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SYSTEM AND METHODS OF DYNAMIC TDD

CONFIGURATIONS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §119 from U.S.
Provisional Application Number 61/754,201, entitled “System and Methods of
Dynamic TDD configurations” filed on January 18, 2013, the subject matter of which

is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to wireless communication
systems and, more particularly, to dynamic Time Division Duplex (TDD)

configurations in LTE systems.

BACKGROUND

[0003] In wireless communication systems, such as defined by 3GPP Long Term
Evolution (LTE/LTE-A) specification, user equipments (UE) and base stations
(eNodeB) communicate with each other by sending and receiving data carried in radio
signals according to a predefined radio frame format. Typically, the radio frame
format contains a sequence of radio frames, each radio frame having the same frame
length with the same number of subframes. The subframes are configures to perform
uplink (UL) transmission or downlink (DL) reception in different Duplexing methods.
Time-division duplex (TDD) is the application of time-division multiplexing to
separate transmitting and receiving radio signals. TDD has a strong advantage in the
case where there is asymmetry of the uplink and downlink data rates. Seven different
TDD configurations are provided in LTE/LTE-A systems to support different DL/UL
traffic ratios for different frequency bands.

[0004] Figure 1 (Prior Art) illustrates the TDD mode UL-DL configurations in an
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LTE/LTE-A system. Table 100 shows that each radio frame contains ten subframes, D
indicates a DL subframe, U indicates an UL subframe, and S indicates a Special
subframe/Switch point (SP). Each SP contains a DwWPTS (Downlink pilot time slot), a
GP (Guard Period), and an UpPTS (Uplink pilot time slot). DwPTS is used for
normal downlink transmission and UpPTS is used for uplink channel sounding and
random access. DwWPTS and UpPTS are separated by GP, which is used for switching
from DL to UL transmission. The length of GP needs to be large enough to allow the
UE to switch to the timing advanced uplink transmission. These allocations can
provide 40% to 90% DL subframes. Current UL-DL configuration is broadcasted in
the system information block, i.e. SIB1. The semi-static allocation via SIB1, however,
may or may not match the instantaneous traffic situation. Currently, the mechanism
for adapting UL-DL allocation is based on the system information change procedure.
[0005] In 3GPP LTE Rel-12 and after, the trend of the system design shows the
requirements on more flexible configuration in the network system. Based on the
system load, traffic type, traffic pattern and so on, the system can dynamically adjust
its parameters to further utilize the radio resource and to save the energy. One
example is the support of dynamic TDD configuration, where the TDD configuration
in the system may dynamically change according to the DL-UL traffic ratio. When
the change better matches the instantaneous traffic situation, the system throughput
will be enhanced. For example, in one scenario, multiple indoor Femto cells deployed
on the same carrier frequency and multiple Macro cells deployed on an adjacent
carrier frequency where all Macro cells have the same UL-DL configuration and the
indoor Femto cells can adjust UL-DL configuration. In another scenario, multiple
outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells
deployed on an adjacent carrier frequency where all Macro cells have the same UL-
DL configuration and the outdoor Pico cells can adjust UL-DL configuration.

[0006] Figure 2 (Prior Art) illustrates an LTE/LTE-A mobile communication
system 200 with adaptive TDD configuration. Mobile communication system 200
comprises a Macro base station eNB 201 serving Macro cell 1, base station eNB 202
serving small cell 2, and base station eNB 203 serving small cell 3. Cell 1 is a Macro
cell and its TDD configuration is more static. Small Cells 2-3 are within the macro
cell’s coverage. Cell 2 and Cell 3 form an isolated cell cluster 1, where TDD
configuration can be independently adjusted. All cells in an isolated cell cluster

should apply the TDD configuration change together. In this example, assume cell 1
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applies TDD configuration 5, which is configured semi-statically, and the isolated cell
cluster, 1.e. cell 2 and cell 3, originally applies TDD configuration 5. As more UL
traffic is demanded in the isolated cluster, it changes the TDD configuration to TDD
configuration 3.

[0007] The notification of TDD change in an adaptive TDD system may be sent
through a dedicated signaling, i.e., RRC (Radio Resource Control), MAC (Media
Access Control), or PDCCH (Physical Downlink Control Channel) signaling. One
reason to adopt TDD configuration change by dedicated signaling is that it can be
adjusted more efficiently and frequently to match the instantaneous traffic pattern. In
an adaptive TDD system, however, there may be legacy UEs and new released UEs.
If the TDD change is sent through the dedicated signaling, then only new released
UEs understand the information. The legacy UEs cannot know the dynamic TDD
configuration because they cannot interpret the new information element. As a result,
the legacy UEs may interfere with the operation of other UEs. For example, a legacy
UE3 may perform random access in its cognitive UL subframe, but the subframe is
operated for DL transmission due to the TDD configuration change.

[0008] A solution is sought.

SUMMARY

[0009] Solutions to support the coexistence of legacy UEs and new released UEs
in adaptive TDD systems are proposed. Methods of TDD grouping, RACH (random
access channel) resource allocation, and DL/UL data transmission and HARQ (Hybrid
Automatic Repeat Request) process to serve legacy UEs without interfering the
operation of new released UEs are proposed. With the methods proposed in this
invention, both the legacy UEs and the new released UEs can be served in the
adaptive TDD systems and the data transmission from the legacy UEs would not
interfere the data reception of the new released UEs.

[0010] In a first solution, TDD grouping methods, TDD adaptation within a TDD
group, and TDD adaptation across TDD groups for the operation of a dynamic TDD
system are proposed. In one embodiment, an eNB configures TDD groups and
broadcasts TDD group information and a TDD reference configuration to UEs. A
TDD group contains multiple TDD configurations that have common subframes no

less than subframes #0, #1, #2 and #5. The TDD reference configuration belongs to
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the TDD group and has the most common uplink (UL) subframes as compared to
other TDD configurations in the TDD group.

[0011] In a second solution, since the legacy UEs’ cognition on DL/UL operation
in a subframe may be different from real operation in a dynamic TDD system, the
PRACH resource configuration and the random access procedure for the legacy UEs
are proposed. In one embodiment, PRACH resource allocation is restricted to
subframes that are commonly used as UL operation in a TDD group. In another
embodiment, TDD configuration and PRACH resource configuration are extended in
SIB1 and SIB2 to serve both legacy UEs and new released UEs so that PRACH
resource allocation is not limited.

[0012] In a third solution, methods of DL/UL data transmission scheduling and
the associated HARQ for DL/UL data transmission scheduling for the legacy UEs are
proposed. For DL data transmission, eNB should schedule DL transmission or
retransmission in a DL subframe where its corresponding HARQ feedback should be
transmitted in a common UL subframe. For UL data transmission, eNB should
allocate UL grant in a DL subframe where the UL data should be transmitted in a
common UL subframe. For HARQ feedback for UL data transmission, the DL
subframes used to transmit the HARQ feedback should be common DL subframes.
Finally, eNB can suppress UL retransmission so that it does not happen in inconsistent
subframes.

[0013] Other embodiments and advantages are described in the detailed
description below. This summary does not purport to define the invention. The

invention is defined by the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0014] The accompanying drawings, where like numerals indicate like
components, illustrate embodiments of the invention.

[0015] Figure 1 (Prior Art) illustrates the TDD mode UL-DL configurations in
an LTE/LTE-A system.

[0016] Figure 2 (Prior Art) illustrates an LTE/LTE-A mobile communication
system with adaptive TDD configuration.

[0017] Figure 3 illustrates an LTE/LTE-A mobile communication system with
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adaptive TDD configuration in accordance with one novel aspect.

[0018] Figure 4 is a simplified block diagram of a user equipment and a base
station with adaptive TDD in accordance with one novel aspect.

[0019] Figure 5 illustrates a first embodiment of TDD grouping in an adaptive
TDD system.

[0020] Figure 6 illustrates a second embodiment of TDD grouping in an
adaptive TDD system.

[0021] Figure 7 illustrates a third embodiment of TDD grouping in an adaptive
TDD system.

