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(57) Abstract: A fast handover method is provided. At a
source eNB, the method may comprise: receiving a measure-
ment report sent periodically from a mobile node, wherein the
sending of the measurement report is triggered no later than
the mobile node arriving at a Reference Triggering Point
(RTP), and the measurement report comprises location and
velocity information of the mobile node besides the conven-
tional measurement information; performing handover pre-
paration; and executing handover to a target eNB no later
than the mobile node arriving at a Reference Handover Point
(RHP), With particular embodiments of the present invention,
the measurement results may be reported in time by defining a
RTP and the handover may be executed timely by defining a
RHP. Moreover, by detining a HTT, the handover preparation
including data bi-casting may be started not too early, such
that the consumption of network resources may be minimized.
Thus, the handover time may be reduced and the handover
success probability may be improved.
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METHOD AND APPARATUS FOR HANDOVER

FIELD OF THE INVENTION

[0001] Embodiments of the present invention generally relates to a handover
procedure in a communication system, and more particularly to a method, a system, an
apparatus, an eNodeB, a mobile node, and a computer program for fast handover in high speed

mobile environment.

BACKGROUND OF THE INVENTION

[0002] This section introduces aspects that may help facilitate a better understanding
of the invention(s). ~Accordingly, the statements of this section are to be read in this light and
are not to be understood as admissions about what is in the prior art or what is not in the prior
art,

[0003] The abbreviations and terms appearing in the description and drawings are

defined as below.

3GPP Third Generation Partnership Project
DL Downlink
eNB e¢NodeB, Base Station in EUTRAN

E-UTRAN Evolved UTRAN

HTT Handover Time Threshold

[E Information Element

LTE-A Long Term Evolution-Advanced

QoS Quality of Service -

RN Relay Node

RTP Reference Trigger Point where the measure process must start

RHP Reference Handover Point where the handover execution process must start
ST Speed Threshold

UE User Equipment

UL Uplink

[0004] As a fast and convenient public transportation system, high-speed railways
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have been developed rapidly recent years and more and more people choose to travel by
high-speed trains. In the long time travelling, various mobile wireless services not only voice
and short messages but also various multimedia services such as web browsing, email,
videophone, online gaming, Video-On-Demand (VOD) and video conference and so on should
be provided to passengers aboard the high-speed trains.

[0005] Generally, these multimedia services with a high data rate are characterized
with high level of Quality of Service (QoS) and low latency requirements, which can currently
only be offered by broadband access technologies in normal mobility. If deployed in a high
speed mobile environment, the performance of these technologies will decrease seriously.
There is a technological gap regarding radio access techniques which could offer high
transmission data rates and low latency to support real time applications in high mobility
environments.

[0006] In order to provide high data rates, the cell radius of broadband access
systems will shrink so does the overlapping of two adjacent radio cells because of high carrier
frequency deployed. At high speed scenarios, the sojourn time in handover area will
drastically decrease. So a fast handover scheme is required which can maintain a shorter
handover execution time.

[0007] Mobile relaying in a cellular network (e.g., a mobile relay installed on trains)
can help provisioning of high data rate coverage in high-speed railway environments, reducing
the influence of penetration loss, reducing the handover overhead, prolonging the battery
lifetime for user equipment and generally enhancing cell capacity and effective throughput.

[0008] Third Generation Partnership Project (3GPP) has proposed 3GPP LTE to
meet the huge demand of wireless services. LTE is expected to provide more capacity, better
coverage, higher throughput, reduced latency with less network complexity and low installation
cost. What’s more, the International Union of Railways has decided to deploy LTE as the next

wireless communication system on railways.

SUMMARY OF THE INVENTION

[0009] Therefore, it would be desirable in the art to provide a fast handover scheme
in high-speed mobile environment in LTE-A to improve the performance of handover, which is
one of the main challenges in high speed train communications.

