used 10 actually carry cut the
distribution. Exampies of a signal bearing medium include, but are not limited to, the
foliowing: a recordable type medium such as a floppy disk, a hard disk drive, a compact disc
{CD), a digital video disk (DVD), a digital tape, a computer memory, efc.; and a fransmission
type medium such as a digital and/or an analog communication medium (e.g., a fiber optic

cable, a waveguide, a wired communications link, a wireless communication link, etc.).

00571 Those skilled in the art will recognize that it is common within the art (o describe
devices and/or processes in the fashion set forth herein, and thereafter use engineering
practices o integrate such described devices and/or processes into data processing
systems. Thatis, atleast a portion of the devices and/or processes described herein can be
integrated into a data processing system via a reasonable amount of experimentation. A
typical data processing system generally includes one or more of a system unit housing, a
video display device, a memory such as volatile and non-volatile memory, processors such

as microprocessors and digital signal processors, computational entities such as operating
20
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systems, drivers, graphical user interfaces, and applications programs, one or more
interaction devices, such as a touch pad or screen, and/or control systems including
feedback loops and control motors (e.q., feedback for sensing position and/or velocity;
control metors for moving and/or adjusting components and/or guantities). A typical data
processing system may be implemented utilizing any suitable commercially available
components, such as those typically found in data computing/communication and/or

network computing/communication systems.

[0058] The herein described subject matier somsetimes iHustrates different components
contained within, or connected with, different other components. Buch depicted
architectures are merely exemplary, and in fact many other archilectures can be
implemented which achieve the same funclionality. In a conceptual sense, any
arrangement of components to achieve the same funclionality is effectively "associated”
such that the desired functionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as "associated with"” each other
such that the desired functionality is achieved, irrespective of architectures or intermedial
components. Likewise, any two components so associated can also be viewed as being
"operably connected”, or "operably coupled”, {0 each other to achieve the desired
functionality, and any two components capable of being so associated can also be viewed
as being "operably couplable”, to each other to achiave the desired functionality. Specific
examples of operably couplable include but are not limited to physicaily mateable and/or
physically interacting componenis and/or wirelessly interactable and/or wirelessly interacting

components and/or logically interacting and/or iogically interactable components.

00591 With respect to the use of substantially any plural and/or singular terms herein, those
having skili in the art can transiate from the plural 1o the singular and/or from the singuiar to
the plural as is appropriate to the context and/or application. The various singular/plural

permutations may be expressly set forth herein for sake of clarity.

00601 1T will be understood by those within the art that, in general, terms used herein, and
especially in the appended claims {e.g., bodias of the appended claims) are generally
intended as "open” terms {(e.g., the term "including” should be interpreted as "including but
not limited 10" the term "having” should be interpreted as "having at least,” the term
“includes” should be interpreted as "includes but is not imifed t0,” etc.). It will be further
understood by those within the art that if a specific number of an introduced claim recitation
is intended, such an intent will be explicitly recited in the claim, and in the absence of such
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recitation no such intent is present. For example, as an aid o understanding, the following
appended claims may contain usage of the introductory phrases "at least ong” and "one or
more" {o introduce claim recitations. However, the use of such phrases should not be
construed 1o imply that the intreduction of a claim recitation by the indefinite articles "a" or
"an” limits any particular claim containing such introduced claim recitation to inventions
containing only one such recitation, even when the same claim includes the introductory
phrases "one or more” or "at least one"” and indefinite articles such as "a" or "an” (e.g., "a"
and/or "an” should typically be interpreted (o mean "at least one” or "one or more"); the
same holds frue for the use of definite articles used to introduce claim recitations. In
addition, even if a specific number of an introduced claim recitation is explicitly recited,
those skilled in the art will recognize that such recitation should typically be interpreted {o
mean af least the recited number (e.g., the bare recitation of "two recitations,” without other
modifiers, typically means at least two recitations, or ftwo or more recitations}). Furthermore,
in those instances where a convention analogous to "atleastone of A, B, and C, etc.” is
used, in general such a construction is intended in the sense one having skill in the art
would understand the convention {e.g., "a system having at least one of A, B, and C" would
include but not be limited o sysiems thatl have A glons, B alone, C aione, A and B iogether,
A and C fogether, B and C together, and/or A, B, and C together, stc). in those instances
whara a convention analogous to "at least one of A, B, or C, etc." is used, in general such a
construction is intended in the sense gne having skill in the art would understand the
convention (8.g., "a systiem having at least one of A, B, or C" would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C iogether,
B and C together, and/or A, B, and C together, eic.). i will be further understood by those
within the art that virtually any disjunctive word and/or phrase presenting twoe or more
alternative terms, whether in the description, claims, or drawings, should be undserstood to
contemplate the possibilities of including one of the terms, either of the terms, or both terms.
For example, the phrase "A or B" will be understood (o include the possibilities of "A" or "B”
or "Aand B.”

F0061] While various aspecis and embodiments have been disclosed herein, other aspects
and embodimenis are possible. The varicus aspects and embodiments disclosed herein
are for purpeses of illustration and are not intended to be limiting, with the true scope and

spirit being indicated by the following claims.
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§ Claim:

1. A method for a base station of 2 wireless network 1o allocate communication resources
between uplink and downlink channels, the method comprising:

determining a guality status of a first frequency spectrum resource that is available
for use by the base station for an uplink or downlink channel;

assigning the first frequency spectrum resource to a sharsd resource pool based on
the determined guality status of the first frequency spectrum resource;

scheduiing a second freguency spectrum rescurce thal is available for use by the
base station for the uplink or downlink channel based on an initial directional
allocation of communication rescurces for the base station;

after scheduling the second freguency spectrum resourcs for the base siation,
determining an updaied directional allocation of communication resources for
the base station; and

selecting the first frequency spectrum resource from the shared resource pool and
scheduling the first frequency spectrum resource for either the uplink channel
or the downlink channel based on the determined updated directional
allocation of communication resources for the base station.

2. The method of claim 1, wherein assigning the first irequency specirum resource o the
shared resource pool based on the determined quality status of the first frequency
spectrum rescurce comprises assigning the first frequency spectrum resource o the
shared resource pool according to the first frequency spectrum resources being:

less suitable for the uplink channel than a third frequency spectrum resource that is
available for use by the base station, and

leas suitable for the downlink channel than a fourth frequency spectrum resource
that is available for use by the base station.

3. The method of claim 2, wherein the first frequency spectrum resource is less suitable
for the downlink channel than the third freguency spectrum resource in response to a
channel quality indicator (CQ) of the first freguency spectrum resource being less than
a GO of the third frequency spectrum resource.

4. The method of claim 2, whersin the first freguency spectrum resource is less suitable
for the uplink channel than the third freguency spectrum resource in response o a
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received interference power (RIP) of the first frequency spectrum resource being
greater than an RIP of the third frequency speclrum resource.

o

The method of claim 1, further comprising:
determining a quality status of the second frequency specirum resource; and
based on the determined guality status of the second frequency spectrum resource,
assigning the second frequency spectrum rescurce 1o one of an uplink
resource pool or a downlink resource pool,
wherein assigning the second frequency spectrum resource to oneg of the uplink
resource pool or the downlink resource pool comprises determining a quality

status of the second frequency specirum resource.

6. The method of claim 5, wherein assigning the second frequency spectrum resource to
one of the uplink resource pool or the downlink resource pool comprises:

assigning the second frequency spectrum resource o the uplink rescurce pool in
respanse o the guality status of the second frequency spectrum resource
being indicative that the second frequency spechrum is usable for the uplink
channel, and

assigning the second frequency spectrum resource 1o the downlink resource pool in
response 1o the quality status of the second frequency spectrum resource
being indicative thal the second frequency spectrum is usable for the

downlink channel.

7.  The method of claim 5, wherein delermining the quality status of the second freguency
spectrum resource comprises determining at least one of a2 CQEand a RIP of the

second frequency spectrum resource.

8. The method of claim 5, wherein assigning the second frequency specirum resource 1o
one of the uplink resource pool or the downlink resource pool comprises ranking the
second frequency spectrum resource with respect to other frequency spectrum
resources assigned to the uplink resource pool or the downlink resource pool based on
the quality status of the second frequency spectrum resource.

9. The method of claim 1, whersin determining the guality status of the first frequency
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10,

11.

12.

13.

spectrum resource comprises determining at least one of a CQl and a BIP of the first

frequency speclrum resource.

The method of claim 1, wherein assigning the first frequency spectrum resource {o the
shared resource pool comprises assigning a physical resource block that includes
muitiple subcarriers and multiple resource elements associated with each of the

muitiple subcarriers to the shared resource pool.

A wireless base station for a wireless communication network, the wireless base siation
comprising:

a guality status module configured 1o determine a quality status of a first frequency
specirum resource associated with an air interface thal is available {or use by
the wireless base station for an uplink channel or a downlink channel, and to
determine a quality status of a second frequency spectrum resource
associated with the air interface that is available for use by the wireless base
station for an uplink channel or downlink channel;

a processor module coupled 1o the qualily status module and configured 1o assign
the first frequency spectrum resource to a shared resource pool based on the
determined quality status of the first frequency spectrum rescurce; and

a scheduler module coupled 1o the processor module and configured to schedule the
second frequency spectrum resource for an uplink channel or downlink
channel based on an initial directional allocation of frequency spectrum
resources for the wireless base station and to schedule the first frequency
spectrum resource based on an updated directional allecation of frequency

spectrum resources for the wireless base station.

The wireless base station of claim 11, wherein the processor module is turther
configured to determine the updated directional allocation of frequency spectrum
resources for the wireless base station after the second freguency spectrum resource is

scheduled for an uplink or downlink channel.

The wireless base station of claim 11, further comprising a memory coupled to the
processor module and configured {o store the shared resource pool, wherein the
processor moduie is further configured to assign the second frequency spectium

resource to one of an uplink resource pool stored in the memaory or a downlink resource
25

Ex.1002.00137



WO 2016/015345 PCT/CN2014/083578

14.

15.

16.

17.

18.

19.

poal stored in the memory based on the determined quality status of the second
frequency spectrum resource.

The wireless base station of claim 13, wherein the memory is further configured o store

the uplink resource pool and the downlink resource pool.

The wireless base station of claim 13, wherein the updated directional aliocation of
frequency spechrum resources is based on current resource ragquests from a wireless
device serviced by the wirgless base stalion, on current resource requests from the
wireless base station, on a number of frequency spactrum resources scheduled from
the uplink resource pool for uplink channels, and on a number of frequency spectrum

resources scheduled from the downlink resource pool for downlink channels.

The wireless base station of claim 11, wherein the initial directional allocation of
frequency spectrum resources is based on current resource requests from a wireless

device serviced by the wireless base station and from the wireless base station.

The wireless base station of claim 11, wherein the quality status module is configured o
determine the quality status of the first frequency spectrum by determination of at least
ong of a channel quality indicator (CO and a received interference power (RIP) of the

first frequency spectrum resource.

The wireless base station of claim 11, wherein the processor module is configured fo
assign the first frequency spectrum resource 1o the shared resource pool by assignment
of a physical resource block that includes multiple subcarriers and multiple resource
elements associated with each of the muitiple subcarriers to the shared resource pool.

The wireless base station of claim 11, wherein the processor module is configured to
assign the first frequency spectrum o the shared resource pool by in response o the
first frequency spectrum resource being less suitable for the uplink channel than a third
frequency specitrum resource that is available for use by the wireless base station, and
being less suitable for the downlink channel than a fourth frequency spectrum resource
that is available for use by the wireless base siation.
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20. A non-transitory computer-readable medium that includes computer-executable
instructions stored thereon, which in response {0 execution by a processor, cause the
processor 1o perform or control performance of the method of any of claims 1-11.
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Reasoned statement under Rule 43his.1(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-20 YES
Claims None NO

Inventive step (IS) Claims 1-20 YES
Claims None NO

Industrial applicability (IA) Claims 1-20 YES
Claims None NO

2. Citations and explanations :

(1]
(2]
(3]

(4]

(6]

[7]

Reference is made to the following documents
D1: W0O2010075638 Al 08 July 2010(08.07.2010)

D1 discloses a resource allocation method in a communication system and specifically discloses the
following technical features (see description, page 2 line 21 to page 3 line 22): the present invention
provides a method, comprising a first step of receiving a request for setting up a transport bearer
corresponding to a transport service type, the transport service type being associated with one of the
transport resources; if the associated transport resource is in a low load state, the transport bearer is set up
on the associated transport resource; if the associated transport resource is not in a low load state and any
of the other transport resources is in a low load state, the transport bearer is set up on the any of the other
transport rcsourccs.

The subject matter of claims 1 and 20 differs from D1 in that: 1) the communication resources are
allocated by a base station; 2) the method comprises: assigning the first [requency spectrum resource Lo

a shared resource pool based on the determined quality status of the first frequency spectrum resource,
determining an updated directional allocation of communication resources for the base station after
scheduling the second frequency spectrum resource, and selecting the first frequency spectrum resource
from the shared resource pool and scheduling the first frequency spectrum resource for either the uplink
channel or the downlink channel based on the determined updated directional allocation of communication
resources for the base station. The subject matter of claim 20 further differs from D1 in that: a non-
transitory computer-readable medium includes computer-executable instructions stored thereon, which

in response to execution by a processor, cause the processor to perform or control performance of the
method. Thus, claims 1 and 20 are novel in the sense of PCT Article 33(2). Accordingly, dependent claims
2-10 arc also novel in the scnsc of PCT Article 33(2).

The subject matter of claim 11 differs from D1 in that: 1) the base station assigns the first frequency
spectrum resource to a shared resource pool based on the determined quality status of the first frequency
spectrum resource, and schedules the first frequency spectrum resource based on an updated directional
allocation of frequency spectrum resources; 2) the base station comprises a quality status module, a
processor module and a scheduler module. Thus, claim 11 is novel in the sense of PCT Article 33(2).
Accordingly, dependent claims 12-19 are also novel in the sense of PCT Axticle 33(2).

The prior art, considered individually or in combination, does not teach or fairly suggest the claimed
inventions comprising the methods claimed in claims 1-10, the wireless base stations claimed in claims
11-19 and the non-transitory computer-readable medium claimed in claim 20. Consequently, the subject-
matters of the claims 1-20 are not obvious to the skilled in the field and involve inventive steps in the sense
of PCT Article 33(3).

The technical solutions of claims 1-20 can be applied in the field of mobile communications and are
industrially applicable in the sense of PCT Article 33(4).

Form PCT/ISA/237 (Box No. V) (July 2011)
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ADAPTIVE COMMUNICATION RESCURCE ALLOCATION IN A WIRELESS NETWORK

BACKGROUND

[0001] Unless otherwise indicated herein, the approaches described in this section are not
prior art 1o the claims in this application and are not admitted o be prior art by inclusion in

this section.

[0602] In recent years, wireless communication has become increasingly cormmonplace,
with an accompanying improvement in the reliabiiity of such service. However, with the
development and ubiquiious use of mobile internet devices, such as smart phones and the
like, there has been expiosive growth in the use of mobile internet services, resuiting in
wirgless traffic levels that may potentially exhaust available bandwidth. According to some
forecasts of global mobile data traffic, smart phones represented only approximately 18
percent of total global handsets in use in 2012, bul represented approximately 82 percent of
total global handset {raffic. With the total number of smart phones and other mobile Internet
devices continuing to rise, giohal mobile data traffic in 2020 may be expected 1o reach
approximately 500 to 1000 times that of such iraffic in 2013. Consequently, any
improvement in the efficient use of available wireless communication spectrum is a potential

challenge i be addressed.
SUMMARY

[0003] In accordance with at least some embodiments of the present disclosure, a method
for a base stalion of a wireless network o allocate communication resources between uplink
and downlink channels comprises delermining a quality status of a first frequency spectrum
resource that is available for use by the base siation for an uplink or downiink channel;
assigning the first frequency spectrum resource to a shared resource pool based on the
determined guality status of the first frequency spectrum resource; scheduling a second
frequency spectrum resource that is available for use by the base station for the uplink or
downiink channel based on an initial directional allocation of communication rescurces for
the base station; after scheduling the second frequency spectrum resource for the base
station, determining an updated directional allocation of communication resources for the
base station; and selecting the first frequency spectrum resource from the shared resource
poot and scheduling the first freguency spectrum resource for sither the uplink channei or
the downlink channel based on the determined updated directional allocation of
communication resources for the base station.
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[0604] In accordance with at least some embodiments of the present disclosure, a wireless
base station for a wireless communication network comprises a quality status module, a
processor module, a scheduler medule, and a memory. The qualily status moduie is
configured {o determine a quality status of a first frequency specirum rescurce associated
with an air interface that is available for use by the wireless base station for an uplink
channel or a downlink channel, and to determine a gquality status of a second frequency
spectrum resource associated with the air interface that is available for use by the wireless
base station for an uplink channel or downlink channsl The processor module is coupled to
the quality status module and configured to assign the first frequency specirum resource o
a shared resource pool based on the determined quality status of the first frequency
spectrum resource. The scheduler module is coupled to the processor module and
configured {o schedule the second frequency spectrum resource for an uplink channel or
downlink channel based on an inifial directional aliocation of frequency spectrum resources
for the wireless base station and 10 schedule the first frequency spectrum resource based
on an updated directional allocation of frequency spectrum resources for the wireless base

station.

[0005] The foregoing summary is illustrative only and is not intended o be in any way
limiting. In addition {o the illustrative aspects, embodiments, and features described above,
further aspects, embodiments, and fealures will become apparent by reference to the

drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and other features of the present disclosure will become more fully
apparent from the following description and appended claims, taken in conjunction with the
accompanying drawings. These drawings depict only several embodiments in accordance
with the disclosure and are, therefore, not to be considered limiting of its scope. The
disciosure will be described with additional specificity and dstail through use of the

accompanying drawings.

00071 FIG. 1 illustrates a wireless mobile network, according o one or more embodiments

of the disclosure;

FIG. 2Aillustrates an example of a frequency-division duplex allocation scheme

applied to a radio frame and a plurality of frequency spectrum resources;
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FIG. 28 fllustrates an example of a time-division duplex allocation scheme applied to

a radio frame and multiple subcarriers;

FIG. 2C illustrates an example of an adaptive radio resource allocation scheme
applied to a radio frame and mulliple subcarriers, according to at least some embodiments

of the present disclosure;

FIG. 3 illustrates exampie muitiple consecutive homogeneous frames, configured

according to at least some embodiments of the disclosure;

FIG. 4 sets forth a flowchart of an exampie method for a3 base station of a wireless
network to allocate communication resources between uplink and downlink channels,

according to an embodiment of the disclosure;

FiG3. 5 is a block diagram of an illusirative embodiment of a computer program

product to impiement a method for dynamic resource allocation in a wireless network; and

FIG. 6 is a block diagram illustrating an example computing device, according to at

least some embodiments of the present disclosure.

DETAILED DESCRIPTION

fooog] in the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, simiiar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described in
the detailed description, drawings, and claims are not meant to be limiting. Cther
embodiments may be utilized, and other changes may be made, without departing from the
spirit or scope of the subject matier presented here. The aspects of the disclosure, as
generally described herein, and illusirated in the Figures, can be arranged, substiiuted,
combined, and designed in a wide variety of different configurations, all of which are

explicitly contemplaied and made part of this disclosure.

{0009} This disclosure is generally drawn, infer alia, 1o methods, apparatus, systems,
devices, and computer program products related to allocating communication resources in a

wireless network between uplink and downlink channels.

[0010] As described above, demand for the limited spectrum available for wireless
communication may be high and increasing quickly as mobiie Internet use becomes part of

daily life for more and more consumers. n addition, the wirgless fraffic currently being

3
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carried by wireless communication networks may be both "bursty” and asymmetric. Bursty
fraffic may be characterized by unpredictable and sudden increases and decreases in
volume. For example, in modern wireless communication networks, a particular cell base
station may have widely variable and somewhat random peak hours. This may be due, for
exampie, to approximately 1% of users typically generating more than about 60% of daily
network traffic, and less than approximately 10% of users generating about 80% of daily
network fraffic. Asymmetric fraffic may be characierized by a large disparity between total
volume associated with uplink channels and downlink channels at a particular time. For
example, more than approximatsly 75% of daily network load may be typically associated

with downlink traffic.

10611} Such bursty and asymmetric wireless fraffic can significantly undsrmine the ability of
a node {such as a cell base station) of a wireless mobile network to efficiently utilize
available frequency specirum resources. This may be because duplex communication
schemes commonly used in wireless mobile networks, such as time-division duplex (TDD)
and frequency-division duplex (FDD) systems, may iypically be unable to employ all
available frequency spectrum resources when uplink and downlink traffic is constantly
changing. Because the transmission signal strength at a node may be orders of magnitude
greater than the reception signal strength, a transceiver for the node may typically be
constrained 10 receive or transmit in a particular frequency band rather than transmitting and
receiving in the band simultaneously. Consequently, uplink channels (for receiving data)
and downlink channels {Jor transmitling daia) of the node may be separated in the
frequency and/or the time domain. This static or semi-static aliocation of uplink and
downlink channels can result in unused or underutilized frequency spectrum resources
when uplink and downlink traffic loads change between the node and the mobile stations
{e.g., mobile phones or mobile computers using a mobile broadband adapter) serviced by
the node. According 1o some embodiments, a wireless network may be configured to
reduce or substantially sliminate unused or underutilized frequency spectrum resources.

One such wireless network is ilustrated in FIG. 1.

0G12] FIG. 1 Hustrales a wireless mobile network 100, according o one or more
embodiments of the disclosure. Wirsless mobile network 100 may include at least one nods
110 and at least one wireless device 120, and may include other components (which are not
ilustrated herein for purposes of brevity and clarity). Node 110 may be embodied as a cell
base station, a base transceiver station (BTS), an evoived node B (eNodeB), or other device

that is communicatively coupled 1o or included in wireless maobile network 100 and is
4
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configured to communicate with wireless device 120. Wireless davice 120, also referred {o
as a mobile station (MS) or as user eqguipment {UE), may be embodiad as a mobile handset,
a laptop compuier equipped with a mobile broadband adapter, or any other device suitably

configured {o connect to or otherwise communicate with node 110

[0013] Node 110 may include a transceiver module 111, a processor module 112, and a
memory 115, Transceiver module 111 may be configured to communicate with one or more
wirsless devices 120 via an air interface 130 using uplink and downlink channels, the
allocation of which is described below in conjunction with FIG. 2C. For example, transceiver
module 111 may include a transmitter to fransmit data to one or more wireless devices 120
via downlink channels established by node 110 and a receiver (o receive data from one or
mors wireless devices 120 via uplink channels established by node 110, Memory 115 may
include a downlink rescurce pool 116, an uplink resource pool 117, and a shared resource

pool 118, each of which is described in greater detail below in conjunction with FIG. 2C.

[0614] Processor module 112 may be configured {o control and/or perform the operations of
node 110, In some embodiments, processor module 112 may include a quality status
module 113 configured to delermine a quality status of frequency specirum resources
associated with air interface 130 that are available for use by node 110 for an uplink or
downlink channel, where air interface 130 may include the radio-based communication link
between wireless device 120 and node 110, In such embodiments, guality status module
113 may determine the guality status of each frequency spectrum resources associated with
air interface 130 based on channel quality indicator (CQ), received interference power (RIP),
and/or any other suitable quality metric or kay performance indicator, such as RSS81,
acknowledgement/negative acknowledgement (ACK/NACK) frequency, dropping rate, block
error rate, bit error rate, signal-te-interference-plus-noise ratio (SINR), etc. In some
embodiments, processor module 112 may include a scheduler module 114 configured to
schedule frequency specirum resources associated with air interface 130 based on a target
directional allocation of radio resources {&.q., frequency spectrum resources) for node 110,
The target directional allocation of such rescurces may be based al ieast in part on current
resource requests from node 110 (e.q., precessor module 111) and from the one or more
wirgless devices 120 serviced by nede 116, Thus, when rescurce requests for downlink
traffic from node 110 are greater than resource requests for uplink traffic from the one or
more wirgless devices 120 serviced by node 110, scheduler module 114 may allocate
freguency spectrum rescurces between uplink and downlink charnnels accordingly.

According to some embodiments, the aliocation of each specific frequency spectrum
5
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resource available to node 110 as either an uplink and downlink channel by scheduler
module 114 (i.e., directional allocation of communication resources for the base station) may
be based at least in part on whether the specific frequency spectrum resource has been
assigned o downlink resource poal 116, uplink resource pool 117, or shared rescurce pool
118. Such embediments are described below in conjunction with FIGS. 2C and 4. The
various elements of node 110 may be operatively coupled o each other, and may compriss
components of hardware, software (or other computer-readable instruction stored on a non-
transitory computer-readable medium and sxecutable by one or more processors), or a

combination of hardware and softwars {including firmware).

[oo18] Wireless device 120 may include a transceiver module 121 and a processor module
122 cperalively coupled to each ¢ther. Transceiver module 121 may include hardware,
software, and/or firmware compenents or combinations thereof suitable for communicating
with node 110 via uplink and downlink channels established by node 110. Processor
module 122 may include software and/or firmware componeants or combinations thereof that
enable wireless device 120 to provide information to node 110 for determining COI, RIP,
and/or any other suitable guality metric of frequency spectrum resources associated with air
interface 130.

[0018] FIGS. 2A-20 illustrate examples of the allocation of frequency spectrum resources
for nodes of a wireless mobile network, according {o various duplex communication
schemes. Specifically, FIG. 2A lllustrates frequency spectrum resource allocation employing
FDD; FIG. 2B illustrates frequency spectrum resource allocation employing TDD; and FIG.
2C ilustrates adaptive frequency spectrum resource allocation in wireless mobile network

100 according to ai least some embodiments of the present disciosure.

[0017) FIG. 2A illustrates an exampie of an FDD allocation scheme 210 applied to a radio
frame 200 and a plurality of frequency spectrum resources, subcarriers 201-208. Radio
frame 200 may be one of a plurality of recurrent data blocks that are associated with a node
of a wireless mobile network, where each radic frame 200 corresponds to a time slot of fixed
length, for example 10 ms. Radio frame 200 may include a fixed number (for instance, ten)
of subframes 207. Each of subframes 207 may occupy a time slot and may be, for example,
1 ms second in duration. Each of subcarriers 201-206 may be a frequency spectrum
resource that may be gvailable for use by the node as either an uplink channel! or a downlink
channel, such as a unique frequency band. Together, radio frame 200 and subcarriers 201-

206 may make up an air interface for the portion of the wireless mobile network associated

§]
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with the node. [tis noted that such air interface may include fewer than six subcarriers 201-
208 or many more than six subcarriers 201-208. For example, in long term evolution (LTE)
networks, a minimum of 72 subcarriers may be employed at a particular node or base

station.

[0018] In FDD allocstion scheme 210, the fransmitter and the receiver of the node may
operate at different carrier frequencies. Stated in another way, the transmitter may use
some of subcarriers 201-206 as downlink channels, and the receiver may use cther of
subcarriers 201-206 as uplink channels. Furthermore, in FDD aliccation scheme 210,
downlink and uplink channels may usually be operated in paired specira, in which the same
amount of radic resources are reserved for downlink channels and for uplink channels. In
the example illustrated in FIG. 24, the node may employ subcarriers 201-203 for uplink
channels and subcarriers 204-206 for downlink channels. Generally, FDD allocation
scheme 210 may be more suited to applications like voice calls, whose bidirectional
capacity requirements are equal, bul is less suttable for Intemet applications due to the
asymmetric and bursty traffic characterized thereby. To wit, even when downiink traffic from
the node to wireless devices greatly exceeds uplink traffic from the wireless devices to the
node, in FDD aliocation scheme 210, the number of subcarriers 201-206 allocated as uplink
channels {(e.q., subcarriers 201-203) may remain equal o the number of subcarriers 201-
206 that are aliocated as downlink channels {e.g., subcarriers 204-208). Therefore, some or
maost of subcarriers 201-203 may be idle or underutilized at the same time that subcarriers

204-206 cannot satisfy all downlink reguests.

[0018] FIG. 2B illusirates an example of a TDD allocation scheme 220 applied to radio
frame 200 and subcarriers 201-206. TDD allocation scheme 220 may be based upon using
the same frequency spectrum resources (subcarriars 201-208) for both uplink and downlink
transmission, where wirgless devices and a node do not fransmil concurrently. Thus, any
one of subcarriers 201-208 may be used for an uplink channel and for a downlink channel
during radio frame 200, albeit during different subframes 207. As shown in FIG. 2B, each of
subcarriers 201-206 may be used for a downlink channel during subframes 207A and
subframes 207F-207J, and for an uplink channel during subframes 207C-207E. When the
proportion of uplink and downlink traffic changes, the number of subframes 207 during
which subcarriers 201-206 are used for uplink channeils and the number of subframes 207
during which subcarriers 201-208 are used for downlink channels can be reconfigured

accordingly.

~i
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{00201 TDD allocsation scheme 220 may be useful for applications with traffic asymmedtry,
such as when downlink traffic far exceeds uplink traffic {or vice-versa) during a particular
radio frame. However, TDD allocation scheme 220 may also have drawbacks. First, there
may generally be a limited number of different configurations available, typically seven, for
the allocation of subcarriers 201-208 as uplink and downlink channels. So while the
proportion of uplink channel capacity and downlink channel! capacity for the node can be
varied, the granularity of options may be limited. Therefore, some of subcarriers 201-206
may usually be underutilized in each radio frame 200, since the proportion of uplink channel
capacity and downlink channel capacily for the node may not be clossly maiched to the

current requirements of the node and the wireless devices.

0621} Second, in TDD allocation scheme 220 each radio frame 200 may generally include
at least one guard period 217, which may expend frequency spachum resources
(subcarriers 201-208) that could otherwise be employed as uplink or downlink channels.
Guard period 217, also sometimes referred to as a "guard interval,” may be used to ensure
that distinct transmissions do not interfere with one ancther. For example, guard period 217
may prevent downlink transmissions carried by subcarrier 201 in an sarlier portion of
subframe 2078 from interfering with uplink transmissions carried by subcarrier 201 in a later
portion of subframe 2078. Thus, during guard period 217, data may generally not be
interpreted by the node or the wirgless devices. Guard period 217 may be a period of time
that could be typically longer than the delay spread associated with uplink and downlink
channels available 1o the node. To aveid data loss and to reduce interference caused by
propagation delay between each user timeslot (g contfiguous series of subframes used by
either the node or the wireless device) and a following user timesiot, one or more guard
periods 217 may be used in each radio frame 200. Typically, each user timeslot may end

with such a guard period.

00221 Third, TDD allocation scheme 220 may rely on discontinuous transmission of uplink
and downlink traffic io separate uplink and downlink fransmission, for example using the
above-described guard periods 217. Discontinuous transmission could degrade

performance of radio frequency (RF) power amplifiers in transmitiers.