[0022] Figure 8 illustrates a solution of broadcasting TDD grouping and TDD
configuration change procedure.

[0023] Figure 9 illustrates one embodiment of RACH resource allocation in an
adaptive TDD system.

[0024] Figure 10 illustrates TDD and RACH resource configuration extension
in SIB.

[0025] Figure 11A illustrates Downlink data transmission scheduling and
HARQ for DL transmission.

[0026] Figure 11B illustrates HARQ timing with DL association set index for
TDD.

[0027] Figure 11C illustrates one embodiment of DL data transmission in an
adaptive TDD system.

[0028] Figure 11D illustrates another embodiment of DL data transmission in an
adaptive TDD system.

[0029] Figure 12A illustrates Uplink data transmission scheduling and HARQ
for UL transmission.

[0030] Figure 12B illustrates Uplink grant timing for UL transmission or
retransmission.

[0031] Figure 12C illustrates one embodiment of UL data transmission or
retransmission in an adaptive TDD system.

[0032] Figure 12D illustrates another embodiment of UL data transmission or
retransmission in an adaptive TDD system.

[0033] Figure 13A illustrates the timing of HARQ feedback for UL data
transmission.

[0034] Figure 13B illustrates one embodiment of HARQ scheduling for UL
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transmission in an adaptive TDD system.

[0035] Figure 13C illustrates another embodiment of HARQ scheduling for UL
transmission in an adaptive TDD system.

[0036] Figure 13D illustrates UL data retransmission in an adaptive TDD
system.

[0037] Figure 14 is a flow chart of a method of adaptive TDD configuration
from eNB perspective in accordance with one novel aspect.

[0038] Figure 15 is a flow chart of a method of adaptive TDD configuration

from UE perspective in accordance with one novel aspect.

DETAILED DESCRIPTION

[0039] Reference will now be made in detail to some embodiments of the
invention, examples of which are illustrated in the accompanying drawings.

[0040] Figure 3 illustrates a Long Term Evolution LTE/LTE-A mobile
communication system 300 with adaptive TDD configuration in accordance with one
novel aspect. Mobile communication system 300 comprises a serving base station
eNB 301, a new released UE 302, and a legacy UE 303. In one example, UE 302 is a
UE released in/after LTE Rel-12, and UE 303 is a UE released before LTE Rel-12.
Starting from LTE Rel-12, adaptive Time Division Duplex (TDD) transmission mode
is supported, where the TDD configuration in the system may dynamically change
according to the downlink-uplink traffic ratio to better match the instantaneous traffic
situation and thereby enhancing the system throughput.

[0041] The notification of TDD change in an adaptive TDD system may be sent
through dedicated signaling, i.e., RRC (Radio Resource Control)) MAC (Media
Access Control), or PDCCH (Physical Downlink Control Channel) signaling. One
reason to adopt TDD configuration change by dedicated signaling is that it can be
adjusted more efficiently and frequently to match the instantaneous traffic pattern. In
an adaptive TDD system, however, there may be legacy UEs and new released UEs.
If the TDD change is sent through the dedicated signaling, then only new released
UEs understand the information. The legacy UEs cannot know the dynamic TDD
configuration because they cannot interpret the new information element. The present
application proposes solutions for coexistence of legacy UEs and new released UEs in

such adaptive TDD system.



10

15

20

25

30

WO 2014/111042 PCT/CN2014/070797

[0042] In step 311, the serving eNB 301 sends an instantaneous TDD
configuration to new released UE 302 via dedicated signaling. Based on the
instantaneous TDD configuration, UE 302 knows the exact DL/UL operation in each
subframe, so that all subframes can be used to serve UE 302. On the other hand,
legacy UE 303’s knowledge on the DL/UL operation in each subframe may be
different from the real DL/UL operation, thus only the common subframes can be
used to serve UE 303. To observe the TDD configurations, some subframes are
common in certain TDD configurations, which may be possible to be used to serve the
legacy UEs. A common subframe or a fixed subframe means no matter how TDD
configuration changes, the DL, SP, or UL operation in such subframe will not be
changed. For example, subframes SF#0, #1, #2, and #5 are common in all TDD
configurations.

[0043] In one novel aspect, to obtain more subframes in common, TDD
configurations are partitioned into different TDD groups. In step 312, eNB 301
determines TDD grouping. Based on the TDD grouping, various solutions are
provided to facilitate the coexistence of new released UE 302 and legacy UE 303. In
a first solution (step 321), different TDD grouping methods, TDD adaptation within a
TDD group, and TDD adaptation across TDD groups for the operation of a dynamic
TDD system are proposed. In a second solution (step 322), since the legacy UEs’
cognition on DL/UL operation in a subframe may be different from real operation in a
dynamic TDD system, the PRACH resource configuration and the random access
procedure for the legacy UEs are proposed. In a third solution (step 323), methods of
DL/UL data transmission scheduling and the associated HARQ for DL/UL data
transmission scheduling for the legacy UEs are proposed. With the methods proposed
in this invention, both legacy UEs and new released UEs can be served in the adaptive
TDD systems and data transmission from the legacy UEs would not interfere that of
the data reception of the new released UEs.

[0044] Figure 4 is a simplified block diagram of a base station eNB 401 and a
user equipment UE 402 with adaptive TDD in accordance with one novel aspect.
Base station eNB 401 comprises memory 411, a processor 412, an RF transceiver 413,
and an antenna 419. RF transceiver 413, coupled with antenna 419, receives RF
signals from antenna 419, converts them to baseband signals and sends them to
processor 412. RF transceiver 413 also converts received baseband signals from

processor 412, converts them to RF signals, and sends out to antenna 419. Processor
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412 processes the received baseband signals and invokes different functional modules
to perform features in eNB 401. Memory 411 stores program instructions and data
414 to control the operations of eNB 401. The program instructions and data 414,
when executed by processor 412, enables eNB 401 to providing TDD information and
performing various functions accordingly.

[0045] Similarly, UE 402 comprises memory 421, a processor 422, an RF
transceiver 423, and an antenna 429. RF transceiver 423, coupled with antenna 429,
receives RF signals from antenna 429, converts them to baseband signals and sends
them to processor 422. RF transceiver 413 also converts received baseband signals
from processor 422, converts them to RF signals, and sends out to antenna 429.
Processor 422 processes the received baseband signals and invokes different
functional modules to perform features in UE 402. Memory 421 stores program
instructions and data 424 to control the operations of UE 402. The program
instructions and data 424, when executed by processor 422, enables UE 402 to access
a mobile communication network for receiving TDD configuration information and
performing various functions accordingly.

[0046] Figure 4 also illustrates various function modules in eNB 401 and UE 402.
The different components and modules may be implemented in a combination of
hardware circuits and firmware/software codes being executable by processors 412
and 422 to perform the desired functions. For example, eNB 401 includes a scheduler
415 that schedules DL and UL transmissions for UE, a resource allocation module
416 that allocates radio resource for UE, a TDD configuration module 417 that
determines TDD grouping and configuration, and an RRC connection management
module 418 that manages and configures RRC connections. Similarly, UE 402
includes a transmission and HARQ module 425 that performs DL and UL
transmission and provides HARQ feedback, a random access module 426 that
performs random access procedure, a measurement module 427 that performs radio
signal measurements, and an RRC connection management module 428 that performs

cell (re)selection and RRC (re)establishment procedures.

TDD GROUPING

[0047] Figure 5 illustrates a first embodiment of TDD grouping in an adaptive
TDD system. In the first embodiment, downlink-to-uplink switch-point periodicity
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with 10ms form a TDD group (TDD Group #1-1 as depicted by table 501), where
subframes SF#0, 1, 2, 5, 6, 7, 8, and 9 are common subframes. Downlink-to-uplink
switch-point periodicity with Sms form another TDD group (TDD Group #1-2 as
depicted by table 502), where subframes SF#0, 1, 2, 5, 6, and 7 are common
subframes. By grouping different TDD configurations based on downlink-to-uplink
switch-point periodicity, more common-subframes are obtained within the same TDD
group to serve legacy UEs.

