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RADIO COMMUNICATION METHODS AND
RADIO COMMUNICATION DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of the
Singapore patent application No. 10201501312X filed on 23
Feb. 2015, the entire contents of which are incorporated
herein by reference for all purposes.

TECHNICAL FIELD

[0002] Embodiments relate generally to radio communi-
cation methods and radio communication devices.

BACKGROUND

[0003] Discontinuity among the different networks arises
as a severe issue in HetNet. To support the interoperability
among the networks, seamless connectivity may be a key
challenge and it is desired to be realized to achieve the full
benefit of the HetNet. When a UE is moving out from the
coverage area of a currently connecting cell (which may be
referred to as serving cell), the UE may need to detach from
the serving cell and reattach to another cell (which may be
referred to as target cell). This procedure may be referred to
as a handover (HO). The serving cell sends a HO command
to UE. If the UE fails to obtain the HO command, HO failure
(HOF) happens. Therefore, seamless mobility is one of the
most important requirements for HetNet.

SUMMARY

[0004] According to various embodiments, a radio com-
munication method may be provided. The radio communi-
cation method may include: determining in a cell at least one
first subframe; determining in the cell at least one second
subframe; allocating downlink user traffic in the cell during
the first subframe with a low priority; and transmitting a
handover command to a user equipment based on the second
subframe.

[0005] According to various embodiments, a radio com-
munication device may be provided. The radio communi-
cation device may include: a determination circuit config-
ured to determine in a cell defined by the radio
communication device at least one first subframe and at least
one second subframe; an allocation circuit configured to
allocate downlink user traffic in the cell during the first
subframe with a low priority; and a handover circuit con-
figured to transmit a handover command to a user equipment
based on the second subframe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In the drawings, like reference characters generally
refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the
invention. In the following description, various embodi-
ments are described with reference to the following draw-
ings, in which:

[0007] FIG. 1A shows a flow diagram illustrating a radio
communication method according to various embodiments;
[0008] FIG. 1B shows a radio communication device
according to various embodiments;
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[0009] FIG. 1C shows a radio communication device
according to various embodiments;

[0010] FIG. 2 shows a schematic flowchart of a handover
(HO) procedure according to various embodiments;

[0011] FIG. 3 shows an illustration of a measurement
report according to various embodiments;

[0012] FIG. 4 shows an illustration of a measurement
event A3 triggering and PDCCH decoding failure according
to various embodiments;

[0013] FIG. 5 shows an illustration of a CRS collision
according to various embodiments;

[0014] FIG. 6 shows an illustration of an Almost blank
subframe (ABS) in one radio frame according to various
embodiments;

[0015] FIG. 7 shows an illustration of an enhanced inter-
cell interference coordination (eICIC) in HetNet according
to various embodiments;

[0016] FIG. 8 shows an illustration of a schematic flow-
chart of HO procedure with HOP subframe according to
various embodiments;

[0017] FIG. 9 shows an illustration of a physical HOP
subframe assignment module according to various embodi-
ments;

[0018] FIG. 10 shows an illustration of a mapping from
logical HOP subframe to physical HOP subframes according
to various embodiments;

[0019] FIG. 11 shows an illustration of a target cell
candidate selection module according to various embodi-
ments;

[0020] FIG. 12 shows an illustration of a subframe selec-
tion for HO command transmission model according to
various embodiments; and

[0021] FIG. 13 shows an illustration of a physical HOP
subframe selection module for RAR according to various
embodiments.

DESCRIPTION

[0022] Embodiments described below in context of the
devices are analogously valid for the respective methods,
and vice versa. Furthermore, it will be understood that the
embodiments described below may be combined, for
example, a part of one embodiment may be combined with
a part of another embodiment.

[0023] In this context, the radio communication device as
described in this description may include a memory which
is for example used in the processing carried out in the radio
communication device. A memory used in the embodiments
may be a volatile memory, for example a DRAM (Dynamic
Random Access Memory) or a non-volatile memory, for
example a PROM (Programmable Read Only Memory), an
EPROM (Erasable PROM), EEPROM (Electrically Eras-
able PROM), or a flash memory, e.g., a floating gate
memory, a charge trapping memory, an MRAM (Magne-
toresistive Random Access Memory) or a PCRAM (Phase
Change Random Access Memory).

[0024] In an embodiment, a “circuit” may be understood
as any kind of a logic implementing entity, which may be
special purpose circuitry or a processor executing software
stored in a memory, firmware, or any combination thereof.
Thus, in an embodiment, a “circuit” may be a hard-wired
logic circuit or a programmable logic circuit such as a
programmable processor, e.g. a microprocessor (e.g. a Com-
plex Instruction Set Computer (CISC) processor or a
Reduced Instruction Set Computer (RISC) processor). A
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“circuit” may also be a processor executing software, e.g.
any kind of computer program, e.g. a computer program
using a virtual machine code such as e.g. Java. Any other
kind of implementation of the respective functions which
will be described in more detail below may also be under-
stood as a “circuit” in accordance with an alternative
embodiment.

[0025] Heterogeneous networks, which may also be
referred to as HetNet, may include various types of service
clusters, physically, such as small cells, for example femto-
cells, pico-cells, and micro-cells, and macro cells. The
HetNet may also include functionally, such as 2G, 3G, 4G,
and wireless local area networks (WLAN). The HetNet
architecture may significantly improve the system spectrum
efficiency. In HetNet, small cells with low transmission
power may be overlain over the coverage area of a high-
power macro cell. Since the transmission distance between
a mobile radio communication device (for example a user
equipment (UE)) and a small cell is shorter than that
between a UE and a macro cell, significant performance gain
may be obtained from the mitigation of path loss. Further-
more, the diversity effect of the various networks in HetNet
may enable to support the high demands in communications
anytime, anywhere, and to anyone and anything. Thus, the
HetNet becomes one of the key and promising technology in
future communication systems.

[0026] Discontinuity among the different networks arises
as a severe issue in HetNet. To support the interoperability
among the networks, seamless connectivity may be a key
challenge and it is desired to be realized to achieve the full
benefit of the HetNet. When a UE is moving out from the
coverage area of a currently connecting cell (which may be
referred to as serving cell), the UE may need to detach from
the serving cell and reattach to another cell (which may be
referred to as target cell). This procedure may be referred to
as a handover (HO). The serving cell sends a HO command
to UE. If the UE fails to obtain the HO command, HO failure
(HOF) happens. Therefore, seamless mobility is one of the
most important requirements for HetNet. In literature, a
number of HO criterions have been proposed to increase the
efficiency and reduce the network cost such as bandwidth
and network latency to provide the service. However, little
work has been done to reduce the HOF.