[0023] Fourth, implementation of TDD allocation scheme 220 may involve exira signaling
overhead. Specifically, for each ¢of the different configurations availabie for the allocation of
subcarriers 201-208 as uplink and downlink channels with respect to subframes 107,

configuration information may be transmitied to and/or from the wireless devices and the

8
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node. Such additional signaling overhead may expend frequency spectrum resources

(subcarriers 201-208) that could otherwise be employed as uplink or downlink channels.

00241 FIG. 2C illustrates an example of an adaptive radio resource allocation scheme 230
applied to radio frame 200 and subcarriers 201-206, according to at least some
embodiments of the present disclosure. TDD allocation scheme 220 may include dynamic
allocation of subcarriers 201-206 in both the time and frequency domains. Consequently,
the number of subcarriers 201-206 allocated to uplink channels and to downlink channels
can be finely taiiored to maich the time-varying bandwidth demand associated with the
expanded use of mobile Internet services., Thus, even when the proportion of uplink traffic
to downlink traffic changes rapidly, subcarriers 201-208 can be effectively exploited, so that

nene or very few of subcarriers 201-206 are unused or underutilized.

[0025] As shown in FIG. 2C, some of subcarriers 201-2086 may be allocated by scheduler
module 114 of node 110 for uplink channels for the duration of radio frame 200 (except
during guard pericd 227), while other of subcarriers 201-208 may be gllocatad by scheduler
maodule 114 for downlink channels for the duration of radio frame 200. In addition, still other
of subcarriers 201-208 may be allocated by scheduler module 114 for uplink channels in
some subframes 207 of radio frame 200 and allocated by scheduler module 114 for
downlink channels in other subframes 207 of radio frame 200, For example, in the scenario
depicted in FIG. 2C, subcarrier 201 may be allocated for an uplink channel for the duration
of radic frame 200 while subcarner 206 may be aliocated as a downlink channel for the
duration of radio frame 200. Concurrently, subcarriers 202, 203, and 205 may be allocated
as downlink channels during a first portion 240 of radio frame 200 (subframes 207A-207D
and a portion of subframe 207E) and as uplink channels during a second portion 250 of
radio frame 200 (a portion of subframe 207E and subframes 207F-207.J). Conversely,
subcarrier 204 may be allocated for an uplink channe! during first portion 240 of radio frame

200 and as a downlink channel during second portion 250 of radio frame 200.

[0628] In some embodiments, in adaptive radio resource allccation scheme 230, radio
frame 200 may include guard period 227 when subcarriers 201-208 are reconfigured to
have a different direction allocation. As is the case with guard period 217 in FIG. 2B, during
guard period 227, data may generally not be interpreted by node 110 or wireless devices
120 Thus, guard pernod 227 may be used to ensure thal a transmission associated with a
specific frequency spectrum resource, such as a downlink transmission, does not interfere

with a transmission that is subseqguently associated with the specific frequency spectrum

5]

Ex.1002.00167



WO 2016/015345 PCT/CN2014/083578

resource, such as an uplink transmission. Guard pericd 227 may be a period of time that is
typically longer than the delay spread associated with uplink and downlink channels
available t0 node 110, for exampie on the order of about 1 microsecond. As shown in FIG.
2C, guard period 227 may be disposed between first portion 240 of radio frame 200 and
second portion 250 of radio frame 200, where the direction aliocation of subcarriers 201-206
may be constant in first portion 240 and the direction allocation of subcarriers 201-208 may
be constant in second portion 250. Thus, guard period 227 may prevent downlink
transmissions carried by subcarriers 202, 203, 205, and 208 in first portion 240 of radio
frame 200 from interfering with uplink transmissions carried by, respectively, subcarriers 202,
203, 205, and 208 in second portion 250 of radio frame 200. Similarly, guard period 227
may prevent uplink transmissions carried by subcarriers 201 and 204 in first portion 240 of
radio frame 200 from interfering with transmissions carried by, respectively, subcarriers 201

and 204 in second portion 250 of radio frame 200.

[0027] While guard period 227 may be in some ways similar to guard period 217 in FIG. 2B,
guard pericd 227 may be fundamentally different from guard period 217 in at least one
aspect. Specifically, in adaptive radio resource allocation scheme 230, guard period 227
may be included in a parficular radio frame 200 when one “homogeneous frame” ends and
another homogeneous frame begins in the particular radio frame 200, A homogeneous
frame may be considered 10 be any consecuytive series of subframes 207 in which the
direction allocation of subcarriers 201-206 remains unchanged. Thus, first portion 240 of
radic frame 200 may be considered as some or all of one homogeneous frame in adaptive
radio resource allocation scheme 230, and second portion 250 of radio frame 200 may be
considered as some or all of another homogeneous frame. Because gquard period 227 may
be disposed between different homogeneous frames, and because a3 homogenaous frame
typically may have a duration that includes multiple radio frames 200, in some embodiments,
guard periods 227 may occur substantially less frequently than once per radio frame 200.

One such embodiment is Hlustrated in FIG. 3.

fog28] FiG. 3 ilustrales example muitiple consecutive homogeneous frames 301, 302, and
303, configured according to at ieast some embodiments ¢of the disclosure. Each of
hormogeneous frames 301, 302, and 303 may include mulliple subframes 207, and in some
cases multiple radio frames 200. As shown, homogeneous frame 301 may precede
homogeneous frame 302 and may be separated from homogeneous frame 302 by a guard
period 227 {(describad above in conjunction with FIG. 2C). Similarly, homogeneous frame

302 may precede homogeneous frame 303 and may be separated from homogeneous
10

Ex.1002.00168



WO 2016/015345 PCT/CN2014/083578

frame 303 by a guard pericd 227. it is noted that homogeneous frames 202 and 303 each
may include multiple radio frames 200, since in each case, the direction allocation of
subcarriers 201-206 may remain unchanged for a period of time longer than a single radic
frame 200. Consequently, the total duration of time in which frequency spectrum resources
are idie during guard pericds 227 in adapilive radio resource aliocation scheme 230 may
generally be significantly less than the total duration of time in which frequency spectrum

resources are idle during guard period 217 in TDD allocation scheme 220

[0029] In operation, node 110 in FIG. 1 may implement adaptive radio resource allocation
scheme 230 according to the following procedure. In some embodiments, the following
procedure may be performed once per radio frame 200, In other embodiments, the
procedure may be performed more frequently (for example, once every faw subframes 207)

or less frequently for example, cnce every N radio frames, once every second, atc ).

[0030] First, node 110 may obtain the quality status of the current uplink and downlink
frequency spectrum resouwrces available (e.g., subcarriers 201-208) using guality sialus
module 113. For example, guality status module 113 may acquire suitability of some or all
of subcarriers 201-206 for uplink channels by measurement of RIP for each of subcarriers
201-206. To acquire suitability of some or all of subcarriers 201-206 for downlink channels,
node 110 may measure CQI, for example through the measurement of reference signal
received power (RSRP) and received signal strength indicator (R831). The measurement of
RIP and CQI can be based on the particle size of a wavelet or on a smaller particle size,
such as physical resource block (PRB), a plurality of which may typically be included in each
subframe 207. ltis noted that determination of quality status, as described above, can be
performed using information typically already measured by LTE and LTE-Advanced wircless
communication systems. Consequently, no additional signaling or other procedures may be

needed for implementation of the herein-described procedura.

06311 Second, node 110 may sort the available frequency specirum resources based on
the quality status measured for each. Thus, processor module 112 may assign high-guality
resources to downlink resource pool 116 and/or to uplink resource pool 117, and may assign
lower-quality frequency spectrum resources to shared resource pool 118. For example, in
some embodiments, subcarriers with high CQl, which may indicate that the subcarrier is
well-suited for a downlink channel, may be assigned o downlink resource pool 118, and
subcarriers with low RIF, which may indicate that the subcarrier is well-suited for an uplink

channel, may be assigned o uplink resource pool 117, In such embodiments, the assigned
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subcarriers may be ranked in order of suitability, so that during scheduling (described below),
the subcarriers assigned fo downlink resource pool 116 that are most suitable for uplink
channels can be selected first for downlink channels and the subcarriers assigned to uplink
rescurce pool 117 that are most suitable for uplink channels can be selected first for uplink
channeis. Similarly, in some embodiments, the subcarriers that are assigned to shared
resource pool 118 may be ranked in terms suitability for uplink and for downlink channels,

for example based on RIFP and CQl values, respectively. Furthermore, in some
embodiments, one or more frequency spectrum resources may be assigned to both
downlink resource pool 118 and uplink resource pool 117, such as when a particular
subcarrier has both high CQi and low RIF

[6632] Third, scheduler module 114 may schedule some or all of the frequency spectrum
resources assigned o downlink resource pool 116 for downlink channels for node 110 and
some or all of the freguency spectrum resources assigned to uplink resource pool 117 for
uplink channels for node 110, In some embodiments, scheduler module 114 may perform
such scheduling based on an initial directional allocation of frequency spectrum resources
for node 110, where the initial directional aliocation of communication resources may
indicate current resource requests from wireless devices 120 and from node 110, In this
way, the number of frequency spectrum resources scheduled for downlink channels may not
gxceed the current number of reguesied downlink channels requestad by wireless devices
120, and the number of frequency spectrum resources scheduled for uplink channels may

not exceed the current number of requested uplink channels requested by node 110,

(00633} Fourth, processor module 112 may determine an updated directionat allocation of
frequency spectrum resources for node 110, In some embodiments, the updated directional
allocation of frequency spectrum resources may be based on the number of current
resource requests from wirgless devices 120, on the number of current rescurce requests
from node 110, on the number of frequency spectrum resources scheduled from uplink
resource pool 117 for uplink channels, on the number of frequency spectrum resources
scheduled from downlink resource pool 116 for downlink channels, and/or on some other
factor(s) or combination(s) thereof. Thus, in such embodiments, the updated directional
allocation of frequency spectrum resources may be based on the remaining resource
requests (for both uplink and downlink channels) that are not yet satisfied after scheduling
frequency spectrum rescurces assigned to downlink resource pool 118 and {o uplink

rescurce pool 117,
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[0034] Fifth, when there are remaining resource requests for node 110 for either uplink or
downlink channels) that are not yet satisfied, scheduler module 114 may schedule one or
more frequency spectrum resources assigned to shared rescurce pool 118 for uplink and/or
downlink channels. in some embodiments, the scheduling of such frequency specirum
resources may be based on the updaled directional allocation of frequency spectrum
resources described above. Consequently, frequency specitrum resources may be
dynamically allocated to satisfy resource requests for node 110, so that very few or no

frequency spectrum resources are idle.

[0035] Furthermore, in some embodiments, a particular frequency spectrum resource
assigned o shared resource pool 118 may be scheduled by scheduler module 114 of node
110 for an uplink or a downlink channel based on suitability of the particular frequency
spectrum resource for an uplink or a downlink channel, respectively. For example, a
frequency specirum resource assigned 1o shared resource pool 118 may be scheduled by
scheduler module 114 of node 110 for a downlink channel when the frequency spectrum
rescurce has a higher CQl than other frequency spectrum resources assigned to shared
resource pool 118. Similarly, a frequency spectrum rescource assigned to shared resource
pool 118 may be scheduled by scheduler module 114 of node 110 for an uplink channel
when the frequency specitrum resource has a lower RIP than other frequency spectrum
resources assigned o shared rescurce pool 118, Thus, not enily are available frequency
spectrum resources efficiently utilized by node 110, these frequency spectrum resources
may be scheduled for either uplink or downlink channel based on the current suitability of

gach resource, which can enhance user experience and system-level performance.

[oeas] While assignment and schaduling of frequency spectrum resources is described
herein in terms of subcarriers 201-208, the above-described procedure may also be
implementad on an individual PRE basis. Thus, each individual PRB (& plurality of which
may be associated with each frequency spectrum resource in a single subframe 207) may
be assigned to one or more of downlink resource pool 1186, uplink resource pool 117, and/or
shared resource pool 118, and may be scheduled for an uplink channel or a downlink

chamnel.

[0037] FIG. 4 sets forth a flowchart of an example method 400 for a base station of a
wireless network to allocate communication resources between uplink and downlink
channels, according to an embodiment of the disclosure. Method 400 may include one or

more operations, functions, or actions as illustrated by one or more of blocks 401-405.
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Although the blocks are illustrated in a sequential order, these blocks may also be
performed in parallel, and/or in a different order than those described herein. Also, the
various blocks may be combined into fewer blocks, divided into additional blocks, and/or
eliminated based upon the particular implementation. Additional blocks representing other
operations, functions, or actions may be provided. Although method 400 is described in
conjunction with node 110 of FIG. 1, any suitable computing device configured to perform

method 400 is within the scope of this disclosure.

[0038] Method 400 may begin in block 4071 ("Determine quality status of a first frequency
spectrum?”), in which guality status module 113 (or any other suitably configured software,
firmware, or logic circuit entity, etc.) may determine a quality status of gt least g first
frequency spectrum resource that is available for use by the base station for an uplink or
downiink channel, such as one of subcarriers 201-206. In some embodiments, quality
status module 113 may determine this quality status by delermining at leastone of a
channel quality indicator (CQI) vaiue and a received interference power (RIF) of the first
frequency spectrum resource. CQl and RIP are each existing channel performance
measures that may already typically be in place in wireless networks. Hence, no additional

signaling may be requirad for quality status module 113 fo complete block 401,

100391 In block 402 ("Assign first frequency spectrum resource to shared resource pool
based on guality status”), processor module 112 {or any other suitably configured software,
firmware, or logic circuit entity, etc.) may assign the first frequency spectrum resource 1o
shared resource pool 118, based on the guality status of the first frequency spectrum
resource determined in block 401, In some embodiments, processor module 112 may
assign the first frequency spectrum resource 1o shared resource pool 118 when it is
determined that the first frequency spectrum resource is less suitable for an uplink channsi
than one or more other frequency spectrum resources available o node 110 and also is less
suitable for a downlink channel than one or more freguency spectrum resource that are

available to node 110.

[0040] Specifically, the first frequency specirum resource may be determined by quality
status module 113 to be less suitable for a downlink channel in response to a CQ of the first
freqguency spectrum resource being less than a CQl of one or more other frequency
spectrum resources. Similarly, the first frequency spectrum rescurce may be determined by
quality status module 113 o be less suitable for an uplink channel than one or more other

frequency spectrum resources in response to an RIP of the first frequency spectrum
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resource being greater than an RIF of the one or more other freguency specirum resources.
Thus, because the first frequency spectrum resource is determined by quality status module
113 to currently be a sub-optimal resource for uplink and/or downlink channels, the first
frequency spectrum rescurce may be assigned by processor module 112 to sharaed
resource pool 118, The first frequency specirum resource may subsequently be scheduled
by scheduler module 114 {see block 407) for an uplink or a downlink channel after higher
guality frequency spectrum resources are scheduled for use, and if additional radio
resources may be needed {0 satisfy current resource requests by node 110 and/or wireless

devices 120.

[0041] In block 403 ("Determine a qualily status of a second frequency specirum resource”),
quatlity status module 113 may determine a quality status of at least a second frequency
spectrum rescurce that is available for use by the base station for an uplink or downlink
channel, such as one of subcarriers 201-208. Quality status of the second frequency

spectrum resource may be determined using techniques described above in block 401,

[0042] In block 404, ("Assign second frequency spectrum rescurce o uplink resource pool
or downlink resource pool based on quality status™, processor module 112 (or any other
suitably configured software, firmware, or logic circuit entity, efc.) may assign the second
frequency spectrum resource 1o downlink resource pool 116 and/or to uplink resource pool
117 based on the quality status determined in block 403, For example, in response to the
gquality status of the second frequency spectrum resource being indicative that the second
frequency spectrum is usable for an uplink channel, processor module 112 may assign the
second frequency specirum resource to uplink resource pool 117, In some embodiments,
the second frequency spectrum resource may be “usable for an uplink channel” when the
guality status meets or exceeds a particular threshold, such as when an RIP value
associated with the second frequency spectrum resource is equal {o or less than a specified
maximum value or some cother value. Similarly, in response o the quality status of the
second frequency spectrum resource being indicative that the second frequency spectrum is
usable for a downlink channel, processor module 112 may assign the second frequency
spectrum resource e downlink resource pool 1186, In some embodiments, the second
frequency spectrum resource may be “usable for a downlink channel” when the guality
status meeis or exceeds a particular threshold, such as when a CQl value associated with
the second frequency spectrum resource is equal to or greater than a specified minimum

value or some other value.
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[0043] In block 405, (“Schedule second frequency specirum resource based on initial
directional allocation™), scheduler module 114 {(or any other suitably configured software,
firmware, or logic circuit entity, etc.) may schedule the second frequency specirum resource
for an uplink or a downlink channel based on an initial directional allocation of
communication resources for node 110, The initial direction aliocation of communication
resources may indicate a target number of uplink and downlink channels node 110 should
establish to satisfy current uplink and downlink traffic of node 110. For example, an initial
direction gliocation of communication resources may be based on current resource requests
from wireless devices 120 and from node 110, Thus, when the second frequency spectium
resource is determined to be suitable for an uplink channel, and the initial direction
allocation of communication resources indicates that node 110 should establish an uplink
channel to satisfy current uplink and downlink traffic of node 110, scheduler module 114 may
schedule the second frequency spectrum resource for an uplink channel. Similarly, when
the second frequency specirum resource is determined o be suitable for a downlink
channel, and the initial direction allocation of communication resources indicates that node
110 should establish a downlink channel to satisfy current uplink and downlink traffic of node
110, scheduier module 114 may schedule the second frequency spectrum rescurce for a

downlink channel.

[0G44] In block 406 ("Determine an updated directional allocation of communication
resources”), after scheduling the second frequency spectrum resource in block 403,
processor module 112 (or any other suilably configured software, firmware, or logic circuit
entity, etc.) may determine an updated directional allocation of communication resources for
node 110. Specifically, the updated directional allecation of frequency spectrum resources
may be based on current resource requests from wireless devices 120, on current resource
requests from node 110, on the number of frequency spectrum resources that are already
assigned for uplink channels, on the number of frequency spectrum resources assigned for
downiink channels, and/cr on other facior(s) or combination(s) thereof. Thus, the updated
direction allocation of frequency spectrum resources may indicate, after the second
frequency spectrum resource is assigned for one of an uplink or downlink channel, whether
any additional uplink or downlink channels should be established by node 110 to satisfy

current resource requests from wireless devices 120 and node 110,

[0048] In block 407 (“Schedule first frequancy spectrum rescurce based on the determined
updated directional allocation of communication resources”), scheduler module 114 (or any

other suitably configured software, firmware, or logic circuit entity, etc.) may select the first
16
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frequency spectrum resource from shared resource pool 118 and may schedule the first
spectrum for either an uplink channel or a downlink channel. Scheduler module 114 may
schedule the first frequency spectrum rescurce for either uplink channel or downlink channel
based on the updated directional allocation of communication resources determined in block
408, Thus, frequency spectrum resources previously assigned to shared resource pool 118
in block 402 may be scheduled according to what rescurces node 110 are usable o satisfy
current resource requests from wireless devices 120 and node 110 after higher-quality

frequency spectrum resources have been scheduled.

[0048] FIG. 5 is a block diagram of an illustrative embodiment of a computer program
product 500 to implement a method for dynamic resource allocation in a wireless network,
Computer program product 500 may include a signal bearing medium 504, Signal bearing
medium 504 may include one or more sets of executable instructions 502 that, in response
o execution by, for example, a processor of a computing device, may provide at least the

functionality or features described above with respect to FIGS. 1-4.

[0047] In some implementations, signal bearing medium 504 may encompass a non-
transitery computer readable medium 508, such as, but not limited to, a hard disk drive, a
compact disc (CD), a digital video disk (DVD), a digital tape, memory, etc. in some
implementations, signal bearing medium 504 may encompass a recordable medium 510,
such as, but not limited to, memory, read/write (RAW) Chs, RAW DVDs, etc. In soms
implementations, signal bearing medium 504 may encompass a communications medium
506, such as, but not limited to, a digital and/or an analog communication medium (e.¢., a
fiber optic cable, 3 waveguide, a wired communications link, a wireless communication link,
etc.). Computer program product 500 may be recorded on non-transitory computer
readable medium 508 or anocther similar recordable medium 510.

[0048] FIG. 6 is a block diagram illustrating an example computing device 600, according to
at least some embodiments of the present disclosure. In some embodiments, computing
device 800 may be used to implement node 110 of FIG. 1. In a very basic configuration 802,
computing device 600 typically includes one or more chip mulliprocessors 604 and a system
memory 806. A memory bus 808 may be used for communicating between processor 804

and system memory 6006,

[0048] Chip multiprocessor 804 may be substantially similar in configuration and operation

to processor module 112 in FIG. 1. Depending on the desired configuration, processor 804
17
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may be of any type including but not limited to a microprocessor (UP), a microcontroller (uC),
a digital signal processor (DSP), or any combination thereof. Processor 604 may include
one more levels of caching, such as a level one cache 610 and a level two cache 812, a
processor core 814, and registers 616. An example processor core 814 may include an
arithmetic logic unit (ALY}, a floating point unit (FPU), a digital signal processing core (DSP
Core}, or any combination thereof. An example memory controller 618 may also be used
with processor 804, or in some implementations memory controller 618 may be an internal

part of processor 604,

[0050] Depending on the desired configuration, system memory 806 (which may be used to
implement main memory 170 of FIG. 1) may be of any fype including but not imited to
volatile memeory {(such as RAM}, non-volatile memory (such as ROM, flash memory, eic.) or
any combination thereof. System memory 806 may include an operating system 820, one
or more applications 822, and program data 624. Application 622 may be arranged to
parform at least the functions and operations as those described with respect processor
module 112. Application data 624 may be useful for operation with application 822. In
some embediments, application 622 may be arranged to operate with application data 624
on operating system 820, This described basic configuration 602 is Hustrated in Fig. 8 by

those components within the inner dashed line.

[0051] Computing device 800 may have additional features or funclionality, and additional
interfaces to facilitate communications belween basic configuration 802 and any required
devices and interfaces. For example, a bus/interface controller 830 may be used to
facilitate communications between basic configuration 602 and one or more data storage
devices 832 via a storage interface bus 634, Data storage devices 832 may be removabie
storage devices 636, non-removable siorage devices 638, or a combination thereof.
Examples of removable storage and non-removable storage devices include magnetic disk
devices such as flexible disk drives and hard-disk drives (HDDs), optical disk drives such as
compact disk (CD) drives or digital versatile disk (DVD) drives, solid state drives (88Ds),
and tape drives {0 name a few. Example computer storage media may include volatile and
nonvolatile, removable and non-removabie media implemented in any method or technology
for storage of information, such as computer readable instructions, data structures, program

modules, or other data.

[0052] System memory 806, removable storage devices 636 and non~removable storage

devices 638 are examples of computer storage media. Computer storage media includes,
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but is not limited to, RAM, ROM, EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD32) or other optical storage, magnetic casseties, magnetic
tape, magnetic disk storage or other magnetic storage devices, or any other medium which
may be used o store the desired information and which may be accessad by computing

device 600. Any such computer storage media may be part of computing device 600,

[0053] Computing device 800 may also include an interface bus 840 for facilitating
communication from various interface devices {(e.q., output devices 642, peripheral
interfaces 644, and communication devices 8406) 1o basic configuration 802 via bus/interface
controlier 630, Example cutput devices 842 include a graphics processing unit 848 and an
audio processing unit 850, which may be configured 1o communicate o varnous external
devices such as a display or speakers via one or more AN ports 852, Example perinheral
interfaces 644 include a serial interface controller 854 or a parallel interface controlier 656,
which may be configured to communicate with external devices such as input devices (.g.,
keyboard, mouse, pen, voice input device, touch input device, etc.) or other peripheral
devices (e.g., printer, scanner, efc.) via one or more 0 ports 858. An example
communication device 846 includes a network controller 880, which may be arranged {o
facilitate communications with one or more other computing devices 662 over a network
communication link, such as, without imitation, optical fiber, Long Term Evolution (LTE}, 3G,

WiMax, via one or more comimunication ports 664,

{60541 The network communication link may be one example of a communication media.
Cemmunication media may typically be embodied by computer readable instructions, data
structures, program modules, or other data in a modulated data signal, such as a carrier
wave or other transport mechanism, and may include any information delivery media. A
‘moduiated data signal” may be a signal that has one or more of its characteristics sef or
changed in such a manner as to encode information in the signal. By way of example, and
not limitation, communication media may include wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic, radio frequency (RF),
microwave, infrared (IR) and other wireless media. The term computer readable media as

used herein may inciude both storage media and communication media.

[0055] Computing device 800 may be implemented as a portion of a small-form factor
portable {or mobile) electronic device such as a cell phone, a personal data assistant (PDA)Y,
a personal media player device, a wireless web-waich device, a personal headset device,

an application specific device, or a hybrid device that include any of the above functions.
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Computing device 600 may also be implemented as a personal computer including both

laptop computer and non-laptop computer configurations

[0658] The foregoing detailed description has set forth various embodiments of the devices
and/or processes via the use of block diagrams, flowcharts, and/or examples. Insofar as
such block diagrams, flowcharts, and/or exampies contain one or more functions and/or
gperations, each function and/or operation within such block diagrams, flowcharis, or
exampies can be implemented, individually and/or collectively, by a wide range of hardware,
software, firmware, or virtually any combination thereof. In one embodiment, several
portions of the subject matter described herein may be implemented via application specific
integrated circuits (ASICs}, field programmable gate arrays (FPGAS), digital signal
processors (DSPs), or other integrated formats. However, some aspects of the
embodiments disclosed herein, in whole or in pari, can be equivalently implementead

in integrated circuits, as one or more computer programs running on one or more
compuiers (8.g., 88 one oF More programs running on one or mors computer systems), as
CNE OF MOre programs running on one or More processors (8.g., as one Or more programs
running on one or more microprocessors), as firmwarse, or as virtually any combination
thereof, and designing the circuitry and/or writing the code for the software and or firmware
are possible in light of this disclosure. In addition, the mechaniams of the subject matier
described herein are capable of being distribuled as a program product in a variety of forms,
and that an #Hustrative embodiment of the subject maiter described herein applies
regardless of the particular type of signal bearing medium used 10 actually carry out the
distribution. Exampies of a signal bsaring medium include, but are not limited {o, the
following: a recordable type medium such as a floppy disk, a hard disk drive, a compact disc
{CD), a digital video disk (DVD), a digital tape, a computer memory, etc.; and a fransmission
type medium such as a digital and/or an analog communication medium {(e.g., a fiber optic

cable, a waveguide, a wired communications link, a wirsless communication link, efc.).

[00587] Those skilled in the art will recognize that it is common within the art to describe
devices and/or processes in the fashion set forth herein, and thereafter use engineering
practices 1o integrate such described devices and/or processes into data processing
systerns. That is, at least a portion of the devices and/or processes describaed hersin can be
integrated into a data processing system via a reasonable amount of experimentation. A
typical data processing system generally includes one or more of a system unit housing, a
video display device, a memory such as volatile and non-volatile memaory, processors such

as microprocessors and digital signal processors, computational entities such as operating
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systems, drivers, graphical user interfaces, and applications programs, one or more
interaction devices, such as a touch pad or screen, and/or control systems including
feedback loops and control molors (e.g., feedback for sensing position and/or velocity;
control motors for moving and/or adjusting componentis and/or quantities). A typical data
processing system may be implemented utilizing any suitable commercially available
components, such as those typically found in daia computing/communication and/or

nefwork computing/communication systems.

[0088] The heresin described subject matier sometimes illustrates different components
contained within, or connected with, different other components. Such depicted
architectures are merely exemplary, and in fact many other archilectures can be
implemented which achieve the same funclionality. In a conceptual sense, any
arrangement of components to achisve the same functionality is effectively "associated”
such that the desired functionality is achieved. Hence, any two componants herein
combined to achieve a pariicular functionality can be seen as "associated with” each other
such that the desired functionality is achieved, irrespective of architectures or intermedial
components. Likewise, any two components so associated can also be viewead as being
"operably connmected”, or "operably coupled”, {o each other {0 achieve the desired
functionalily, and any two components capable of being so associated can also be viewed
as being "operably couplable”, to each other to achieve the desired functionality. Specific
exampiles of operably couplable include but are not limited to physically mateable and/or
physically interacting componenis and/or wirelessly interactable and/or wirelessly interacting

components and/or logically interacting and/or iogicaily interactable components.

[0059] With respect to the use of substantially any plural and/or singular terms herein, those
having skill in the art can translate from the plural to the singular and/or from the singular o
the plural as is appropriate to the context and/or application. The various singular/plural

permutations may be expressly set forth herein for sake of clarity.

66601 I will be understood by those within the art that, in general, terms usad herein, and
especially in the appended claims (2.¢., bodies of the appended claims) are generally
intended as "open" terms (e.g., the term "including” should be interpreted as "including but
not limited t0,” the term "having” should be interpreted as "having af least,” the term
"includes” should be interpreted as "includes but is not imited 10," etc.). It will be further
understood by those within the art that if & specific number of an introduced claim recitation

is intended, such an inftent will be explicitly recited in the claim, and in the absence of such
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recitation no such intent is present. For example, as an aid to understanding, the following
appended claims may contain usage of the introductory phrases "at least one” and "one or
more" {0 introduce claim recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation by the indefinite articles "a"” or
"an” imits any particular claim containing such infroduced claim recitation t¢ inventions
containing only one such recitation, even when the same claim includes the introductory
phrases "one or more” or "at least one" and indefinite articles such as "a" or "an” (e.q., "a"
and/or "an” should typically be interpreted to mean "at least ong” or "one or more"); the
same holds true for the use of definite articles used to infroduce claim recitations. In
addition, even if a specific number of an introduced claim recitation /s explicitly recited,
those skilled in the art will recognize that such recitation should typically be interpreted 1o
mean af feast the recited number (e.g., the bare recitation of "two recitations,” without other
rmodifiers, typically means af least two recitations, or fwo or more recitations). Furthermore,
in those instances where a convention analogous fo "at leastone of A, B, and C, etc” is
used, in general such a construction is infended in the sense one having skill in the art
would understand the convention (e.g., "a system having at least one of A, B, and C" would
include but not be limited {o systems that have A alone, B alone, C alone, A and B together,
Aand C together, B and C together, and/or A, B, and C together, etc.). In those instances
where a convention anaiogous (o "at least ons of A, B, or C, etc.” is used, in general such a
consiruction is intended in the sense one having skill in the art would understand the
convention (2.¢., "a system having at least one of A, B, or C" would include but not be
limited o systems that have A alone, B along, C alone, A and B together, A and C togsther,
B and C together, and/or A, B, and C together, efc). It will be further understood by those
within the art that virtually any disjunciive word and/or phrase presenting two or more
alternative terms, whether in the description, claims, or drawings, should be undersiood o
contemplate the possibilities of including one of the terms, egither of the terms, or both terms.
For example, the phrase "A or B" will be understood 1o include the possibilities of "A" or "B"
orAand B

00611 YWhile various aspecis and embodiments have been disclosed herein, other aspecis
and embodiments are possible, The various aspects and embodiments disclosed herein
are for purpeses of diustration and are not intended to be limiting, with the true scope and

spirit being indicated by the following claims.
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| Claim:

1. A method for a base station of a wireless network o aliocate communication resources
between uplink and downlink channels, the method comprising:

determining a guality status of a first frequency specirum resource that is available
for use by the base station for an uplink or downlink channel;

assigning the first frequency spectrum resource 10 a shared resource pool based on
the determined guality status of the first frequency spectrum resource;

scheduling a second freguancy spectrum resource that is available for use by the
base station for the uplink or downlink channel based on an initial directional
allocation of communication resources for the base station;

after scheduling the second frequency spectrum resource for the base station,
determining an updated directional alioccation of communication resources for
the base station; and

selecting the first frequency spectrum resource from the shared resource pool and
scheduling the first frequency spectrum resource for either the uplink channel
or the downlink channel based on the determined updated directional

allocation of communication resources for the base station.