[0010] To better address one or more of the above concerns, in a first aspect of the

invention, a method for handover at a source eNB is provided. The method may comprise:
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receiving a measurement report sent periodically from a mobile node, wherein the sending of the
measurement report is triggered no later than the mobile node arriving at a Reference Triggering
Point (RTP), and the measurement report comprises location, velocity and signal strength
information etc. of the mobile node; performing handover preparation; and executing handover
to a target eNB no later than the mobile node arriving at a Reference Handover Point (RHP).

[0011] In some embodiments, performing the handover preparation comprises: in
response to the time the mobile node runs to the RHP is equal to or shorter than a Handover
Time Threshold (HTT), sending a resource configuration request message to the target eNB,
such that the target eNB executes the resource configuration and requests data bi-casting; and
receiving a resource configuration request ACK message from the target eNB; wherein the HTT
is equal to P+T, wherein P is reporting period of the measurement report, and T is the time for
the resource configuration and signaling for establishing the data bi-casting,

[0012] In a second aspect of the invention, a method for handover at a mobile node is
provided. The method may comprise sending periodically a measurement report to a source
¢NB, wherein the sending is triggered no later than the mobile node arriving at a Reference
Triggering Point (RTP), and the measurement report comprises location, velocity and signal
strength information etc. of the mobile node.

[0013] In a third aspect of the invention, an apparatus for handover at a source eNB
is provided. The apparatus may comprise a report receiving unit, configured to receive a
measurement report sent periodically from a mobile node, wherein the sending of the
measurement report is triggered no later than the mobile node arriving at a Reference Triggering
Point (RTP), and the measurement report comprises location, velocity and signal strength
information etc. of the mobile node; a handover preparation unit, configured to perform
handover preparation; and handover executing unit, configured to execute handover to a target
¢NB no later than the mobile node arriving at a Reference Handover Point (RHP).

[0014] In a fourth aspect of the invention, an apparatus for handover at a mobile
node is provided. The apparatus may comprise report sending unit, configured to send
periodically a measurement report to a source eNB, wherein the sending is triggered no later
than the mobile node arriving at a Reference Triggering Point (RTP), and the measurement
report comprises location, velocity and signal strength information etc. of the mobile node.

[0015]) In a fifth aspect of the invention, an apparatus is provided, which comprises at
least one processor and at least one memory including computer program code. The memory
and the computer program code are configured to cause the apparatus to perform embodiments

of the method of the first aspect of the invention or embodiments of the method of the second
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aspect of the invention.
[0016] In a sixth aspect of the invention, a computer program product is provided,

which, comprises at least one computer readable storage medium having a computer readable
program code portion stored thereon. The computer readable program code portion comprises
program code instructions for perform embodiments of the method of the first aspect of the

invention or embodiments of the method of the second aspect of the invention.

[0017] Particular embodiments of the subject matter described in this specification
can be implemented so as to realize one or more of the following advantages.

[0018] With particular embodiments of the techniques described in this specification,
the measurement results may be reported in time by defining a RTP and the handover may be
executed timely by defining a RHP.  Moreover, by defining a HTT, the handover preparation
including data bi-casting may be started not too early, such that the consumption of network
resources may be minimized. Thus, the handover time may be reduced and the handover
success probability may be improved.

[0019] Other features and advantages of the embodiments of the present invention
will also be understood from the following description of specific embodiments when read in
conjunction with the accompanying drawings, which illustrate, by way of example, the

principles of embodiments of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other aspects, features, and benefits of various embodiments
of the invention will become more fully apparent, by way of example, from the following
detailed description and the accompanying drawings, in which:

[0021] Fig. 1 illustrates an exemplary scenario where the fast handover scheme in
high-speed mobile environment may be implemented according to embodiments of the present
invention;

[0022] Fig. 2 illustrates an exemplary signal flow of the fast handover scheme
according to embodiments of the present invention;

[0023] Fig. 3 is a schematic block diagram of an apparatus 300 that may be
configured to practice the exemplary embodiments of the present invention;

[0024) Fig. 4 is a schematic block diagram of an apparatus 400 that may be
configured to practice the exemplary embodiments of the present invention;

[0025] Fig. 5 illustrates a simplified block diagram of a network element 500 that is
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suitable for use in practicing the exemplary embodiments of the present invention;