[0027] In most of the advanced wireless communication
systems, e.g., 3rd generation partnership project (3GPP)
long-term evolution (LTE)/LTE-Advanced (LTE-A) net-
works, orthogonal resource based transmission is adopted.
Each cell allocates orthogonal resources such as time slots or
frequency bands to different users so that they do not
mutually interfere with each other. However, due to the
limited resource, the same resource should be reused at
neighboring cells. Since a HO UE (in other words, a UE
which is to perform HO) is generally located at the cell edge
of'the serving cell, the UE is subjected to strong interference
from neighboring cells. Therefore, how to reduce such
interference during HO procedure has been a challenging
issue. This issue becomes even more relevant in HetNet
where a macro-cell may overlap with a number of small
cells.

[0028] According to various embodiments, a context-
aware resource reservation strategy for HOF reduction in
orthogonal resource-based wireless communication system
may be provided. The strategy according to various embodi-
ments may utilize the user/network-context information to
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preserve a specific resource, e.g., time-slot and frequency
band, for HO procedure so that the HO UE can receive HO
command from the serving cell with less interference.
According to various embodiments, a handover command
protection (HOP) subframe may be provided as a specific
context-aware preserved resource. The physical HOP sub-
frames may include (or may be) multiple subframes that can
be configured as an almost blank subframe (ABS) in each
radio frame. Each cell is assigned to multiple logical HOP
subframes according to its locally unique physical cell
identity (PCI) and network-context information, i.e., traffic
load. The assigned physical HOP subframes have the lowest
priority for downlink user traffic allocation at each cell. Each
cell may try and avoid as much as possible allocating
downlink user traffic to the assigned physical HOP sub-
frames. During HO, the serving cell selects one of the
physical HOP subframes except its own physical HOP
subframe and sends the HO command to the served UE.
Thereby, the interferences from other cells including the
target cell can be reduced. Since the HOP subframe reser-
vation is highly possible when the traffic load is low, the
HOF rate reduces as the traffic load decreases in the net-
works. Hence, when the traffic load in a target cell reduces,
the higher interference mitigation effect becomes more
effective, resulting in lower HOF rate.

[0029] In LTE/LTE-A networks, the HO procedure may
start with the UE sending a measurement report to the
serving cell. The measurement report contains the PCI of the
neighboring cells and their reference signal received power
(RSRP) values. This enables the serving cell to calculate the
location of the HOP subframe of the neighboring cells from
the PCI list. Thus, the serving cell utilizes that information
to recognize the HOP subframes of the neighboring cells and
use one of them to send HO command to the HO UE.
Methods and devices according to various embodiments
may be backward compatible and may require neither addi-
tional signaling/overhead nor protocol modification of the
current 3GPP standard. The methods and devices according
to various embodiments can be generally employed to
homogeneous networks as well.

[0030] To further improve the effectiveness of the strategy
according to various embodiments, the user-context infor-
mation can be utilized. The neighboring cells the UE needs
to monitor may be instructed by the serving cells. To select
the neighboring cells for monitoring, the serving cell may
utilize the UE-context information, e.g., travelling speed and
travelling direction. By this, the serving cell selects the HOP
subframe with more efficient way.

[0031] According to various embodiments, context-aware
handover methods and devices may be provided.

[0032] FIG. 1A shows a flow diagram 100 illustrating a
radio communication method according to various embodi-
ments. In 102, at least one first subframe (in other words:
portion of a frame) may be determined in a cell. In 104, at
least one second subframe may be determined in the cell. In
106, downlink user traffic in the cell during the first sub-
frame may be allocated with a low priority. In 108, a
handover command may be transmitted to a user equipment
based on the second subframe.

[0033] Inother words, at least one first portion and at least
one second portion of a frame structure may be determined,
and downlink user traffic may be avoided whenever possible
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during the first portion and in case of a desired handover, a
user equipment may be instructed to make use of the second
portion for the handover.

[0034] According to various embodiments, the at least one
first subframe may be at least one handover command
protection subframe of the cell.

[0035] According to various embodiments, the at least one
second subframe may be at least one handover command
protection subframe of a neighboring cell of the cell.
[0036] According to various embodiments, determining
the at least one first subframe may include or may be
determining at least one first logical subframe.

[0037] According to various embodiments, the radio com-
munication method may further include mapping the at least
one first logical subframe to at least one physical subframes
to determine the at least one first subframe.

[0038] According to various embodiments, the at least one
second subframe may be determined based on at least one of
a measurement report, measured traffic load information, or
traffic load information exchanged over an X2 link.

[0039] According to various embodiments, the at least one
first subframe may be determined based on traffic load
information of the cell and its physical cell identity.
[0040] According to various embodiments, the radio com-
munication method may further include grouping a plurality
of user equipments based on user equipment context infor-
mation.

[0041] According to various embodiments, the radio com-
munication method may further include determining user
profiling information. According to various embodiments,
the handover command may be transmitted to the user
equipment based on the user profiling information.

[0042] According to various embodiments, the user pro-
filing information may include at least one of a traveling
pattern of the user or routing information of the user.
[0043] FIG. 1B shows a radio communication device 110
(for example a base station, for example a Node B) accord-
ing to various embodiments. The radio communication
device 110 may include a determination circuit 112 config-
ured to determine in a cell defined by the radio communi-
cation device 110 at least one first subframe and at least one
second subframe. The radio communication device 110 may
further include an allocation circuit 114 configured to allo-
cate downlink user traffic in the cell during the first subframe
with a low priority. The radio communication device 110
may further include a handover circuit 116 configured to
transmit a handover command to a user equipment based on
the second subframe. The determination circuit 112, the
allocation circuit 114, and the handover circuit 116 may be
coupled with each other, like indicated by lines 118, for
example electrically coupled, for example using a line or a
cable, and/or mechanically coupled.

[0044] According to various embodiments, the at least one
first subframe may be at least one handover command
protection subframe of the cell.

[0045] According to various embodiments, the at least one
second subframe may be at least one handover command
protection subframe of a neighboring cell of the cell.
[0046] According to various embodiments, the determi-
nation circuit 112 may be configured to determine at least
one first logical subframe.

[0047] According to various embodiments, the determi-
nation circuit 112 may be configured to map the at least one
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first logical subframe to at least one physical subframes to
determine the at least one first subframe.