2. The method of claim 1, wherein assigning the first frequency specirum resourcs o the
shared resource pool based on the delermined quality status of the first frequency
spectrum resource comprises assigning the first frequency spectrum resource o the
shared resource pool according to the first frequency spectrum resources being:

less suitable for the uplink channel than a third frequency spectrum resource that is
available for use by the base station, and

less suitable for the downlink channel than a fourth frequency spechrum resource
that is available for use by the base stalion.

3. The method of claim 2, wherein the first frequency spectrum resource is less suitable
for the downlink channel than the third freguency spectrum resource in response 1o a
channel quality indicaior (CQ) of the first freguency spectrum resource being less than
a CO of the third frequency spectrum resource.

4. The method of claim 2, wherein the first frequency spectrum resource is less suitable
for the uplink channel than the third freguency spectrum resource in response to a
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o

7.

received interference power (RIP) of the first frequency spectrum resource being
greater than an RIP of the third frequency specirum resource.

The mathod of claim 1, further comprising:
determining a quality status of the second Trequency specltrum resource; and
bazed on the determined gualily siatus of the second frequency speclrum resource,
assigning the second frequency spectrum rescurce [0 one of an uplink
resource pool or a downlink resource pool,
wherein assigning the second frequency spectrum resource 1o one of the uplink
resource pool or the downlink resource pool comprises delermining a quality

status of the second frequency spectrum resource.

The method of claim 5, wherein assigning the second freguency spectrum resource 1o
one of the uplink resource pool or the downlink resource pool comprises:
assigning the second frequency spectrum resource o the uplink resource poolin
response o the guality status of the second frequency spectrum resource
being indicalive that the second frequency specirum is usable for the uplink
channel, and
assigning the second frequency spectrum resource o the downlink resource pool in
response {o the quality status of the second frequency spectrum resource
being indicative that the second frequency spectrum is usable for the

downlink channel

The method of claim 5, wherein determining the quality status of the second frequency
spectrum resource comprises determining at least one of a CQl and a RIP of the

second frequency spectrum resource.

The method of claim 5, wherein assigning the second frequency specirum resource to
one of the uplink rescurce poo! or the downlink resource poo! comprises ranking the
second frequency spechrum rasource with respect to other frequency spectrum
resources assigned to the uplink resource pool or the downlink resource pool based on
the quality status of the second frequency spectrum resource.

The method of claim 1, wherein determining the guality status of the first frequency
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10,

1.

12.

13.

spectrum resource comprises determining at least one of a CQl and a RIP of the first
frequency specirum rasource.

The method of claim 1, wherein assigning the first frequency spectrum resource to the
shared resource pool comprises assigning a physical resource block that includes
muitiple subcarriers and multiple resource elements associated with each of the
multiple subcarriers 0 the shared resource pool.

A wireless base station for a wireless communication network, the wireless base station
comprising:

a quality status module configured o determine a quality status of a first frequency
spectrum resource associated with an air interface that is available for use by
the wireless base station for an uplink channel or a downlink channel, and to
determine a quality status of a second frequency spectrum resource
associated with the air interface that is available for use by the wireless base
station for an uplink channel or downlink channel;

a processor module coupled to the quality status module and configured o assign
the first frequency spectrum resource o a shared resource pool based on the
determined gquality status of the first frequency spectrum resource; and

a scheduler module coupled to the processor module and configured to schedule the
second frequency spectrum resourcs for an uplink channsi or downilink
channel based on an initial directional allocation of frequency spectrum
resources for the wireless base station and to schedule the first frequency
spectrum resource bassed on an updatsd directional allccation of frequency

spectrum resources for the wireless base siation.

The wireless base station of claim 11, wherein the processor module is further
configured to determine the updated directional allocation of frequency specirum
resources for the wireless base station after the second frequency spectrum resource is

scheduled for an uplink or downlink channal.

The wireless base station of claim 11, further comprising a memory coupled to the
processor module and configured o store the shared resource pool, whersin the
processor moedule is further configured 1o assign the second frequency spectrum

resource to one of an uplink resource pool siored in the memory or a downlink resource
25
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14.

15,

16.

17.

18.

19.

pool stored in the memory based on the determinad quality status of the second
frequency specirum rasource.

The wireless base station of claim 13, wherein the memory is further configured to store

the uplink resource pool and the downlink resource pool.

The wireless base station of claim 13, wherein the updated directional aliocation of
frequency spechrum rasources is based on current resource requests from a wireless
device serviced by the wireless base station, on current resource reguests from the
wireless base station, on a number of freguency spectrum resources scheduled from
the uplink resource pool for uplink channsls, and on a number of freguency spectrum

resources scheduled from the downlink resource pool for downlink channels.

The wireless base statlion of claim 11, wherein the initial directional allocation of
frequency specirum resources is based on current resource requests from a wireless

device serviced by the wireless base station and from the wirgless base station.

The wireless base station of claim 11, wherein the quality status module is configured fo
delermine the guality status of the first frequency spectrum by determination of al least
one of a channel guality indicator (CQ) and a received inlerference power {RIP) of the

first frequency spectrum resourcea.

The wireless base station of claim 11, wherein the processor module is configured to
assign the first frequency spectrum resource {o the shared resource pool by assignment
of a physical resource block that includes multiple subcarriers and multiple resource

elements associated with each of the multiple subcarriers to the shared resource pool.

The wireless base station of claim 11, wherein the processor module is configurad to
assign the first frequency spectrum o the shared resource pool by in response o the
first frequency spectrum resource being less suitable for the uplink channel than a third
frequency specirum resource that is available for use by the wireless base stafion, and
being less suitable for the downlink channe! than a fourih frequency speclrum resource

that is available for use by the wireless base station.
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20. A non-transitory compuier-readable medium that includes computer-executable
instructions stored thereon, which in response o execution by a processor, cause the
processor o perform or control performance of the method of any of claims 1-11.
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(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1480
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| U.S. APPLICATION NUMBER NO. FIRST NAMED INVENTOR ATTY. DOCKET NO.
15/500,928 Anpeng HUANG 11013.102130US01
97149 | INTERNATIONAL APPLICATION NO. |
Maschoff Brennan PCT/CN2014/083578
1389 Center Drive, Suite 300 LA. FILING DATE PRIORITY DATE
Park City, UT 84098 08/01/2014

CONFIRMATION NO. 4629
371 FORMALITIES LETTER

OB

Notification of Insufficiency Under 37 CFR 1.492 and/or 1.495 (DO/EO/US)

The following items have been submitted by the applicant or the International Bureau to the United States Patent
and Trademark Office as a Designated / Elected Office (37 CFR 1.495).

+ Copy of the International Application filed on 01/31/2017

+ Copy of the International Search Report filed on 01/31/2017
* Preliminary Amendments filed on 01/31/2017

+ Information Disclosure Statements filed on 01/31/2017

+ U.S. Basic National Fees filed on 01/31/2017

« Power of Attorney filed on 01/31/2017

+ Specification filed on 01/31/2017

+ Claims filed on 01/31/2017

+ Abstracts filed on 01/31/2017

+ Drawings filed on 01/31/2017

+ Authorization to Permit Access filed on 01/31/2017

+ Application Data Sheet (37 CFR 1.76) filed on 01/31/2017

The following items MUST be furnished within the period set forth below:

+ To avoid abandonment, a surcharge (for late submission of search fee, examination fee or inventor's oath or
declaration) as set forth in 37 CFR 1.492(h) of $140 for an undiscounted entity , must be submitted with the
missing items identified in this letter.

SUMMARY OF FEES DUE:

Total additional fees required for this application is $140 for an Undiscounted Entity:
+ $140 Surcharge.

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.495(c).

+ Properly executed inventor's oath or declaration for the following inventor(s) has not been submitted: Anpeng
HUANG

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

page 1 of 2
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The time period set above may be extended by filing a petition and fee for extension of time under the provisions
of 37 CFR 1.136(a).

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlL ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

RODERICK M JONES

Telephone: (571) 272-9083

page 2 of 2
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MULTIPLE DEPENDENT CLAIM
FEE CALCULATION SHEET

Substitute for Form PTO-1360
(For use with Form PTO/SB/06)

Application Number

15500928

Filing Date

Applicant(s) Anpeng HUANG

* May be used for additional claims or amendments

CLAIMS AS FILED AFTER FIRST AFTER SECOND * * *
AMENDMENT AMENDMENT
Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend

1 1 1 51
2 1 1 52
3 1 1 53
4 1 1 54
5 1 1 55
6 1 1 56
7 1 1 57
8 1 1 58
9 1 1 59
10 1 1 60
11 1 1 61
12 1 1 62
13 1 1 63
14 1 64
15 1 1 65
16 1 1 66
17 1 1 67
18 1 1 68
19 1 1 69
20 11 1 70
21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
31 81
32 82
33 83
34 84
35 85
36 86
37 87
38 88
39 89
40 90
41 91
42 92
43 93
44 94
45 95
46 96
47 97
48 98
49 99
50 100

Total Indep 2 2 0

Total 28 ‘J 17 ‘J 0 ‘J

Depend

N N N
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to

opposing counsel in the course of settlement negotiations.
3. Arecord in this system of records may be disclosed, as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. Arrecord from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

15500928

Filing Date:

31-Jan-2017

Title of Invention:

ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS

NETWORK

First Named Inventor/Applicant Name:

Anpeng HUANG

Filer:

Robert Burns Israelsen/Vanessa Mangum

Attorney Docket Number:

11013.10213US01

Filed as Large Entity

Filing Fees for U.S. National Stage under 35 USC 371

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
OATH/DECL > 30 MOS FROM 371 COMMENCEMENT 1617 1 140 140

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 140
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Electronic Acknowledgement Receipt

EFS ID: 29165844
Application Number: 15500928
International Application Number:
Confirmation Number: 4629

Title of Invention:

ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS
NETWORK

First Named Inventor/Applicant Name:

Anpeng HUANG

Customer Number:

97149

Filer:

Robert Burns Israelsen/Vanessa Mangum

Filer Authorized By:

Robert Burns Israelsen

Attorney Docket Number: 11013.10213US01
Receipt Date: 11-MAY-2017
Filing Date: 31-JAN-2017
Time Stamp: 12:27:09

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $140

RAM confirmation Number

051117INTEFSW12281500

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
362660
1 Oath or Declaration filed I1013—10213U532_Declarat|on. no 2
p ce5ac72a0328e90b219574af98198df65764)
bffc
Warnings:
Information:
30886
2 Fee Worksheet (SB06) fee-info.pdf no 2
9a5bb406337cbc694edcfofasSasfs826d4d7]
4hSc
Warnings:
Information:
Total Files Size (in bytes): 393546

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT REQUEST ID

15/500,928 2414 40037

PAIR Correspondence Address/Fee Address Change

The following fields have been changed to Customer Number 144521 on 05/17/2017 via Private PAIR in view
of the certification copied below that authorized the change.

* Maintenance Fee Address

The address for Customer Number 144521 is:
144521

Xinova, LLLC

701 5th AVE

Suite 4100

Seattle, WA 98104

I certify, in accordance with 37 CFR 1.4(d)(4) that I am:

An attorney or Agent of Record registered to practice before the Patent and Trademark Office who has been given
power of attorney in this application

Signature: R. Burns Israelsen/
Name: R. Burns Israelsen
Registration Number: 42685
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT REQUEST ID

15/500,928 2414 40037

PAIR Correspondence Address/Fee Address Change

The following fields have been changed to Customer Number 144521 on 05/17/2017 via Private PAIR in view
of the certification copied below that authorized the change.

* Correspondence Address

The address for Customer Number 144521 is:
144521

Xinova, LLLC

701 5th AVE

Suite 4100

Seattle, WA 98104

I certify, in accordance with 37 CFR 1.4(d)(4) that I am:

An attorney or Agent of Record registered to practice before the Patent and Trademark Office who has been given
power of attorney in this application

Signature: R. Burns Israelsen/
Name: R. Burns Israelsen
Registration Number: 42685
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/500,928 01/31/2017 Anpeng HUANG 11013.102130US01
CONFIRMATION NO. 4629
144521 PUBLICATION NOTICE
Xinova, LLC
701 5th AVE O ORI
Suite 4100

Seattle, WA 98104

Title:ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

Publication No.US-2017-0223719-A1
Publication Date:08/03/2017

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
15/500,928 01/31/2017 2414 1620 11013.102130US01 19 2
CONFIRMATION NO. 4629
144521 UPDATED FILING RECEIPT
Maschoff Brennan/Allied Inventors
111 East Broadway, Suite 725 AU LG A A CARO DA

Salt Lake City, UT 84111
Date Mailed: 01/09/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Anpeng HUANG, Beijing, CHINA;
Applicant(s)
EMPIRE TECHNOLOGY DEVELOPMENT LLGC, Wilmington, DE;
Anpeng HUANG, Beijing, CHINA
Assignment For Published Patent Application
EMPIRE TECHNOLOGY DEVELOPMENT LLC, Wilmington, DE

Power of Attorney: The patent practitioners associated with Customer Number 97149

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/CN2014/083578 08/01/2014

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: No

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 04/26/2017
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/500,928

Projected Publication Date: Not Applicable
Non-Publication Request: No

Early Publication Request: No
Title

ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK
Preliminary Class

370
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/500,928
APPLICATION AS FILED - PART | OTHER THAN
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METHOD FOR TIME DIVISION DUPLEX UPLINK-DOWNLINK
CONFIGURATION INDICATION

BACKGROUND:

Field:

[0001] Communication systems, such as the long term evolution (LTE)
advanced (LTE-A) of the third generation partnership project (3GPP) may
benefit from various enhancements. These enhancements can include LTE time
division duplex (TDD) enhancements for traffic adaptation and uplink (UL) —
downlink (DL) configuration indication.

Description of the Related Art:

[0002] Currently, LTE TDD allows for asymmetric UL-DL allocations by
providing seven different semi-statically configured TDD UL-DL
configurations shown in Figure 1. These allocations can provide between 40%
and 90% DL subframes. The current mechanism for adapting UL-DL allocation
is based on the system information change procedure with a 640ms period. The
concrete TDD UL/DL configuration is semi-statically informed by system
information block, type 1 (SIB-1) signaling.

[0003] As shown in Figure 1, the various UL-DL allocations can have either 3
ms or 10 ms switching point periodicity. Moreover, the allocations can include
allocations for downlink, D, uplink U, and special S. The special subframes can
be, for example, a guard period.

[0004] TDD UL/DL configuration indication in LTE is currently based on the
system information change procedure with a 640 ms period. The concrete TDD
UL/DL configuration is semi-statically informed by SIB-1 signaling.

[0005] In addition to the explicit TDD UL/DL configuration indication, there is
another mode for dynamic TDD UL/DL reconfiguration called transparent
mode. In this mode, UE does not need to know the actual TDD UL/DL
configuration and the transmission or receiving on the flexible subframe, for
example subframe 3, 4, 7, 8 or 9, is completely dependent on eNB scheduling.

In this case, UE will have no behavior unless eNB sends scheduling signaling.
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However, the UE may not know which subframe can be used for ACK/NACK
feedback due to not being aware of a concrete TDD UL/DL confi guration,

[0006] Moreover, it may be valuable to set a TDD reconfiguration period to be
10ms, as opposed to a longer period such as 200 ms or 640 ms. The current
semi-static mechanism for TDD UL/DL configuration indication, namely via
SIB-1 signaling in a period of 640 ms, cannot adapt to fast TDD UL/DL
reconfiguration, no matter what TDD reconfiguration switching scale is used:

10ms, 30ms, 200ms or any other scale less than 640ms.

SUMMARY::

[0007] According to certain embodiments, a method includes informing a user
equipment about a cell-specific flexible time division duplex radio network
temporary identifier at cell access stage. The method also includes providing a
downlink control channel having a cyclic redundancy check scrambled by the
identifier. The method further includes providing a configuration indicator.
[0008]In certain embodiments, a method includes determining that a cell
supports flexible time division duplex configuration based on a cell-specific
flexible time division duplex radio network temporary identifier at a cell access
stage. The method also includes decoding downlink contrel channel with cyclic
redundancy check scrambled by the flexible time division duplex radio network
temporary identifier.

[0009] An apparatus, according to certain embodiments, includes at least one
processor and at least one memory including computer program code. The at
least one memory and the computer program code are configured to, with the at
least one processor, cause the apparatus at least to inform a user equipment
about a cell-specific flexible time division duplex radio network temporary
identifier at cell access. The at least one memory and the computer program
code are also configured to, with the at least one processor, cause the apparatus
at least to provide a downlink control channel having a cyclic redundancy check
scrambled by the identifier. The at least one memory and the computer program

code are further configured to, with the at least one processor, cause the
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apparatus at least to provide a configuration indicator.

[0010] An apparatus, in certain embodiments, includes at least one processor
and at least one memory including computer program code. The at least one
memory and the computer program code are configured to, with the at least one
processor, cause the apparatus at least to determine that a cell supports flexible
time division duplex configuration based on a cell-specific flexible time
division duplex radio network temporary identifier at a cell access stage. The at
least one memory and the computer program code are configured to, with the at
least one processor, cause the apparatus at least to decode downlink control
channel with cyclic redundancy check scrambled by the flexible time division
duplex radio network temporary identifier.

[0011] According to certain embodiments, an apparatus includes informing
means for informing a user equipment about a cell-specific flexible time
division duplex radio network temporary identifier at cell access. The apparatus
also includes control means for providing a downlink control channel having a
cyclic redundancy check scrambled by the identifier. The apparatus further
includes sharing means for providing a configuration indicator.

[0012]In certain embodiments, an apparatus includes determining means for
determining that a cell supports flexible time division duplex configuration
based on a cell-specific flexible time division duplex radio network temporary
identifier at a cell access stage. The apparatus also includes decoding means for
decoding downlink control channel with cyclic redundancy check scrambled by
the flexible time division duplex radio network temporary identifier.

[0013] A non-transitory computer-readable medium is, according to certain
embodiments, encoded with instructions that, when executed in hardware,
perform a process. The process includes informing a user equipment about a
cell-specific flexible time division duplex radio network temporary identifier at
cell access. The process also includes providing a downlink control channel
having a cyclic redundancy check scrambled by the identifier. The process
further includes providing a configuration indicator.

[0014] A non-transitory computer-readable medium is, in certain embodiments,
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encoded with instructions that, when executed in hardware, perform a process.
The process includes determining that a cell supports flexible time division
duplex configuration based on a cell-specific flexible time division duplex radio
network temporary identifier at a cell access stage. The process also includes
decoding downlink control channel with cyclic redundancy check scrambled by
the flexible time division duplex radio network temporary identifier.,

BRIEF DESCRIPTION OF THE DRAWINGS:

[0015] For proper understanding of the invention, reference should be made to
the accompanying drawings, wherein:

[0016] Figure 1 illustrates seven current kinds of TDD UL/DL configurations.
[0017] Figure 2 illustrates a method according to certain embodiments.

[0018] Figure 3 illustrates another method according to certain embodiments.
[0019] Figure 4 illustrates a system according to certain embodiments.

DETAILED DESCRIPTION:

[0020] Certain embodiments enhance current time division duplex (TDD)
configuration indication mechanisms for fast TDD uplink (UL)/ downlink (DL)
reconfiguration and provide new TDD UL/DL configuration indication
mechanisms. Moreover, certain embodiments provide for fast and reliable
TDD UL/DL configuration indication. For example, certain embodiments
provide a fast TDD UL/DL configuration indication mechanism for dynamic
TDD UL/DL configuration, which can facilitate quick TDD reconfiguration
switching, for example, on a scale of 10 ms, 30 ms, 200 ms, or any other scale
less than 640 ms. In certain embodiments, this is obtained through the use of 1.2
control.

[0021] In certain embodiments, the base station, access point or eNode B (eNB)
can inform a dynamic TDD-capable user equipment (UE) of the cell-specific
flexible TDD radio network temporary identifier (FlexTDD-RNTI) at the cell

access stage.
[0022] Medium access control (MAC) signaling can be used to indicate the
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cell-specific TDD UL/DL configuration after the TDD UL/DL configuration is
determined by eNB. One physical downlink control channel (PDCCH) with
cyclic redundancy check (CRC) scrambled by FlexTDD-RNTI can be decoded
by all the capable UEs. The corresponding physical downlink shared channel
(PDSCH) can carry the MAC signaling to indicate the current TDD UL/DL
configuration or the TDD UL/DL configuration to be used for next radio frame,
which may be dependent on eNB configuration.

[0023] The PDCCH with CRC scrambled by FlexTDD-RNTI can be
transmitted in DL subframes with a fixed subframe index and with the period
configured by eNB. A dynamic TDD-capable UE can be configured by higher
layers to decode PDCCH with CRC scrambled by FlexTDD-RNTI in DL
subframes with fixed subframe index with the period configured by eNB.
[0024] After detecting this radio network temporary identifier (RNTI), the UE
can decode the PDCCH and the corresponding PDSCH in the same DL
subframe and feed back an acknowledgment (ACK)/ negative acknowledgment
(NACK) to the eNB for confirmation.

[0025] In detail, if the UE correctly decodes this PDSCH and gets the current
TDD UL/DL configuration or next radio frame configuration which depends on
eNB configuration, then the UE can feed back ACK to eNB. If UE does not
correctly decode this PDSCH then the UE can feed back NACK to eNB. If the
UE does not detect this RNTI, the UE can avoid feeding back to the eNB at all.
[0026] Additionally, physical layer signaling can also be used to indicate the
cell-specific TDD UL/DL configuration after the TDD UL/DL configuration is
determined by the eNB. One physical downlink control channel (PDCCH) with
cyclic redundancy check (CRC) scrambled by FlexTDD-RNTI can be decoded
by all the capable UEs. The PDCCH can contain several bits to indicate the
current TDD UL/DL configuration or the TDD UL/DL configuration to be used
for next radio frame, which may be dependent on the eNB configuration.
[0027] The PDCCH with CRC scrambled by FlexTDD-RNTI can be
transmitted in DL subframes with a fixed subframe index and with a period

configured by the eNB. A dynamic TDD-capable UE can be configured by
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higher layers to decode PDCCH with CRC scrambled by FlexTDD-RNT] in DL
subframes with a fixed subframe index with the period configured by the eNB.
After detecting this radio network temporary identifier (RNTI), the UE can
decode the PDCCH and feed back an acknowledgment (ACK) to the eNB for
confirmation. After receiving the ACK corresponding to the PDCCH carrying
TDD UL/DL configuration indication, the eNB can know the UE has correctly
obtained the knowledge of the current TDD UL/DL configuration and can
schedule the UE in the flexible subframes.

[0028] Certain embodiments, therefore, can avoid false alarm issues. Thus,
benefits of dynamic TDD reconfiguration can be achieved. For example, a fast
and reliable TDD UL/DL configuration indication mechanism can be used for
dynamic TDD UL/DL configuration, which can avoid false alarm issues and
guarantee the reliability of TDD UL/DL configuration indication.

[0029] According to certain embodiments, a user equipment can initially report
its capability of supporting dynamic TDD UL/DL reconfiguration to an eNB.
Moreover, the UE can be configured by higher layer signaling to decode
PDCCH with CRC scrambled by FlexTDD-RNTI in, for example, DL
subframe 0 with eNB configured periodicity, such as 10 ms, 30 ms, or the like.

[0030] The eNB can select the most appropriate TDD UL/DL configuration
according to traffic fluctuation in UL and DL. Moreover, the eNB can send
MAUC signaling to the UE supporting the feature of dynamic TDD UL/DL
reconfiguration, to indicate the current TDD UL/DL configuration. One
PDCCH with CRC scrambled by FlexTDD-RNTI can be decoded by all the
capable UEs.

[0031] After detecting FlexTDD-RNTI, a capable UE can decode the PDCCH
and the corresponding PDSCH carrying MAC signaling and feed back
ACK/NACK to eNB for confirmation. For example, as mentioned above, if the
UE correctly decodes this PDSCH then UE can feed back ACK to eNB, but if
the UE does not correctly decode this PDSCH then the UE can feed back
NACK to eNB. On the other hand, the UE does not need to provide any
feedback if the UE is not able to detect the RNTI. The UEs that lack the
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capabilities described herein can simply ignore the PDCCH with CRC
scrambled by FlexTDD-RNTI.

[0032] After receiving the ACK/NACK corresponding to the TDD UL/DL
configuration indication, the eNB can know the UE has correctly obtained the
knowledge of the current TDD UL/DL configuration and can schedule the UE
in the flexible subframes.

[0033] For detailed implementation, the TDD UL/DL configuration can be
indicated by 3 bits indexed from 0 to 6 corresponding to current TDD UL/DL
configurations 0 to 6. Then these 3 bits can be added in a MAC packet data unit
(PDU), together with the MAC header. After that, this MAC packet can be sent
to physical layer and transmitted on the PDSCH.,

[0034] Additionally, if eNB supporting dynamic TDD UL/DL reconfiguration
only selects the TDD UL/DL configurations with 5 ms switching point, such as
TDD UL/DL configuration 0, 1, 2 and 6 or the configurations with 10 ms
switching point, such as TDD UL/DL configuration 3, 4 and 5 to simplify the
HARQ timing or PUSCH timing issues. In that case, the TDD UL/DL
configuration can be indicated by 2 bits indexed from 0 to 3 corresponding to
TDD UL/DL configuration 0, 1, 2 and 6 or indexed from 0 to 2 corresponding
to TDD UL/DL configuration 3, 4 and 5.Then the 2 bits can be added in a MAC
packet data unit together with the MAC header and transmitted on PDSCH.
[0035] The PDCCH with downlink control information (DCI) format 1C can be
transmitted in common search space and used for very compact scheduling of
one PDSCH codeword. In this example, DCI format 1C in common search
space is used to schedule the PDSCH carrying TDD UL/DL configuration in
MAC layer. DCI format 1C can be transmitted with CRC scrambled by
FlexTDD-RNTI. This RNTI can have the same length as the CRC. For example,
it can be a pseudo-random sequence of 16 bits length.

[0036] After detecting this DCI with CRC scrambled by FlexTDD-RNTI, the
UE can decode the PDCCH and the corresponding PDSCH and feed back

ACK/NACK to eNB for confirmation.
[0037]On the other hand, TDD UL/DL configuration indication can be
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specified in one or more fixed DL subframes, such as subframe 0, 1, 5 or 6. The
UE can detect this DCI with CRC scrambled by FlexTDD-RNTI in the
specified subframe, which may decrease the number of blind detections.

[0038] In one implementation, the UE is assumed to read PDCCH with CRC
scrambled by FlexTDD-RNTI in every subframe 0, in order to enable timely
change for TDD UL/DL configuration. In this implementation, the UE does not
need to feed back ACK/NACK in order to enable timely changes in this same
subframe and reduce the signaling overhead. The ACK/NACK feedback may
take several ms in a frame. Since the configuration can be informed every 10ms,
and can repeatedly contain similar information if the configuration does not
change rapidly, it may be acceptable for the UE to miss one detection or for a
DRX UE to miss the change information.

[0039] Allowing for backward compatibility of the dynamic TDD UL/DL
reconfiguration for legacy UEs, SIB-1 signaling can also be used for TDD
UL/DL configuration indication. For example, TDD UL/DL configuration 5
can be indicated to legacy UE and eNB can avoid scheduling a legacy UE’s
uplink transmission in subframe 3, 4, 7, 8 or 9. In this way, backward
compatibility can be guaranteed with a predictable amount of UL throughput
loss.

[0040] Considering the reference signal received power (RSRP) measurement
for legacy UEs, RSRP measurement on flexible subframes can be prohibited.
Alternatively, the eNB can indicate to the legacy UE that the flexible subframes
are configured as almost blank subframe (ABSF).

[0041] Certain embodiments of a flexible TDD UL/DL configuration indication
procedure for dynamic TDD can have various components. The components
can includes PDCCH with CRC scrambled by “FlexXTDD-RNTIT”; MAC
signaling of a UL/DL configuration; ACK/NACK feedback for the
configuration, which acknowledgment process can be disabled by a base station
(BS); and RRC signaling on capable UE access procedure to let capable UE
override the TDD UL/DL configuration indicated by the SIB-1 signaling and
get knowledge of the “FlexTDD-RNTI” and change period, and the like

Ex.1002.00233



WO 2013/170426 PCT/CN2012/075466

10

15

20

25

30

features described herein.

[0042] As such, certain embodiments involve a combination of features. For
example, the RRC signaling and MAC signaling may only be visible for a
capable UE, and a legacy UE can still follow the SIB1 information.

[0043] For example, in certain embodiments, a MAC signaling can indicate the
cell-specific TDD UL/DL configuration fof a capable UE to override the
current UL/DL configuration indicated from SIB-1. The configurations can be
directly indicated by different RNTIs, or a single RNTI can be used for all
configurations.

[0044] The legacy UE cannot read the MAC signaling, and consequently will
still follow SIB-1. The TDD UL/DL configuration 5, or another DL heavy
configuration, can be indicated to the legacy UE before the eNB decides to use
frequently dynamic UL/DL configuration change. The eNB can avoid
scheduling a legacy UE’s uplink transmission in subframe 3, 4, 7, 8 or 9. In this
way, backward compatibility can be accomplished while sacrificing a
predetermined amount of uplink throughput.