[0026] Fig. 6 illustrates the simulation results of Handover Failure Probability with
different RN velocity;
[0027] Fig. 7 illustrates the simulation results of Handover Overall Procedure Delay

with different RN velocity; and

[0028] Fig. 8 illustrates the simulation results of Handover Interruption Time.
[0029] Like reference numbers and designations in the various drawings indicate like
elements.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] Hereinafter, the principle and spirit of the present invention will be described
with reference to the illustrative embodiments. It should be understood, all these embodiments
are given merely for the skilled in the art to better understand and further practice the present
invention, but not for limiting the scope of the present invention. For example, features
illustrated or described as part of one embodiment may be used with another embodiment to
yield still a further embodiment. In the interest of clarity, not all features of an actual
implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions
should be made to achieve the developers’ specific goals, such as compliance with
system-related and business-related constraints, which will vary from one implementation to
another. Moreover, it will be appreciated that such a development effort might be complex and
time-consuming, but would nevertheless be a routine undertaking for those of ordinary skill in
the art having the benefit of this disclosure.

[0031] The disclosed subject matter will now be described with reference to the
attached figures. Various structures, systems and devices are schematically depicted in the
drawings for purposes of explanation only and so as to not obscure the description with details
that are well known to those skilled in the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the disclosed subject matter. The
words and phrases used herein should be understood and interpreted to have a meaning
consistent with the understanding of those words and phrases by those skilled in the relevant art.
No special definition of a term or phrase, i.c., a definition that is different from the ordinary and
customary meaning as understood by those skilled in the art, is intended to be implied by

consistent usage of the term or phrase herein. To the extent that a term or phrase is intended to
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have a special meaning, i.e., a meaning other than that understood by skilled artisans, such a
special definition will be expressly set forth in the specification in a definitional manner that
directly and unequivocally provides the special definition for the term or phrase.

[0032] There are several characteristics in high-speed mobile scenarios. First, in
high-speed scenarios, because of imperfect channel measurement, it’s very difficult to determine
the correct point to trigger handover and cause more dropped and blocked handovers. On the
other hand, it is easy to get the location and velocity information of the train. Second, in
high-speed scenarios, the time to perform the handover is much shorter as the handover has to
take place in the overlapping region of two neighboring cells. So fast handover is required to
ensure the success of handover.

[0033] Normally, the handover procedure can be divided into four parts:
measurement, handover preparation, handover execution and handover completion.

[0034] In embodiments of the present invention, several reference points in location
are set to help determining the proper point to trigger handover. Specifically, a Reference
Trigger Point (RTP) is set to trigger periodic sending of the measurement report, a Reference
Handover Point (RHP) is set to trigger the execution of the handover. Moreover, a Handover
Time Threshold (HTT) is set to determine the start of handover preparation. Optionally, a Speed
Threshold (ST) is set to determine whether the embodiments of the present invention should be
applied.  For example, the ST may be set as 40m/s or 60m/s.  Other values may also be used.

[0035] Hereinafter, details of various embodiments of the invention will be described
with reference to the accompanying drawings.

[0036] Fig. 1 illustrates an exemplary scenario where the fast handover scheme in
high-speed mobile environment may be implemented according to embodiments of the present
invention.

[0037] As illustrated in Fig. 1, three eNBs 101, 102, and 103 are disposed along the
railway through which a high-speed train 104 goes. A Relay Node (RN) 105 is attached to the
high-speed train 104, which may be referred as a mobile relay node. The eNBs 101, 102, and
103 may communicate with each other via X2 interface 108, and communicate with a Mobile
Management Entity/Serving-Gateway (MME/S-GW) 106 via S1 interface 107. The eNBs 101,
102, and 103 may also communicate with the RN 105 via Un interface 109. There may be
multiple UEs (not shown) held by passengers in the high-speed train 104. The UEs may
communicate with the eNBs 101, 102, or 103 via the RN 105.