[0048] According to various embodiments, the determi-
nation circuit 112 may be configured to determine the at least
one second subframe based on at least one of a measurement
report, measured traffic load information, or traffic load
information exchanged over an X2 link.

[0049] According to various embodiments, the determi-
nation circuit 112 may be configured to determine the at least
one first subframe based on traffic load information of the
cell and its physical cell identity.

[0050] FIG. 1C shows a radio communication device 120
(for example a base station, for example a Node B) accord-
ing to various embodiments. The radio communication
device 120 may, similar to the radio communication device
110 shown in FIG. 1B, include a determination circuit 112
configured to determine in a cell defined by the radio
communication device 120 at least one first subframe and at
least one second subframe. The radio communication device
120 may, similar to the radio communication device 110
shown in FIG. 1B, further include an allocation circuit 114
configured to allocate downlink user traffic in the cell during
the first subframe with a low priority. The radio communi-
cation device 120 may, similar to the radio communication
device 110 shown in FIG. 1B, further include a handover
circuit 116 configured to transmit a handover command to a
user equipment based on the second subframe. The radio
communication device 120 may further include a grouping
circuit 122, like will be described in more detail below. The
radio communication device 120 may further include a
profiling circuit 124, like will be described in more detail
below. The determination circuit 112, the allocation circuit
114, the handover circuit 116, the grouping circuit 122, and
the profiling circuit 124 may be coupled with each other, like
indicated by lines 126, for example electrically coupled, for
example using a line or a cable, and/or mechanically
coupled.

[0051] According to various embodiments, the grouping
circuit 122 may be configured to group a plurality of user
equipments based on user equipment context information.

[0052] According to various embodiments, the profiling
circuit 124 may be configured to determine user profiling
information. According to various embodiments, the han-
dover circuit 116 may be is configured to transmit the
handover command to the user equipment based on the user
profiling information.

[0053] According to various embodiments, the user pro-
filing information may include or may be at least one of a
traveling pattern of the user or routing information of the
user.

[0054] Inthe following, a summary of handover procedure
in 3GPP LTE/LTE-A networks will be given.

[0055] The serving cell may send a radio resource control
(RRC) message (RRCConnectionReconfiguration message)
to a UE. This RRC message may include the neighboring
cell list the UE needs to monitor and the specific event on
which the UE should send a measurement report [A-1].

[0056] FIG. 2 shows an diagram 200 illustrating a HO
procedure.

[0057] In the following, event trigger will be described.
[0058] The UE measures the RSRP values of neighboring

cells as instructed by the serving cell [A-2]. One of the
specific events is Event A3 [A-3]. Event A3 is defined as the
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condition when the signal strength of a neighboring cell
becomes larger than that of the serving cell with an A3
offset:

PAA3<P, (6]

where P, and P, are the RSRP values of the serving cell and
the target cell, and A ; is the A3 offset (dB).

[0059] FIG. 3 shows an illustration 300 of a measurement
report according to various embodiments.

[0060] Once Event A3 is triggered and the condition holds
longer than a predetermined time-to-trigger (TTT) period, T,
(sec) (JA-4, A-5, A-6]), UE 304 sends measurement report
310 to its serving cell 306 ([A-7]). This may for example be
triggered by the RRCConnectionReconfiguration message
308. The measurement report 310 includes the received
signal strength, i.e., RSRP, and PCI of the neighboring cells
302 (like illustrated by 312 in FIG. 3). Once the specific
event happens, the UE sends MeasurementReport message,
which includes MeasResults information element (IE), to
the serving cell. The report includes the specific information
such as RSRP values of its serving cell and neighboring
cells.

[0061] In the following, HO preparation will be described.
[0062] Upon the successful receipt of the measurement
report from the UE, the serving cell decides whether the HO
should be triggered and to which cell the UE should be
handed over, i.e., a target cell decision [A-8]. Once the
decisions are made, the serving cell exchanges the required
information with the target cell. This process takes T, (sec)
[A-9, A-10]. Then, the decision and information required for
HO are stored in MobilityControllnfo container and
informed to UE by an RRCConnectionReconfiguration mes-
sage, which is sent via physical downlink shared channel
(PDSCH) [A-11]. The resource allocation information of the
PDSCH containing an RRCConnectionReconfiguration
message is notified to UE by control information in physical
downlink control channel (PDCCH). If the channel quality
indicator (CQI) is below the threshold, i.e., CQL<Q,, [A-
12], the UE fails to decode the control information in
PDCCH and therefore HOF is declared [A-19].

[0063] In the following, HO execution will be described.
[0064] If UE successfully receives HO command, the UE
detaches from the serving cell and tries to synchronize to the
target cell via random access (RA) procedure [A-13]. After
RA to the target cell, the UE monitors the random access
response (RAR) from the target cell. The window size for
this monitoring is T, (sec) [A-14, A-15]. [f RAR is success-
fully received within T, (sec) [A-16, A-17], HO procedure is
complete [A-18]. If UE fails to decode the RAR, ie.,
CQI,<Q,,, [A-17], HOF is declared [A-19].

[0065] In the following, a problem of handover procedure
will be described.

[0066] If CQI, is below Q,_,, when the HO command is
transmitted, the UE cannot correctly receive the command
from the serving cell [A-12]. This is mainly due to the fact
that the HO UE is moving away from the serving cell.
Therefore, the signal power from the serving cell is decreas-
ing (like illustrated by 402 in FIG. 4, which shows an
illustration 400 of a measurement event A3 triggering and
PDCCH decoding failure according to various embodi-
ments) while the interference from neighboring cells
increases (like illustrated by 404). To avoid such a situation,
a kind of coordination is necessary for the HO command
transmission. On the other hand, if CQL, is below Q,,,, when
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the RAR is transmitted, the UE cannot correctly receive the
RAR from the target cell [A-17]. This is because sometimes
the HO UE still receives the signal from the serving cell with
sufficiently high power.

[0067] In LTE/LTE-A networks, the control information is
conveyed in the unit of logical control channel element
(CCE). The logical CCE is mapped onto physical resource
element groups (REGs), which are distributed over whole
system frequency band, via a static pseudo-random inter-
leaving and cyclic shift and UE-specific mapping offset. The
static pseudo-random interleaving and cyclic shift are
applied at each cell based on the PCI. The UE-specific
mapping offset is determined by UE’s cell-radio network
temporary identity (C-RNTI) and subframe index. Different
from user data scheduling in PDSCH, the scheduling of
control information signaling in PDCCH is inflexible. This
inflexibility of resource allocation makes control informa-
tion vulnerable to the interference. To overcome this inflex-
ibility, in LTE Rel.11, enhanced PDCCH (ePDCCH) has
been introduced. Different from legacy PDCCH, ePDCCH is
frequency-multiplexed within PDSCH region and can be
scheduled to UEs in an interference-aware manner. How-
ever, ePDCCH is not available to legacy handsets.