[0045] FlexTDD-RNTT can be used to indicate to compatible UEs whether a
current subframe contains the TDD UL/DL configuration indication signaling.
The PDCCH with CRC scrambled by FlexTDD-RNTI can be transmitted in
DL subframes with fixed subframe index with a period configured by the eNB.
[0046] A flexible ACK/NACK procedure for TDD UL/DL configuration can be
used. For a slower TDD UL/DL configuration period, the ACK/NACK
procedure can be used for TDD configuration indication without inducing
significant delay, and the dynamic UL/DL configuration changes can be
assumed only for small cell, which will not attach too many UEs, thus creating
no blocking due to these feedbacks. For faster TDD UL/DL configuration
period, a simple procedure can be used to avoid the delay of ACK/NACK
confirmation.

[0047] The FlexTDD-RNTI can be cell-specific. In implementation, one
PDCCH with CRC scrambled by FlexTDD-RNTI can be decoded by all the
capable UEs. A corresponding PDSCH can carry the UL/DL configuration
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indication, which can also be cell specific.

[0048] A higher layer configuration for capable UE can allow capable UE to
decode PDCCH with CRC scrambled by “FlexTDD-RNTY” in DL subframes
with fixed subframe index with the period configured by eNB to get the new
UL/DL configuration in relevant PDSCH, and then override the DL/UL
configuration information from SIB-1 signaling. With this, the capable UE can
get the FlexTDD-RNTI of this cell, and know the fixed subframe and period.
By default, the fixed subframe can be subframe (SF) #0 and the period can be
10ms. The UE may or may not need to feed back the ACK/NACK. This
procedure can occur in an attach procedure.

[0049] A legacy UE does not need to know the FlexTDD-RNTI, and SIB-1
signaling can still be used for TDD UL/DL configuration indication. The eNB
can indicate TDD UL/DL configuration 3, or another DL heavy configuration,
to the legacy UE before the eNB decides to use frequently dynamic UL/DL
configuration changes. The eNB, in such cases, can avoid scheduling a legacy
UE’s uplink transmission in subframe 3, 4, 7, 8 or 9. As mentioned above, this
may provide a balance between backward compatibility and throughput.

[0050] The UL/DL configuration changes may be used, for example, in a small
cell that may not attach very many UEs. Thus, no significant blocking due to
feedback for the feedback procedure may occur, However, in another
implementation the UEs do not need to feed back ACK/NACK.

[0051] Certain embodiments may provide benefit from dynamic TDD UL/DL
reconfiguration. Moreover, certain embodiments may provide this benefit
without requiring a special PDCCH format. Certain embodiments also permit
an explicit TDD UL/DL configuration indication for UE. Furthermore, certain
embodiments can guarantee the reliability of the TDD UL/DL configuration
indication. Moreover, certain embodiments can avoid false alarm due to
dynamic TDD UL/DL reconfiguration.

[0052] Figure 2 illustrates a method according to certain embodiments. The
method of Figure 2 can be performed by, for example, a base station such as an

eNode B. As shown in Figure 2, a method can include, at 210, informing a user
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equipment about a cell-specific flexible time division duplex radio network
temporary identifier at cell access. The informing can include medium access
control or higher layer signaling, which also contains the fixed subframe index
for configuration indication, period and/or require acknowledgment or not.
[0053] The method can also include, at 220, providing a downlink control
channel having a cyclic redundancy check scrambled by the identifier. The
downlink control channel can be transmitted in downlink subframes with a
fixed subframe index and with the period configured by a base station.

[0054] The method can also include, at 225, providing a configuration indicator,
The method can further, at 230, include providing a downlink shared channel
corresponding to the downlink control channel. The method can also include,
at 235, scheduling the user equipment in flexible subframes in which the
transmission direction may change according to the time division duplex
uplink-downlink configuration, upon receiving an acknowledgment in response
1o a configuration provided on the physical downlink shared channel if the cell
requires acknowledgement, or directly if the cell does nof require
acknowledgment.

[0055] A configuration indicator provided by the downlink control channel or
its corresponding downlink shared channel can indicate a current time division
duplex uplink-downlink configuration, a time division duplex uplink-downlink
configuration to be used for a next radio frame, or both. The configuration
indicator on the downlink control channel can be provided via a new PDCCH
format. The configuration indicator on the downlink shared channel can be
provided by, for example, MAC signaling or punctured bits on fixed position.
[0056] The method can further include, at 240, providing a default
configuration using system information block signaling. The method
additionally include, at 250, avoiding scheduling a device with uplink
transmission in subframe 3, 4, 7, 8, or 9 which are used for flexible subframes
and thus conflict with the default configuration, when the device does not
support flexible time division duplex configuration, for example a legacy

device.
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[0057] The method can also include, at 260, selecting time division duplex
uplink-downlink configuration 5 for a device when the device does not support
flexible time division duplex configuration, such as a legacy device. The
method can further include, at 270, prohibiting reference signal received power
measurement on flexible subframes.

[0058] Figure 3 illustrates another method according to certain embodiments.
The method of Figure 3 may be performed by, for example, a user equipment.
The method can include, at 305, reporting capability of supporting flexible time
division duplex configuration to a base station. In other words, the device can
report that it is capable of handling the very dynamic TDD UL/DL
configuration approach described above. The method can also include, at 310,
determining that a cell supports flexible time division duplex configuration
based on a cell-specific flexible time division duplex radio network temporary
identifier at a cell access stage. The method can further include, at 320,
decoding physical downlink control channel with cyclic redundancy check
scrambled by the flexible time division duplex radio network temporary
identifier. The decoding can include decoding the physical downlink control
channel in downlink subframes with fixed subframe index with the period
configured by a base station.

[0059] The method can additionally include, at 330, decoding a physical
downlink shared channel corresponding to the physical downlink control
channel. The downlink shared channel can indicate a current time division
duplex uplink-downlink configuration or a time division duplex
uplink-downlink configuration to be used for a next radio frame.

10060] The method can also include, at 340, feeding back an acknowledgment
or negative acknowledgment to a base station regarding decoding of the
physical downlink control channel. The method can additionally, include at 350,
feeding back ACK when ACK/NACK feedback required, or decoding the
downlink control channel without acknowledgment, when the cell does not

require acknowledgment.
[0061] Figure 4 illustrates a system according to certain embodiments of the
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invention. In one embodiment, a system may include two devices, such as, for
example, UE 410 and eNB 420. Each of these devices may include at least one
processor, respectively indicated as 414 and 424. At least one memory is
provided in each device, and indicated as 415 and 425, respectively. The
memory may include computer program instructions or computer code
contained therein. Transceivers 416 and 426 are provided, and each device may
also include an antenna, respectively illustrated as 417 and 427. Other
configurations of these devices, for example, may be provided. For example,
UE 410 and eNB 420 may be configured for wired communication, rather than
wireless communication, and in such a case antennas 417 and 427 would
illustrate any form of communication hardware, without requiring a
conventional antenna.

[0062] Transceivers 416 and 426 can each, independently, be a transmitter, a
receiver, or both a transmitter and a receiver, or a unit or device that is
configured both for transmission and reception.

[0063] Processors 414 and 424 can be embodied by any computational or data
processing device, such as a central processing unit (CPU), application specific
integrated circuit (ASIC), or comparable device. The processors can be
implemented as a single controller, or a plurality of controllers or processors.
[0064] Memories 415 and 425 can independently be any suitable storage device,
such as a non-transitory computer-readable medium. A hard disk drive (HDD),
random access memory (RAM), flash memory, or other suitable memory can be
used. The memories can be combined on a single integrated circuit as the
processor, or may be separate therefrom. Furthermore, the computer program
instructions stored in the memory and which may be processed by the
processors can be any suitable form of computer program code, for example, a
compiled or interpreted computer programn written in any suitable programming
language.

[0065] The memory and the computer program instructions can be configured,
with the processor for the particular device, to cause a hardware apparatus such

as UE 410 and eNB 420, to perform any of the processes described above (see,
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for example, Figures 2 and 3). Therefore, in certain embodiments, a
non-transitory computer-readable medium can be encoded with computer
instructions that, when executed in hardware, perform a process such as one of
the processes described herein. Alternatively, certain embodiments of the
invention can be performed entirely in hardware.

[0066] Furthermore, although Figure 4 illustrates a system including a UE and
an eNB, embodiments of the invention may be applicable to other
configurations, and configurations involving additional elements, as discussed
herein. For example, the system can include both users that are capable of
flexible TDD reconfiguration and also legacy UEs.

[0067]One having ordinary skill in the art will readily understand that the
invention as discussed above may be practiced with steps in a different order,
and/or with hardware elements in configurations which are different than
those which are disclosed. Therefore, although the invention has been
described based upon these preferred embodiments, it would be apparent to
those of skill in the art that certain modifications, variations, and alternative
constructions would be apparent, while remaining within the spirit and scope
of the invention. In order to determine the metes and bounds of the invention,

therefore, reference should be made to the appended claims.

[0068] Glossary of Abbreviations

[0069]LTE Long term evolution
[0070]DCI Downlink control information
[0071] ABSF Almost blank subframe

[0072]DL  Downlink

[0073]eNB evolved Node B

[0074]PDCCH Physical downlink control channel
[0075]PDSCH Physical downlink shared channel
[0076]PUCCH Physical uplink control channel
[0077]PUSCH Physical uplink shared channel
[0078]RRC Radio resource control
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[0079TUE  User equipment
[0080JUL  Uplink
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WHAT IS CLAIMED IS:

1. A method, comprising;
informing a user equipment about a cell-specific flexible time division
5  duplex radio network temporary identifier at cell access;
providing a downlink control channel having a cyclic redundancy check
scrambled by the identifier; and
providing a configuration indicator.

10 2. The method of claim 1, wherein the configuration indicator provided
by downlink control channel or its corresponding downlink shared channel
indicate a current time division duplex uplink-downlink configuration or a time
division duplex uplink-downlink configuration to be used for the next radio
frames.

15

3. The method of claim 1, wherein the informing comprises high layer
signaling, which also contains the fixed subframe index for configuration

indication, period and/or require acknowledgment or not.

20 4. The method of claim 1, wherein the downlink control channel is
transmitted in downlink subframes with a fixed subframe index and with the

period configured by a base station.

5. The method of claim 1, further comprising:

25 scheduling the user equipment in flexible subframes in which the
transmission direction may change according to the time division duplex
uplink-downlink configuration, upon receiving an acknowledgment in response
to a configuration provided on the downlink control channel or downlink shared
channel if the cell requires acknowledgement, or directly if the cell does not

30  require acknowledgment.
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6. The method of claim 1, further comprising:
providing a default configuration using system information block
signaling,

5 7. The method of claim 1, further comprising:
avoiding scheduling a device with uplink transmission in subframe 3,4,
7, 8, or 9 which are used for flexible subframes and thus conflict with the default
configuration, when the device does not support flexible time division duplex
configuration.
10
8. The method of claim 1, further comprising:
selecting time division duplex uplink-downlink configuration 5 for a
device when the device does not support flexible time division duplex
configuration,
15
9. The method of claim 1, further comprising:
prohibiting reference signal received power measurement on flexible

subframes.

20 10. A method, comprising:
determining that a cell supports flexible time division duplex
configuration based on a cell-specific flexible time division duplex radio
network temporary identifier at a cell access stage; and
decoding a downlink control channel with cyclic redundancy check
25  scrambled by the flexible time division duplex radio network temporary

identifier.

11. The method of claim 10, further comprising:
reporting capability of supporting flexible time division duplex

30  configuration to a base station.
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12. The method of claim 10, further comprising:
decoding a configuration indicator provided by downlink control
channel or a downlink shared channel corresponding to the downlink control
channel, wherein the indicator indicates a current time division duplex
5  uplink-downlink configuration or a time division duplex uplink-downlink

configuration to be used for next radio frames.

13. The method of claim 10, further comprising;:
feeding back an acknowledgment or negative acknowledgment to a base
10  station regarding decoding of a configuration indicator provided by downlink
control channel or downlink shared channel.

14. The method of claim 10, wherein the decoding comprises decoding

the downlink control channel in downlink subframes with fixed subframe index
15 with the period configured by a base station.

15. The method of claim 10, further comprising:
decoding a configuration indicator provided by downlink control
channel or downlink shared channel without acknowledgment, when the cell

20  does not require acknowledgment.

16. An apparatus, comprising:
at least one processor; and
at least one memory including computer program code,
25 wherein the at least one memory and the computer program code are
configured to, with the at least one processor, cause the apparatus at least to
inform a user equipment about a cell-specific flexible time division
duplex radio network temporary identifier at cell access;
provide a downlink control channel having a cyclic redundancy check
30  scrambled by the identifier; and

provide a configuration indicator.
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17. The apparatus of claim 16, wherein the at least one memory and the
computer program code are configured to, with the at least one processor, cause
the apparatus at least to schedule the user equipment in flexible subframes upon

5  receiving an acknowledgment in response to a configuration provided on the

downlink shared channel.

18. The apparatus of claim 16, wherein the at least one memory and the
computer program code are configured to, with the at least one processor, cause
10 the apparatus at least fo provide a default configuration using system

information block signaling.

19. An apparatus, comprising:
at least one processor; and
15 at least one memory including computer program code,

wherein the at least one memory and the computer program code are
configured to, with the at least one processor, cause the apparatus at least to

determine that a cell supports flexible time division duplex configuration
based on a cell-specific flexible time division duplex radio network temporary

20  identifier at a cell access stage,

decode downlink control channel with cyclic redundancy check
scrambled by the flexible time division duplex radio network temporary
identifier, and

feed back an acknowledgment in response to a configuration indicator

25  received.

20. The apparatus of claim 19, wherein the at least one memory and the
computer program code are configured to, with the at least one processor, cause
the apparatus at least to report capability of supporting flexible time division
duplex configuration to a base station.

30
21. The apparatus of claim 19, wherein the at least one memory and the
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computer program code are configured to, with the at least one processor, cause
the apparatus at least to decode a configuration indication provided by downlink
control channel or the downlink shared channel corresponding to the downlink
control channel, wherein the configuration indication indicates a current time
division duplex uplink-downlink configuration or a time division duplex
uplink-downlink configuration to be used for next radio frames.

22. An apparatus, comprising:

informing means for informing a user equipment about a cell-specific
flexible time division duplex radio network temporary identifier at cell access;

control means for providing a downlink control channel having a cyclic
redundancy check scrambled by the identifier; and

sharing means for providing a configuration indicator.

23. An apparatus, comprising:

determining means for determining that a cell supports flexible time
division duplex configuration based on a cell-specific flexible time division
duplex radio network temporary identifier at a cell access stage; and

decoding means for decoding downlink confrol channel with cyclic
redundancy check scrambled by the flexible time division duplex radio network

temporary identifier,

24. A non-transitory computer-readable medium encoded with
instructions that, when executed in hardware, perform a process, the process
comprising:

informing a user equipment about a cell-specific flexible time division
duplex radio network temporary identifier at cell access, as well as the fixed
subframe index for configuration indication, period and/or require
acknowledgment or not;

providing a downlink control channel having a cyclic redundancy check
scrambled by the identifier; and
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providing a configuration indicator.

25. A non-transitory computer-readable medium encoded with
instructions that, when executed in hardware, perform a process, the process
5  comprising:
determining that a cell supports flexible time division duplex
configuration based on a cell-specific flexible time division duplex radio
network temporary identifier at a cell access stage; and
decoding downlink control channel with cyclic redundancy check
10  scrambled by the flexible time division duplex radio network temporary

identifier.
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RESOURCE ALLOCATION METHOD AND RESOURCE ALLOCATION DEVICE

original downlink frequency band. By means of the tech-
nical solution of the presentinvention, a flexible duplexing
solution of a FDD system can be realized, so that the
allocation proportion of an uplink resource to a downlink
resource is matched with the proportion of an actual up-
link load to an actual downlink load, thereby achieving
the purpose of rationally using resources.

setting a shared frequency band
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allocating the shared frequency band to an original
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frequency band, according to resource demands for
the original uplink frequency band and the original
downlink frequency band in a network service
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of resource allocation, specifically, relates to a re-
source allocation method and a resource allocation de-
vice.

BACKGROUND

[0002] With the continuous development of the LTE
technology as well as the subsequent 5G pre-research
project, spectrum is becoming quite insufficient, and thus
a new generation of mobile communication technology
is required to further improve spectrum efficiency than
prior art. Studies found that generation of data service is
closely related to user behavior. Furthermaore, the gen-
eration of the data service is closely related to time and
locations, and the service data has a serious asymmetry
between uplinks and downlinks.

[0003] To this end, in the mobile communication tech-
nology in the prior art, elIMTA (enhanced Interference
Mitigation and Traffic Adaptation) {dynamic TDD tech-
nology) is introduced. This technclogy flexibly adjusts
proportion of an uplink resource to a downlink resource,
such that the resource allocation is matched with propor-
tion of an actual uplink load to an actual downlink load,
thereby achieving the purpose of rationally using resourc-
es. However, this technology is merely applicable in a
TDD (Time Division Duplexing) system, and could not be
applicable in a FDD (Frequency Division Duplexing) sys-
tem. The uplink resource and the downlink resource of
the FDD system are allocated to an uplink dedicated fre-
guency and a download dedicated frequency, respec-
tively. Thus, the eIMTA technology could not adjust the
proportion ofthe uplinkresource to the downlink resource
according to actual service demands.

[0004] Therefore, a new technology is required to re-
alize a flexible duplexing solution of a FDD system, that
is to say, flexibly adjustthe uplink resource and the down-
link resource of the FDD system according to actual net-
work service demands.

SUMMARY

[0005] The presentinventionis addressedto theabove
problem, and provides a new technical solution which
may flexibly adjust the uplink resource and the downlink
resource of the FDD system, and achieve the purpose
of rationally using the uplink resource and the downlink
resource.

[0006] To this end, the present invention provides a
resource allocation method, comprising: setting a shared
frequency band; and allocating the shared frequency
band to an original uplink frequency band and/or an orig-
inal downlink frequency band, according to resource de-
mands for the original uplink frequency band and the orig-
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inal downlink frequency band in a network service.
[0007] In this technical solution, firstly, one shared fre-
guency band is set for the uplink frequency band and the
downlink frequency band, such that when service de-
mands are changed, the proportion of the resource allo-
cated to the uplink frequency band to the resource allo-
cated to the downlink frequency band may be rationally
adjusted so as to meet the service demands. For exam-
ple, in the original network service, the original uplink
frequency bandwidth and the original downlink frequency
bandwidth are both 10MHz, while the shared frequency
bandwidth is 5MHz, and if after a period of time t, de-
mands of users for the uplink frequency band are in-
creased to 12MHz, the uplink frequency bandwidth may
be increased by means of utilizing the shared frequency
band, i.e., 2MHz is allocated from the shared frequency
band which is 5SMHz to serve as the uplink resource, so
as to meet the service demands. Thus, by means of the
present technical solution, the uplink frequency band-
width and the downlink frequency bandwidth of the FDD
system may be adjusted in real time by fully utilizing the
shared frequency band, so as to meet different network
service demands and improve user experience.

[0008] In the above technical solution, it is preferable
to further comprise: when the shared frequency band is
simultaneously allocated to the original uplink frequency
band and the original downlink frequency band, setting
a protective isolation bandwidth between allocated uplink
frequency band and allocated downlink frequency band;
or when the shared frequency band is simultaneously
allocated to the original uplink frequency band and the
original downlink frequency band, setting protective time
slots between allocated uplink sub-frames and allocated
downlink sub-frames.

[0009] In this technical solution, the FDD system is a
duplexing system having two channels (specifically, one
uplink frequency band and one downlink frequency
band). One channel is used to transmit downlink infor-
mation, and the other channel is used to transmit uplink
information. The information transmissions in these two
channels arein opposite directions, and a transmitter and
a receiver are disposed at two ends of each channel,
respectively. Thus, by setting a certain isolation band-
width between the channels (the uplink frequency band
and the downlink frequency band), cut-of-band interfer-
ence (radiation) may be prevented and mutual interfer-
ence between the adjacent transmitter and receiver may
also be prevented. Furthermore, the shared frequency
band may also be divided into portions for uplink trans-
mission and portions for downlink transmission by time
slots. The shared frequency band is divided into a plu-
rality of uplink sub-frames and downlink sub-frames, and
protective time slots are disposed between the uplink
sub-frames and the downlink sub-frames, such that not
only the interference may be prevented, but also the
times for switching from the uplink to the downlink or from
the downlink to the uplink are provided.

[0010] Meanwhile, prior wireless communication sys-
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tems (such as LTE systems) may merely use continu-
ously distributed and standardized broadband resourc-
es, such as 10MHz, 20MHz, and may not use frequency
band resources which are non-continuous or have a non-
standardized width. Thus, the share frequency band may
not be directly used after being allocated to the uplink
frequency band and the downlink frequency band, and
may be used only by means of dispatching the shared
frequency band which is non-continuous or has a non-
standardized width with prior CA (Carrier Aggregation)
or NCT (New Carrier Type) technology.

[0011] In the above technical solution, it is preferable
to further comprise: dividing the shared bandwidth of the
sharedfrequency band into a plurality of dispatched units
on the basis of preset frequency width or time width, and
allocating corresponding quantity of dispatched units to
the original uplink frequency band and the original down-
link frequency band on the basis of the proportion of cur-
rent network service.

[0012] In this technical solution, when allocating the
shared bandwidth of the shared frequency band to the
original uplink frequency band and the original downlink
frequency band after dividing the bandwidth into a plu-
rality of dispatched units on the basis of preset frequency
width or time width, the required dispatched units may
be quantified. Thus, by means of the present technical
solution, the shared frequency spectrum may be effec-
tively and accurately allocated on the basis of specific
proportion of the uplink service to the downlink service,
thereby improving the utilization rate of the shared fre-
guency spectrum.

[0013] In the above technical solution, preferably, the
shared frequency band is constituted by a dedicated fre-
guency band, or is constituted by the original uplink fre-
guency band or the original downlink frequency band in
an idle state.

[0014] In this technical solution, the shared frequency
band may be constituted by a dedicated band, however,
with the increase of the service, if the shared frequency
band is merely the dedicated band, the bandwidth de-
mands of users may be far from met. Meanwhile, the
demands of users for the uplink resource and the down-
link resource are different, and sometimes, the uplink
(downlink) resource may be too much while the downlink
(uplink) resource may be not sufficient. At this moment,
the uplink (downlink) frequency band in the idle state may
be allocated as a shared frequency band to the downlink
(uplink) frequency band, thereby increasing the downlink
(uplink) resource to meet the network demands of users.
Thus, by means of the present technical solution, the
shared frequency band resource may be increased, and
the proportion of the resource allocated to the uplink fre-
quency band to the resource allocated to the downlink
frequency band may be rationally adjusted, which is ad-
vantageous for improving the utilization rate of the uplink
frequency band and the download frequency band and
meeting the real-time requirements of users.

[0015] In the above technical solution, preferably,
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when the shared frequency band is constituted by the
original uplink frequency band, an allocation unit may
merely allocate the remaining resource of the original
uplink frequency band except that required for necessary
normal uplink transmission; when the shared frequency
band is constituted by the original downlink frequency
band, the allocation unit may merely allocate the remain-
ing resource of the original downlink frequency band ex-
cept that required for necessary normal downlink trans-
mission.

[0016] In this technical solution, when the shared fre-
guency band is constituted by the original uplink (down-
link) frequency band, the allocation unit may not allocate
all the shared frequency band to the downlink (uplink)
frequency band, since a part of the original uplink (down-
link) frequency band merely serves as the uplink (down-
link) frequency band transmitting resource, and may not
transmit the downlink (uplink) data.

[0017] Inthe above technical solution, preferably, the
shared frequency band is constituted by unlicensed pub-
lic frequency spectrum resources.

[0018] In this technical soluticn, with the increase of
the network service for users, the shared frequency band
constituted by a dedicated band, or constituted by the
original uplink frequency band or the original downlink
frequency band in the idle state is still quite limited, and
the demands of users may not be effectively met. Fur-
thermore, operators, in order to meet the demands of
users, often need to buy these licensed frequency spec-
trum resources, however, it usually lead to a large ex-
pense tobuythese licensed frequency spectrum resourc-
es. Thus, by means of the present technical solution,
sources for the shared frequency band may be further
increased, thereby meeting the network demands of us-
ers, improving user experience and reducing the eco-
nomic cost of deploying the dedicated "shared frequency
band" by operators.

[0019] In the above technical solution, preferably,
when the shared frequency band is constituted by the
unlicensed public frequency spectrum resources, the
method further comprises: performing interference de-
tection on the public frequency spectrum resources, and
allowing the public frequency spectrum resources to
serve as the shared frequency band when the interfer-
ence with the public frequency spectrum resources is
less than the preset interference threshold, otherwise,
not allowing the public frequency spectrum resources to
serve as the shared frequency band.

[0020] In this technical solution, the unlicensed public
frequency spectrum resources may generally include
much interference from other systems, such as Wi-Fiand
so on. Thus, when being used, the interference detection
should be performed with interference detection technol-
ogy, in order to determine whether to serve as a shared
frequency band. Therefore, by means of the present
technical solution, it is ensured that the unlicensed
shared frequency band has ahigh quality, such that users
may smoocthly use the network service.
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[0021] When detecting the strength of the interference
with the unlicensed publicfrequency spectrum, some pri-
or interference detection technologies, such as cognitive
radio technology may be utilized.

[0022] According to another aspect of the present in-
vention, a resource allocation device is provided, com-
prises: a setting unit for setting a shared frequency band;
and an allocation unit for allocating the shared frequency
band to an original uplink frequency band and/or an orig-
inal downlink frequency band, according to resource de-
mands for the original uplink frequency band and the orig-
inal downlink frequency band in a network service.
[0023] In this technical solution, firstly, one shared fre-
guency band is set for the uplink frequency band and the
downlink frequency band, such that when service de-
mands are changed, the proportion of the resource allo-
cated to the uplink frequency band to the resource allo-
cated to the downlink frequency band may be rationally
adjusted so as to meet the service demands. For exam-
ple, in the original network service, the original uplink
frequency bandwidth and the original downlink frequency
bandwidth are both 10MHz, while the shared frequency
bandwidth is 5MHz, and if after a period of time t, de-
mands of users for the uplink frequency band are in-
creased to 12MHz, the uplink frequency bandwidth may
be increased by means of utilizing the shared frequency
band, i.e., 2MHz is allocated from the shared frequency
band which is 5SMHz to serve as the uplink resource, so
as to meet the service demands. Thus, by means of the
present technical solution, the uplink frequency band-
width and the downlink frequency bandwidth of the FDD
system may be adjusted inreal time by fully utilizing the
shared frequency band, so as to meet different network
service demands and improve user experience.

[0024] In the above technical solution, preferably, the
setting unitis further for, when the shared frequency band
is simultaneously allocated to the original uplink frequen-
cy band and the original downlink frequency band, setting
a protective isolation bandwidth between allocated uplink
frequency band and allocated downlink frequency band;
or when the shared frequency band is simultaneously
allocated to the original uplink frequency band and the
original downlink frequency band, setting protective time
slots between allocated uplink sub-frames and allocated
downlink sub-frames.

[0025] In this technical solution, the FDD system is a
duplexing system having two channels (specifically, one
uplink frequency band and one downlink frequency
band). One channel is used to transmit downlink infor-
mation, and the other channel is used to transmit uplink
information. The information transmissions in these two
channels are in opposite directions, and a transmitterand
a receiver are disposed at two ends of each channel,
respectively. Thus, by setting a certain isolation band-
width between the channels (the uplink frequency band
and the downlink frequency band), out-of-band interfer-
ence (radiation) may be prevented, and mutual interfer-
ence between the adjacent transmitter and receiver may

15

20

25

30

35

40

45

50

55

also be prevented. Furthermore, the shared frequency
band may also be divided into portions for uplink trans-
mission and portions for downlink transmission by time
slots. The shared frequency band is divided into a plu-
rality of uplink sub-frames and downlink sub-frames, and
protective time slots are disposed between the uplink
sub-frames and the downlink sub-frames, such that not
only interference may be prevented, but also times for
switching from the uplink to the downlink or from the
downlink to the uplink are provided.

[0026] Meanwhile, prior wireless communication sys-
tems (such as LTE systems) may only use continuously
distributed and standardized broadbandresources, such
as 10MHz, 20MHz, and may not use frequency band
resources which are non-continuous or have a non-
standardized width. Thus, the share frequency band may
not be directly used after being allocated to the uplink
frequency band and the downlink frequency band, and
may be used only by means of dispatching the shared
frequency band which is non-continuous or has a non-
standardized width with prior CA (Carrier Aggregation)
or NCT (New Carrier Type) technology.

[0027] Inthe above technical solution, preferably, the
resource allocation device further comprises: a dividing
unit for dividing the shared bandwidth of the shared fre-
gquency band into a plurality of dispatched units on the
basis of preset frequency width or time width, and allo-
cating corresponding quantity of dispatched units to the
original uplink frequency band and the original downlink
frequency band on the basis of the proportion of network
service processed in the original uplink frequency band
to network service processed in the original downlink fre-
guency band.

[0028] In this technical solution, when allocating the
shared bandwidth of the shared frequency band to the
original uplink frequency band and the original downlink
frequency band after dividing the bandwidth into a plu-
rality of dispatched units on the basis of preset frequency
width or time width, the required dispatched units may
be quantified. Thus, by means of the present technical
solution, the shared frequency spectrum may be effec-
tively and accurately allocated on the basis of specific
proportion of the uplink service to the downlink service,
thereby improving the utilization rate of the shared fre-
quency spectrum.

[0029] Inthe above technical solution, preferably, the
shared frequency band is constituted by a dedicated fre-
guency band, or is constituted by the original uplink fre-
quency band or the original downlink frequency band in
an idle state.

[0030] In this technical solution, the shared frequency
band may be constituted by a dedicated band, however,
with the increase of the service, if the shared frequency
band is merely the dedicated band, the bandwidth de-
mands of users may be far from met. Meanwhile, the
demands of users for the uplink resource and the down-
link resource are different, and sometimes, the uplink
(downlink) resource may be too much while the downlink
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(uplink) resource may be not sufficient. At this moment,
the uplink (downlink) frequency band in the idle state may
be allocated as a shared frequency band to the downlink
(uplink) frequency band, thereby increasing the downlink
(uplink) resource to meet the network demands of users.
Thus, by means of the present technical solution, the
shared frequency band resource may be increased, and
the proportion of the resource allocated to the uplink fre-
guency band to the resource allocated to the downlink
frequency band may be rationally adjusted, which is ad-
vantageous for improving the utilization rate of the uplink
frequency band and the download frequency band and
meeting the real-time requirements of users.

[0031] In the above technical solution, preferably,
when the shared frequency band is constituted by the
original uplink frequency band, the allocation unit may
merely allocate the remaining resource of the original
uplink frequency band except that required for necessary
normal uplink transmission; when the shared frequency
band is constituted by the original downlink frequency
band, the allocation unit may merely allocate the remain-
ing resource of the original downlink frequency band ex-
cept that required for necessary normal downlink trans-
mission.