[0048] Figure 6 illustrates a second embodiment of TDD grouping in an adaptive
TDD system. In the second embodiment, downlink-to-uplink switch-point periodicity
with 10ms form a TDD group (TDD Group #2-1 as depicted by table 601), where
subframes SF#0, 1, 2, 5, 6, 7, 8, and 9 are common subframes. Downlink-to-uplink
switch-point periodicity with Sms, excluding TDD configuration #0, form another
TDD group (TDD Group #2-2 as depicted by table 602), where subframes SF#0, 1, 2,
5,6, 7,8, and 9 are common subframes. TDD configuration #0 forms its own TDD
group (TDD Group#2-3 as depicted by table 603), where all subframes can be used to
serve legacy UEs and new released UEs. It can be seen that, by separating TDD
configuration #0, more common-subframes are obtained for TDD Group #2-2 as
compared to TDD Group #1-2.

[0049] Figure 7 illustrates a third embodiment of TDD grouping in an adaptive
TDD system. In the third embodiment, all seven TDD configurations #0 to #6 are
grouped into one single TDD group (TDD Group #3-1 as depicted by table 701),
where subframes SF#0, 1, 2 and 5 are common subframes. This is an extreme case
where the common subframes of the TDD group are the same with or without TDD
grouping.

[0050] In general, with TDD grouping, more common-subframes can be obtained
in a TDD group as compared to without TDD grouping. As a result, more subframes
can be used to serve legacy UEs. In addition, fewer subframes may change when
TDD configurations are adapted within the same TDD group, which may be
beneficial to HARQ process continuation during the TDD adaptation. Furthermore,
TDD operations in TDD groups may help interference coordination among
neighboring cells. In order to achieve the above benefits, the TDD grouping
information needs to be communicated from the network to the UEs.

[0051] Figure 8 illustrates a solution of broadcasting TDD grouping and TDD

configuration change procedure. A serving base station eNB 801 first determines
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TDD grouping, which contains two TDD groups — TDD group #1 and TDD group #2.
In step 810, eNB 801 applies a first TDD configuration that belongs to TDD group #1.
In step 811, eNB 801 sends the first instantaneous TDD configuration to a new
released UE 802 via dedicated signaling. In step 812, eNB 801 sends a TDD
reference configuration of TDD group #1 via broadcasting in System Information
Block (SIB1). The TDD reference configuration belongs to TDD group #1, and
contains the most common uplink subframes as compared to all other TDD
configurations in TDD group #1. For example, a cell in TDD Group #1-1 should
broadcast TDD configuration #3 as its TDD reference configuration, and a cell in
TDD Group# 1-2 should broadcast TDD configuration #0 as its TDD reference
configuration. In a similar example, a cell in TDD Group #2-1, #2-2, or #2-3 can
broadcast TDD reference configuration #3, #6, or #0 respectively as its TDD
reference configuration.

[0052] In step 820, eNB 801 applies a second TDD configuration that belongs to
TDD group #1. In step 821, eNB 801 sends the second instantaneous TDD
configuration to the new released UE 802 via dedicated signaling. Because the
second TDD configuration belongs to the same TDD group #1 broadcasted in SIB1,
eNB 801 is able to adaptively change TDD configuration within the same TDD group
without changing the reference TDD configuration of TDD group #1 broadcasted in
SIB1. Later on, eNB 801 decides to change TDD configuration across TDD groups.
If TDD configuration changes across TDD groups, then the TDD reference
configuration in SIB1 should first be changed to be the predefined TDD reference
configuration of the new TDD group. In other words, system information change
procedure should be applied, and then the new TDD configuration across TDD groups
can be applied.

[0053] In step 830, eNB 801 decides to apply a third TDD configuration that
belongs to a different TDD group #2. In step 831, eNB 801 sends the third
instantaneous TDD configuration to the new released UE 802 via dedicated signaling.
In step 832, eNB 801 sends a TDD reference configuration of TDD group #2 via
broadcasting in SIB1. The TDD reference configuration belongs to TDD group #2,
and contains the most common uplink subframes as compared to all other TDD
configurations in TDD group #2. In one specific example, a cell originally operates in
TDD Group #2-1 and broadcasts TDD reference configuration #3 for TDD Group #2-
1 in its SIB1. If the cell decides to change to TDD configuration #2 that belongs to

10
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TDD Group #2-2, then the cell should first apply system information change
procedure to broadcast TDD reference configuration #6 for the new TDD Group #2-2
in its SIB1, and then change to the new TDD configuration #2 accordingly.

RANDOM ACCESS

[0054] Because a legacy UE does not know the UL/DL change in the network, it
may happen that the legacy UE performs random access in an operating DL subframe
because the cognition on DL/UL of a subframe for the legacy UE may be different
from the real operation. To prevent the unnecessary preamble transmission from
legacy UEs, which may result in random access failure, and to prevent the preamble
interfering with DL transmission of new released UEs in an adaptive TDD network,
various solutions are proposed. Note that in LTE, TDD configuration is broadcasted
in SIB1 and common PRACH resource configuration is broadcasted in SIB2.

[0055] Figure 9 illustrates one embodiment of RACH resource allocation in an
adaptive TDD system. In one novel aspect, the random access resource allocation
should be restricted to the subframes that are commonly used as UL operation in a
TDD group. As illustrated in Figure 9, for TDD Group #1-1, random access resource
can be configured in subframe SF#2 and/or UpPTS in subframe SF#1. For TDD
Group #1-2, random access resource can be configured in subframes SF#2, SF#7,
and/or UpPTS in subframes SF#1 and SF#6. By restricting random access resource to
common UL subframes within a TDD group, RACH preambles are always
transmitted in an operating UL subframe.

[0056] In another alternative embodiment, the TDD reference configuration
broadcasted in SIB1 should be the TDD configurations containing the least common
UL subframes in a TDD group. This is to guarantee that random access would not be
performed in DL subframes when TDD configuration is changed. The common
PRACH resource is configured in the UL subframes of the TDD reference
configuration broadcasted in SIB1, and UE performs preamble transmission in theses
configured PRACH resource. In one example, a cell in TDD Group #1-1 should
broadcast TDD configuration #5 in its SIB1 because TDD configuration #5 is with the
least common subframes in TDD Group #1-1, and a cell in TDD Group #1-2 should
broadcast TDD configuration #2 in its SIB1 because TDD configuration #2 is with the

least common subframes in TDD Group #1-2.
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[0057] To avoid the PRACH resource limitation, both TDD configuration and
RACH resource configuration can be extended in SIB. Figure 10 illustrates TDD and
RACH resource configuration extension in system information. As illustrated in
Figure 10, in step 1011, a serving base station eNB 1001 broadcasts a TDD
configuration with the least common UL subframe in the legacy information element
(IE) in SIBI for a legacy UE 1003, and broadcasts another TDD configuration in an
extended IE in SIB1 for a new released UE 1002. In step 1012, eNB 1001 broadcasts
PRACH resource configuration in the legacy PRACH-config IE in SIB2 for legacy
UE 1003, and broadcasts PRACH resource configuration in an extended PRACH-
config IE in SIB2 for new released UE 1002. For example, a cell in TDD Group #1-1
may broadcast TDD configuration #5 in the legacy IE and may broadcast TDD
configuration #3 in an extended IE in SIB1. The PRACH resource configuration can
be extended in SIB2 accordingly. The PRACH resource configuration in SIB2 should
indicate the PRACH resource for TDD configuration #5 in the legacy IE and indicate
the PRACH resource for TDD configuration #3 in the extended IE. In step 1013, new
released UE 1002 performs random access in the PRACH resource allocated
according to the PRACH configuration in the extended PRACH-config IE. In step
1014, legacy UE 1003 performs random access in the PRACH resource allocated
according to the PRACH configuration in the legacy PRACH-config IE. By using
both legacy and extended SIB1 and SIB2, PRACH resource configuration is not
limited for legacy UEs.