[0068] In the following, parameter optimization will be
described.
[0069] One of the main causes of PDCCH decoding

failure may be delay of the measurement report due to TTT.
As shown in FIG. 4, a UE may wait T, sec before sending
measurement report to its serving cell. If the UE is moving
fast, the RSRP value of the serving cell rapidly decreases
and results in low signal-to-interference plus noise ratio
(SINR). To avoid such situations, TTT value may be scaled
based on the knowledge of UE’s mobility state (low,
medium, and high). UE’s mobility state may be obtained by
counting the number of HO’s or cell selections during
observation time window duration (TcRmax), which is
broadcasted by the network through system information
block 3 (SIB3). If UE’s mobility state is considered as either
medium or high, the TTT value is scaled down, so that the
impact of the delay due to TTT can be reduced.

[0070] In the following, RRC diversity will be described.

[0071] An RRC diversity may be a potential solution for
improving mobility robustness, especially in HetNet. With
the RRC diversity, the HO related RRC signaling could
additionally be transmitted from or to a potential target cell.
Radio link failure (RLF) may be prevented as long as a UE
is able to maintain a connection to at least one of the cells.
This may eventually lead to a more successful HO perfor-
mance (i.e. avoiding UE RRC re-establishment procedure).
The RRC diversity scheme may be also applied to HO from
a macro cell to a small cell, HO between macro cells, and
HO between small cells.

[0072] In the following, PCI optimization and adaptive
C-RNTI will be described.

[0073] In HetNet, where high-power macro cells and
low-power small cells coexist, the interference issue in
PDCCH region may also be a critical problem. A concept of
orthogonally-filled subframe (OFS) may be provided,
wherein PCI optimization and adaptive C-RNTI manage-
ment may be provided in order to orthogonalize the occu-
pied PDCCH regions of a macro cell and a small cell.

[0074] In the following, physical cell Identity (PCI) and
control signals will be described.
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[0075] In LTE/LTE-A networks, each cell has a unique
PCI, which is a locally assigned index between 0 and 503.
The number of PDCCH orthogonal frequency division mul-
tiplexing (OFDM) symbols varies from 1 to 3, which
depends on traffic load and is broadcasted to each network
through a physical control format indicator channel (PC-
FICH). If a UE fails to decode PCFICH, it also cannot
decode the PDCCH. For RSRP measurement and PDCCH
demodulation, cell-specific reference signal (CRS) is mul-
tiplexed across time-and-frequency resource elements (RE)
in each physical resource block (PRB). If the neighboring
cells are transmitting the CRS on the same RE, collision
happens like illustrated for a UE 510 shown in the illustra-
tion 500 of FIG. 5. This collision incurs the inaccurate RSRP
measurement and PDCCH demodulation error, resulting in
significantly degradation of system performance. FIG. 5
shows a time-and-frequency resource elements scheme 502
of a first cell 504, and a time-and-frequency resource ele-
ments scheme 506 of a second cell 508.

[0076] To avoid the frequent collisions among CRSs and
among PCFICHs, in LTE/LTE-A networks, a frequency
domain offset may be introduced to the RE locations of
PCFICH and CRS according to the PCI. Let us denote the
PCI of cell i by Q,e[0, . . . 503]. The CRS of the antenna port
pel0,1] may be mapped onto REs with a time-domain
symbol index n, , and a frequency-domain subcarrier index
k,, as follows:

{ nip =0 2

kip = 6m + (v, + mod(veis, 6))

where me[0, . .., 2N, ®%-1] (N, %% is the number of RBs),
Vshiﬁ:mod(Qi,6), and

_ 0, p=0 (3
V"_{3, p=1
[0077] By defining a resource element group (REG),

which consists of four consecutive non-CRS REs, the four
quadruplets q of PCFICH REs are mapped onto four REGs.
The lowest-index RE has the following indices:

Mg =0 @
. NDL
kip = mod(k + 6{%} 12N,€,§]
k = 6mod(Q;, 2N5E)
g€l0,3]

[0078] Egs. (2) and (4) show that the frequency domain
offset is applied to the locations of CRS and PCFICH
according to the PCI value of the cell. When the cell is
deployed by the operator, the PCI assignment to each cell is
carried out so that the collision of REs of PCFICH and CRS
can be reduced. This is the key observation for the proposed
strategy.

[0079] In the following, almost blank subframe (ABS)
will be described.
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[0080] In HetNet, the cell-edge UE in a small cell is
subjected to huge interference from a high-power macro
cell. This interference negatively offset the performance gain
obtained by HetNet over the conventional homogeneous
networks, where only high-power macro cells operate. To
overcome this interference issue, an enhanced inter-cell
interference coordination (eICIC) may be provided in 3GPP
LTE Rel.10. In the eICIC, a high-power macro cell transmits
no control and user data signals during predetermined sub-
frames, which are called almost blank subframes (ABSs).
During ABS, the low-power small cell allocates control and
user data signals to its serving the small cell boundary UEs
without the devastating interference from the macro cell.
3GPP LTE/LTE-A adopts subframe based transmission
structure 600 as shown in FIG. 6. In 3GPP LTE/LTE-A,
almost blank subframe (ABS) may be provided for enhanced
inter-cell interference coordination (eICIC) in order to
improve the performance of UE in small cell boundary. The
available ABSs are 1st, 2nd, 3rd, 6th, 7th, 8th subframes
with the subframe indices 1, 2, 3, 6, 7, and 8 as shown in
FIG. 6. Therefore, the number of available ABSs is 6. The
other remaining 4 subframes contain essential control/ref-
erence signals such as primary synchronization signal (PSS),
secondary synchronization signal (SSS), physical broadcast
channel (PBCH), and paging. Therefore, those 4 subframes
cannot be set to be an ABS.