[0032] In this technical solution, when the shared fre-
guency band is constituted by the original uplink (down-
link) frequency band, the allocation unit may not allocate
all the shared frequency band to the downlink (uplink)
frequency band, since a part of the original uplink (down-
link) frequency band merely serves as the uplink (down-
link) frequency band transmitting resource, and may not
transmit the downlink (uplink) data.

[0033] In the above technical solution, preferably, the
shared frequency band is constituted by unlicensed pub-
lic frequency spectrum resources.

[0034] In this technical solution, with the increase of
the network service for users, the shared frequency band
constituted by a dedicated band, or constituted by the
original uplink frequency band or the original downlink
frequency band in the idle state is still quite limited, and
the demands of users may not be effectively met. Fur-
thermore, operators, in order ta meet the demands of
users, often need to buy these licensed frequency spec-
trum resources, however, it usually lead to a large ex-
pense to buy these licensedfrequency spectrumresourc-
es. Thus, by means of the present technical solution,
sources for the shared frequency band may be further
increased, thereby meeting the network demands of us-
ers, improving user experience and reducing the eco-
nomic cost of deploying the dedicated "shared frequency
band" by operators.

[0035] In the above technical solution, preferably,
when the shared frequency band is constituted by the
unlicensed public frequency spectrum resources, the de-
vice is further for performing interference detection on
the public frequency spectrum resources, and allowing
the public frequency spectrum resources to serve as the
shared frequency band when the interference with the
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publicfrequency spectrum resources is less than the pre-
set interference threshold, otherwise, not allowing the
public frequency spectrum resources to serve as the
shared frequency band.

[0036] In this technical solution, the unlicensed public
frequency spectrum resources may generally include
much interference from other systems, such as Wi-Fiand
so on. Thus, when being used, the interference detection
should be performed with interference detection technol-
ogy, in order to determine whether to serve as a shared
frequency band. Therefore, by means of the present
technical solution, it is ensured that the unlicensed
sharedfrequency band has a high quality, such that users
may smoothly use the network service.

[0037] When detecting the strength of the interference
with the unlicensed publicfrequency spectrum, some pri-
or interference detection technologies, such as cognitive
radio technology may be utilized.

[0038] By means of the technical solution of the
present invention, the uplink resource and the downlink
resource of the FDD system may be flexibly adjusted on
the basis of actual service proportion, such that the allo-
cation proportion of the uplink resource to the downlink
resource is matched with the proportion of an actual up-
link load to an actual downlink load, thereby achieving
the purpose of rationally using resources.

BRIEF DESCRIPTION OF DRAWINGS
[0039]

Fig. 1 shows a flowchart of a resource allocation
method according to an embodiment of the present
disclosure;

Fig. 2 shows a schematic structural diagram of a
resource allocation device according to an embodi-
ment of the present disclosure;

Fig. 3A and 3B show schematic diagrams of allocat-
ing a non-dedicated "shared frequency band" ac-
cording to an embodiment of the present disclosure;
Fig. 4 shows a schematic diagram of a specific set-
ting mode of a isolation bandwidth according to an
embodiment of the present disclosure;

Fig. 5 shows a schematic diagram of dividing a
shared bandwidth into dispatched units on the basis
of frequency width according to an embodiment of
the present disclosure;

Fig. 6 shows a schematic diagram of a specific mode
of allocating resource by an allocation unit to an up-
link and a downlink according to an embodiment of
the present disclosure;

Fig. 7 shows a schematic diagram of a specific mode
of allocating resource by an allocation unit to an up-
link and a downlink according to another embodi-
ment of the present disclosure.
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DETAILED DESCRIPTION

[0040] The present disclosure is further described in
detail hereinafter with reference to the accompanying
drawings and embodiments, in order to more fully under-
stand the above-mentioned purposes, features and ad-
vantages of the present disclosure. It should be noted
that, when not conflicting, the embodiments of the
present application and features in the embodiments
could be combined mutually.

[0041] A ot of details are setforth in the below descrip-
tion so astofully understand the presentdisclosure, how-
ever, the present disclosure may also be implemented
by adopting other embodiments different from those as
described herein, and therefore, the protection scope of
the present disclosure is not limited by the embodiments
disclosed below.

[0042] Fig. 1shows aflowchartof aresource allocation
method according to an embodiment of the present dis-
closure.

[0043] As shownin Fig. 1, aresource allocation meth-
od according to an embodiment of the present disclosure,
comprises: a step 102 of setting a shared frequency
band; and a step 104 of allocating the shared frequency
band to an original uplink frequency band and/or an orig-
inal downlink frequency band, according to resource de-
mands for the original uplink frequency band and the orig-
inal downlink frequency band in a network service.
[0044] In this technical solution, firstly, one shared fre-
guency band is set for the uplink frequency band and the
downlink frequency band, such that when service de-
mands are changed, the proportion of the resource allo-
cated to the uplink frequency band to the resource allo-
cated to the downlink frequency band may be rationally
adjusted so as to meet the service demands. For exam-
ple, in the original network service, the original uplink
frequency bandwidth and the originaldownlink frequency
bandwidth are both 10MHz, while the shared frequency
bandwidth is 5MHz, and if after a period of time t, de-
mands of users for the uplink frequency band are in-
creased to 12MHz, the uplink frequency bandwidth may
be increased by means of utilizing the shared frequency
band, i.e., 2MHz is allocated from the shared frequency
band which is 5MHz to serve as the uplink resource, so
as to meet the service demands. Thus, by means of the
present technical solution, the uplink frequency band-
width and the downlink frequency bandwidth of the FDD
system may be adjusted in real time by fully utilizing the
shared frequency band, so as to meet different network
service demands and improve user experience.

[0045] In the above technical solution, it is preferable
to further comprise: when the shared frequency band is
simultaneously allocated to the ariginal uplink frequency
band and the original downlink frequency band, setting
a protective isolation bandwidth between allocated uplink
frequency band and allocated downlink frequency band;
or when the shared frequency band is simultaneously
allocated to the original uplink frequency band and the
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original downlink frequency band, setting protective time
slots between allocated uplink sub-frames and allocated
downlink sub-frames.

[0046] In this technical solution, the FDD system is a
duplexing system having two channels (specifically, one
uplink frequency band and one downlink frequency
band). One channel is used to transmit downlink infor-
mation, and the other channel is used to transmit uplink
information. The information transmissions in these two
channels areinopposite directions, and a transmitterand
a receiver are disposed at two ends of each channel,
respectively. Thus, by setting a certain isolation band-
width between the channels (the uplink frequency band
and the downlink frequency band), ocut-of-band interfer-
ence (radiation) may be prevented and mutual interfer-
ence between the adjacent transmitter and receiver may
also be prevented. The specific setting mode of the iso-
lation bandwidth is as shown in Fig. 4.

[0047] Furthermore, the shared frequency band may
also be divided into portions for uplink transmission and
portions for downlink transmission by time slots. The
shared frequency band is divided into a plurality of uplink
sub-frames and downlink sub-frames, and protective
time slots are disposed between the uplink sub-frames
and the downlink sub-frames, such that not only the in-
terference may be prevented, but also the times for
switching from the uplink to the downlink or from the
downlink to the uplink are provided. The specific setting
mode of the protective time slots is as shown in Fig. 7.
[0048] Meanwhile, prior wireless communication sys-
tems (such as LTE systems) may merely use continu-
ously distributed and standardized broadband resourc-
es, such as 10MHz, 20MHz, and may not use frequency
band resources which are non-continuous or have anon-
standardized width. Thus, the share frequency band may
not be directly used after being allocated to the uplink
frequency band and the downlink frequency band, and
may be used only by means of dispatching the shared
frequency band which is non-continuous or has a non-
standardized width with prior CA (Carrier Aggregation)
or NCT (New Carrier Type) technology.

[0049] In the above technical solution, it is preferable
to further comprise: dividing the shared bandwidth of the
shared frequency band into a plurality of dispatched units
on the basis of preset frequency width or time width, and
allocating corresponding quantity of dispatched units to
the original uplink frequency band and the original down-
link frequency band on the basis of the proportion of cur-
rent network service.

[0050] In this technical solution, when allocating the
shared bandwidth of the shared frequency band to the
original uplink frequency band and the original downlink
frequency band after dividing the bandwidth into a plu-
rality of dispatched units on the basis of preset frequency
width or time width, the required dispatched units may
be quantified. Thus, by means of the present technical
solution, the shared frequency spectrum may be effec-
tively and accurately allocated on the basis of specific

Ex.1002.00258



11 EP 3 142 434 A1 12

proportion of the uplink service to the downlink service,
thereby improving the utilization rate of the shared fre-
gquency spectrum. A mode of dividing the shared band-
width into the dispatched units on the basis of a certain
frequency width is as shown in Fig. 5.

[0051] In the above technical solution, preferably, the
shared frequency band is constituted by a dedicated fre-
guency band, or is constituted by the original uplink fre-
guency band or the original downlink frequency band in
an idle state.

[0052] In this technical solution, the shared frequency
band may be constituted by a dedicated band, however,
with the increase of the service, if the shared frequency
band is merely the dedicated band, the bandwidth de-
mands of users may be far from met. Meanwhile, the
demands of users for the uplink resource and the down-
link resource are different, and sometimes, the uplink
(downlink) resource may be too much while the downlink
(uplink) resource may be not sufficient. At this moment,
the uplink (downlink) frequency band in the idle state may
be allocated as a shared frequency band to the downlink
(uplink) frequency band, thereby increasing the downlink
(uplink) resource to meet the network demands of users.
Thus, by means of the present technical solution, the
shared frequency band resource may be increased, and
the proportion of the resource allocated to the uplink fre-
quency band to the resource allocated to the downlink
frequency band may be rationally adjusted, which is ad-
vantageous for improving the utilization rate of the uplink
frequency band and the download frequency band and
meeting the real-time requirements of users.

[0053] In the above technical solution, preferably,
when the shared frequency band is constituted by the
original uplink frequency band, an allocation unit may
merely allocate the remaining resource of the original
uplink frequency band except that required for necessary
normal uplink transmission; when the shared frequency
band is constituted by the original downlink frequency
band, the allocation unit may merely allocate the remain-
ing resource of the original downlink frequency band ex-
cept that required for necessary normal downlink trans-
mission.

[0054] In this technical solution, when the shared fre-
guency band is constituted by the original uplink (down-
link) frequency band, the allocation unit may not allocate
all the shared frequency band to the downlink (uplink)
frequency band, since a part of the original uplink (down-
link) frequency band merely serves as the uplink (down-
link) frequency band transmitting resource, and may not
transmit the downlink (uplink) data. A specific mode of
allocating resource by the allocation unit to the uplink and
the downlink is as shown in Fig. 6.

[0055] In the above technical solution, preferably, the
sharedfrequency band may be constituted by unlicensed
public frequency spectrum resources.

[0056] In this technical solution, with the increase of
the network service for users, the shared frequency band
constituted by a dedicated band, or constituted by the
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original uplink frequency band or the original downlink
frequency band in the idle state is still quite limited, and
the demands of users may not be effectively met. Fur-
thermore, operators, in order to meet the demands of
users, often need to buy these licensed frequency spec-
trum resources, however, it usually lead to a large ex-
pense to buy these licensed frequency spectrum resourc-
es. Thus, by means of the present technical solution,
sources for the shared frequency band may be further
increased, thereby meeting the network demands of us-
ers, improving user experience and reducing the eco-
nomic cost of deploying the dedicated "shared frequency
band" by operators.

[0057] Inthe above technical solution, whenthe shared
frequency band is constituted by the unlicensed public
frequency spectrum resources, it is preferable to further
comprise: performing interference detection on the public
frequency spectrum resources, and allowing the public
frequency spectrum resources to serve as the shared
frequency band when the interference with the public fre-
guency spectrum resources is less than the preset inter-
ference threshold, otherwise, not allowing the public fre-
guency spectrum resources to serve as the shared fre-
guency band.

[0058] In this technical solution, the unlicensed public
frequency spectrum resources may generally include
much interference from other systems, such as Wi-Fiand
so on. Thus, when being used, the interference detection
should be performed with interference detection technol-
ogy, in order to determine whether to serve as a shared
frequency band. Therefore, by means of the present
technical solution, it is ensured that the unlicensed
shared frequency band has ahigh quality, such that users
may smoothly use the network service.

[0059] When detecting the strength of the interference
with the unlicensed publicfrequency spectrum, some pri-
or interference detection technologies, such as cognitive
radio technology may be utilized.

[0060] Fig. 2 shows a schematic structural diagram of
aresource allocation device according to an embodiment
of the present disclosure.

[0061] Asshown inFig. 2, aresource allocation device
200 according to an embodiment of the present disclo-
sure, comprises: a setting unit 202 for setting a shared
frequency band; and an allocation unit 204 for allocating
the shared frequency bandto an original uplink frequency
band and/or an original downlink frequency band, ac-
cording to resource demands for the original uplink fre-
quency band and the original downlink frequency band
in a network service.

[0062] In this technical solution, firstly, one shared fre-
quency band is set for the uplink frequency band and the
downlink frequency band, such that when service de-
mands are changed, the proportion of the resource allo-
cated to the uplink frequency band to the resource allo-
cated to the downlink frequency band may be rationally
adjusted so as to meet the service demands. For exam-
ple, in the original network service, the original uplink
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frequency bandwidth and the originaldownlink frequency
bandwidth are both 10MHz, while the shared frequency
bandwidth is 5MHz, and if after a period of time t, de-
mands of users for the uplink frequency band are in-
creased to 12MHz, the uplink frequency bandwidth may
be increased by means of utilizing the shared frequency
band, i.e., 2MHz is allocated from the shared frequency
band which is 5MHz to serve as the uplink resource, so
as to meet the service demands. Thus, by means of the
present technical solution, the uplink frequency band-
width and the downlink frequency bandwidth of the FDD
system may be adjusted inreal time by fully utilizing the
shared frequency band, so as to meet different network
service demands and improve user experience.

[0063] In the above technical solution, preferably, the
setting unit 202 is further for, when the shared frequency
band is simultaneously allocated to the original uplink
frequency band and the original downlink frequency
band, setting a protective isolation bandwidth between
allocated uplink frequency band and allocated downlink
frequency band; or when the shared frequency band is
simultaneously allocated to the criginal uplink frequency
band and the original downlink frequency band, setting
protective time slots between allocated uplink sub-
frames and allocated downlink sub-frames.

[0064] In this technical solution, the FDD system is a
duplexing system having two channels (specifically, one
uplink frequency band and one downlink frequency
band). One channel is used to transmit downlink infor-
mation, and the other channel is used to transmit uplink
information. The information transmissions in these two
channels are in opposite directions, and a transmitterand
a receiver are disposed at two ends of each channel,
respectively. Thus, by setting a certain isolation band-
width between the channels (the uplink frequency band
and the downlink frequency band), out-of-band interfer-
ence (radiation) may be prevented, and mutual interfer-
ence between the adjacent transmitter and receiver may
also be prevented. The specific setting mode of the iso-
lation bandwidth is as shown in Fig. 4.

[0065] Furthermore, the shared frequency band may
also be divided into portions for uplink transmission and
portions for downlink transmission by time slots. The
shared frequency band is divided into a plurality of uplink
sub-frames and downlink sub-frames, and protective
time slots are disposed between the uplink sub-frames
and the downlink sub-frames, such that not only interfer-
ence may be prevented, but also times for switching from
the uplink to the downlink or from the downlink to the
uplink are provided. The specific setting mode of the pro-
tective time slots is as shown in Fig. 7.

[0066] Meanwhile, prior wireless communication sys-
tems (such as LTE systems) may only use continuously
distributed and standardized broadband resources, such
as 10MHz, 20MHz, and may not use frequency band
resources which are non-continuous or have a non-
standardized width. Thus, the share frequency band may
not be directly used after being allocated to the uplink
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frequency band and the downlink frequency band, and
may be used only by means of dispatching the shared
frequency band which is non-continuous or has a non-
standardized width with prior CA (Carrier Aggregation)
or NCT (New Carrier Type) technology.

[0067] In the above technical solution, it is preferable
to further comprise a dividing unit 206 for dividing the
shared bandwidth of the shared frequency band into a
plurality of dispatched units on the basis of preset fre-
guency width or time width, and allocating corresponding
guantity of dispatched units to the original uplink frequen-
cy band and the original downlink frequency band on the
basis of the proportion of network service processed in
the original uplink frequency band to network service
processed in the ariginal downlink frequency band.
[0068] In this technical solution, when allocating the
shared bandwidth of the shared frequency band to the
original uplink frequency band and the original downlink
frequency band after dividing the bandwidth into a plu-
rality of dispatched units on the basis of presetfrequency
width or time width, the required dispatched units may
be quantified. Thus, by means of the present technical
solution, the shared frequency spectrum may be effec-
tively and accurately allocated on the basis of specific
proportion of the uplink service to the downlink service,
thereby improving the utilization rate of the shared fre-
guency spectrum. A mode of dividing the shared band-
width into the dispatched units on the basis of a certain
frequency width is as shown in Fig. 5.

[0069] Inthe above technical solution, preferably, the
shared frequency band is constituted by a dedicated fre-
guency band, or is constituted by the original uplink fre-
guency band or the original downlink frequency band in
an idle state.

[0070] In this technical solution, the shared frequency
band may be constituted by a dedicated band, however,
with the increase of the service, if the shared frequency
band is merely the dedicated band, the bandwidth de-
mands of users may be far from met. Meanwhile, the
demands of users for the uplink resource and the down-
link resource are different, and sometimes, the uplink
(downlink) resource may be too much while the downlink
(uplink) resource may be not sufficient. At this moment,
the uplink (downlink) frequency band in the idle state may
be allocated as a shared frequency band to the downlink
(uplink) frequency band, thereby increasing the downlink
(uplink) resource to meet the network demands of users.
Thus, by means of the present technical solution, the
shared frequency band resource may be increased, and
the proportion of the resource allocated to the uplink fre-
quency band to the resource allocated to the downlink
frequency band may be rationally adjusted, which is ad-
vantageous for improving the utilization rate of the uplink
frequency band and the download frequency band and
meeting the real-time requirements of users.

[0071] In the above technical solution, preferably,
when the shared frequency band is constituted by the
original uplink frequency band, the allocation unit 204
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may merely allocate the remaining resource of the orig-
inal uplink frequency band except that required for nec-
essary normal uplink transmission; when the shared fre-
quency band is constituted by the original downlink fre-
gquency band, the allocation unit 204 may merely allocate
the remaining resource of the originaldownlink frequency
band except that required for necessary normal downlink
transmission.

[0072] In this technical solution, when the shared fre-
guency band is constituted by the original uplink (down-
link) frequency band, the allocation unit 204 may not al-
locate all the shared frequency band to the downlink (up-
link) frequency band, since a part of the original uplink
(downlink) frequency band merely serves as the uplink
(downlink) frequency band transmitting resource, and
may not transmit the downlink (uplink) data. A specific
mode of allocating resource by the allocation unit to the
uplink and the downlink is as shown in Fig. 6.

[0073] In the above technical solution, preferably, the
sharedfrequency band may be constituted by unlicensed
public frequency spectrum resources.

[0074] In this technical solution, with the increase of
the network service for users, the shared frequency band
constituted by a dedicated band, or constituted by the
original uplink frequency band or the original downlink
frequency band in the idle state is still quite limited, and
the demands of users may not be effectively met. Fur-
thermore, operators, in order to meet the demands of
users, often need to buy these licensed frequency spec-
trum resources, however, it usually lead to a large ex-
pense to buy these licensed frequency spectrumresourc-
es. Thus, by means of the present technical solution,
sources for the shared frequency band may be further
increased, thereby meeting the network demands of us-
ers, improving user experience and reducing the eco-
nomic cost of deploying the dedicated "shared frequency
band" by operators.

[0075] In the above technical solution, preferably,
when the shared frequency band is constituted by the
unlicensed public frequency spectrum resources, it is
preferable to further comprise: performing interference
detection on the public frequency spectrum resources,
and allowing the public frequency spectrum resources to
serve as the shared frequency band when the interfer-
ence with the public frequency spectrum resources is
less than the preset interference threshold, otherwise,
not allowing the public frequency spectrum resources to
serve as the shared frequency band.

[0076] In this technical solution, the unlicensed public
frequency spectrum resources may generally include
much interference from other systems, such as Wi-Fiand
soon. Thus, when being used, the interference detection
should be performed with interference detection technol-
ogy, in order to determine whether to serve as a shared
frequency band. Therefore, by means of the present
technical solution, it is ensured that the unlicensed
sharedfrequency band has a high quality, such that users
may smoothly use the network service.
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[0077] When detecting the strength of the interference
with the unlicensed publicfrequency spectrum, some pri-
or interference detection technologies, such as cognitive
radio technology may be utilized.

[0078] Fig. 3A and 3B show schematic diagrams of
allocating a non-dedicated "shared frequency band" ac-
cording to an embodiment of the present disclosure
[0079] As shown in Fig. 3A, if detecting the demands
of users in a community for downlink data transmission
gradually increasing and the demands for uplink data
transmission gradually decreasing currently from a mo-
mentt,, a base station may determine a proper proportion
of the downlink resource to the uplink resource according
to a certain algorithm. Provided that the uplink resource :
the downlink resource = 5:1 and the probably required
totaldownlink resource, for example 30MHz, is estimated
according to a certain algorithm, the required uplink re-
source is probably 6MHz.

[0080] Provided thatthe original uplink bandwidth and
the original downlink bandwidth are both 20MHz, the up-
link frequency bandwidth may be reduced at this time,
and the saved bandwidth of approximately 14MHz may
be used as a "shared frequency band".

[0081] In the case of the foregoing service demands,
the shared frequency band of approximately 14MHz may
be all allocated to the downlink, and the downlink data
may be dispatched in this bandwidth with the CA or NCT
technology so as to increase the downlink resource quan-
tity and increase the downlink throughput. Alternatively,
10MHz of the resource may be allocated to the downlink,
while the remaining 4MHz is temporarily not utilized.
Meanwhile, since the shared frequency band is consti-
tuted by the "saved" uplink resource and the adjacent
frequency is currently for uplink transmission, a sufficient
"protective isolation bandwidth" is required.

[0082] Asshown inFig. 3B, when the behavior of users
changes at a moment t,, the uplink resource is required
to increase to 10MHz and the downlink resource is re-
quired to reduce to 25MHz according to a certain algo-
rithm. At this time, the resources may be reallocated.
4MHz is allocated to the uplink from the original shared
frequency band of 14MHz, and the remaining part except
the protective bandwidth may be partially or all allocated
to the downlink.

[0083] Fig. 3A and Fig. 3B specifically show the allo-
cation mode of the non-dedicated "shared frequency
band", however, if an operator has extra frequency spec-
trum or unlicensed frequency spectrum to be used as a
"shared frequency band", a frequency of a certain width
may be allocated independently to serve as the dedicated
"shared frequency band". The allocation mode of the
dedicated "shared frequency band" is similar to the mode
as shown in Fig. 3A and Fig. 3B, i.e., when the downlink
data quantity increases at a certain moment, the base
station may allocate a certain quantity of "shared frequen-
cy band" (considering dispatched units as allocation
granularities) to the downlink, so as to supplement the
downlink resource. In contrast, when the uplink resource
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is inadequate, a certain quantity of "shared frequency
band" (considering dispatched units as allocation gran-
ularities) may be allocated to the uplink, so as to supple-
ment the uplink resource. And when the "shared frequen-
cy band” is simultaneously allocated to the uplink and
the downlink, it is necessary to arrange a "protective iso-
lation bandwidth" of a certain width in the "shared fre-
guency band".

[0084] Fig. 4 shows a schematic diagram of a specific
setting mode of a isolation bandwidth according to an
embodiment of the present disclosure.

[0085] Because of the out-of-band radiation, when the
"shared frequency band" is simultaneously for the uplink
and downlink transmission, it is necessary to arrange a
protective bandwidth of a certain width between the up-
link portion and the downlink portion, so as to avoid the
generation of the out-of-band interference. The specific
setting mode of the isolation bandwidth in the shared
frequency band in the FDD system is as shown in Fig. 4.
[0086] Fig. 5 shows a schematic diagram of dividing a
shared bandwidth into dispatched units on the basis of
frequency width according to an embodiment of the
present disclosure.

[0087]1 In order to further effectively utilize the shared
frequency spectrum, it is necessary to perform resource
division on the shared frequency band, and thus the
shared bandwidth defines dispatched units of a certain
frequency width, thereby facilitating effectively dispatch-
ing according to the proportion of the uplink service to
the downlink service. The specific division mode of dis-
patched units is as shown in Fig. 5. In this way, the base
station, when allocating resource, may allocate a certain
quantity of dispatched units to the uplink or downlink re-
source according to specific service demands.

[0088] Fig. 6 shows a schematic diagram of a specific
mode of allocating resource by an allocation unit to an
uplink and a downlink according to an embodiment of the
present disclosure.

[0089] As shown in Fig. 6, the shared frequency band
is constituted by a part of the downlink spectrum, and
when the shared frequency band is utilized by the uplink,
the base station may merely use the PDSCH portion ex-
cept the PDCCH (a frequency band which should serve
as the downlink transmitting rescurce) portion during the
uplink dispatching.

[0090] Furthermore, the shared frequency band may
also be divided into portions for uplink transmission and
portions for downlink transmission by time slots. As
shown in Fig. 7, the shared frequency band is divided
into portions for uplink transmission and portions for
downlink transmission by time slots. Between the uplink
sub-frames and the downlink sub-frames in the "shared
frequency band", the protective time slots are required
to be inserted, i.e., a certain isolation time (black solid
portion in the Fig. 7) should be added between the uplink
frequency band and the downlink frequency band. In this
way, notonly the interference may be prevented, but also
the times for switching from the uplink to the downlink or
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from the downlink to the uplink are provided.

[0091] The technical solution of the present disclosure
is described in detail in conjunction with the accompany-
ing drawings. By means of the technical sclution of the
presentdisclosure, a flexible duplexing solution ofa FDD
system can be realized, so that the allocation proportion
of an uplink resource to a downlink resource is matched
with the proportion of an actual uplink load to an actual
downlink load, thereby achieving the purpose of rationally
using resources.

[0092] The foregeing is merely the preferable embod-
iments of the present disclosure, and is not intended to
limitthe presentdisclosure. For persons skilled in the art,
the present disclosure could have various modifications
and variations. Any amendments, equivalents, or im-
provements and so on within the spirit and principle of
the present disclosure should be included within the pro-
tection scope of the present disclosure.

Claims

1. Aresource allocation method, used for a frequency
division duplexing system, comprising:

setting a shared frequency band; and
allocating the shared frequency band to an orig-
inal uplink frequency band and/or an original
downlink frequency band, according toresource
demands for the original uplink frequency band
and the original downlink frequency band in a
network service

2. The resource allocation method according to claim
1, further comprising:

when the shared frequency band is simultane-
ously allocated to the original uplink frequency
band and the original downlink frequency band,
setting a protective isolation bandwidth between
allocated uplink frequency band and allocated
downlink frequency band; or

when the shared frequency band is simultane-
ously allocated to the original uplink frequency
band and the original downlink frequency band,
setting protective time slots between allocated
uplink sub-frames and allocated downlink sub-
frames.

3. The resource allocation method according to claim
2, further comprising:

dividing the shared bandwidth of the shared fre-
quency band into a plurality of dispatched units
on the basis of preset frequency width or time
width, and allocating corresponding quantity of
dispatched units to the criginal uplink frequency
band and the original downlink frequency band
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on the basis of the proportion of current network
service.

The resource allocation method according to claim
1, wherein the shared frequency band is constituted
by a dedicated frequency band, or is constituted by
the original uplink frequency band or the original
downlink frequency band in an idle state.

The resource allocation method according to claim
4, wherein

when the shared frequency band is constituted by
the original uplink frequency band, an allocation unit
may merely allocate the remaining resource of the
original uplink frequency band except that required
for necessary normal uplink transmission;

when the shared frequency band is constituted by
the original downlink frequency band, the allocation
unit may merely allocate the remaining resource of
the original downlink frequency band except that re-
quired for necessary normal downlink transmission.

The resource allocation method according to claim
1, wherein the shared frequency band is constituted
by unlicensed public frequency spectrum resources.

The resource allocation method according to claim
6, wherein when the shared frequency band is con-
stituted by the unlicensed public frequency spectrum
resources, the method further comprises:

performing interference detection on the public
frequency spectrum resources, and allowing the
public frequency spectrum resources to serve
as the shared frequency band when the inter-
ference with the public frequency spectrum re-
sources is less than the preset interference
threshold, otherwise, not allowing the public fre-
quency spectrum resources to serve as the
shared frequency band.

A resource allocation device, used for a frequency
division duplexing system, comprising:

a setting unit for setting a shared frequency
band; and

an allocation unit for allocating the shared fre-
quency band to an original uplink frequency
band and/or an original downlink frequency
band, according to resource demands for the
original uplink frequency band and the original
downlink frequency band in a network service.

The resource allocation device according to claim 8,
wherein the setting unit is further for,

when the shared frequency band is simultaneously
allocated to the original uplink frequency band and
the original downlink frequency band, setting a pro-
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10.

11.

12.

13.

14.

20

tective isolation bandwidth between allocated uplink
frequency band and allocated downlink frequency
band; or

when the shared frequency band is simultaneously
allocated to the original uplink frequency band and
the originaldownlink frequency band, setting protec-
tive time slots between allocated uplink sub-frames
and allocated downlink sub-frames.

The resource allocation device according to claim 9,
further comprising: a dividing unit for dividing the
shared bandwidth of the shared frequency band into
a plurality of dispatched units on the basis of preset
frequency width or time width, and allocating corre-
sponding quantity of dispatched units to the original
uplink frequency band and the original downlink fre-
quency band on the basis of the proportion of net-
work service processed in the ariginal uplink fre-
guency band to network service processed in the
original downlink frequency band.

The resource allocation device according to claim 8,
wherein the shared frequency band is constituted by
a dedicated frequency band, or is constituted by the
original uplink frequency band or the original down-
link frequency band in an idle state.

The resource allocation device according to claim
11, wherein when the shared frequency band is con-
stituted by the original uplink frequency band, the
allocation unit may merely allocate the remaining re-
source of the original uplink frequency band except
that required for necessary normal uplink transmis-
sion; when the shared frequency band is constituted
by the original downlink frequency band, the alloca-
tion unit may merely allocate the remaining resource
of the original downlink frequency band except that
required for necessary normal downlink transmis-
sion.

The resource allocation device according to claim 8,
wherein the shared frequency band is constituted by
unlicensed public frequency spectrum resources.