DATA TRANSMISSION AND HARQ PROCESS

[0058] After random access is successfully performed by a UE, an RRC
connection between the UE and its serving eNB is established. As stated earlier, the
knowledge of TDD configuration for a legacy UE may not be the same as the exact
TDD operation in an adaptive TDD system. For example, a legacy UE may reply
HARQ for DL data transmission in an operating DL subframe, while the eNB will not
expect HARQ for DL data transmission in a DL subframe and will not receive this
HARQ message so that DL retransmissions may happen. As to UL transmission, a
legacy UE may perform UL data transmission in an operating DL subframe, while the
eNB will not expect to receive the UL data so UL retransmission may happen. In

addition, a UE may expect HARQ for UL data transmission in a DL subframe.
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However, when the TDD configuration changes, the original DL subframe which is
expected to transmit the HARQ for UL data transmission may become a UL subframe.
As a result, the HARQ message will not be transmitted by the eNB and will not be
received by the UE so UL retransmission may happen. The UL transmission or
retransmission may also interfere the DL reception of nearby UEs. Therefore, DL/UL
Data transmission and the associated HARQ should be considered for the operation of
legacy UEs without changing any specification.

[0059] After a serving eNB establishes an RRC connection with a UE, the eNB
can enquiry UE capability to know the UE’s release. If the UE’s release version is
known by the eNB, then the eNB can prevent scheduling DL/UL data transmission
and/or HARQ for DL/UL data transmission in the inconsistent subframes (flexible
subframes), where the inconsistent subframe means the legacy UE’s cognition on
DL/UL operation in a subframe is different from the real operation. The following
discussions assume that SIB1 broadcasts predefined TDD reference configuration
with the MOST COMMON UL subframes in a TDD group, and the TDD reference
configuration is recognized by legacy UEs as the operating TDD configuration.

[0060] Figure 11A illustrates Downlink data transmission scheduling and HARQ
for DL transmission. As illustrated in Figure 11A, an eNB first schedules DL data
transmission or retransmission in a DL subframe 1101 to a UE. The UE should
response with HARQ for the DL data transmission in a corresponding UL subframe
1102. The HARQ timing is depicted by Table 1110 (e.g., 10.1.3.1-1 in TS 36.213) in
Figure 11B. Table 1110 lists, for each TDD configuration, a specific UL subframe is
used for HARQ for corresponding DL data transmission that is K subframes ahead of
the specific UL subframe. For example, in TDD configuration #0, UL subframe SF#2
is used for HARQ for K=6 subframes ahead of SF#2 (e.g., DL SF#5). After
combining TDD configuration with HARQ timing for DL data transmission, it can be
determined that the HARQ ACK/NACK for a DL subframe should be replied in
which corresponding UL subframe(s) for each TDD configuration.

[0061] Figure 11C illustrates one embodiment of DL data transmission in an
adaptive TDD system. In TDD Group #1-1, the knowledge of TDD configuration for
a legacy UE should be TDD configuration #3. However, the eNB may operate in
TDD configurations #3, 4, or 5. For a legacy UE, to prevent invalid HARQ feedback
in  inconsistent  subframes, the eNB should schedule DL data

transmission/retransmission in a DL subframe where its HARQ feedback for DL data
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transmission should be transmitted in a common UL subframe. On the other hand, for
a new released UE, the DL data can be scheduled in any DL subframe. Note that
common UL subframes for all TDD configurations in each TDD group are indicated
by bold text and dashed lines.

[0062] As depicted by Table 1120 in Figure 11C, in Group #1-1, the TDD
configuration for legacy UEs is TDD configuration #3. In this case, eNB should
prevent DL data transmission or retransmission scheduling in subframes SF#0, 7, 8,
and 9 (e.g., crossed out in Table 1120) for a legacy UE. Instead, the eNB can
schedule DL data transmission or retransmission in subframes SF #1, 5, 6 for the
legacy UE and the legacy UE should response the corresponding HARQ in common
UL subframes SF#2. As depicted by Table 1130 in Figure 11C, in TDD Group #1-2,
the TDD configuration for legacy UEs is TDD configuration #0. In this case, eNB
should prevent DL data transmission or retransmission scheduling in subframes SF#0
and 5 (e.g., crossed out in Table 1130) for a legacy UE. Instead, the eNB can
schedule DL data transmission or retransmission in subframes SF#1 and 6 for the
legacy UE and the legacy UE should response the corresponding HARQ in common
UL subframes SF#7 and 2, respectively.

[0063] Figure 11D illustrates another embodiment of DL data transmission in an
adaptive TDD system. Similar concept can be applied in the TDD Groups #2-2 and
#2-3.  As depicted by Table 1140 in Figure 11D, in TDD Group #2-2, the TDD
configuration to legacy UEs is TDD configuration #6. In this case, eNB should
prevent DL data transmission or retransmission scheduled in subframes SF#1, 6, and 9
(e.g., crossed out in Table 1140) for a legacy UE. Instead, the eNB can schedule DL
data transmission or retransmission in subframes SF#0 and 5 for the legacy and the
legacy UE should response the corresponding HARQ in UL subframes SF#7 and 2,
respectively. As depicted by Table 1150 in Figure 11D, in TDD Group #2-3, since
there is only one TDD configuration in this group, the operation for legacy UEs and
new released UEs should be the same for DL transmission/retransmission.

[0064] Figure 12A illustrates Uplink data transmission scheduling and HARQ for
UL transmission. As illustrated in Figure 12A, an eNB first assigns a UL grant in a
DL subframe 1201 to a UE. The UE performs UL data transmission in the assigned
UL resource in UL subframe 1202, and then the eNB replies HARQ feedback for the
UL data transmission in a corresponding DL subframe 1203. The UL grant timing is

listed in Table 1210 in Figure 12B (e.g., Table 8-2 in 36.213). Table 1210 lists, for
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each TDD configuration, if a UE receives a UL grant in DL subframe », then the UL
resource should be in subframe n+4. For example, in TDD configuration #0, if a UE
receives a UL grant in subframe SF#0, then the associated UL resource is in subframe
SF#4. By combing TDD configuration and UL grant timing, it can be determined a
specific DL subframe to be used to assign a UL grant for uplink data transmission in a
specific UL subframe. For example, in TDD configuration #3, DL subframe SF#9
may assign UL grant for UL transmission in uplink SF#3.

[0065] In one novel aspect, for a legacy UE, to prevent its UL transmission
interfering other UE’s DL operation, eNB should allocate UL grant in a DL subframe
where the UL data should be transmitted in a common UL subframe. For newly
release UE, the UL grant can be allocated in any DL subframe.

[0066] Figure 12C illustrates one embodiment of UL data transmission
scheduling in an adaptive TDD system. In TDD Group #1-1, an eNB should prevent
allocating UL grant in DL subframes SF#0 and 9 for a legacy UE, where the
corresponding UL transmissions are in subframes SF#4 and 3, respectively. Instead,
the eNB can allocate UL grant in subframe SF#8 for the legacy UE, where the
corresponding UL transmission should be transmitted in UL subframe SF#2, as
depicted by Table 1220. Similarly, in TDD Group #1-2, the eNB should prevent UL
grant in DL subframes SF#0 and 5 for a legacy UE, where the corresponding UL
transmissions are in subframes SF#4 and 9, respectively. Instead, the eNB can
allocate UL grant in DL subframes SF#1 and 6 for the legacy UE, where the
corresponding UL transmission should be transmitted in UL subframes SF#7 and 2,
respectively, as depicted by Table 1230.