[0081] During ABS transmission, the high-power macro
cell 702 does not transmit any signal except for CRS as
shown in illustration 704 of a frame in the illustration 700 of
FIG. 7. The ABS pattern information 706 is transferred to
neighboring small cells via an X2 logical link in 40 bits
bitmap (for duration of 40 msec). During ABSs, a small cell
708 may transmit cell-boundary UE’s data 710 to avoid
huge interference from high-power macro cell. On the other
hand, the UEs who are closed to the center of small cell
coverage, i.e., the UEs (like UE 712) who are not suffering
huge interferences from the macro cell, can be allocated to
any of all subframes 714.

[0082] In the following, a handover command protection
(HOP) subframe according to various embodiments will be
described.

[0083] According to various embodiments, a handover
command protection (HOP) subframe, may be provided as
a specific realization of the context aware resource reserva-
tion strategy. The physical HOP subframes may include or
may be multiple subframes with reduced transmission power
such as an almost blank subframe (ABS) in each radio
frame. Signaling of HOP subframes may be implicit or
explicit. In the case of implicit signaling, the assignment of
physical HOP subframes to each cell may be performed in
two steps. Firstly, one of logical HOP subframes is assigned
to each cell according to its locally unique physical cell
identity (PCI). Then, a mapping function may assign one or
multiple physical HOP subframes to each logical HOP
subframe based on the traffic load of each cell. In the case
of explicit signaling, the physical HOP subframe assignment
information may be exchanged based on explicit signaling
over inter-cell communications (e.g. via X2 or mobility
management entity (MME) interfaces).

[0084] The assigned physical HOP subframes may have
the lowest priority for downlink user traffic allocation at
each cell. Each cell may try and avoid as much as possible
allocating downlink user traffic to the assigned physical
HOP subframes. During HO, the serving cell selects one of
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the physical HOP subframes except its own physical HOP
subframe and sends the HO command to the served UE.
Thereby, the interferences from other cells including the
target cell can be reduced. Since the HOP subframe reser-
vation is highly possible if the traffic load is low, a HOF ratio
reduces as a traffic load decreases in the networks.

[0085] FIG. 8 shows a schematic flowchart 800 of HO
procedure that takes into account the HOP subframe and
context-aware target cell selection.

[0086] In the following, a handover command Protection
(HOP) subframe assignment module (which may be referred
to as “[B]”, and which may be configured to carry out the
processing indicated by [B] in FIG. 8, will be described.

[0087] When the HO UE receives HO command, PDCCH
is subjected to interference from neighboring cells. To
reduce the interference of HO UEs” PDCCH, the ABSs are
used.

[0088] Each cell is assigned to multiple physical HOP
subframes. The assignment is done in two steps. Each cell is
first assigned to one logical HOP subframe according to its
PCI. Then, each logical HOP subframe is mapped onto
multiple physical HOP subframes based on its traffic load.
We introduce two index sets 1={0,1,2,3,4,5} and T={1,2,3,
6,7,8}. In the following, we will describe the assignment of
HOP subframes to cell i whose PCI is Q,[0, . . ., 503].

[0089] The HOP subframe assignment module [B] may
include the following four modules:

[0090] [B-1]: Logical HOP subframe assignment module,
[0091] [B-2]: Traffic load monitoring module,

[0092] [B-3]: Physical HOP subframes determination
module, and

[0093] [B-4]: Physical HOP subframe mapping module.
[0094] In the following, a first step (for example a step of

logical HOP subframe assignment module [B-1], like shown
in the illustration 900 of FIG. 9) will be described.

[0095] In this module, a logical HOP subframe is assigned
to each cell according to their PCI. The input to this module
is PCI Q, and the output of this module is logical HOP
subframe index 1,. The logical HOP subframe index 1L is
obtained as

l=mod(Q;,6) ®

[0096] As it is described herein, when the cell is deployed
by the operator, the PCI assignment is carried out so that the
collision of REs of CRS and PCFICH with the neighboring
cells can be avoided as much as possible. This implies that
logical HOP subframe of the neighboring cell is different
from that of the cell of interest with high probability.

[0097] In the following, a second step (for example a step
of traffic load monitoring module [B-2] and physical HOP
subframes determination module [B-3] like illustrated in
FIG. 9) will be described.

[0098] Inthe physical HOP subframes determination mod-
ule [B-3], the number of physical HOP subframes is deter-
mined based on the traffic load p,, which is provided by the
traffic load monitoring module [B-2]. This traffic load moni-
toring module [B-2] also provides the traffic load informa-
tion to neighboring cells via X2 logical link. The output of
the physical HOP subframes determination module [B-3] is
the number of physical HOP subframes M(p,). If the traffic

Mar. 15, 2018

load p;, is high, we set M(p,)=1. On the other hand, we set up
to M(p,)=5 if traffic load is low. An example of mapping
from traffic load p, to the number of physical HOP subframes
M(p,) is given in Table 1, where py~p, are arbitrarily
designed.

TABLE 1

Number of physical HOP subframes and traffic load.

Number of physical

Traffic load p; HOP subframes M(p;)
PLsP:i<Po 1
P2sp; <Py 2
Pa=p;<ps 3
Pasp;<P3 4
PssPi<Pa 5

[0099] In the following, a third step (for example a step of
physical HOP subframe mapping module [B-4] like shown
in FIG. 9) will be described.

[0100] In this module, logical HOP subframe Lel. may be
mapped onto physical HOP subframes. The inputs to the
physical HOP subframe mapping module [B-4] are logical
HOP subframe 1, from logical HOP subframe assignment
module [B-1] and the number of physical HOP subframes
M(p,) from number of physical HOP subframes determina-
tion module [B-3]. The output of the physical HOP subframe
mapping module [B-4] is a physical HOP subframe vector
t(paly)-
[0101]

as:

The physical HOP subframe vector may be given

1Pl =Fagper; (6)

where e, is a 6-by-1 column vector with a 1 at the 1th element
and 0’s elsewhere and F, ., is a 10-by-6 mapping matrix.
The number of 1’s in each column of F,.,, is M(p,).
According to Table 1, we set M(p,)=1 for p,=<p,<po.