The resource allocation device according to claim 8,
wherein when the shared frequency band is consti-
tuted by the unlicensed public frequency spectrum
resources, the device is further for performing inter-
ference detection on the public frequency spectrum
resources, and allowing the public frequency spec-
trum resources to serve as the shared frequency
band when the interference with the public frequency
spectrum resources is less than the preset interfer-
ence threshold, otherwise, not allowing the public
frequency spectrum resources to serve as the
shared frequency band.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of
Anpeng HUANG

Application No.: 15/500,928 Art Unit

2464

Filed: January 31, 2017

Conf. No.: 4629

For: ADAPTIVE COMMUNICATION RESOURCE
ALLOCATION IN A WIRELESS NETWORK

Examiner: Ricky Quoc Ngo

Customer No.: 144521

Attorney Docket No.: 11013.10213USO01

REQUEST TO CORRECT APPLICANT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

The above-referenced application is the U.S. national stage of international application no.
PCT/CN2014/083578, filed August 1, 2014. The international application designated EMPIRE
TECHNOLOGY DEVELOPMENT LLC and ANPENG HUANG, as the applicants. The
documents to enter the national stage were filed at the U.S. Patent & Trademark Oftice (USPTO)
on January 31, 2017, with an Application Data Sheet that designated EMPIRE TECHNOLOGY
DEVELOPMENT LLC. as the sole applicant.

Assignments from the inventor to EMPIRE TECHNOLOGY DEVELOPMENT LLC were
recorded on February 23, 2017. The undersigned attorney hereby requests a change in the
applicant under the provisions of 37 CFR 1.46(c)(2) by removing ANPENG HUANG as a joint
applicant, such that EMPIRE TECHNOLOGY DEVELOPMENT LLC. is designated as the sole
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Application No. 15/500,928
Attorney Docket Number 11013.10213US01

applicant. The remaining applicant establishes its ownership in the accompanying statement filed
under 37 CFR 3.73(c).

This request is not accompanied by a marked-up ADS because the original ADS filed on
January 31, 2017, was correct.

If there are any deficiencies in this request, the Office is invited to contact the undersigned

attorney.

Dated this 8th day of March, 2018.

Respectfully submitted,
/R. Burns Israelsen, Reg. No. 42685/

R. Burns Israelsen
Registration No. 42685
Attorney for Applicant
Customer No. 97149
Telephone No. (435) 252-1360
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
EMPIRE TECHNOLOGY LLC

Application No./Patent No.: _15/500,928 Filed/Issue Date: August 1, 2014
Titled: ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

EMPIRE TECHNOLOGY DEVELOPMENT LLC , corporation

Applicant/Patent Owner:

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: ANPENG HUANG To: BEWING JINDIANCHUANGQI TECHNOLOGY DEVELOPMENT GO, LTD.

The document was recorded in the United States Patent and Trademark Office at

Reel 041359 , Frame 0412 , or for which a copy thereof is attached.

2 From: BEWING JINDIANCHUANGQI TECHNOLOGY DEVELOPMENT CO., LTD. To: EMPIRE TECHNOLOGY DEVELOPMENT LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 041339 , Frame 0450 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

I st ] leting th I 1-800-PTO-91 lect option 2.
If you need assistance in completing the form, ca 0-9199 and select op lonEx.1002.00271



PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/R. Burns Israelsen, Reg. No. 42685/ March 8, 2018
Signature Date

R. Burns Israelsen 42685

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 15/500,928

Filing Date 01-31-2017

First Named Inventor

HUANG, Anpeng

Title

WIRELESS NETWORK

ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A

Art Unit 2464

Examiner Name NGO, RICKY QUOC

Attorney Docket Number |]11013.10213US01

SIGNATURE of Applicant or Patent Practitioner

Signature /Ajay K. Gambhir/

Date (Optional)

28 March 2018

Name

Ajay K. Gambhir

Registration
Number

44,115

Title (if Applicant is a | Attorney for Applicant
juristic entity)

Applicant Name (if Applicant is a juristic entity)

EMPIRE TECHNOLOGY DEVELOPMENT LLC

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

v

*Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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POWER OF ATTORNEY BY APPLICANT |

| hereby revoke all previous powers of attorney given in the application identified in gither the attached fransmittat letter or
the boxes below.

Application Number Filing Date

{Note: The boxes above may be left blank if information is provided on form PTO/AIA/S2A.)

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attormney(s) or agent(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in

the attached transmittal letter (form PTO/AIA/B2A) or identified above:
OR 164241

D | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/B2A) or identified above. {Note: Complete form PTO/AIA/82C.)

Please recognize or changs the correspondence address for the application identified In the attached transmittal
latter or the boxes above to:

The address associated with the above-mentioned Customer Number
TOOR

{j The address associated with Custormer Number: l
OR

D Firm or
individual Name
§ Address

City | State | Zip
Country
Telephone i Email ;

i am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Empire Technology Development LLC

inventor or Joint inventor (title not required below)

.egal Representative of a Deceased or Legaily incapacitated Inventor (title not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

Person Who Otherwise Shows Sufficient Proprietary interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)

‘ ‘ SIGNATURE of Applicant for Patent
The undersigned (whose tiﬂé is suppiied g@low) is p’ﬁﬁt\gd?,ed to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature N T el | Date (Optional) | M g eoda. 17N 2 o 1%
e ) Py o

Name 3\ ) ;§j e g ?ﬁ»;-f”ﬂ/i

Titie e

NOTE: Signalure - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. {f more than cne applicant, use muitiple forms.

[:j“i’otai of forms are submitied.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file {and by the
USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 GFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.8. Patent and Trademark Office, U.8.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alsxandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in
connection with your submission of the attached form related to a patent application or patent.
Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general
authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used
by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent
and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the
patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records
from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including
disclosures to opposing counsel in the course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains,
when the individual has requested assistance from the Member with respect to the
subject matter of the record.

4. Arecordin this system of records may be disclosed, as a routine use, to a contractor of
the Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974,
as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty
in this system of records may be disclosed, as a routine use, to the International Bureau
of the World Intellectual Property Organization, pursuant to the Patent Cooperation
Treaty.

6. Arecordin this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant
to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the
Administrator, General Services, or his/her designee, during an inspection of records
conducted by GSA as part of that agency's responsibility to recommend improvements in
records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public
after either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a
patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the
limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and
which application is referenced by either a published application, an application open to
public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal,
State, or local law enforcement agency, if the USPTO becomes aware of a violation or
potential violation of law or regulation.

Ex.1002.00278



Electronic Acknowledgement Receipt

EFS ID: 32188038
Application Number: 15500928
International Application Number:
Confirmation Number: 4629

Title of Invention:

NETWORK

ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS

First Named Inventor/Applicant Name:

Anpeng HUANG

Customer Number:

144521

Filer:

Ajay K. Gambhir/Leigha LaFleur

Filer Authorized By:

Ajay K. Gambhir

Attorney Docket Number: 11013.10213US01
Receipt Date: 28-MAR-2018
Filing Date: 31-JAN-2017
Time Stamp: 18:04:31

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
350161
1 Power of Attorney 15500928_aia0(;8f2_28Nlar2018 no 3
p 9e9434d7376¢6fSab1a5d2f1e7b60929f92¢]
do94
Warnings: Ex.1002.00279




Information:

Total Files Size (in bytes): 350161

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Ex.1002.00280




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/500,928 01/31/2017 Anpeng HUANG 11013.102130US01
CONFIRMATION NO. 4629
154241 POA ACCEPTANCE LETTER
IP Spring - Al
180 N. LaSalle St. ORI A
Suite 3700 000000098478703

Chicago, IL 60601
Date Mailed: 04/03/2018

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/28/2018.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/1dvan/

page 1 of 1

Ex.1002.00281



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
15/500,928 01/31/2017 Anpeng HUANG 11013.10213US01
CONFIRMATION NO. 4629
144521 POWER OF ATTORNEY NOTICE

Maschoff Brennan/Allied Inventors
IO A
0000000984 78669

111 East Broadway, Suite 725

Salt Lake City, UT 84111
Date Mailed: 04/03/2018

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/28/2018.
* The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/1dvan/

page 1 of 1

Ex.1002.00282



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/500,928 01/31/2017 Anpeng HUANG APA-CN-879177-02- 4629
US-NAT
154241 7590 09/26/2018 | A AMINGR |
IP Spring - Al
180 N. LaSalle St. UDDIN, MD SHARIF
Suite 3700
Chicago 1L 60601 | ART UNIT | PAPER NUMBER |
2465
| NOTIFICATION DATE | DELIVERY MODE |
09/26/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ajay.gambhir @ipspring.com

docket@ipspring.com

paralegalteam @ipspring.com

PTOL-90A (Rev. 04/07)
Ex.1002.00283



Application No. Applicant(s)

15/500,928 HUANG, Anpeng
Office Action .S‘ummary Examiner Art Unit AlA Status
MD SHARIF UDDIN 2465 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)v] Responsive to communication(s) filed on 31 January 2017.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)[] This action is FINAL. 2b) ] This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
______;the restriction requirement and election have been incorporated into this action.

4)(] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-13 and 15-20 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.
6) [J Claim(s) __ is/are allowed.
7) Claim(s) 1-13 and 15-20 is/are rejected.
8) Claim(s) 3 is/are objected to.
9) [ Claim(s) ____are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers

10)(J The specification is objected to by the Examiner.

11} The drawing(s) filed on See Continuation Sheet is/are: a)lv] accepted or b)(] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d Al b)(J Some** ¢)(J None of the:
1.J Certified copies of the priority documents have been received.

2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
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Application/Control Number: 15/500,928 Page 2
Art Unit: 2465

DETAILED ACTION

Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the

firstinventor to file provisions of the AlA.

Claim Objections

2. Claim 3 objected to because of the following informalities: The claim is dependent on
claim 2. To be consistent with claim 2, the text should recite 'fourth frequency’ not 'third frequency'.

Appropriate correctionis required.

Claim Rejections - 35 USC § 103

3. In the event the determination of the status of the application as subject to AIA35 U.S.C.
102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the
statutory basis for the rejection will not be considered a new ground of rejection if the prior art
relied upon, and the rationale supporting the rejection, would be the same under either status.
4. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness
rejections set forth in this Office action:

A patent for a claimed invention maynotbe obtained, notwithstanding thatthe claimed
invention is not identicallydisclosed as setforth in section 102, if the differences between the
claimed invention and the prior artare such thatthe claimed invention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinaryskill inthe art to which the claimed invention pertains. Patentabilityshall notbe
negated by the mannerinwhich the invention was made.
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5. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the applicationindicating obviousness or
nonobviousness.
6. Claim1-9,11-13,15-17 and 19-20 arerejected under 35 U.S.C. 103 as being
unpatentable over Liu etal. (US 20150365941 A1 hereinafter Liu) in view of Zhangetal. (US

10,057,901 B2 hereinafter Zhang).

Regarding claim 1, Liu teaches a mathod for & base station { Fig.5, Radio Network
Mode 50) of awireless network to allocate communication resources between uplink and downlink
channels (Para 14, lines 1-2, ... an improved resource allocation in a radio communication

network}, the method comprising:

determining a quality of spectrum resource thatis available for use by the base station
for an uplink channel or a downlink channel status ( Fig. 3a, step 320; Para 51, lines 11- 14,

determing 320 ... allocation priority and/or allocation probability)

assigning the spectrum resources based on the determined quality status of the first
frequency spectrumresource (Fig. 3a, step 330;Para51,lines 18 -20, resources are allocated
330 to one or several UEs based on the determined allocation priority and/or allocation

probability);

but Liu does not teach that the first frequency spectrum resource is assigned to a shared

resource pool; scheduling a second frequency spectrumresource that is available for use by the
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base station for the uplink channel or the downlink channel based on an initial directional
allocation of communication resources for the base station; after scheduling the second
frequency spectrum resource for the base station, determining an updated directional allocation
of communication resources for the base station; and selecting the first frequency spectrum
resource from the shared resource pool and scheduling the first frequency spectrum resource for
either the uplink channel or the downlink channel based on the determined updated directional

allocation of communication resources for the base station.

fhang leaches assigning the first freguency speclrum resource (Fig.7 SHARED
FREGQUENCY BAND) 1o a shared rescurce pool (Fig 1, step 102, Colum 2, lines 13, omw
shared frequency band is set for the uplink frequency band and the downlink frequency band?;

scheduling a sscond freguency spectrum resource (Fig. 7, Downlink frequency band,
Uplink frequency band) that s available for use by the base stationfor the uplink channel orthe
downlink channel based on an initial direclional allocation of communication resources for the
base station (Column §, lines 18-17, the original uplink freguency band and the orighg
downlink frequency band);

after schaduling the secondirequency spectrumresourcefor the base station, delermining
an updated directional allocation of communication rescurces for the base station; and
selecting the firstirequency spectrumresource fromthe shared resource poo! and scheduling the
first frequency spectrum resource for sither the uplink chamnsl or the downdink channel based on
the determined updaled directional allocation of communicalion resources for the base station
{(Colum 2, para 1 and Fig. 1, step 184, allocating shared frequency band to original uplink
frequency band and original downlink frequency band according to resource demands for original

uplink frequency band and original downlink frequency bandin network service }.

Ex.1002.00288



Application/Control Number: 15/500,928 Page 5
Art Unit: 2465

Liu and Zhang are analogous art because they are in the same field of endeavor of
wireless communications. It would have been obvious to one of ordinary skill in the art before the
effective filing date of the claimed invention to incorporate Zhang’s teachings into Liu’s teachings
i make frequency resource agllocation as a first frequency specltrum resource as g shared
resource for uplink and downlink  and  a second frequency specirum resource for directional
uplink or downlink .

The motivation would be to rationally adjust the zlincated resources o meet the service

demand (Zhang, Column 2, lines 4-7).

Regarding claim 2 and 19, Liu and Zhang teach the method of claim 1 and the wireless
base station of claim 11.

Liv further teaches that assigning the first frequency spectrum resource to the shared
resource poolaccordingto the first frequency spectrumresourcebeing: less suitable for the uplink
channel than a third frequency spectrum resource that is available for use by the base station,
and less suitable for the downlink channel than a fourth frequency spectrum resource that is
available for use by the base station.

Liu discloses a method of allocating freguency resources based on signal quality {Fig. 3a,
step 320; Para 56, lines 3 — 5, the allocation priority can be based on ... a determined signal
quality). Liu discioses that downlink signal qualily is delermined by CQH and uplink signal qually
is delermned by RIP (Para 113, ines 3-4,8-12; DL signal gualily can be detsrmined by O, UL
signal quality can be delermined by RIP). A qualily based allocation would allocale high OO
frequency rescurces ie the downlink and the low RIP frequencyresourcesto the uplink. Obviously
the remaining reseurces would be less suitable for downlink than the dedicated downiink
resources {fourihirequency) andless suitable for uplink than the dedicated uplink resources {third

freguency).
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Regarding Claim 3, Liu and Zhang teach the method of claim 2.

Liv further teaches wherein the first frequency spectrum resource is less suilable for the
downiink channei than the third frequency spectrum resource (Fig. 3a, step 320; Para 56, lines
3 -5, the allocation priority can be based on ... a determined signal quality) in responsetoa
channel guality indicator (COH of the first frequency spectum resource being less than a CQlof
the third frequency spectrumresowee { Para 113, lines 3-4, DL signal quality can be delermined

by OO,

Regarding Claim 4, Liu and Zhang teach the method of claim 2.

Liu further teaches wherein the first frequency spectrum resource is less suitable for the
uglink channei than the third freguency spectrum resource (Fig. 3a, step 320; Para 56, lines 3 —
5, the allocation priority can be based on ... a determined signalquality) in response o areceived
interference power (R} of the first frequency speclrum resources being greater than an K of
the third frequency spectrum resource { Para 113, lines 8 ~12, UL signal gqualily can be

determined by RiP).

Hegarding claim §, Liu and Zhang teachthe method of claim 1.

Liu teaches detarmining a quality status of the second frequency spectrum resources (Fig.
3a, step 320; Para 51, lines 11- 14, dsierming 324 ... allocation priority and/or allocation
probability) and makse assignment based on the determined quality status ( Fig. 3a, step 330;
Para 51, lines 18 — 20, resources are allocated 330 to one or several UEs based on the
determined allocation priority and/or allocation probability) but not explicitly wherein assigning the
second frequency spectrum resource to one of the uplink resource pool or the downlink resource

pool .
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Zhang teaches assigning the second freguency spectrum rescurce to one of an uplink
resource pool or a downlink rescurce pool{Fig. 7, Downlinkfreguency band, Uplinkirequency

band),

Liu and Zhang are analogous art because they are in the same field of endeavor of
wireless communications. It would have been obvious to one of ordinary skill in the art before the
effective filing date of the claimed invention to incorporate Liu’s teaching into Zhang'’s teachings
to determine gualily status of the second freguency spectrum and make gllocation based on the
guality status.

The motivation would be 1o rationally adjust the alicoated resources 1o maet the service

demand {Zhang, Column 2, lines 4-7).

Hegarding claim &, Liu and Zhang teach the method of claim 5.

Liu teaches assigning the second frequency spectrum resource to the uplink resource
pool in response to the quality status of the second frequency spectrumresource being indicative
that the second frequency spectrumis usable for the uplink channel, and assigning the second
frequency spectrum resource to the downlink resource pool in response to the quality status of
the second frequency spectrum resource being indicative that the second frequency spectrum is
usable for the downlink channel (Fig. 3a, step 320; Para 56, lines 3 — 5, the allocation priority
can be based on ... a determined signal quality) but not explicitly that wherein assigning the
second frequency spectrumresource to one of the uplink resource pool or the downlink resource

pool comprises:

Ex.1002.00291



Application/Control Number: 15/500,928 Page 8
Art Unit: 2465

Zhang teaches assigning the second frequency specirum resource to one of the uplink
resource poeol or the downlink resource  pool {(Fig. 7, Downlink frequency band, Uplink

frequency band).

Liu and Zhang are analogous art bhecause they are in the same field of endeavor of
wireless communications. It would have been obvious to one of ordinary skill in the art before the
effective filing date of the claimed invention to incorporate Liu’s teaching into Zhang'’s teachings
to determine gualily status of the second freguency spectrum and make allocation based on the
guality status.

The motivation would be 1o rationally adjust the alicoated resources 1o maet the service

demand {Zhang, Column 2, lines 4-7).

Hegarding claim 7 and 8, Liu and Zhangteach the method of claim 1 and 5. Liu further
teaches teach that wherein determining the quality status ... comprises determining at least one
of a channel qualty indicator {CGQ) and a received interference power (RIF) (Para 113, lings 24
& 8 ~12, DL sub-band quality may be determined by the network node from the UE radio
measurements e.g. sub-band CQl (channel quality indicator); UL sub-band quality can be
determined by the radio network node from the sub-band radio measurements performed

by the radio network node (e.g. SNR, SINR, received interference power (RIP) }.

However Liu does notl teach the second freguency spechrum resourcs and the first
frequency spectyum resource,

hang teaches the second frequency spactrumrescurce {(Fig. 7, Downdink frequengy
band, Uplink frequency band) and  the first frequency spechrum resource (Fig.? SHARED

FREQUENCY BAND).
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Ly and Zhang are analogous art because they are in the same field of endeavor of
wireless communications. It would have been obvious to one of ordinary skill in the art before the
effective filing date of the claimed invention to incorporate Zhang’s teachings into Liu’s teachings
to assign the zecond and the firstireguency spectrumior downlink or uplink based on their quallly
staius determined by C0QHand RIP measurements.

The motivation would be 1o rationally adjust the aliccated resources 1o meet the servics

demand (Zhang, Column 2, lines 4-7).

Regarding claim 8, Liu and Zhang teach the method of claim 5. Liu further teaches that
wharein assigning the second frequency spectium rasource to one of the uplink resource poct or
the downlink resource pool comprises ranking the second frequency spectrum rescures with
respect 1o other frequency speclrum resources assigned 1o the uplink resource pool or the
downlink resource pool (Para 68, lines 7-9, The subframe allocation priority can also be
expressed in terms of distinct levels, such as "low”, "medium”, "high" ) based enthe guality sialus
of the second frequency spectrum rescurce {Para 56, lines 3 — 5, the allocation priority can be

based on ... a determined signal quality).

Regarding claim 11, Liu leaches a wireless base shalion (Fig.5, HRadio Network Node
58) tor a wireless communication nebwork {Para 14, lines 1-2, ... an improved resource
allocationin a radio communication network}, iha wirgless base siation comprising:
a quality status module ( Fig.5 Radio Network Node 50) configured to determine a quality status,
( Fig. 3a, step 320; Para 51, lines 11- 14, dsterming 320 ... allocation priority and/or
allocation probability) of frequency spectrumresources; aprocessor module ( Fig.5 Processor
52) coupled to the quality status module{ Fig.5, Radic Network Node 58} and configured to
assign the frequency spectrum resources based on the determined quality status ( Fig. 3a, step

330; Para 51, lines 18 — 20, resources are allocated 330 to one or several UEs based on the
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determined allocation priority and/or allocation probability); and a scheduler module { Fig.5,

Radio Network Node 58} coupled to the processor module { Fig. %, Frocessor 323

Liu does not teach a first frequency spectrum resource associated with an air interface
thatis available for use by the wireless base station for an uplink channel or a downlink channel,
and a second frequency spectrumresource associated with the air interface that is available for
use by the wireless base station for the uplink channel or the downlink channel; and to assign the
first frequency spectrum resource to a shared resource pool; and configured to schedule the
second frequency spectrumresource for the uplink channel or the downlink channel based on an
initial directional allocation of frequency spectrum resources for the wireless base station and to
schedule the first frequency spectrum resource based on an updated directional allocation of

frequency spectrum resources for the wireless base station.

Zhang working in the same field ofiechnology teaches afirstfrequency spectrumresource
associated with an air interface that is available for use by the wireless base station for an uplink
channel or a downlink channel {Fig.7 SHARED FREQUENCY BAND), and a second frequency
spectrumresource associated with the air interface that is available for use by the wireless base
stationfor the uplink channel or the downlink channel {Fig. 7, Downlink frequency band, Uplink
freqguency band)}; andto assign the first frequency spectrum resource to a shared resource pool
(Fig 1, step102: Colum 2, lines 1-3, one shared frequency band is sel for the uplink frequercy
band and the downlink freguency hand }; and configured to schedule the second frequency
spectrumresource {Fig. 7, Downlink freqguency band, Uplink frequency band) for the uplink
channel or the downlink channel based on an initial directional allocation of frequency spectrum
resources for the wireless base station {Column &, lines 18-17 , the original uplinkirequency
band and the original downlink frequency band) and to schedule the first frequency spectrum
resource based on an updated directional allocation of frequency spectrum resources for the

wireless base station {Colum 2, para 1 and Fig. 1, step 104, allocating shared frequency band
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to original uplink frequency band and original downlink frequency band according to resource
demands for original uplink frequency band and original downlink frequency band in network

service }..

Liu and Zhang are analegous art because they ars in the same field of endeavor of
wireless communications. It would have been obvious to one of ordinary skill in the art before the
effective filing date of the claimed invention to incorporate Zhang’s teachings into Liu’s teachings
to make frequency resource allocation as a first frequency speclrurm resource as a shared
resource for uplink and downlink and g first frequency spectrum resource for directional uplnk
or downlink .

The motivation would be 1o rationally adjust the alicoated resources 1o maet the service

demand (Zhang, Column 2, lines 4-7).

Hegarding claim 12, Liu and Zhang teach the wireless base station of claim 11. Zhang
further teaches thatthe wirsless base station of claim 11, whersin the processor module is further
corfigured (o determine the updated directional allocation of freguency spectrum rescurces for
the wirsless base station aflerthe second freguency spechrumresource s soheduledior the uplink
channel or the downlink channel {Colu 15, lines 31-35, the processor 802 is configured to
execute the plurality of computer-readable program codes 8011 to set a shared frequency band;
and allocate the shared frequency band to an original uplink frequency band and/or an original
downlink frequency band, according to resource demands for the original uplink frequency band
and the original downlink frequency band in a network service.)

Liu and Zhang are analogous art because they are in the same field of endeavor of
wireless communications. It would have been obvious to one of ordinary skill in the art before the
effective filing date of the claimed invention to incorporate Zhang's teachings into Liu’s teachings

in confiqgured to determine the updated directional adlocation of frequency speclrum rescurces,
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The motivation would be 1o rationally adjust the sliccated resources 1o meet the service

demand (Zhang, Column 2, lings 4-7).

Regarding claim 13, Liv and Zhang teach ihe wirgless base siation of claim 11, Liu
ieachesa memory (Fig. 5, MEM 53} coupledinthe processor module (Fig. 8, 52) and configured
to store the shared rescurce pool (Para 34, ines the memory and the computer program
code may be configured to, with the processor, cause the radio network node to allocate
the one or more flexible subframes) but not explicitly , wherain the srocsssor module iz further
configured to assign the second frequency spectrum resource 1o one of an uplink resourcs pool
stored in the memory or a downlink resource pool stored in the memgory based on the determined
quality status of the second frequency spectrum resource

Zhang leaches whersin the proosssor modude is further configured 1o assign the second
frequency specirumrasource o one of an uplink resource poct stored in the memory or adowniink
resource pood stored inthe memory {Fig. 7, Downlink frequency band, Uplink frequency bangd)

based on the determined quality status of the second frequency spectrumresource. (Fig. 3a, step

320; Para 56, lines 3 — 5, the allocation priority can be based on ... a determined signal quality).

Pegarding claim 15, Liv and Zhang teach the wireless basse station of claim 13, Zhang
further teaches that the wireless base siation of claim 13, wherein the updated directional
aliocation of requency spectrumrasources isbased on current rescurce requests romawireless
device serviced by the wireless Dase station, encurreniresource regueasts fromthe wirsless base
station, on a number of frequency spectrum rescurces scheduled from the uplink resource pool
for uplink channels, and on a number of frequency spectrum resources schaduled from the
downlink resource pool for downlink channels. { Column 2, nes 28 - 29, the uplink frequency
bandwidth and the downlink frequency bandwidth of the FDD system may be adjusted inrealtime

...S0 as to meet different network service demands.)
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Liu and Zhang are analogous art because they are in the same field of endeavor of
wireless communications. It would have been obvious to one of ordinary skill in the art before the
effective filing date of the claimed invention to incorporate Zhang’s teachings into Liu’s teachings
i make an updated frequency resource allocation based on current resource request for wolink
and downlink,

The motivation would be 1o rationally adjust the alicoated resources 1o maet the service

demand (Zhang, Column 2, lines 4-7).

Regarding claim 18, Liv and Zhang leach the wireless base stationof claim 11,

Lig teaches wherein the initial directional allocation of frequency speclrum resources is
based on current resource requests from a wireless device serviced by the wireless base stalion
and from the wireiess base sialion (Para 58, lines 2-8 the aflocation priority can be based on
... & determined traffic load, a determined traffic demand, a detsrmined proportion of traffic
direction, a determined service type).

Liu and Zhang ars analogous art because they are in the same field of endeavor of
wireless communications. It would have been obvious to one of ordinary skill in the art before the
effective filing date of the claimed invention to incorporate Liu’s teachings into Zhang’'s teachings
to make initial directional allocation based on  determined traffic nad, traffic demand and
proportion of traftic direction which s constituted by current resource requests from a wirsless
device serviced by the wirgless base slalion and from the wircless basze stalion

The motivation would be to rationally adjust the aliocaiad resources io meet the service

demand {Zhang, Column 2, lines 4-7}.

Regarding claim 17, Liv and Zhang teach the wireless base station of claim 11, Liu
further teaches that wherein the gualily sialus module (Fig.5 Radio network node 58} is

configured 1o determine the guality status of the first fregquency specirum resource Dy
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determination of al lgast one of a channel gualily indicator {CQE and a received inlerference
powsr {RIP) of the first fregquency specrum resowce {(Para 113, lines 3-4and 10-12, DL signal

guality can be determined by OO, UL signai quality can be delermined by BIF).

Regarding claim 20, Liu furtherteaches a non-transiory computer-readable medium
(Fig.5, MEM 53) that includes computer-execulable instructions  stored therson, which in
response (o execubion by a processor (Fig. 8, Processor 82), cause the processor o performor
conirol performance of the method of claim 1 {(Para 170, lines 1.3, memory 53 stores computer
program code which,whenrun in a processor 52 causes the eNB 50 to determine a TDD

configuration }.

7. Claim10and 18 arerejected under 35 U.S.C. 103 as being unpatentable over Liu et al.
(US 20150365941 A1 hereinafter Liu) in view of Zhang et al. (US 10,057,901 B2 hereinafter
Zhang) and further in view of Non-patent literature ““LTE-Advanced Physical Layer’ by Mathew

Baker ( hereinafter Mathew) .

Regarding clain 10 and 18, Zhang and Liu teach the method of claim 1 and the wireless
base station of claim 11. Liu further teaches that wherein assigning the first frequency spectrum
resource (¢ the shared resource pool comprises assigning a physicalresource biockin the shared
resource pool, (Para 99, lines 1-4, frequency domain resources include resource blocks
(also known as physical resource block (PRB), subband (e.g. group of PRBs), subcarrier,
... ) but not explicitly that & PHE includes multiple subcarriers and multiple resource elements
associated with each of the multiple subcarriers

Mathew Baker working in the same field of wireless communications and chairman of the

3GPP TSG RAN WG1 discloses in his paper “LTE-Advanced Physical Layer” that the basic unit
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of resource is the Physical Resource Block (PRB) which includes 12 sub-carrier and multiple
resource elements in each sub-carrier (slide -7).