[0067] Figure 12D illustrates another embodiment of UL data transmission
scheduling in an adaptive TDD system. Similar concept can be applied in TDD
Groups #2-2 and 2-3. In TDD Group #2-2, the TDD configuration for legacy UEs is
TDD configuration #6. An eNB should prevent UL grant in DL subframes SF#1, 6
and 9 for a legacy UE, where the corresponding UL transmissions are in subframes
SF#8, 3 and 4, respectively. Instead, the eNB can allocate UL grant in DL subframes
SF#0 and 5 for the legacy UE, where the corresponding UL transmission should be
transmitted in UL subframes SF#7 and 2, respectively, as depicted by Table 1240. In
TDD Group #2-3, since there is only one TDD configuration in this group, the
operation for legacy UEs and new released UEs should be the same, as depicted by

Table 1250.
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[0068] Figure 13A illustrates the timing of HARQ for UL data transmission, as
indicated in table 1310 (Table 9.1.2-1 in TS 36.213). HARQ feedback for UL data
transmission should be transmitted in DL subframes. For a legacy UE, eNB should
prevent the DL subframes used to transmit HARQ for UL data transmission may
become operating UL subframes. Fortunately, the legacy UEs operated in the TDD
reference configuration with less common DL subframes in a TDD group. These
common DL subframes, which may use transmit HARQ for UL data transmission for
legacy UEs, will not be operated as UL subframes. Table 1310 lists the HARQ timing
for UL data transmission. If a UL data transmission happens in subframe », then the
HARQ associated to the UL data transmission should be in subframe n+k, where £ is
the number indicated in the table. For example, in TDD configuration #1, the HARQ
feedback for subframe SF#2 (n=2) is in the following DL subframe SF#6 (k=4).
[0069] Figure 13B illustrates a first embodiment of HARQ scheduling for UL
data transmission in an adaptive TDD system. In TDD Group #1-1, the HARQ
feedback for UL data transmission for UL subframe SF#2 should be transmitted in DL
subframe SF#8, which is a common DL in the TDD Group and will not be changed to
UL operation, as shown in Table 1320. In TDD Group #1-2, the HARQ feedback for
UL data transmission for UL subframes SF#2 and 7 should be transmitted in the
DwPTS in SF#6 and 1, which is a common special subframe in the TDD Group and
will not be changed as a UL subframe, as shown in Table 1330. Note that the
common DL subframes or common special subframes for all TDD configurations in
each TDD group are indicated by bold text and dashed lines.

[0070] Figure 13C illustrates a second embodiment of HARQ scheduling for UL
data transmission in an adaptive TDD system. In TDD Group #2-2, the HARQ
feedback for UL data transmission for UL subframes SF#2 and 7 should be
transmitted in the DWPTS in SF#6 and 1, which is a common special subframe in the
TDD Group and will not be changed as a UL subframe, as shown in Table 1340. In
TDD Group #2-3, since there is only one TDD configuration in this group, the HARQ
feedback operation for legacy UEs and new released UEs should be the same, as
shown in Table 1350.

[0071] If an HARQ NACK is indicated in the HARQ feedback for UL data
transmission, then UL data retransmission is expected. For a legacy UE, similar to the
UL data transmission, the UL data retransmission should be transmitted in a common

UL subframe. Once the HARQ NACK is indicated in PHICH (Physical Hybrid-ARQ
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Indicator Channel), the UL data retransmission timing should follow the UL grant
table, which is listed by Table 1210 (Table 8-2 in 36.213) in Figure 12B.

[0072] For a legacy UE in TDD Group #1-1 (applying TDD configuration #3),
TDD Group #1-2 (applying TDD configuration #0), and TDD Group #2-1 (applying
TDD configuration #3), the round trip time (RTT) of the HARQ processes assigned to
the legacy UE is 10msec (e.g., 1 radio frame = 10 subframes), which means that a
subsequent UL retransmission subframe is the same as the first UL transmission
subframe. For TDD Group #2-3, the TDD configuration will not change, the
procedure keeps the same as current process.

[0073] However, for a legacy UE in TDD Group #2-2 (applying TDD
configuration #6), the UL data retransmission subframe is not aligned with the first
UL data transmission subframe due to the HARQ RTT is not 10msec. In this case, the
UL data retransmission may happen in an inconsistent subframe. To solve this
problem, an eNB may suppress the UL data retransmission.

[0074] Figure 13D illustrates UL data retransmission in an adaptive TDD system
in accordance with one novel aspect. In the example of Figure 13D, a legacy UE
applying TDD configuration #6 in Group #2-2, and its eNB assigns a UL grant in DL
subframe SF#5 (1361). The UE responses with UL data transmission in a subsequent
UL subframe SF#2 (1362). The HARQ feedback for the UL data transmission should
be replied in a subsequent DL subframe SF#6 (1363) from eNB to the UE. If a
NACK is indicated in PHICH in this case, then the UL retransmission should be
carried in UL subframe SF#3 (1365). However, SF#3 is not a common UL subframe
and may be changed to be DL operation. A legacy UE may not be allowed to do the
UL transmission in this subframe if the current TDD configuration #6 is adapted to a
different TDD configuration in TDD Group #2-2.

[0075] To solve this problem, eNB can suppress the UL retransmission in SF#3
(1365) by sending an ACK in the previous SF#6 (1363), and assign a UL grant with
unchanged NDI (new data indicator) in the next available assignment, for example,
assign UL grant in subframe SF#0 (1364) with unchanged NDI for UL retransmission.
As a result, the following processes can follow the process of UL data transmission.
[0076] Figure 14 is a flow chart of a method of adaptive TDD configuration in a
mobile communication network from eNB perspective in accordance with one novel
aspect. In step 1401, an eNB determines a TDD group that contains multiple TDD
configuration. In step 1402, the eNB broadcasts TDD group information to a first
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legacy UE via a system information block (SIB). In step 1403, the eNB broadcasts a
TDD reference configuration to the first UE via the SIB, where the TDD reference
configuration belongs to the TDD group. In step 1404, the eNB transmits an
instantaneous TDD configuration to a second new released UE, where the
instantaneous TDD configuration belongs to the TDD group. In one embodiment, the
multiple TDD configurations in the TDD group have common subframes no less than
subframes #0, #1, #2 and #5, and the TDD reference configuration has the most
common uplink (UL) subframes as compared to other TDD configurations in the TDD
group.

[0077] Figure 15 is a flow chart of a method of adaptive TDD configuration in a
mobile communication network from UE perspective in accordance with one novel
aspect. Instep 1501, a UE receives TDD group information that contains one or more
TDD groups having multiple TDD configuration. In step 1502, the UE receives a
TDD reference configuration that belongs to one of the TDD groups. In step 1503,
the UE performs measurements on DL subframes based on the TDD reference
configuration if the UE is a legacy UE, and performs measurements on DL subframes
based on an instantaneous TDD configuration if the UE is a new release UE. In one
embodiment, the multiple TDD configurations in the TDD group have common
subframes no less than subframes #0, #1, #2 and #5, and the TDD reference
configuration has less common downlink (DL) subframes as compared to other TDD
configurations in the TDD group.

[0078] Although the present invention has been described in connection with
certain specific embodiments for instructional purposes, the present invention is not
limited thereto. Accordingly, various modifications, adaptations, and combinations of
various features of the described embodiments can be practiced without departing

from the scope of the invention as set forth in the claims.
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CLAIMS

1. A method comprising:

determining a time division duplex (TDD) group by a base station in a mobile
communication network, wherein the TDD group contains multiple TDD
configurations;

broadcasting TDD group information to a first user equipment (UE) via a system
information block (SIB), wherein the first UE is a legacy UE;

broadcasting a TDD reference configuration to the first UE via the SIB, wherein
the TDD reference configuration belongs to the TDD group; and

transmitting an instantaneous TDD configuration to a second UE, wherein the
instantaneous TDD reference configuration belongs to the TDD group, and wherein

the second UE is a new-released UE that supports dynamic TDD adaptation.

2. The method of Claim 1, wherein a radio frame contains ten downlink and
uplink subframes #0 to #9, and wherein the multiple TDD configurations in the same

TDD group have common subframes no less than subframes #0, #1, #2 and #5.

3. The method of Claim 1, wherein the TDD reference configuration has the
most common uplink (UL) subframes as compared to other TDD configurations in the

TDD group.

4. The method of Claim 1, further comprising:
changing to a second instantaneous TDD configuration within the same TDD

group without changing the TDD reference configuration.

5. The method of Claim 1, further comprising:

broadcasting a second TDD reference configuration to the first UE via the SIB,
wherein the second TDD reference configuration belongs to a second TDD group; and

changing to a second instantaneous TDD configuration that belongs to the

second TDD group.