[0102] An example of the mapping matrix F, is given as

M

oD D = O O O O O O
o OO = O O O O O O O
D o= 0 O O O O O O O

o o O O O O O O = O
o o O O O O O = O O
oo o O O O = O O O

[0103] On the other hand, it is possible to assign up to five
physical HOP subframes to each cell, i.e., M(p,)=5, and an
example of the corresponding matrix Fy is given as
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®

[ T o B e B e B e
[ T o B e B e B e
[ T e B o B e B e

L R R == R R o ]
[l e R e R e ]
[ I =R R e R ]

[0104] Suppose PCIs of cell i and j is Q,=240 and Q;=244,
respectively. The logical HOP subframe indices become
1,mod(240,6)=0 and 1=mod(244,6)=4. With the use of I,
the physical subframes 1, 2, 3 are assigned as physical HOP
subframes to cell 1 (1002) as shown in Table 2 and illustra-
tion 1000 of FIG. 10. Accordingly, the physical subframe 7
is assigned to cell j (1004). Therefore, the scheduler at cell
1 tries not to allocate downlink traffic in subframe 1, 2, 3 as
they are declared to be its physical HOP subframe, which is
reserved for HO UEs in neighboring cells to send their HO
commands.

TABLE 2

An example of input & output of
HOP subframe assignment module.

Cell index Input Intermediate output Output
Cell i PCLQ, =240 I, = tpy 1) =
Traffic load, M(p;) = 3 (0111000000)
p;=0.5
Cell j PCL Q=244 L =4 tp, 1) =
Traffic load, M(p) = 1 {0000000100)
p; =028
[0105] In the following, a target cell candidate selection

module (like indicated by [C] in illustration 1100 of FIG. 11)
will be described.

[0106] Context-aware strategies may provide a mobile
assisted handover using user direction and location infor-
mation. When the distance between a serving cell and
mobile is greater than a predefined threshold, a target cell
list, which is called base site frequency list, is updated to
include non-adjacent cells. To recognize and include the
non-adjacent cells into the list, direction information of
mobile is used. In another preliminary example, a location
determination system, with the aid of stored information on
signal characteristics and the estimated distance, was pro-
posed to determine the location of a mobile unit within a
microcell. Also, handover determination system using the
location information of mobile unit may be provided. Signal
characteristics may be used to differentiate micro and macro
cells’ signals.

[0107] Each cell stores the PCI list of the neighboring
cells. The serving cell instructs the UE to monitor the RSRP
values of the neighboring cells that are assigned to different
logical HOP subframe. Furthermore, if the serving cell has
the access to the UE-context information such as travelling
speed and directions (some examples are provided in Table
3), the serving cell may be able to create more appropriate
target cell list, which can be input to measurement report
configuration [A-1]. In target cell candidate selection mod-
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ule [C], the candidate list of neighboring cells, the UE needs
to monitor, is generated based on the physical HOP sub-
frames from module [B] and UE-context information. The
selected neighboring cells is informed to UE via RRCcon-
nectionreconfiguration message.

TABLE 3

Context and location information

Information Information origin

UE location X-y coordination UE
UE speed v km/h UE
Moving direction Based on previous UE
and current location
Type of serving cell Macro/Small Serving cell
Type of target cell Macro/Small Serving cell

[0108] Inthe following, a HOP subframe selection module
for HO command transmission (which may be referred to as
[D], like shown in illustration 1200 of FIG. 12) will be
described.

[0109] Intotal there are 6 physical HOP subframes per one
radio frame. The serving cell avoids to send any signal
including HO command during its own physical HOP sub-
frames. Therefore, the serving cell needs to select one
physical HOP subframe from remaining physical HOP sub-
frames.

[0110] The inputs to the HOP subframe selection module
for HO command transmission [D] are PCIs and RSRPs
from measurement report and traffic load exchanged via X2
link. The PCIs and traffic load information are input to HOP
subframe assignment module [B] to obtain physical HOP
subframe vectors. Then, the obtained physical HOP sub-
frame vectors and the RSRP values are input to subframe
selection module [D-1].

[0111] The information which can be used for subframe
selection [D-1] may be as given in Table 4. The set of PCI
values of the neighboring cells whose RSRP values are
included in the measurement report is denoted by C,.

TABLE 4

Input information to HOP subframe selection module [C].

Information Information Origin Values
RSRP of neighboring Measurement report P, forj € C;
cells from UE
Physical HOP HOP subframe assignment t{(p;, ), for j € C;
subframe vector module [B]
Traffic load X2 p; 0, ..., 1], for
JEG

[0112] The general selection function of HOP subframe
for UE k in cell i may be expressed as

li,k:g({QjJPjapj}) (©))
[0113] According to various embodiments, target cell

avoidance (TCA) may be provided as follows: With high
probability, the target cell produces the largest interference
to the HO UE. To avoid such a huge interference, the
physical HOP subframe of the target cell k is selected for the
HO command transmission. The selection function of HOP
subframe is expressed as
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greallQy, Pj. pjh) = argfnraxpk[k,r(Pka L) (10)

[0114] According to various embodiments, weighted larg-
est interference avoidance (WLIA) may be provided as
follows: With the assistance of the PCI list and the RSRP
values in measurement report, the serving cell can calculate
the aggregate interference on each HOP subframe. To maxi-
mize the SINR, the physical HOP subframe with the lowest
interference is selected. Thus the selection function of HOP
subframe is expressed as

gweia(Qjs> Pjs pj}) = argmraxz wiPjtj(oj, 1j) )
Jjeti
[0115] The weight w, may be provided arbitrarily. One

way is calculating it according to the exchanged traffic load.
As shown in Table 1, the number of physical HOP subframes
depends on the traffic load. For example if the traffic load of
cell j satisfies p,,<j<p,,.;, in total m physical HOP subframe
is assigned at most. However, if p=~p,,_,, some of the
physical HOP subframes of cell j may contain downlink user
transmission. Then the interference reduction during those
physical HOP subframes cannot be expected. Therefore, we
may set w=~0.

[0116] In the following, HOP subframe selection module
for random access response (which may be referred to as [E]
like indicated in illustration 1300 of FIG. 13) will be
described.

[0117] Once the HO UE sends the random access (RA)
message to the target cell, the target cell replies with random
access response (RAR). The only information the target cell
can utilize for HOP subframe selection is the PCI of the
serving cell 1. Therefore, the target cell selects one of the
physical HOP subframes of the serving cell i which can be
obtained from PCI Q, to avoid the interference from the
serving cell.

[0118] This module is located (in other words: may be
provided; in other words: corresponding processing may be
executed) at the target cell. The input to this module is PCI
and traffic load of serving cell, i.e., Q, and p,. The physical
HOP subframe assignment module [ B] provides the physical
HOP subframe vector of the serving cell i. Then, physical
HOP subframe selection module [E-1] selects one of the
physical HOP subframe of the serving cell i.

[0119] In the following, explicit signaling of HOP sub-
frame according to various embodiments will be described.