Liu, Zhang and Mathew are anaiogous art because they are in the same field o
endeavor of wireless communications. It would have been obvious to one of ordinary skill in the
art before the effective filing date of the claimed invention to incorporate Mathew's teachings into
the teachings of Liu and Zhang to allocate resources in PRBs

The motivation wouid be 1o follow 3GPP transmission resource structure {Bathew, slide

<7,

Conclusion

8. Any inquiry concerning this communication or earlier communications from the examiner
should be directed to MD SHARIF UDDIN whose telephone number is (571)272-0952. The
examiner can normally be reached on 9:00 amto 5:00 pm EST.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiners
supervisor, Marsha Banks-Harold can be reached on (571) 272-7905. The fax phone number for
the organization where this application or proceeding is assignedis 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
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applicationsis available through Private PAIR only. For moreinformation aboutthe PAIR system,
see http://pair-direct.uspto.gov. Should you have questionson access to the Private PAIR system,
contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like

assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

ASD SHAREF UDDIN
Exarniner, Art Unit 24685

AAARSHA D BANKS HAROLD/
Supsrvisory Patent Examiner, Art Unit 2465
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Doc code: IDS PTO/SBI08a (03-15)
o . . . Approved for use through 07/31/2016. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 15500928
Filing Date P017-01-31

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor |JAnpeng HUANG
Art Unit TAGE 2485

Examiner Name RickySuocNgo Md Sharif Uddin

Aftorney Docket Number 11013.10213US01
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INFORMATION DISCLOSURE First Named Inventor | Anpeng HUANG
STATEMENT BY APPLICANT .
.. Art Unit 2464
( Not for submission under 37 CFR 1.99)
Examiner Name Ricky Quoc Ngo
Aftorney Docket Number 11013.10213US01

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

/M., / CHEN, L, et al_, "Dynamic timeslot allocation algorithms suitable for asynmetric traffic in multimedia TOMA/TDD

Cellular radio," 48th IEEE Vehicular Technology Conference, Vol. 02, pp. 1424-1428 (May 18, 1998)

/MU | Exlendizt‘li European Search Report for European Patent Application No. EP14899031.0 mailed on February 16, 2018,
ages

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE
Examiner Signature || /M> SHARIF UDDIN/ Date Considered 09/12/2018

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ° Applicant is to place a check mark here if
English language translation is attached.
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sceipnt date: 03/02/2018 18/500,928 - GAL: 2465
Application Number 15500928
Filing Date 2017-01-31
INFORMATION DISCLOSURE First Named Inventor | Anpeng HUANG
STATEMENT BY APPLICANT .
.. Art Unit 2464
( Not for submission under 37 CFR 1.99)
Examiner Name Ricky Quoc Ngo
Aftorney Docket Number 11013.10213US01

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /R_ Bums Israelsen, Reg. No. 42685/ Date (YYYY-MM-DD) 2018-03-02

Name/Print R. Burns Israelsen Registration Number 42685

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Approved for use through 07/31/2016. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number
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Filing Date
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First Named Inventor
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Examiner Name

Md Sharif Uddin

Aftorney Docket Number

11013.10213U8M

If you wish to add additional U.S. Patent citation information please click the Add button.
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Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | Anpeng HUANG
STATEMENT BY APPLICANT Art Unit

( Not for submission under 37 CFR 1.99)

Examiner Name

Aftorney Docket Number 11013.10213US01

MU,/ CHINA ACADEMY OF
4 CN103874221A CN A 2014-06-18 TELECOMMUNICATION | See english abstract X
S TECHNOLOGY

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

/M. / COSTA, E_, et al, "Duplex arrangements for future broadband radic interfaces,” D2.5 v1.1, in Information Society

ITechnologies, pages 121 (October 30, 2004)

/M. / 2 International Search Report and Written Opinion for International Application No. PCT/CN2014/083578 mailed on April
P4, 2015, pages 8

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE
Examiner Signature /MD SHARIF UDDIN/ Date Considered 08/12/2018

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ° Applicant is to place a check mark here if
English language translation is attached.
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Application Number

Filing Date

INFORMATION DISCLOSURE

First Named Inventor | Anpeng HUANG
STATEMENT BY APPLICANT

. Art Unit
( Not for submission under 37 CFR 1.99)

Examiner Name

Aftorney Docket Number 11013.10213US01

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /R_ Bums Israelsen Reg. No. 42685/ Date (YYYY-MM-DD) 2017-01-31

Name/Print R. Burns Israelsen Registration Number 42685

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICgIggmtEfEFFCEEEEg_IE\gIglATION RECORD 15/500,098 Sy iod 3o be Maed
ENTITY: LARGE [(JswmaLL (O micro

APPLICATION AS FILED - PARTI

(Column 1} (Column 2}
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] Basic FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
() SEARCH FEE
(37 CFR 1.16(k), (i), or (m)) N/A N/A N/A
D EXAMINATION FEE
(37 CFR 1.16(0), (p), or () N/A N/A N/A
TOTAL CLAIMS . .
(37 GFR 1.16(i)) minus 20 = x 380 -
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) minus 3 = x $420 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of:
Anpeng HUANG Confirmation No.: 4629
Appl. No.: 15/500,928 Examiner: Brian T. O CONNOR
Filing Date:  January 31, 2017 Group Art Unit: 2465
For: ADAPTIVE COMMUNICATION
RESOURCE ALLOCATION IN
WIRELESS NETWORK

RESPONSE TO NON-FINAL OFFICE ACTION

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Examiner:

In response to the Non-Final Office Action mailed on September 26, 2018, please

amend the above-identified application as follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are shown in the listing of claims, which begins on
page 3 of this paper.

Remarks begin on page 10 of this paper.
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REMARKS
This paper is being filed in response to the Office Action having a mailing date of
September 26, 2018. Various claims are amended as shown. Claim 14 was canceled previously
without prejudice. No new matter is added. With this filing, claims 1-13 and 15-20 are pending
in the application for examination.
Support for the claim amendments can be found at least in Fig. 4 and its accompanying

description in the specification.

Claim Objections

The Office Action, on page 2, objects to claim 3 because of the alleged informalities.
Claim 3, as set forth above, has been amended as suggested by the Office Action. Hence,
it is kindly requested that the objection to claim 3 be withdrawn.

Rejection under 35 U.S.C. § 103
The Office Action rejects claims 1-9, 11-13, 15-17, 19, and 20 under 35 U.S.C. § 103 as
allegedly being unpatentable over Liu (U.S. Patent Application Publication No. 2015/0365941)
in view of Zhang (U.S. Patent No. 10,057,901).
The Office Action rejects claims 10 and 18 under 35 U.S.C. § 103 as allegedly being

unpatentable over Liu (U.S. Patent Application Publication No. 2015/0365941) in view of
Zhang (U.S. Patent No. 10,057,901) and further in view of Mathew (Non-Patent Literature
entitled “LTE-Advanced Physical Layer” by Mathew Baker).

Without conceding that the above rejections are proper and for purposes of facilitating
prosecution, the claims are amended as shown. For the reasons set forth below, it is kindly

requested that these rejections be reconsidered and withdrawn.

Independent claims 1, 11. and 20 and their dependent claims

Claim 1 is amended herein to recite, infer alia, the following:
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“... determining, based on the quality status, that the first
frequency spectrum resource is a sub-optimal resource, for
the uplink channel and the downlink channel, relative fo
other frequency spectrum resources that are available for
use by the base station; in response to determining that the
first frequency spectrum resource is the sub-optimal
resource, assigning the first frequency spectrum resource to

a shared resource pool ...”

The Office Action, on pages 3 and 4, states that “Liu teaches ... determining a quality of
spectrum resource that is available for use by the base station for an uplink channel or a
downlink channel status (Fig. 3a, step 320; Para 51, lines 11-4, determine 320 ... allocation
priority and/or allocation probability) ... assigning the spectrum resources based on the
determined quality status of the first frequency spectrum resource (Fig. 3a, step 330; Para 51,
lines 18-20, resources are allocated 330 to one or several UEs based on the determined
allocation priority and/or allocation probability) ... but Liu does not teach that the first
frequency spectrum resource is assigned to a shared resource pool ... Zhang teaches assigning
the first frequency spectrum resource (Fig.7 SHARED FREQUENCY BAND) to a shared
resource pool (Fig 1, step 102; Colum 2, lines 1-3, one shared frequency band is set for the
uplink frequency band and the downlink frequency band).”

Liu, in the cited portions and elsewhere, describes a subframe to be configured as a
“flexible” subframe, which can be dynamically allocated as either a downlink subframe or an
uplink subframe. For each “flexible” subframe, an allocation priority and/or allocation
probability of using the flexible subframe as an uplink subframe or a downlink subframe is
determined, and subsequent resource allocation to user equipments (UEs) is based on the
determined allocation priority and/or allocation probability.

Liu further describes that the allocation priority and/or probability for one or more
subframes (e.g., flexible subframes) can be determined or assigned by a radio network node
based on one or more criteria, which includes UE radio measurements (e.g., channel quality

indicator (CQI), received interference power (RIP) etc.).
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Hence, Liu, at best, describes allocating the flexible subframe to ULs as the uplink
subframe or the downlink subframe based on the one or more criteria such as UE radio
measurements including CQI, RIP etc.

Liu nowhere teaches or suggests “determining, based on the quality status, that the first
frequency spectrum resource is a sub-optimal resource, for the uplink channel and the downlink
channel, relative to other frequency spectrum resources that are available for use by the base
station, in response to determining that the first frequency spectrum resource is the sub-optimal
resource, assigning the first frequency spectrum resource to a shared resource pool,” as recited
by amended claim 1.

The other cited reference Zhang, in the cited portions and elsewhere, describes setting a
shared frequency band, and allocating the shared frequency band to an original uplink
frequency band and/or an original downlink frequency band according to resource demands for
the original uplink frequency band and the original downlink frequency band in a network
service.

However, Zhang nowhere teaches or suggests how any frequency spectrum resource is
assigned to the shared frequency band (the alleged “shared resource pool”).

Explained in another way, Zhang nowhere teaches or suggests determining, based on a
quality status of a frequency spectrum resource, that the frequency spectrum resource is a sub-
optimal resource, and in response to determining that the frequency spectrum resource is the
sub-optimal resource, assigning the frequency spectrum resource to a shared resource pool.

Hence, assuming arguendo that the references Liu and Zhang can be combined in the
manner as alleged by the Office Action, the combination of Liu and Zhang, at best, would teach
or suggest setting a shared frequency band and allocating the frequency resources from the
shared frequency band to the uplink band and/or the downlink band for servicing of UEs based
on one or more criteria such as UE radio measurements including CQI, RIP etc.

The combination of Liu and Zhang would still fail to teach or suggest “determining,

based on the quality status, that the first frequency spectrum resource is a sub-optimal

resource, for the uplink channel and the downlink channel, relative to other frequency spectrum

resources that are available for use by the base station; in response to determining that the first
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frequency spectrum resource is the sub-optimal resource, assigning the first frequency spectrum

resource to a shared resource pool” (emphasis added), as recited by amended claim 1.

Mathew fails to remedy the deficiencies of Liu and Zhang.

Hence, it is believed that claim 1 is allowable, for at least the remarks provided above.
Amended claims 11 and 20 recite analogous features, and hence, for similar reasons, claims 11
and 20 are believed to be allowable.

The claims that depend directly or indirectly on claims 1, 11, and 20 are also allowable
by virtue of their respective dependency upon claims 1, 11, and 20 and also by virtue of their
additional recitations. Accordingly, it is kindly requested that the rejection of claims 1, 11, and

20, and their dependent claims be withdrawn.
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CONCLUSION

It is respectfully submitted that the present claims are in condition for allowance and an

early Notice of Allowance is earnestly sought. Attorney Dennis M. de Guzman may be

contacted at telephone number (425) 505-0910 at the Examiner’s convenience if it would help in

the prosecution of this matter.

The Commissioner is hereby authorized to charge to the Deposit Account No. 50-5597
(APA-CN-879177-02-US-NAT) any (large entity size) deficiency of fees under 37 CFR 1.16 and

1.17 that may be required by this paper and to credit any overpayment to that Account. If any

extension of time is required in connection with the filing of this paper and has not been

separately requested, such extension is hereby requested.

Date: December 18, 2018

Customer No. 154241

IP Spring-Al

180 N. LaSalle St, Ste. 3700
Chicago, IL 60601

(425) 505-0910

Response

Page 14 of 14

Respectfully submitted,

By_/Dennis M. de Guzman/

Dennis M. de Guzman
Reg. No. 41,702
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of claims in the application:

Listing of Claims:

1. (Currently Amended) A method for a base station of a wireless network to
allocate communication resources between uplink and downlink channels, the method
comprising:

determining a quality status of a first frequency spectrum resource that is available
for use by the base station for an uplink channel or a downlink channel;

determining, based on the qualitv status. that the first frequency spectrum resource

1s a sub-optimal resource, for the uplink channel and the downlink channel. relative to

other frequency spectrum resources that are available for use by the base station:

in response to determining that the first frequency spectrum resource is the sub-

optimal resource. assigning the first frequency spectrum resource to a shared resource pool

scheduling. based on an initial directional allocation of communication resources

for the base station. a second frequency spectrum resource that is available for use by the

base station for the uplink channel or the downlink channel-based-en-anintial-directional

after scheduling the second frequency spectrum resource for the base station,
determining an updated directional allocation of communication resources for the base
station; and

selecting the first frequency spectrum resource from the shared resource pool, and
scheduling the first frequency spectrum resource for either the uplink channel or the
downlink channel based on the determined updated directional allocation of

communication resources for the base station.

2. (Currently Amended) The method of claim 1, wherein_determining that the

first frequency spectrum resource is the sub-optimal resource comprises determining that
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o to-the first

frequency spectrum resource [[being]|is:

less suitable for the uplink channel than a third frequency spectrum resource that is
available for use by the base station, and
less suitable for the downlink channel than a fourth frequency spectrum resource

that is available for use by the base station.

3. (Currently Amended) The method of claim 2, wherein determining that the

first frequency spectrum resource is less suitable for the downlink channel than the

[[third] [fourth frequency spectrum resource comprises determining that #-+esponse-to-a
channel quality indicator (CQI) of the first frequency spectrum resource [[being]]is less

than a CQI of the [[third]]fourth frequency spectrum resource.

4, (Currently Amended) The method of claim 2, wherein determining that the

first frequency spectrum resource is less suitable for the uplink channel than the third

frequency spectrum resource_comprises determining that #+espense-te-a received

interference power (RIP) of the first frequency spectrum resource [[being][is greater than

an RIP of the third frequency spectrum resource.

5. (Currently Amended) The method of claim 1, further comprising:
determining a quality status of the second frequency spectrum resource; and
based on the determined quality status of the second frequency spectrum resource,

assigning the second frequency spectrum resource to one of an uplink resource pool or a

downlink resource pool:

6. (Currently Amended) The method of claim 5, wherein assigning the second
frequency spectrum resource to one of the uplink resource pool or the downlink resource
pool comprises:

assigning the second frequency spectrum resource to the uplink resource pool in

response to the quality status of the second frequency spectrum resource being indicative
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[[that]]of the second frequency spectrum [[is]|]being usable for the uplink channel,
[[and]]or

assigning the second frequency spectrum resource to the downlink resource pool in
response to the quality status of the second frequency spectrum resource being indicative

[[that]]of the second frequency spectrum [[is]]being usable for the downlink channel.

7. (Previously Presented) The method of claim 5, wherein determining the
quality status of the second frequency spectrum resource comprises determining at least
one of a channel quality indicator (CQI) and a received interference power (RIP) of the

second frequency spectrum resource.

8. (Currently Amended) The method of claim 5, wherein assigning the second
frequency spectrum resource to one of the uplink resource pool or the downlink resource

pool comprises ranking, based on the quality status of the second frequency spectrum

resource. the second frequency spectrum resource with respect to other frequency

spectrum resources assigned to the uplink resource pool or the downlink resource pool

9. (Previously Presented) The method of claim 1, wherein determining the
quality status of the first frequency spectrum resource comprises determining at least one
of a channel quality indicator (CQI) and a received interference power (RIP) of the first

frequency spectrum resource.

10. (Original) The method of claim 1, wherein assigning the first frequency
spectrum resource to the shared resource pool comprises assigning a physical resource
block that includes multiple subcarriers and multiple resource elements associated with

each of the multiple subcarriers to the shared resource pool.

11. (Currently Amended) A wireless base station for a wireless communication
network, the wireless base station comprising:
a quality status module configured to determine a respective quality status of a first

frequency spectrum resource and a second frequency spectrum resource, wherein each of

the first frequency spectrum resource and the second frequency spectrum resource are

associated with an air interface that is available for use by the wireless base station for an

5
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uplink channel or a downlink channel;-and-to-determine-a-qualitystatus-of a-second

a processor medwte-coupled to the quality status module and configured to;

determine. based on the quality status of the first frequency spectrum

resource, that the first frequency spectrum resource is a sub-optimal resource, for

the uplink channel and the downlink channel. relative to other frequency spectrum

resources that are available for use by the wireless base station: and

in response to the determination that the first frequency spectrum resource

is the sub-optimal resource, assign the first frequency spectrum resource to a
shared resource pool-based-onthe-determined-qualitystatusof-the first frequeney
speetramreseuree; and

a scheduler module coupled to the processor medule-and configured to;

schedule the second frequency spectrum resource for the uplink channel or
the downlink channel based on an initial directional allocation of frequency
spectrum resources for the wireless base station; and

[[to ]]schedule the first frequency spectrum resource based on an updated

directional allocation of frequency spectrum resources for the wireless base station.

12. (Currently Amended) The wireless base station of claim 11, wherein the
processor medule-is further configured to determine the updated directional allocation of
frequency spectrum resources for the wireless base station after the second frequency

spectrum resource is scheduled for the uplink channel or the downlink channel.

13. (Currently Amended) The wireless base station of claim 11, further
comprising;
a memory coupled to the processor medule-and configured to store an uplink

resource pool. a downlink resource pool. and the shared resource pool,

wherein the processor medute-is further configured to assign, based on the

determined quality status of the second frequency spectrum resource, the second frequency

spectrum resource to one of [[an]]the uplink resource pool steredinthe-memeryor [[a][the

downlink resource pool

second-frequency-spectrumresource.
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14. (Canceled)

15. (Currently Amended) The wireless base station of claim [[13]]12, wherein
the updated directional allocation of frequency spectrum resources is based on_one or more
of: current resource requests from a wireless device serviced by the wireless base station,
[[on |]current resource requests from the wireless base station, [[on |]a number of
frequency spectrum resources scheduled from [[the]]an uplink resource pool for uplink
channels, and [[on ]]a number of frequency spectrum resources scheduled from [[the]]a

downlink resource pool for downlink channels.

16. (Currently Amended) The wireless base station of claim 11, wherein the
initial directional allocation of frequency spectrum resources is based on current resource

requests from a wireless device serviced by the wireless base station, and current resource

requests from the wireless base station.

17. (Previously Presented) The wireless base station of claim 11, wherein the
quality status module is configured to determine the quality status of the first frequency
spectrum resource by determination of at least one of a channel quality indicator (CQI)

and a received interference power (RIP) of the first frequency spectrum resource.

18. (Currently Amended) The wireless base station of claim 11, wherein-the
processor-module-is-configuredto-assign the first frequency spectrum resource to-the

haredresource-pool-by-assighment-ofaphysicalresource-bloekthatincludes multiple
subcarriers and multiple resource elements associated with each of the multiple subcarriers

to-the-shared resourcepool.

19. (Currently Amended) The wireless base station of claim 11, wherein_ to

determine that the first frequency spectrum resource is the sub-optimal resource, the

processor medute-is configured to;

te-determine that the first frequency spectrum resource [[being]|is less suitable for the
uplink channel than a third frequency spectrum resource that is available for use by the

wireless base station;[[,]] and
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determine that the first frequency spectrum resource is being-less suitable for the

downlink channel than a fourth frequency spectrum resource that is available for use by

the wireless base station.

20. (Currently Amended) A non-transitory computer-readable medium that
includes computer-executable instructions stored thereon, which in response to execution
by a processor, cause the processor to perform or control performance of operations that
comprise:-the-method-of-elarmt

determine a quality status of a first frequency spectrum resource that is available

for use by a base station for an uplink channel or a downlink channel:

determine. based on the quality status. that the first frequency spectrum resource is

a sub-optimal resource. for the uplink channel and the downlink channel. relative to other
frequency spectrum resources that are available for use by the base station

wherein to determine that the first frequency spectrum resource is the sub-optimal

resource. the computer-executable instructions. in response to execution by the processor,

cause the processor to perform or control performance of at least one operation that

comprises:
determine that a channel quality indicator (CQI) of the first frequency

spectrum resource is less than a respective CQI of one or more other frequency

spectrum resources that are available for use by the base station: and

determine that a received interference power (RIP) of the first frequency

spectrum resources is greater than a respective RIP of the one or more other

frequency spectrum resources that are available for use by the base station:

1n response to the determination that the first frequency spectrum resource is the

sub-optimal resource. assign the first frequency spectrum resource to a shared resource

pool;
schedule, based on an initial directional allocation of communication resources for

the base station. a second frequency spectrum resource that 1s available for use by the base

station for the uplink channel or the downlink channel:
after the second frequency spectrum resource 1s scheduled for use by the base

station. determine an updated directional allocation of communication resources for the

base station: and

select the first frequency spectrum resource from the shared resource pool. and

schedule the first frequency spectrum resource for either the uplink channel or the

8
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downlink channel based on the determined updated directional allocation of

communication resources for the base station.
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AMENDMENTS TO THE SPECIFICATION
Please amend the following paragraph (as previously submitted on January 31,
2017) on page 1 of the application, under the CROSS-REFERENCE TO RELATED

APPLICATION heading, as follows.

The present application is a U.S. National Stage filing under 35 U.S.C. § 371 of
International Application SeratNo. PCT/CN2014/083578, filed on August 01, 2014,
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AlA.
2. This office action is in response to Applicant’s amendment filed on 12/18/2018.

3. Claims 1-13 and 15-20 are currently pending.

Claim Rejections - 35 USC § 103
4. In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction
of the statutory basis for the rejection will not be considered a new ground of rejection if the
prior art relied upon, and the rationale supporting the rejection, would be the same under
either status.
5. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:
A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is
not identically disclosed as set forth in section 102, if the differences between the claimed invention
and the prior art are such that the claimed invention as a whole would have been obvious before the
effective filing date of the claimed invention to a person having ordinary skill in the art to which the

claimed invention pertains. Patentability shall not be negated by the manner in which the invention
was made.

6. Claims 1,5, 9, 10, 11, 16 and 18 are rejected under 35 U.S.C. 103 as being unpatentable
over Xu et al. (US 8,937,895 B2; hereafter Xu) in view of Komine et al. (US 8,565,147 B2;

hereafter Komine).
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With respect to claim 1, Xu discloses a method for a base station (Base Station in FIG.
8A; 11, Base station of FIG. 11; 11, Base station of FIG. 12) of a wireless network to allocate
communication resources between uplink and downlink channels (col. 3, lines 20-38; col. 8,
lines 48-55), the method comprising:

determining a quality status (‘carrier 2 has a better signal quality’ of FIG. 8B; ‘carrier 3
has a better signal quality’ of FIG. 8C) of a first frequency spectrum resource that is available
for use by the base station (Base Station in FIG. 8A; 11, Base station of FIG. 11; 11, Base
station of FIG. 12) for an uplink channel or a downlink channel (col. 3, lines 20-38; col. 8, lines
48-55);

determining, based on the quality status (‘carrier 2 has a better signal quality’ of FIG.
8B; ‘carrier 3 has a better signal quality’ of FIG. 8C), that the first frequency spectrum resource
is a sub-optimal resource, for the uplink channel and the downlink channel (col. 3, lines 20-38;
col. 8, lines 48-55), relative to other frequency spectrum resources that are available for use by
the base station (Base Station in FIG. 8A; 11, Base station of FIG. 11; 11, Base station of FIG.
12);

in response to determining that the first frequency spectrum resource is the sub-
optimal resource (‘carrier 2 has a better signal quality’ of FIG. 8B; ‘carrier 3 has a better signal
quality’ of FIG. 8C), assigning (‘Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the se;
remove carrier 1’ of FIG. 8C) the first frequency spectrum resource to a shared resource pool
(downlink carrier set of FIG. 8B; downlink carrier set of FIG. 8C);

scheduling (‘Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the se; remove

carrier 1’ of FIG. 8C), based on an initial directional allocation of communication resources
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(“Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the se; remove carrier 1’ of FIG. 8C)
for the base station, a second frequency spectrum resource that is available for use by the base
station (Base Station in FIG. 8A; 11, Base station of FIG. 11; 11, Base station of FIG. 12) for the
uplink channel or the downlink channel (col. 3, lines 20-38; col. 8, lines 48-55);

after scheduling (‘Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the se;
remove carrier 1’ of FIG. 8C) the second frequency spectrum resource for the base station
(Base Station in FIG. 8A; 11, Base station of FIG. 11; 11, Base station of FIG. 12), determining
an updated directional allocation of communication resources for the base station (Base
Station in FIG. 8A; 11, Base station of FIG. 11; 11, Base station of FIG. 12); and

selecting the first frequency spectrum resource (‘Configure and active carrier 2’ of FIG.
8B; ‘Reconfigure the se; remove carrier 1’ of FIG. 8C) from the shared resource pool (downlink
carrier set of FIG. 8B; downlink carrier set of FIG. 8C) and scheduling the first frequency
spectrum resource (‘Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the se; remove
carrier 1’ of FIG. 8C) for either the uplink channel or the downlink channel (col. 3, lines 20-38;
col. 8, lines 48-55) based on the determined updated directional allocation of communication
resources for the base station (Base Station in FIG. 8A; 11, Base station of FIG. 11; 11, Base

station of FIG. 12).

Xu does not specifically disclose allocate communication resources between uplink and
downlink channels; and
that the first frequency spectrum resource is a sub-optimal resource, for the uplink

channel and the downlink channel.
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Komine discloses allocate communication resources (col. 3, lines 55-65, see the
Resource blocks and number of sub-carriers) between uplink and downlink channels
(downstream link and upstream link of FIG. 1; col. 4, lines 1-10); and

that the first frequency spectrum resource (col. 3, lines 55-65, see the Resource blocks
and number of sub-carriers) is a sub-optimal resource, for the uplink channel and the downlink

channel (downstream link and upstream link of FIG. 1; col. 4, lines 1-10).

Komine teaches the benefit of reaching the best channel quality by allocating over
uplink and downlink resources (column 1, lines 35-52). Thus, it would have been obvious to
one of ordinary skill in the art before the effective filing date of the claimed invention to use the
allocation as taught by Komine with the method and base station of Xu to produce an expected

result.

With respect to claim 5, Xu further discloses comprising:

determining a quality status of the second frequency spectrum resource; and

based on the determined quality status (‘carrier 2 has a better signal quality’ of FIG. 8B;
‘carrier 3 has a better signal quality’ of FIG. 8C) of the second frequency spectrum resource,
assigning (‘Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the se; remove carrier 1’ of
FIG. 8C) the second frequency spectrum resource to one of an uplink resource pool or a

downlink resource pool (col. 3, lines 20-38; col. 8, lines 48-55).
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With respect to claim 9, Xu further discloses wherein determining the quality status of
the first frequency spectrum resource comprises determining at least one of a channel quality
indicator (CQl) (‘carrier 2 has a better signal quality’ of FIG. 8B; ‘carrier 3 has a better signal
quality’ of FIG. 8C; col. 16, lines 11-18) and a received interference power (RIP) of the first

frequency spectrum resource.

With respect to claim 10, Xu further discloses wherein assigning the first frequency
spectrum resource to the shared resource pool (downlink carrier set of FIG. 8B; downlink
carrier set of FIG. 8C) comprises assigning a physical resource block that includes multiple
subcarriers and multiple resource elements associated with each of the multiple subcarriers to

the shared resource pool (downlink carrier set of FIG. 8B; downlink carrier set of FIG. 8C).

With respect to claim 11, Xu discloses a wireless base station (Base Station in FIG. 8A;
11, Base station of FIG. 11; 11, Base station of FIG. 12) for a wireless communication network,
the wireless base station (Base Station in FIG. 8A; 11, Base station of FIG. 11; 11, Base station
of FIG. 12) comprising:

a quality status module (1100, 1140, 1120, 1190, 1230 1200 of FIG. 12) configured to
determine a respective quality status (‘carrier 2 has a better signal quality’ of FIG. 8B; ‘carrier 3
has a better signal quality’ of FIG. 8C) of a first frequency spectrum resource and a second
frequency spectrum resource (col. 15, lines 10-17; col. 16, lines 11-25), wherein each of the

first frequency spectrum resource and the second frequency spectrum resource (col. 15, lines
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10-17; col. 16, lines 11-25) are associated with an air interface that is available for use by the
wireless base station for an uplink channel or a downlink channel (col. 3, lines 20-38; col. 8,
lines 48-55);

a processor (1100, 1140, 1120, 1190, 1230 1200 of FIG. 12) coupled to the quality status
module (1100, 1140, 1120, 1190, 1230 1200 of FIG. 12) and configured to;

determine, based on the quality status (‘carrier 2 has a better signal quality’ of FIG. 8B;
‘carrier 3 has a better signal quality’ of FIG. 8C) of the first frequency spectrum resource, that
the first frequency spectrum resource is a sub-optimal resource, for the uplink channel and the
downlink channel (col. 3, lines 20-38; col. 8, lines 48-55), relative to other frequency spectrum
resources that are available for use by the wireless base station (Base Station in FIG. 8A; 11,
Base station of FIG. 11; 11, Base station of FIG. 12); and

in response to the determination that the first frequency spectrum resource is the sub-
optimal resource (‘carrier 2 has a better signal quality’ of FIG. 8B; ‘carrier 3 has a better signal
quality’ of FIG. 8C), assign (‘Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the se;
remove carrier 1’ of FIG. 8C) the first frequency spectrum resource to a shared resource pool
(downlink carrier set of FIG. 8B; downlink carrier set of FIG. 8C); and

a scheduler module (1100, 1140, 1120, 1190, 1230 1200 of FIG. 12) coupled to the
processor (1100, 1140, 1120, 1190, 1230 1200 of FIG. 12) and configured to;

schedule (“Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the se; remove
carrier 1’ of FIG. 8C) the second frequency spectrum resource for the uplink channel or the
downlink channel based on an initial directional allocation (“Configure and active carrier 2’ of

FIG. 8B; ‘Reconfigure the se; remove carrier 1’ of FIG. 8C) of frequency spectrum resources for
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the wireless base station (Base Station in FIG. 8A; 11, Base station of FIG. 11; 11, Base station
of FIG. 12), and

schedule (“Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the se; remove
carrier 1’ of FIG. 8C) the first frequency spectrum resource based on an updated directional
allocation (“Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the se; remove carrier 1’ of
FIG. 8C) of frequency spectrum resources (col. 15, lines 10-17; col. 16, lines 11-25) for the
wireless base station (Base Station in FIG. 8A; 11, Base station of FIG. 11; 11, Base station of

FIG. 12).

Xu does not specifically disclose that the first frequency spectrum resource is a sub-

optimal resource, for the uplink channel and the downlink channel.

Komine discloses that the first frequency spectrum resource (col. 3, lines 55-65, see the
Resource blocks and number of sub-carriers) is a sub-optimal resource, for the uplink channel

and the downlink channel (downstream link and upstream link of FIG. 1; col. 4, lines 1-10).