6. The method of Claim 1, further comprising:

allocating random access resource in a specific UL subframe for the first UE,
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wherein the specific UL subframe is a common UL subframe to all multiple TDD

configurations in the TDD group.

7. The method of Claim 1, wherein a legacy information element (IE) in the SIB
is used to broadcast the TDD reference configuration for legacy UEs, and wherein an
extended IE in the SIB is used to broadcast the instantaneous TDD configuration for

new-released UEs.

8. The method of Claim 1, wherein a legacy random access resource
configuration information element (IE) is used for legacy UEs, and wherein an

extended random access configuration IE is used for new-released UEs.

9. The method of Claim 1, further comprising:
scheduling downlink (DL) data transmission in a DL subframe such that a
corresponding hybrid automatic repeat request (HARQ) feedback for the DL data

transmission is transmitted in a common UL subframe of the TDD group.

10. The method of Claim 1, further comprising:
allocating an UL grant in a DL subframe for UL data transmission such that UL

data is transmitted in a common UL subframe of the TDD group.

11. The method of Claim 1, further comprising:
scheduling UL data transmission in a UL subframe such that a corresponding
hybrid automatic repeat request (HARQ) feedback for the UL data transmission is

transmitted in a common DL subframe.

12. The method of Claim 11, further comprising:
suppressing UL retransmission if the UL retransmission may happen in an

inconsistent subframe.

13. A method comprising:
receiving time division duplex (TDD) group information by a user equipment
(UE) in a mobile communication network, wherein the TDD group information

contains one or more TDD groups having multiple TDD configurations;
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receiving a TDD reference configuration, wherein the TDD reference
configuration belongs to one of the TDD groups; and

performing measurements based on the TDD reference configuration if the UE is
a legacy UE, wherein the UE performs measurements based on an instantaneous TDD

configuration if the UE is a new-released UE that supports dynamic TDD adaptation.

14. The method of Claim 13, wherein a radio frame contains ten downlink and
uplink subframes #0 to #9, and wherein the multiple TDD configurations in the same

TDD group have common subframes no less than subframes #0, #1, #2 and #5.

15. The method of Claim 13, wherein the UE obtains the TDD reference
configuration from a legacy information element (IE) in a system information block
(SIB) if the UE is the legacy UE, and wherein the UE obtains the instantaneous TDD
reference configuration from an extended IE in the SIB if the UE is the new-released

UE.

16. The method of Claim 13, wherein the UE reads a legacy random access
resource configuration information element (IE) for random access if the UE is the
legacy UE, and wherein the UE reads an extended random access configuration IE for

random access if the UE is the new-released UE.

17. A user equipment (UE) comprising:

a receiver that receives time division duplex (TDD) group information in a
mobile communication network, wherein the TDD group information contains one or
more TDD groups having multiple TDD configurations, and wherein the receiver also
receives a TDD reference configuration that belongs to one of the TDD groups; and

a measurement module that performs measurements based on the TDD reference
configuration if the UE is a legacy UE, wherein the measurement module performs
measurements based on an instantaneous TDD reference configuration if the UE is a

new-released UE that supports dynamic TDD adaptation.

18. The UE of Claim 17, wherein a radio frame contains ten downlink and uplink
subframes #0 to #9, and wherein the multiple TDD configurations in the same TDD

group no less than common subframes than subframes #0, #1, #2 and #5.
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19. The UE of Claim 17, wherein the UE obtains the TDD reference
configuration from a legacy information element (IE) in a system information block
(SIB) if the UE is the legacy UE, and wherein the UE obtains the instantaneous TDD
reference configuration from an extended IE in the SIB if the UE is the new-released

UE.

20. The UE of Claim 17, wherein the UE reads a legacy random access resource
configuration information element (IE) for random access if the UE is the legacy UE,
and wherein the UE reads an extended random access configuration IE for random

access if the UE is the new-released UE.

22



WO 2014/111042 PCT/CN2014/070797

100
UL-DL SWITCH POINT SUBFRAME NUMBER
CONFIG PERIODICITY 0 1 2 3 4 5 6 7 8 9
0 5ms D S U U U D S U U U
1 5ms D S U U D D S U U D
101
2 5ms D S U D D D S U D D /

10ms pls|lufuifulp]|p|bpD

|*seoa,
w

cscscccsscscscchocsccscscscsscscsndoensascssslsscchrsapictbdoncsdoecscadecss

4 10ms D S U U D D D D

LI X L L X X ) X L L L L X X L L L L L ] e X b et ettt ettt
7 7

10ms pls|ufpiplbp|bp|oD

"ecea,
(8]

‘ ‘
cscscsccsscscscchocsccscscscsscscsndoensascssslsscchircapisbdoncsdoecscaadecas

6 5ms D S U U U D S U

QZOOX

CELL 1
TDD CONFIG 5

(9)

ISOLATED CELL,
CLUSTER~

__ DD CONFIG 5 > TDD CONFIG 3

1/12



WO 2014/111042 PCT/CN2014/070797

SERVING NEW LEGACY
ENB 301 UE 302 UE 303
INSTANTANEOUS TDD CONFIGURATION
(TDD GROUPING) 311
312
SOLUTION 1: TDD GROUPING/BROADCASTING/ADAPTATION 321
322
SOLUTION 2: RACH RESOURCE ALLOCATION AND PROCEDURE
SOLUTION 3: DL/UL DATA TRANSMISSION AND HARQ SCHEDULING 323
Figure 3
419 429
4(31 {7 “————-—=—- > %7 4(332
415 425
S 413 423 AN
SCHEDULER Vs \ TRANSMISSION
TRANSCEIVER TRANSCEIVER AND HARQ
I416 . . 426\
RESOURCE 1412 422\ RANDOM
ALLOCATION \ Y ACCESS
1417 PROCESSOR PROCESSOR €] 427\
TDD CONFIG/ A L
MEASUREMENT
GROUPING v s I\ v
48 MEMORY. 414 4p4 MEMORY 28
RRC S \ RRC
CONNECTION PROGRAM PROGRAM CONNECTION
MGMT & DATA & DATA MGMT

Figure 4




WO 2014/111042 PCT/CN2014/070797

501
UL-DL | SWITCH POINT SUBFRAME NUMBER 4
CONFIG | PERIODICITY 0'0 1 2“| 3 4 5 6 7 8 g‘\
3 10ms D|s|uju|luyD|D|D|D]|D
4 10ms D|s|uju|D{D|D|D|D|D
5 10ms \D|s|ufD|DXD|D|D|D| D
L yul - 'S -’
TDD GROUP #1-1
/502
UL-DL | SWITCH POINT SUBFRAME NUMBER
CONFIG | PERIODICITY §° 0 1 2% 3 4 4 5 6 7% 8 9
0 5ms D|s|UfuUu|UtD Uugu|lu
1 5ms D|s|uju|D¢D|s|ujul|D
2 5ms D|s|u}lDpD|D}D|s|u}D]|D
6 5ms WD |s|ufuflufp|s|ujtulD
TDD GROUP #1-2
Figure S5
601
UL-DL | SWITCH POINT SUBFRAME NUMBER
CONFIG | PERIODICITY 0'0 1 2“| 3 4 5 6 7 8 g‘\
3 10ms D|s|uju|luyD|D|D|D]|D
4 10ms D|s|uju|D{D|D|D|D|D
5 10ms \D|s|ufD|DXD|D|D|D| D
L yul - 'S -’
TDD GROUP #2-1 o02
UL-DL | SWITCH POINT SUBFRAME NUMBER
CONFIG | PERIODICITY ["0" 1 1 | 2N 3 | 4 F5 | 6] 7181 9
1 5ms D|s|uju|D¢D|s|u]jul|D
5ms D|s|ulD|D¢{¢D|s|u|D|D
6 5ms y D | s|UjJuU|UXD|s|U]|U| D
. - - -’
TDD GROUP #2-2 603
UL-DL | SWITCH POINT SUBFRAME NUMBER
CONFIG | PERIODICITY 0 1 2 3 4 5 6 7 8 9
0 5ms D|s|u|lu|lu|D|s|u]|Jul|u