[0120] The serving cell may utilize the HOP subframes
where neighboring cells may mute (or transmit at reduced
power) and transmit HO command over the subframes for
potentially better signal-to-interference plus noise ratio
(SINR). It may therefore be desired by the serving cell to
know the index of the subframe where the neighboring cells
may mute. In addition to finding out the subframe index
implicitly based on PCI, as discussed previously, the muting
information may be exchanged based on explicit signaling
over inter-cell communications (e.g. via X2 or MME inter-
faces). In current 3GPP standard, IE CHOICE ABS Infor-
mation is defined to inform the ABS pattern of each cell to
the neighboring cells.

Mar. 15, 2018

[0121] Explicit indication of muting information may be
desired when the neighboring cells have scheduled the
muting of one or more subframes other than the HOP
subframes inferred from PCI (e.g. for the purpose of pro-
tecting downlink signal for small cell UEs). Explicit indi-
cation of muting information is also useful when PCI
assignment is not optimized for HO command protection
(e.g. HOP subframes of the serving cell and the neighboring
cells overlap). Furthermore, a cell may also mute a subset of
PCI-based HOP subframes instead of every PCI-based HOP
subframe. It is therefore beneficial to signal to other cells the
exact HOP subframe that will be muted.

[0122] In the case when the muted subframe is different
from the PCl-based HOP subframe, the neighboring cells
may not need to mute the PCI-based HOP subframe, and the
serving cell can use the muted subframe (other than the
PCI-based HOP subframe) to send HO command with the
information from explicit inter-cell signaling. Hence the
neighboring cells need not dedicate additional subframes for
HO command for more efficient resource usage. Such mut-
ing information may be determined by each cell autono-
mously. Alternatively, the cells may negotiate and exchange
muting information cooperatively. The muting information
can be exchanged on different time scales from highly
dynamic exchange in the order of radio frame (10 ms) to
semi static exchange where a fixed pattern is valid over
multiple radio frames and is scheduled periodically.

[0123] The explicit signaling may include information
such as index of the subframe where muting occurs within
a radio frame and the schedule of muting. An example of
such muting schedule is periodicity and validity when a cell
schedules the muting of subframe to be periodic. The
periodicity indicates the period over which muting is applied
(for both HOP based and non-HOP based subframes), which
can be measured by the time duration between two succes-
sive muted subframes for the cell. The validity indicates the
number of periods where such muting repeats. When the
number of occurrence of muting exceeds the validity, the
muting schedule may expire.

[0124] Inthe following, UE grouping according to various
embodiments will be described.

[0125] Using dedicated subframe for HO command trans-
mission may impact operation of non-serving cells (in that
they need to mute some subframes which would otherwise
be used for data transmission). To minimize such impact, the
frequency of muting should be reduced. One method to
reduce the muting frequency is to limit the scope of muted
subframes to only one or multiple classes of UEs. For
example, high-speed UEs generally suffer HOF more than
low-speed UEs, and the muted subframes can be used for
HO command transmission to high-speed UEs only. For
low-speed UEs, the serving cell may use normal subframes.
Furthermore, UEs with similar trajectory (e.g. UEs on a
train/bus with identical speed/direction) may be grouped to
share the same muted subframe so that it can be used more
efficiently.

[0126] In the following, context awareness according to
various embodiments will be described.

[0127] The above described UE grouping may requires the
network to know the UE context information such as UE
position, speed, and travel direction/trajectory. Such UE-
context information can be obtained by UE and/or the
network. For the former, it may use additional sensors like
global positioning system (GPS) to position itself, and sends
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the context information to the serving cell together with
measurement report. The network may also sense the UE
position based on the measurement report, which indicates
the cells that can be detected by the UE, which should reside
at the intersection of the cell coverages. With the dense
deployment of small cells, the proximity-based positioning
accuracy can be further improved. Based on the handover
history of the UE as well as knowledge of cell location, the
network is also able to infer the speed and trajectory of the
UE.

[0128] In the following, UE procedure according to vari-
ous embodiments will be described.

[0129] As the serving cell may need to wait for the next
available subframe to send HO command, the latency
between HO trigger and HO command transmission may
increase. To ensure the HO command is received on time,
the UE may trigger the HO process earlier by sending the
measurement report to the serving cell earlier according to
the serving cell’s PCI. This gives the network sufficient time
allowance to find the next available subframe and send the
HO command on time.

[0130] The UE may declare RLF if the serving cell’s
signal quality falls below certain threshold. Such signal
quality is measured by some reference signal transmitted by
the cells. While the cells may mute certain subframes, they
may still transmit the reference signals. Hence it is possible
that the UE declares radio link failure and stops decoding
even though it is able to decode the HO command success-
fully with reduced interference (due to muting). To avoid the
situation where the UE stops decoding downlink signal
based purely on RSRP, it is necessary to indicate to UE to
continue decoding the HO command subframe. Such indi-
cation may be signaled to the UE explicitly. Alternatively,
the UE may blindly decode each subframe after sending
measurement report to the serving cell until it receives the
HO command or until expiry of some timer. The timer
duration can also be adaptive to UE-context information
such as battery level.

[0131] According to various embodiments, a context-
aware resource reservation strategy for handover failure
(HOF) reduction in orthogonal resource-based wireless
communication system may be provided. An example of
orthogonal resource-based wireless communication system
may be 3rd generation partnership project (3GPP) long-term
evolution (LTE)/LTE-Advanced (LTE-A) networks. The
strategy according to various embodiments may utilize the
user/network-context information to reserve a specific
orthogonal resource for handover (HO) procedure. A han-
dover command protection (HOP) subframe may be pro-
vided as a specific orthogonal resource for HO procedure in
3GPP LTE/LTE-A networks. Each cell may be assigned to
multiple physical HOP subframes according to the physical
cell identity (PCI) and traffic load. Herein, the assignment
may be performed in distributed manner, i.e., no overhead
signaling may be required to execute the HOP subframe
assignment. Once the physical HOP subframes are defined
for all cells, each cell may try and avoid as much as possible
allocating downlink user traffic to the assigned physical
HOP subframes. By this, a HO user equipment (UE) can
have high chance to use the HOP subframe which has the
lowest interference. Concretely, during the HO, a serving
cell selects one of the HOP subframes except for its own
HOP subframe and sends a HO command to the HO UE. All
neighboring cells, i.e., all potential target cells, may follow

Mar. 15, 2018

the same strategy. By doing this, the strong interference on
physical downlink control channel (PDCCH), which is a
main cause of HOF in LTE/LTE-A, can be mitigated. Here,
since the subframe selection is carried out based on neigh-
boring cells’ PCIs and reference signal received power
(RSRP) values reported by the HO UE at each cell, no
additional signaling is required to select the proper HOP
subframe. Furthermore, the proposed method is fully back-
ward compatible and does not require to modify the current
protocol in 3GPP standard. From the numerical results, it is
verified that the proposed method can significantly reduce
the HOF rate.