Komine teaches the benefit of reaching the best channel quality by allocating over
uplink and downlink resources (column 1, lines 35-52). Thus, it would have been obvious to
one of ordinary skill in the art before the effective filing date of the claimed invention to use the
allocation as taught by Komine with the method and base station of Xu to produce an expected

result.
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With respect to claim 16, Xu further discloses wherein the initial directional allocation
of frequency spectrum resources (‘Configure and active carrier 2’ of FIG. 8B; ‘Reconfigure the
se; remove carrier 1’ of FIG. 8C) is based on current resource requests from a wireless device
(UE of FIG. 8A; 13, UE of FIG. 13) serviced by the wireless base station (Base Station in FIG. 8A;
11, Base station of FIG. 11; 11, Base station of FIG. 12) and current resource requests (col. 15,
lines 10-17; col. 16, lines 11-25) from the wireless base station (Base Station in FIG. 8A; 11,

Base station of FIG. 11; 11, Base station of FIG. 12).

With respect to claim 18, Xu further discloses wherein the first frequency spectrum
resource (col. 15, lines 10-17; col. 16, lines 11-25) includes multiple subcarriers (col. 3, lines 20-
38; col. 8, lines 48-55) and multiple resource elements (col. 15, lines 10-17; col. 16, lines 11-25)

associated with each of the multiple subcarriers (col. 3, lines 20-38; col. 8, lines 48-55).

Allowable Subject Matter
7. Claims 2-4, 6-8, 12, 13, 15, 17, and 19 are objected to as being dependent upon a
rejected base claim, but would be allowable if rewritten in independent form including all of
the limitations of the base claim and any intervening claims.

8. Claim 20 is allowed.

Response to Arguments

Ex.1002.00347



Application/Control Number: 15/500,928 Page 10
Art Unit: 2465

9. Applicant’s arguments with respect to claims 1 and 11 have been considered but are
moot because the arguments do not apply to any of the references being used in the current
rejection.

Conclusion
10. Applicant's amendment necessitated the new ground of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is
reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE MONTHS
from the mailing date of this action. In the event a first reply is filed within TWO MONTHS of
the mailing date of this final action and the advisory action is not mailed until after the end of
the THREE-MONTH shortened statutory period, then the shortened statutory period will expire
on the date the advisory action is mailed, and any extension fee pursuant to 37 CFR 1.136(a)
will be calculated from the mailing date of the advisory action. In no event, however, will the

statutory period for reply expire later than SIX MONTHS from the date of this final action.

11. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Brian T O'Connor whose telephone number is (571)270-1081.
The examiner can normally be reached on Mon-Fri Flex 10am-6:30pm.

Examiner interviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at

http://www.uspto.gov/interviewpractice.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Marsha Banks-Harold can be reached on 571-272-7905. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you
would like assistance from a USPTO Customer Service Representative or access to the

automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/BRIAN T O CONNOR/
Primary Examiner, Art Unit 2465
February 13, 2019
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Application No. 15/500,928
Attorney Ref. APA-CN-879177-02-US-NAT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of:
Anpeng HUANG Confirmation No.: 4629
Appl. No.: 15/500,928 Examiner: Brian T. O CONNOR
Filing Date:  January 31, 2017 Group Art Unit: 2465
For: ADAPTIVE COMMUNICATION
RESOURCE ALLOCATION IN
WIRELESS NETWORK

RESPONSE AFTER FINAL REJECTION UNDER 37 CFR 1.116

Mailstop AF

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Examiner:

This paper is being filed along with a Certification and Request for Consideration
under the After Final Consideration Pilot Program 2.0, in response to the Final Office
Action mailed on February 20, 2019. Please amend the above-identified application as

follows:

Amendments to the Claims are shown in the listing of claims, which begins on
page 2 of this paper.
Remarks begin on page 8 of this paper.

Response after final 1
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of claims in the application:

Listing of Claims:

1. (Currently Amended) A method for a base station of a wireless network to
allocate communication resources between uplink and downlink channels, the method
comprising:

determining a quality status of a first frequency spectrum resource that is available
for use by the base station for an uplink channel or a downlink channel;

determining, based on the quality status, that the first frequency spectrum resource
is a sub-optimal resource, for the uplink channel and the downlink channel, relative to
other frequency spectrum resources that are available for use by the base station;

in response to determining that the first frequency spectrum resource is the sub-
optimal resource, assigning the first frequency spectrum resource to a shared resource
pool;

scheduling, based on an initial directional allocation of communication resources
for the base station, a second frequency spectrum resource that is available for use by the
base station for the uplink channel or the downlink channel;

after scheduling the second frequency spectrum resource for the base station,
determining an updated directional allocation of communication resources for the base
station; and

selecting the first frequency spectrum resource from the shared resource pool, and
scheduling the first frequency spectrum resource for either the uplink channel or the
downlink channel based on the determined updated directional allocation of
communication resources for the base station,

wherein determining that the first frequency spectrum resource is the sub-optimal

resource comprises determining that the first frequency spectrum resource is:

less suitable for the uplink channel than a third frequency spectrum

resource that is available for use by the base station. and

less suitable for the downlink channel than a fourth frequency spectrum

resource that is available for use by the base station.

Response after final 2
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2. (Canceled)

3. (Currently Amended) The method of-ela#2 claim 1, wherein determining
that the first frequency spectrum resource is less suitable for the downlink channel than the
fourth frequency spectrum resource comprises determining that a channel quality indicator
(CQI) of the first frequency spectrum resource is less than a CQI of the fourth frequency

spectrum resource.

4, (Currently Amended) The method of-elaim2 claim 1, wherein determining
that the first frequency spectrum resource is less suitable for the uplink channel than the
third frequency spectrum resource comprises determining that a received interference
power (RIP) of the first frequency spectrum resource is greater than an RIP of the third

frequency spectrum resource.

5. (Previously Presented) The method of claim 1, further comprising:

determining a quality status of the second frequency spectrum resource; and

based on the determined quality status of the second frequency spectrum resource,
assigning the second frequency spectrum resource to one of an uplink resource pool or a

downlink resource pool.

6. (Previously Presented) The method of claim 5, wherein assigning the
second frequency spectrum resource to one of the uplink resource pool or the downlink
resource pool comprises:

assigning the second frequency spectrum resource to the uplink resource pool in
response to the quality status of the second frequency spectrum resource being indicative
of the second frequency spectrum being usable for the uplink channel, or

assigning the second frequency spectrum resource to the downlink resource pool in
response to the quality status of the second frequency spectrum resource being indicative

of the second frequency spectrum being usable for the downlink channel.

7. (Previously Presented) The method of claim 5, wherein determining the
quality status of the second frequency spectrum resource comprises determining at least
one of a channel quality indicator (CQI) and a received interference power (RIP) of the

second frequency spectrum resource.

Response after final 3
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8. (Previously Presented) The method of claim 5, wherein assigning the
second frequency spectrum resource to one of the uplink resource pool or the downlink
resource pool comprises ranking, based on the quality status of the second frequency
spectrum resource, the second frequency spectrum resource with respect to other
frequency spectrum resources assigned to the uplink resource pool or the downlink

resource pool.

9. (Previously Presented) The method of claim 1, wherein determining the
quality status of the first frequency spectrum resource comprises determining at least one
of a channel quality indicator (CQI) and a received interference power (RIP) of the first

frequency spectrum resource.

10. (Original) The method of claim 1, wherein assigning the first frequency
spectrum resource to the shared resource pool comprises assigning a physical resource
block that includes multiple subcarriers and multiple resource elements associated with

each of the multiple subcarriers to the shared resource pool.

11. (Currently Amended) A wireless base station for a wireless communication
network, the wireless base station comprising:

a quality status module configured to determine a respective quality status of a first
frequency spectrum resource and a second frequency spectrum resource, wherein each of
the first frequency spectrum resource and the second frequency spectrum resource are
associated with an air interface that is available for use by the wireless base station for an
uplink channel or a downlink channel;

a processor coupled to the quality status module and configured to:

determine, based on the quality status of the first frequency spectrum
resource, that the first frequency spectrum resource is a sub-optimal resource, for
the uplink channel and the downlink channel, relative to other frequency spectrum
resources that are available for use by the wireless base station; and

in response to the determination that the first frequency spectrum resource

is the sub-optimal resource, assign the first frequency spectrum resource to a

shared resource pool; and

a scheduler module coupled to the processor and configured to:
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schedule the second frequency spectrum resource for the uplink channel or
the downlink channel based on an initial directional allocation of frequency
spectrum resources for the wireless base station;

determine an updated directional allocation of frequency spectrum

resources for the wireless base station after the second frequency spectrum

resource 1s scheduled for the uplink channel or the downlink channel; and

schedule the first frequency spectrum resource based on [[an ||the updated

directional allocation of frequency spectrum resources for the wireless base station.

12. (Canceled)

13. (Previously Presented) The wireless base station of claim 11, further
comprising:

a memory coupled to the processor and configured to store an uplink resource pool,
a downlink resource pool, and the shared resource pool,

wherein the processor is further configured to assign, based on the determined
quality status of the second frequency spectrum resource, the second frequency spectrum

resource to one of the uplink resource pool or the downlink resource pool.

14. (Canceled)

15. (Currently Amended) The wireless base station of-elaim42 claim 11,
wherein the updated directional allocation of frequency spectrum resources is based on
one or more of: current resource requests from a wireless device serviced by the wireless
base station, current resource requests from the wireless base station, a number of
frequency spectrum resources scheduled from an uplink resource pool for uplink channels,
and a number of frequency spectrum resources scheduled from a downlink resource pool

for downlink channels.

16. (Previously Presented) The wireless base station of claim 11, wherein the
initial directional allocation of frequency spectrum resources is based on current resource
requests from a wireless device serviced by the wireless base station, and current resource

requests from the wireless base station.
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17. (Previously Presented) The wireless base station of claim 11, wherein the
quality status module is configured to determine the quality status of the first frequency
spectrum resource by determination of at least one of a channel quality indicator (CQI)

and a received interference power (RIP) of the first frequency spectrum resource.

18. (Previously Presented) The wireless base station of claim 11, wherein the
first frequency spectrum resource includes multiple subcarriers and multiple resource

elements associated with each of the multiple subcarriers.

19. (Previously Presented) The wireless base station of claim 11, wherein to
determine that the first frequency spectrum resource is the sub-optimal resource, the
processor is configured to:

determine that the first frequency spectrum resource is less suitable for the uplink
channel than a third frequency spectrum resource that is available for use by the wireless
base station; and

determine that the first frequency spectrum resource is less suitable for the
downlink channel than a fourth frequency spectrum resource that is available for use by

the wireless base station.

20. (Previously Presented) A non-transitory computer-readable medium that
includes computer-executable instructions stored thereon, which in response to execution
by a processor, cause the processor to perform or control performance of operations that
comprise:

determine a quality status of a first frequency spectrum resource that is available
for use by a base station for an uplink channel or a downlink channel;

determine, based on the quality status, that the first frequency spectrum resource is
a sub-optimal resource, for the uplink channel and the downlink channel, relative to other
frequency spectrum resources that are available for use by the base station,

wherein to determine that the first frequency spectrum resource is the sub-optimal
resource, the computer-executable instructions, in response to execution by the processor,
cause the processor to perform or control performance of at least one operation that

comprises:
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determine that a channel quality indicator (CQI) of the first frequency
spectrum resource is less than a respective CQI of one or more other frequency
spectrum resources that are available for use by the base station; and
determine that a received interference power (RIP) of the first frequency
spectrum resources is greater than a respective RIP of the one or more other
frequency spectrum resources that are available for use by the base station;
in response to the determination that the first frequency spectrum resource is the
sub-optimal resource, assign the first frequency spectrum resource to a shared resource
pool;
schedule, based on an initial directional allocation of communication resources for
the base station, a second frequency spectrum resource that is available for use by the base
station for the uplink channel or the downlink channel;
after the second frequency spectrum resource is scheduled for use by the base
station, determine an updated directional allocation of communication resources for the
base station; and
select the first frequency spectrum resource from the shared resource pool, and
schedule the first frequency spectrum resource for either the uplink channel or the
downlink channel based on the determined updated directional allocation of

communication resources for the base station.
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REMARKS
This paper is being filed in response to the final Office Action having a mailing date of
February 20, 2019. Claims 1, 3, 4, 11, and 15 are amended as shown. Claims 2 and 12 are
canceled herein without prejudice. Claim 14 was previously canceled without prejudice. With

this filing, claims 1, 3-11, 13, and 15-20 remain pending in the application.

Allowable subject matter

The final Office Action allowed independent claim 20, and indicated that dependent
claims 2-4, 6-8, 12, 13, 15, 17, and 19 would be allowable if rewritten in independent form. The
Examiner is thanked for this indication of allowable subject matter.

Independent claim 1 is amended herein to include the recitations of allowable dependent
claim 2, which is now canceled without prejudice. With this amendment, it is believed that
claim 1 and its dependent claims are in condition for allowance. Notice to that effect is kindly
requested.

Independent claim 11 is amended herein to include the recitations of allowable dependent
claim 12, which is now canceled without prejudice. With this amendment, it is believed that
claim 11 and its dependent claims are in condition for allowance. Notice to that effect is also

kindly requested.

Rejection under 35 U.S.C. § 103
The final Office Action rejected claims 1, 5, 9-11, 16, and 18 under 35 U.S.C. § 103 as

allegedly being unpatentable over Xu et al. (U.S. Patent No. 8,937,895) in view of Komine et al.
(U.S. Patent No. 8,565,147).

In view of the amendments made above to independent claims 1 and 11, it is respectfully
submitted that these rejections are rendered moot. Therefore, it is kindly requested that these

rejections be withdrawn.
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CONCLUSION

It is respectfully submitted that the present claims are in condition for allowance and an

early Notice of Allowance is earnestly sought. Attorney Dennis M. de Guzman may be

contacted at telephone number (425) 505-0910 at the Examiner’s convenience if it would help in

the prosecution of this matter.

The Commissioner is hereby authorized to charge to the Deposit Account No. 50-5597
(APA-CN-879177-02-US-NAT) any (large entity size) deficiency of fees under 37 CFR 1.16 and

1.17 that may be required by this paper and to credit any overpayment to that Account. If any

extension of time is required in connection with the filing of this paper and has not been

separately requested, such extension is hereby requested.

Date: April 19, 2019

Customer No. 154241

IP Spring-Al

180 N. LaSalle St, Ste. 3700
Chicago, IL 60601

(425) 505-0910
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Respectfully submitted,

By_/Dennis M. de Guzman/

Dennis M. de Guzman
Reg. No. 41,702
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CERTIFICATION AND REQUEST FOR CONSIDERATION UNDER THE
AFTER FINAL CONSIDERATION PILOT PROGRAM 2.0

Practitioner Docket No.: Application No.: Filing Date:
APA-CN-879177-02-US-NAT| 15/500,928 January 31, 2017
First Named Inventor: Title:

An pe ng H u ang ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS CONSIDERATION UNDER THE AFTER FINAL CONSIDERATION PILOT
PROGRAM 2.0 (AFCP 2.0) OF THE ACCOMPANYING RESPONSE UNDER 37 CFR 1.116.

1.

The above-identified application is (i) an original utility, plant, or design nonprovisional application filed under
35 U.S.C. 111(a) [a continuing application {e.g., a continuation or divisional application) is filed under 35 U.S.C. 111(a) and is
eligible under (i)], or {ii) an international application that has entered the national stage in compliance with 35 U.S.C. 371{c).

The above-identified application contains an outstanding final rejection.

Submitted herewith is a response under 37 CFR 1.116 to the outstanding final rejection. The response includes an
amendment to at least one independent claim, and the amendment does not broaden the scope of the independent claim in
any aspect.

This certification and request for consideration under AFCP 2.0 is the only AFCP 2.0 certification and request filed in
response to the outstanding final rejection.

Applicant is willing and available to participate in any interview requested by the examiner concerning the present response.
This certification and request is being filed electronically using the Office’s electronic filing system (EFS-Web).

Any fees that would be necessary consistent with current practice concerning responses after final rejection under 37 CFR
1.116, e.g., extension of time fees, are being concurrently filed herewith. [There is no additional fee required to request
consideration under AFCP 2.0.]

By filing this certification and request, applicant acknowledges the following:

Reissue applications and reexamination proceedings are not eligible to participate in AFCP 2.0.
The examiner will verify that the AFCP 2.0 submission is compliant, i.e., that the requirements of the program have been met
(see items 1 to 7 above). For compliant submissions:

o  The examiner will review the response under 37 CFR 1.116 to determine if additional search and/or consideration
(1) is necessitated by the amendment and (ii) could be completed within the time allotted under AFCP 2.0. If
additional search and/or consideration is required but cannot be completed within the allotted time, the examiner
will process the submission consistent with current practice concerning responses after final rejection under
37 CFR 1.116, e.g., by mailing an advisory action.

o If the examiner determines that the amendment does not necessitate additional search and/or consideration, or if
the examiner determines that additional search and/or consideration is required and could be completed within
the allotted time, then the examiner will consider whether the amendment places the application in condition for
allowance (after completing the additional search and/or consideration, if required). If the examiner determines
that the amendment does not place the application in condition for allowance, then the examiner will contact the
applicant and request an interview.

. The interview will be conducted by the examiner, and if the examiner does not have negotiation
authority, a primary examiner and/or supervisory patent examiner will also participate.

. If the applicant declines the interview, or if the interview cannot be scheduled within ten {10) calendar
days from the date that the examiner first contacts the applicant, then the examiner will proceed
consistent with current practice concerning responses after final rejection under 37 CFR 1.116.

Signature

Date

/Dennis M. de Guzman/ April 19, 2019

Name

Practitioner

(Print/Typed) Dennis M. de Guzman Registration No.41 ,702

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. Submit multiple
forms if more than one signature is required, see below*.

ITJ * Total of 1 forms are submitted.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination
of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuantto 5 U.S.C.
552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that
agency’s responsibility to recommend improvements in records management practices and programs,
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, to the pubilic if the record was filed in an application which became abandoned or in which the
proceedings were terminated and which application is referenced by either a published application, an
application open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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DATE MAILED: 05/08/2019
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
15/500,928 01/31/2017 Anpeng HUANG APA-CN-879177-02- 4629
US-NAT

TITLE OF INVENTION: ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 08/08/2019

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
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P.O. Box 1450
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| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/500,928 01/31/2017 Anpeng HUANG APA-CN-879177-02- 4629
US-NAT
TITLE OF INVENTION: ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 08/08/2019
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
O CONNOR, BRIANT 2465 370-329000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3 Ex.1002.00369
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/500,928 01/31/2017 Anpeng HUANG APA-CN-879177-02- 4629
LIS NAT
| EXAMINER |
154241 7590 05/08/2019
IP Spring - Al O CONNOR, BRIAN T
180 N. LaSalle St.
Suite 3700 | ART UNIT PAPER NUMBER |
Chicago, IL 60601 2465

DATE MAILED: 05/08/2019

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3 Ex.1002.00370
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an 1]%%?%6?&?&#71

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.



Application No. Applicant(s)
; . 15/500,928 HUANG, Anpeng
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
Brian T O'Connor 2465 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to Applicants AFCP request filed on 4/19/2019.

[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more

information, please see http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) CJAIl by (J Some  *c) (J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file areply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.[] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.[J Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. ) Other PTOL-2323.

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/BRIAN T O CONNOR/
Primary Examiner, Art Unit 2465

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190502

Ex.1002.00372




Continuation Sheet (PTOL-37) Application No. 15/500,928

Continuation of 3. The allowed claim(s) is/are: 1, 3-11, 13, and 15-20 (renumbered as 1-17 respectively)

Ex.1002.00373



Index of Claims

Application/Control No.

Applicant(s)/Patent Under Reexamination

15/500,928 HUANG, Anpeng
H“m H “H ““m ““ ““ . e
Brian T O'Connor 2465
v | Rejected - | Cancelled N | Non-Elected A Appeal
= Allowed + | Restricted | | Interference O | Objected
CLAIMS
Claims renumbered in the same order as presented by applicant [J CcPA (O 1D (J R1.47
CLAIM DATE
Final Original | 09/13/2018 [ 02/13/2019 | 05/02/2019
1 1 v v =
2 v O -
2 3 v o) =
3 4 v o] =
4 5 v v =
5 6 v O =
6 7 v O =
7 8 v O =
8 9 v v =
9 10 v v =
10 11 v v =
12 v O -
11 13 v O =
12 14 - - =
15 v O -
13 16 v v =
14 17 v O =
15 18 v v =
16 19 v O =
17 20 N = =

U.S. Patent and Trademark Office

Page 1 of 1

Part of Paper No.: 20190502

Ex.1002.00374



Application No. Applicant(s)

15/500,928
AFCP 2.0 HUANG, Anpeng

DeCiSion Examiner Art Unit AlA (FITF) Status

Brian T O'Connor 2465 Yes

This is in response to the After Final Consideration Pilot request filed 19 April 2019.

1. Improper Request — The AFCP 2.0 request is improper for the following reason(s) and the after final amendment submitted with
the request will be treated under pre-pilot procedure.
(J An AFCP 2.0 request form PTO/SB/434 (or equivalent document) was not submitted.
(J A non-broadening amendment to at least one independent claim was not submitted.
(J A proper AFCP 2.0 request was submitted in response to the most recent final rejection.

UJ Other:
2. Proper Request

A. After final amendment submitted with the request will not be treated under AFCP 2.0.
The after final amendment cannot be reviewed and a search conducted within the guidelines of the pilot program.

UJ The after final amendment will be treated under pre-pilot procedure.

B. Updated search and/or completed additional consideration.
The examiner performed an updated search and/or completed additional consideration of the after final amendment
within the time authorized for the pilot program. The result(s) of the updated search and/or completed additional
consideration are:

1. All of the rejections in the most recent final Office action are overcome and a Notice of Allowance is
issued herewith.

(J 2. The after final amendment would not overcome all of the rejections in the most recent final Office action
. See attached interview summary for further details.

(J 3. The after final amendment was reviewed, and it raises a new issue(s). See attached interview summary
for further details.

(J 4. The after final amendment raises new issues, but would overcome all of the rejections in the most recent
final Office action. A decision on determining allowability could not be made within the guidelines of the
pilot. See attached interview summary for further details, including any newly discovered prior art.

(5. Other:

Examiner Note: Please attach an interview summary when necessary as described above.

U.S.Patent and Trademark Office
PTOL-2323 (Rev. 10-14) AFCP 2.0 Decision Part of Paper No. 20190502
Ex.1002.00375



Application/Control No.
Search Noles 15/500,928

Applicant(s)/Patent Under Reexamination

HUANG, Anpeng

H““H““ HH“‘ “H“‘ o
Brian T O'Connor

Art Unit

2465
CPC - Searched*
Symbol Date Examiner
H04W 72/0406; HO4W 72/044: HO4W 72/0493; HO4W 72/06;: HO4W 72/ 09/12/2018 M.U.
08; HO4W 72/085
H04W72/1231, HO4W72/0453, HO4W72/082, H04L5/0057, HO4W16/14, 09/06/2018 M.U.
H04W16/28
HO4L 5/0039; HO4L 5/0041: HO4L 5/0058; HO4L 5/006; HO4L 5/0076 02/13/2019 Brian O'Connor
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner
370 329.000 M.U.

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the

search.

Search Notes

Search Notes Date Examiner
Inventor search and assignee search have been performed by East and 09/05/2018 M.U.

PALM

Updated Search 02/13/2019 Brian O'Connor
Interference Search

US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

HO4W 72/085 05/02/2019 Brian O'Connor

U.S. Patent and Trademark Office
Page 1 of 1

Ex 002 P03 20100502




Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |00 928 HUANG, Anpeng
H “ ““H Examiner Art Unit
Brian T O'Connor 2465
CPC
Symbol Type Version
HO4W 085 F 2013-01-01
HO4L 0057 | 20130101
HO4W 14 | 2013-01-01
HO4W 0453 | 2013:01-01
HO4W 082 | 2013:01:01
HO4W 1231 | 2013:01:01
HO4W 10 | 2013-01-01
HO4W 08 A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 17
/BRIAN T O CONNOR/ 02 May 2019 ) . _—
Primary Examiner, Art Unit 2465 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 4
U.S. Patent and Trademark Office Part of Paper No.: 20190502

Ex.1002.00377
Page 1 of 3



/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

15/500,928 HUANG, Anpeng
Examiner Art Unit
Brian T O'Connor 2465

INTERNATIONAL CLASSIFICATION

CLAIMED

H04W72/08

HO04L5/00

H04W16/14

H04W72/04

HO04W72/12

H04W16/10

H04W88/08

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

370

329

CROSS REFERENCES(S)

CLASS

SUBCLASS (ONE SUBCLASS PER BLOCK)

Primary Examiner, Art Unit 2465
(Primary Examiner)

NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 17
/BRIAN T O CONNOR/ 02 May 2019

O.G. Print Claim(s)
(Date) 1

O.G. Print Figure
4

U.S. Patent and Trademark Office

Page 2 of 3

Part of Paper No.: 20190502

Ex.1002.00378



/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

15/500,928 HUANG, Anpeng
Examiner Art Unit
Brian T O'Connor 2465

Claims renumbered in the same order as presented by applicant (J CPA [ T.D. (J R.1.47

Primary Examiner, Art Unit 2465
(Primary Examiner)

O.G. Print Claim(s)

(Date) 1

CLAIMS
Final |Original]Final |Original|Final [Original|Final |Original|Final [Original]Final |Original]Final |Original]Final |Original

1 1 9 10 16 19

2 10 11 17 20

2 3 12

3 4 11 13

4 5 14

5 6 12 15

6 7 13 16

7 8 14 17

8 9 15 18
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 17
/BRIAN T O CONNOR/ 02 May 2019

O.G. Print Figure
4

U.S. Patent and Trademark Office

Page 3 of 3

Part of Paper No.: 20190502

Ex.1002.00379



Receipt date: 04/19/2019 15/500,928 — GAU: 2465

Application No. 15/500,928 OK TO ENTER: /RB.T.0/
Attorney Ref. APA-CN-879177-02-US-NAT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of:
Anpeng HUANG Confirmation No.: 4629
Appl. No.: 15/500,928 Examiner: Brian T. O CONNOR
Filing Date:  January 31, 2017 Group Art Unit: 2465
For: ADAPTIVE COMMUNICATION
RESOURCE ALLOCATION IN
WIRELESS NETWORK

RESPONSE AFTER FINAL REJECTION UNDER 37 CFR 1.116

Mailstop AF

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Examiner:

This paper is being filed along with a Certification and Request for Consideration
under the After Final Consideration Pilot Program 2.0, in response to the Final Office
Action mailed on February 20, 2019. Please amend the above-identified application as

follows:
Amendments to the Claims are shown in the listing of claims, which begins on

page 2 of this paper.
Remarks begin on page 8 of this paper.

OK TO ENTER: /B.T.0/

Response after final 1
Ex.1002.00380



EAST Search History

EAST Search History

EAST Search History (Prior Art)

RefiHits {{Search Query DBs Default {iPlurals {iTime
# Operator Stamp
L1 {22134 iih04w72/085.cpc. US-PGPUB; ADJ OFF 2019/05/02
USPAT; 12:49
USQOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
L2 {116 1 and ( (quality or qos or level$3 or US-PGPUB; ADJ OFF 2019/05/02
measure$2 or measurement$2) with USPAT; 12:51
(cqi$2 or csi$2) with (snr or itc or USOCR; FPRS;
"S'$2"1" or interfering or EPO; JPO;
interference$3)).clm. DERWENT;
IBM_TDB
L3 §16 1 and ( (quality or qos or level$3 or US-PGPUB; ADJ OFF 2019/05/02
measure$2 or measurement$2) with USPAT; 12:53
(cqi$2 or csi$2) with (snr or itc or USOCR; FPRS;
"S'$2"1" or interfering or EPO; JPO;
interference$3) with (assignment or DERWENT;
assign$3 or schedul$3 or IBM_TDB
selecting)).clm.

5/2/2019 12:55:36 PM
C:\ Users\ boconnor\ Documents\ EAST\ Workspaces\ cy2019\ 15_500928_interfer.wsp

Ex.1002.00381

file:///C/Users/boconnor/Documents/e-Red%20Folder/ 15500928/EASTSearchHistory. 15500928 _Accessible Version.htm[5/2/2019 12:55:40 PM]



PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

154241 7590 05/08/2019 Certificate of Mailing or Transmission
1P Spl'll'lg - Al I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
180 N. LaSalle St. addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 3700 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Chicago, IL 60601 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/500,928 01/31/2017 Anpeng HUANG APA-CN-879177-02- 4629
US-NAT
TITLE OF INVENTION: ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS NETWORK
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 08/08/2019
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
O CONNOR, BRIAN T 2465 370-329000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

- e N . L 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Empire Technology Development LLC Wilmington, Delaware

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual N Corporation or other private group entity (] Government

4a. Fees submitted: &ssue Fee [JPublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

X Electronic Payment via EFS-Web [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)
X The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 505597

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.
Authorized Signature /Dennis M. de Guzman/ Date June 12,2019

41,702

Dennis M. de Guzman

Typed or printed name Registration No.
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Electronic Patent Application Fee Transmittal

Application Number:

15500928

Filing Date:

31-Jan-2017

Title of Invention:

ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS

NETWORK

First Named Inventor/Applicant Name:

Anpeng HUANG

Filer:

Dennis Moises De Guzman/Katherine Gardner

Attorney Docket Number:

APA-CN-879177-02-US-NAT

Filed as Large Entity

Filing Fees for U.S. National Stage under 35 USC 371

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 36272578
Application Number: 15500928
International Application Number:
Confirmation Number: 4629

Title of Invention:

ADAPTIVE COMMUNICATION RESOURCE ALLOCATION IN A WIRELESS
NETWORK

First Named Inventor/Applicant Name:

Anpeng HUANG

Customer Number:

154241

Filer:

Dennis Moises De Guzman/Katherine Gardner

Filer Authorized By:

Dennis Moises De Guzman

Attorney Docket Number: APA-CN-879177-02-US-NAT
Receipt Date: 12-JUN-2019
Filing Date: 31-JAN-2017
Time Stamp: 17:07:33

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1000

RAM confirmation Number

061319INTEFSW17081000

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
89585
CN-879177-02-US-
1 Issue Fee Payment (PTO-85B) NAT_IssueFeeTrans_12JUN201 no 1
9.pdf b76dc68173ect e36ede28dbde1741ff6c36
e8149
Warnings:
Information:
30521
2 Fee Worksheet (SB06) fee-info.pdf no 2
£73f56344fa%e35766501dcaf33079%ec31db
23ef
Warnings:
Information:
Total Files Size (in bytes): 120106

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/500,928 07/30/2019 10368361 APA-CN-879177-02-US-NAT 4629
154241 7590 07/10/2019

IP Spring - Al

180 N. LaSalle St.
Suite 3700
Chicago, IL. 60601

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 178 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Anpeng HUANG, Beijing, CHINA;
EMPIRE TECHNOLOGY DEVELOPMENT LLC, Wilmington, DE;
Anpeng HUANG, Beijing, CHINA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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