TDD GROUP #2-3

Figure 6

3/12



WO 2014/111042 PCT/CN2014/070797
ULDL |SWITCH POINT SUBFRAME NUMBER 701
CONFIG PERIODICITY [ g 1 2“‘ 3 4 V5N 6 7 8 9
0 5ms D|s|u D§s|uUu|u]|u
1 5ms D|ls|lulu|D}D}{s|uUu]|uUu|D
2 5ms D|s|lutpD|D}Dy{s|U|D|D
3 10ms D|s|luUufju|luyDtD|D|D|D
4 10ms D|s|lulu|Dy{yD{D|D|D|D
5 10ms D|ls|lul!D|D}{D{D|D|D|D
6 5ms D |s|ufu|lukDds|u|u|D
TDD GROUP #3-1
Figure 7
SERVING NEW LEGACY
ENB 801 UE 802 UE 803
o INSTANTANEOUS TDD CONFIGURATION
Z — »
0 a (DEDICATED SIGNALING) )
810 O35 811
\{ Xtg
a3% TDD REFERENCE CONFIGURATION OF TDO GROUP 1
o »
< (BROADCASTING IN SIB 1)
: : 812
3z -
820\ l; O & | INSTANTANEOUS TDD CONFIGURATION
LL '
T z 2 (DEDICATED SIGNALING) )
230 821
o INSTANTANEOUS TDD CONFIGURATION
Z »
o= (DEDICATED SIGNALING) )
830 0% 831
| %E5
a3% TDD REFERENCE CONFIGURATION OF TDO GROUP 2
o »
< (BROADCASTING IN SIB 1) )
\ J 832

TDD GROUPING, SIB1 BROADCASTING, AND TDD CONFIG CHANGE

Figure 8

4/12



WO 2014/111042 PCT/CN2014/070797

UL-DL | SWITCH POINT ~~, SUBFRAME NUMBER

CONFIG | PERIODICITY [ [ 1 2y 3 | 4 | 5] 6| 7|86
3 10ms plsfuju|{u|[Dp|Dp|D|[D]|D
4 10ms plsluju|p|[p|DpD|D|D]|D
5 10ms p|lsfufpo|p|[bp|p|[Dp|D]|D

TDD GROUP #1-1

UL-DL | SWITCH POINT +~, SUBFRAME NUMBER -,

CONFIG | PERIODICITY [ | 1 i 2% 3 | 4 | 5 | 6 F7% 8 | o
0 5ms 5 sfujululo|sfujulu
1 5ms pDlsluju|{p|[bp|lsfujulD
2 5ms p|[siuip|[p|[bp|sfufp|D
6 5ms D|[s fujufulb|sffuiju]D

TDD GROUP #1-2

¥
.
.

»
«?

RESTRICTION ON RACH RESOURCE CONFIGURATION

Figure 9
SERVING NEW LEGACY
ENB 1001 UE 1002 UE 1003
TDD CONFIGURATION
(LEGACY AND EXTENDED IE IN SIB 1) 5 "
1011
PRACH RESOURCE CONFIGURATION
(LEGACY AND EXTENDED IE IN SIB 2) 5 "
1012
1013
RANDOM ACCESS PROCEDURE
1014
RANDOM ACCESS PROCEDURE

TDD AND RACH RESOURCE CONFIGURATION EXTENSION IN SIB

Figure 10

5/12



WO 2014/111042

PCT/CN2014/070797
1101 1102
eNB D U
‘ {
33
3 2 =
v 3 o I TIME sl
ER >
o 2.9 o
®, 0 )T
o 3
= S
Y
UE D U

DL DATA TRANSMISSION/RETRANSMISSION

Figure 11A

1110

UL-DL SUBFRAME NUMBER
CONFIG 0 1 2 3 4 5 6 7 8 9
0 - - 6 - 4 - - 6 - 4
1 7.6 4 7.6 4
2 87 77 - - - - 87 77
4,6 4,6
7.6
3 P 6,5 | 54
. ] ] 12,8, | 6,5,
7.11 | 4,7
13,
12,9,
5 - - 8,7,
57 47
11,6
6 - - 7 7 5 - - 7 7

HARQ TIMING — DL ASSOCIATION SET INDEX K FOR TDD

Figure 11B

6/12



WO 2014/111042 PCT/CN2014/070797

1120
UL-DL | SWITCH POINT SUBFRAME NUMBER
CONFIG | PERIODICITY [ [ 1 [¢ 2 % 3 2 151611713819
3 10ms B—| S [ U(1,56) u78 |uo9| b | b Fot+b-4>b
v
4 10ms D | S [fU0145 } U789 | D |D|D|D|D|D
1U(0,1,2,3,4
[ ] 3 &yl ™y
5 10ms D | s ' 56,78,9) + D D |[pD|lD|D|D]|D
TDD GROUP #1-1 1130
UL-DL SWITCH SUBFRAME NUMBER
POINT - - Tae s
CONFIG 1 peRiopICITY L A 4 S|{6fr 7 Y} 8 9
0 5ms B S u(e) u | uo) - s u(1) u | ues)
1 5ms D|[s ) us6) fuo | D | D | s} uop1 fu4 | D
2 5ms D | s Ju@4s568]) D D | D| s fueo13)] D D
6 5ms D[ s b UB Jue |uo|D|sp uo Jun| D
TDD GROUP #1-2
DL DATA TRANSMISSION/RETRANSMISSION
Figure 11C
1140
9
UL-DL SWITCH SUBFRAME NUMBER
POINT - S s s
CONFIG | pegiopicity| O [ 1 F 2 Y 3 4 | S|6¢y 7T Y8 o
1 5ms D|[s 4 us6) yuU9 | D [ D | st up1 Ju4 | D
5ms D | s ju@4568]) D D | D| s jueo013)}] D D
5ms D —S—_U(B) JU®6) | U9 | DS u@E) A u¢) b
TDD GROUP #2-2
1150
9
UL-DL SWITCH SUBFRAME NUMBER
CONFIG POINT
PERIODICITY | O [ 1 2 3 4 5 | 6 ’ 9
0 5ms D | s u(e) u |uo | b | s u(1) u | ues)

TDD GROUP #2-3

DL DATA TRANSMISSION/RETRANSMISSION

Figure 11D

7/12




WO 2014/111042

PCT/CN2014/070797

T | M1 E i
1201 1202 1203 1204
s i e s
eNB D U D U
\ | | 7
= < 2 S
3 2 = 32
S o » g o
! 1 i
UE D U D U
UL DATA TRANSMISSION/RETRANSMISSION
Figure 12A
1210
{
UL-DL SUBFRAME NUMBER
CONFIG 0 1 3 4 5 6 7 8 9
0 4 6 4 6
1 6 4 - 6 - - 4
2 4 4
3 4 4 4
4 4 4
5 4
6 7 7 7 7 - - 5

UL GRANT FOR UL TRANSMISSION/RETRANSMISSION

Figure 12B

8/12



WO 2014/111042 PCT/CN2014/070797

1220
9
UL-DL | SWITCH POINT SUBFRAME NUMBER
CONFIG | PERIODICITY 0 1,' 2 * 3 4 5 6 7 8
3 10ms b s u(8) u() U(o) D|D|D]| Db
4 10ms D | s u(8) u(9) D D|D|D|D]|D
5 10ms D|Sph U J D D D|D|D|D]|D
TDD GROUP #1-1
1230
9
UL-DL SWITCH SUBFRAME NUMBER
POINT 3 - ; -
CONFIG | beriopiciTy Ty o2 Yy 8 4 5|61 7 8 o
0 5ms B— S | U(6) U u@©) 18— S § U() u | us
1 5ms D| s} ue | uo D D| s} u1 tua | D
2 5ms D | s} ue D D D | s} u@a D D
6 5ms D | S hUS 4 U6 | U9 [D|s \uo U1 | D
TDD GROUP #1-2
UL DATA TRANSMISSION/RETRANSMISSION
Figure 12C
1240
9
UL-DL SWITCH SUBFRAME NUMBER
CONFIG POINT )’ ~ )’ *
PERIODICITY | O [ 1 2 3 4 5| 6 7 8 9
1 5ms D| s ue | uo D D| st u1 tu4 | D
5ms D | S § U@ D D D | S U@ D D
5ms D S _U(5) 4 U6 | U®) | D |—s— U 4 U1 B
TDD GROUP #2-2
1250
9
UL-DL SWITCH SUBFRAME NUMBER
CONFIG POINT
PERIODICITY| O | 1 2 3 4 5 [ 6 ’ 8 9
0 5ms D | s | ues u uo)y | D | s | un u | ues)