[0132] According to various embodiments, a UE/network-
context information-assisted resource reservation strategy to
reduce handover failure (HOF) rate may be provided.

[0133] According to various embodiments, a handover
command protection (HOP) subframe for HO command
transmission in 3GPP LTE/LTE-A networks may be pro-
vided.

[0134] According to various embodiments, a physical
HOP subframe assignment module (for example referred to
as [B], and which may include modules [B-1], [B-2], [B-3],
and [B-4] like described in FIG. 9) may be provided.

[0135] According to various embodiments, a module (for
example referred to as [B-1]) to assign logical HOP sub-
frame each cell based on its physical cell identity (PCI) (for
example like described with reference to FIG. 9) may be
provided.

[0136] According to various embodiments, a module (for
example [B-2]) to monitor traffic load (for example like
described with reference to FIG. 9) may be provided.

[0137] According to various embodiments, a module (for
example [B-3]) to determine the number of physical HOP
subframes based on traffic load information provided by the
module [B-3] (for example like described with reference to
FIG. 9) may be provided.

[0138] According to various embodiments, a module (for
example [B-4]) to map logical HOP subframe to physical
HOP subframes based on the number of physical HOP
subframes obtained from the module [B-2] (for example like
described with reference to FIG. 9) may be provided.

[0139] According to various embodiments, a module (for
example [C-1]) to select the candidate list of target cells,
which the UE needs to monitor, based on the physical HOP
subframe assignment module [B] and UE-context informa-
tion (for example like shown in Table 3, or in FIG. 11) may
be provided.

[0140] According to various embodiments, a module (for
example [D-1]) to select a subframe for HO command
transmission according to the information provided by the
module [B], measurement report, and traffic load informa-
tion exchanged over X2 link (for example like described
with reference to FIG. 12) may be provided.

[0141] According to various embodiments, a module (for
example [E-1]) to select physical HOP subframe for random
access response (RAR) message based on the traffic load
information of the serving cell and its PCI (for example like
described with reference to FIG. 13) may be provided.

[0142] According to various embodiments, UE grouping
methods and UE grouping devices assisted by UE-context
information (for example like described in Table 3) may be
provided.
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[0143] According to various embodiments, user profiling
information, e.g., traveling pattern and routing information,
to assist the HO may be provided.
[0144] It will be understood, that when reference to a
“module” is made in the above description, both a method
carrying out what is described in respect to the module, or
a circuit configured to carry out what is described in respect
to the module may be addressed.
[0145] While the invention has been particularly shown
and described with reference to specific embodiments, it
should be understood by those skilled in the art that various
changes in form and detail may be made therein without
departing from the spirit and scope of the invention as
defined by the appended claims. The scope of the invention
is thus indicated by the appended claims and all changes
which come within the meaning and range of equivalency of
the claims are therefore intended to be embraced.
What is claimed is:
1. A radio communication method comprising:
determining in a cell at least one first subframe;
determining in the cell at least one second subframe;
allocating downlink user traffic in the cell during the first
subframe with a low priority; and
transmitting a handover command to a user equipment
based on the second subframe.
2. The radio communication method of claim 1,
wherein the at least one first subframe is at least one
handover command protection subframe of the cell.
3. The radio communication method of claim 1,
wherein the at least one second subframe is at least one
handover command protection subframe of a neighbor-
ing cell of the cell.
4. The radio communication method of claim 1,
wherein determining the at least one first subframe com-
prises determining at least one first logical subframe.
5. The radio communication method of claim 4, further
comprising:
mapping the at least one first logical subframe to at least
one physical subframes to determine the at least one
first subframe.
6. The radio communication method of claim 1,
wherein the at least one second subframe is determined
based on at least one of a measurement report, mea-
sured traffic load information, or traffic load informa-
tion exchanged over an X2 link.
7. The radio communication method of claim 1,
wherein the at least one first subframe is determined based
on traffic load information of the cell and its physical
cell identity.
8. The radio communication method of claim 1, further
comprising:
grouping a plurality of user equipments based on user
equipment context information.
9. The radio communication method of claim 1, further
comprising:
determining user profiling information;
wherein the handover command is transmitted to the user
equipment based on the user profiling information.
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10. The radio communication method of claim 9,

wherein the user profiling information comprises at least
one of a traveling pattern of the user or routing infor-
mation of the user.

11. A radio communication device comprising:

a determination circuit configured to determine in a cell
defined by the radio communication device at least one
first subframe and at least one second sub frame;

an allocation circuit configured to allocate downlink user
traffic in the cell during the first subframe with a low
priority; and

a handover circuit configured to transmit a handover
command to a user equipment based on the second
subframe.

12. The radio communication device of claim 11,
wherein the at least one first subframe is at least one
handover command protection subframe of the cell.

13. The radio communication device of claim 11,

wherein the at least one second subframe is at least one
handover command protection subframe of a neighbor-
ing cell of the cell.

14. The radio communication device of claim 11,

wherein the determination circuit is configured to deter-
mine at least one first logical subframe.

15. The radio communication device of claim 14,

wherein the determination circuit is configured to map the
at least one first logical subframe to at least one
physical subframes to determine the at least one first
sub frame.

16. The radio communication device of claim 11,

wherein the determination circuit is configured to deter-
mine the at least one second subframe based on at least
one of a measurement report, measured traffic load
information, or traffic load information exchanged over
an X2 link.

17. The radio communication device of claim 11,

wherein the determination circuit is configured to deter-
mine the at least one first subframe based on traffic load
information of the cell and its physical cell identity.

18. The radio communication device of claim 11, further

comprising:

a grouping circuit configured to group a plurality of user
equipments based on user equipment context informa-
tion.

19. The radio communication device of claim 11, further

comprising:

a profiling circuit configured to determine user profiling
information;

wherein handover circuit is configured to transmit the
handover command to the user equipment based on the
user profiling information.

20. The radio communication device of claim 19,

wherein the user profiling information comprises at least
one of a traveling pattern of the user or routing infor-
mation of the user.
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