TDD GROUP #2-3

UL DATA TRANSMISSION/RETRANSMISSION

Figure 12D

9/12




WO 2014/111042 PCT/CN2014/070797
1310
)
UL-DL SUBFRAME NUMBER
CONFIG [ ¢ 1 2 3 4 5 6 7 8 9
0 - - 4 7 6 - - 4 7 6
1 - - 4 6 - - - 4 6 -
2 - - 6 - - - - 6 - -
3 - - 6 6 6 - - - - -
4 - - 6 6 - - - - - -
5 - - 6 - - - - - - -
6 - - 4 6 6 - - 4 7 -
HARQ TIMING FOR UL DATA TRANSMISSION
Figure 13A
1320
5
UL-DL | SWITCH POINT SUBFRAME NUMBER
CONFIG | PERIODICITY 0 11 213]als5 16l 7F 8 9 9
3 10ms D4 [s|u|lu|u|D|D|D?!D@1}{DE
4 10ms D s|u|lu|D|D|D|D§{DE@ ¢ DE
5 10ms D s|u|pb|D|D|D|D}D@2,4 D
TDD GROUP #1-1
1330
S
UL-DL SWITCH SUBFRAME NUMBER
CONFIG POINT 1 6 "
PERIODICITY| O § 1 ¢y 2 | 3 4 S 6 V7| 8 9
0 5ms DEHY ST § U | U U [DB9Y S ¢ U | U u
1 5ms D ysmiuUu| U [DB| D ts2fu| U | DE
2 5ms D s {u|bm| D D s {u|DR | D
6 5ms D) RS A U | U U [DE ks@ 4t u| U | DE

TDD GROUP #1-2

HARQ FOR UL DATA TRANSMISSION

Figure 13B

10/12




WO 2014/111042 PCT/CN2014/070797
1340
§
UL-DL SWITCH SUBFRAME NUMBER
CONFIG POINT r— s
PERIODICITY 0 1 ¢4 2 3 4 5 6 4y 7 8 9
1 5ms D isnpjul| u |DB| D Isa}u|l U |DE
5ms D s {u|lD?| D D s {u|lD@E | D
5ms D@4) pS(MHJ U | U U | D@ ps(24 U | U |DQ
TDD GROUP #2-2
1350
§
UL-DL SWITCH SUBFRAME NUMBER
CONFIG |~ OINT
PERIODICITY | O 1 2] 3 4 5 6 [ 7] 8 9
0 5ms DEAH|s@® | U | U u [DB9|s@ | u| U u
TDD GROUP #2-3
HARQ FOR UL DATA TRANSMISSION
Figure 13C
1361 1362 1363 1364 1365
9 9 9 9 9
0 2345 71890 2|3 sle|7|s]|o|o0 3lals|e
p{sf{ufulu|Dp]|s|u|u|Dp]|D ulu Dfs{uf{ulp|D]|s U D|s
T A T I y
\ | = | | &
|
= [ < Ez0 I @
1 Z ny O wn Zolw _ NZ
TDD (e EE,' S Lx € Zjo g /=
CONFIG 6 ' 9 iy b2 9EQ NS
(=) | L # =] ;r ]
| I g | | -
| I [0 | I LU
\ ! < | | @
h 4 ! I v v !
0 ulufufp|s|ufu|p]|D ulufu|{p|s|u|u|Dp]|D]s ulufp|s
D{s|[2(3]|4]5]|6]|7]|8]9]0 2|3 s|le|7]|s 0 3lals|e

UL DATA RETRANSMISSION SUPPRESSION

Figure 13D

11/12




WO 2014/111042

v

PCT/CN2014/070797

DETERMINE A TDD GROUP BY A BASE STATION IN A MOBILE
COMMUNICATION NETWORK, THE TDD GROUP CONTAINS
MULTIPLE TDD CONFIGURATIONS

~— 1401

h 4

BROADCAST TDD GROUP INFORMATION TO A FIRST LEGACY UE
VIA A SYSTEM INFORMATION BLOCK

~ 1402

h 4

BROADCAST A TDD REFERENCE CONFIGURATION TO THE
FIRST UE VIA THE SIB, THE TDD REFERENCE CONFIGURATION
BELONGS TO THE TDD GROUP

~ 1403

h 4

TRANSMIT AN INSTANTANEOUS TDD CONFIGURATION TO A
SECOND NEW RELEASED UE, THE INSTANTANEOUS TDD
CONFIGURATION BELONGS TO THE TDD GROUP

~ 1404

h 4

[ END |

Figure 14

v

RECEIVE TDD GROUP INFORMATION BY A UE IN A MOBILE
COMMUNICATION NETWORK, THE TDD GROUP INFORMATION
CONTAINS ONE OR MORE TDD GROUPS HAVING MULTIPLE TDD
CONFIGURATIONS

~— 1501

h 4

RECEIVE A TDD REFERENCE CONFIGURATION THAT BELONGS
TO ONE OF THE TDD GROUPS

~ 1502

h 4

PERFORM MEASUREMENTS BASED ON THE TDD REFERENCE
CONFIGURATION IF THE UE IS A LEGACY UE, PERFORM
MEASUREMENTS BASED ON AN INSTANTANEOUS TDD
CONFIGURATION IF THE UE IS A NEW RELEASED UE

~ 1503

A 4

( END )
Figure 15

12/12



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2014/070797

A. CLASSIFICATION OF SUBJECT MATTER
HO4W 72/04(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W, HO4Q, HO4L, HO4B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNTXT;CNABS;VEN;  CNKLduplex, &, B, legacy, JBA, WOEHR, time, ve, &R, 7Wi, FP&&, &
A, lte, BEE, new, BEW), IH, old, WAL, Hi¥, division, uve?, ¥, tdd, FRE, 404

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN 102832989A (HUAWEI TECHNOLOGIES CO.,LTD.) 19 December 2012 (2012-12-19) 1-20
description, paragraphs [0033] to [0038] and [0047]

A WO 2012106840A1 (( RENESAS MOBILE CORP.)) 16 August 2012 (2012-08-16) 1-20

the whole document

A CN 102843732A (HUAWEI TECHNOLOGIES CO.,LTD.) 26 December 2012 (2012-12-26) 1-20

the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

#  Special categories of cited documents:

«x» document defining the general state of the art which is not considered ~ «» later document published after the international filing date or priority
A i date and flict with the appl b d to understand th
to be of particular relevance ate and not 1n conflict w1 ¢ application but cited to understand the

, earlier application or patent but published on or after the international principle or theory underlying the invention

“E filing date ey document of particular relevance; the claimed invention cannot be
d hich th doub iority clai hich i considered novel or cannot be considered to involve an inventive step
«p» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other K . . .
special reason (as specified) wy» document of particular relevance; the claimed invention cannot be
d ferri al discl <hibiti th considered to involve an inventive step when the document is
“0” ni:ecalg;lem referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

being obvious to a person skilled in the art
pr document published prior to the international filing date but later than .. & document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
11 April 2014 30 April 2014
Name and mailing address of the ISA/ Authorized officer

STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA(ISA/CN)

6,Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, LIU,Jia
China
100088 China

Facsimile No. (86-10)62019451 Telephone No. (86-10)62412046

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2014/070797
. Pat&.ant document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 102832989A 19 December 2012 WO  2012171465A1 20 December 2012
WO 2012106840A1 16 August 2012 None
CN 102843732A 26 December 2012 WO 2012175019A1 27 December 2012

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