[0038] The skilled in the art should appreciate that the mobile Relay Node 105 may

be other mobile nodes, such as a UE, a mobile femtocell, a mobile AP, etc. For the purposes of
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illustration and simplification, in the following description, the mobile Relay Node 105 is taken
as an example to explain the embodiments of the present invention.

[0039] In the environment shown in Fig.1, the communication network is deployed
with linear coverage pattern, i.e., each cell only has two neighbor cells, a forward cell and a
backward cell.  Such arrangement can reduce the number of eNBs under measurement to 1/6 of
original number so as to expedite the measurement of the handover, However, the skilled in
the art should appreciate that embodiments of the present invention may also be applied in the
conventional cellular network arrangement.

[0040) Fig. 1 illustrates the scenario where the train 104 is driving from a cell served
by the eNB 102 (i.e., the source eNB) towards a cell served by the eNB 103 (i.e., the target
¢NB), the train direction being indicated by the arrow 110, Fig. 1 also shows the reference
points as introduced in embodiments of the present invention, i.e., Reference Tri gger Point (RTP)
111 and Reference Handover Point (RHP) 113.

[0041] When the train 104 arrives at the RTP 111 or satisfies other event-triggered
reporting criteria before arriving at the RTP 111, i.e., no later than the train 104 arriving at the
RTP 111, the relay node 105 attached to the train 104 would begin to report the measurement
result periodically. In addition to the original measurement items of the source and target
¢NBs, the measurement report should include position coordinate (X, Y) (m) and the velocity V
of the relay node 1035 besides the conventional measurement information.

[0042] The source eNB 102 receives the measurement report periodically and
extracts the position and velocity information from the measurement report. If the time the
train 104 or the relay node 105 runs to the RHP 113 is equal to or shorter than the Handover
Time Threshold (HTT), and optionally if V > Speed Threshold (ST), then the source eNB 102
would perform handover preparation.

[0043] The handover preparation can include resource configuration procedure at the
target eNB 103 and the establishment of data bi-casting.

[0044] When the train 104 arrives at the RHP 113 or satisfies other handover
conditions before the train 104 arrives at the RHP 113, i.e., no later than the train 104 arriving at
the RHP 113, the source eNB 102 would begin to execute handover.

[0045] The RTP 111 is a statistical average value of the position where the
measurement process should start, which means the latest position where the measurement
report must be triggered. The RHP 113 is a statistical average value of the position where the
handover execution process should start, which means the latest position where the handover

execution must start. The HTT is the earliest time for starting handover preparation and data
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bi-casting. Assuming measurement reporting period is P, handover preparation time and
signaling overhead for establishing data bi-casting is T, then HTT is P+T.

[0046] According to the proposed handover scheme, the measurement results may be
reported in time by defining RTP 111 and the handover may be executed timely by defining
RHP 113.  Moreover, by defining HTT, the handover preparation including data bi-casting may
be started not too early, such that the consumption of network resources may be minimized.

[0047) Fig. 2 illustrates an exemplary signal flow of the fast handover scheme
according to embodiments of the present invention. Fig. 2 has shown the signal flow between
UE 120, Relay Node (RN) 105, Source eNB 102, Target eNB 103, MME 106a and S-GW 106b
in order to effect a fast handover.

[0048) As shown in Fig. 2, at step 0, the MME/S-GW 106 provides area restriction
information to the source eNB 102. Then, at step 1, the source eNB 102 configures the
measurement procedure of the relay node (RN) 105 according to the area restriction information.
For example, the configuration may be implemented by Measurement Configuration IE
(Information Element) in RRCConnectionReconfiguration message. The Measurement
Configuration may include measurement objects, reporting  configurations (including
measurement trigger by Event or Period, measurement report contents, etc.), measurement
identities, measurement gaps, etc. The event-triggered period measurement report criteria may
be, for example A3 as defined in LTE. Event A3 is that neighbor cell becomes better than an
offset relative to the serving cell.

[0049] If the train 104 and therefore the attached RN 105 arrives at the RTP or
satisfy other event-triggered reporting criteria (such as A3 described in LTE), then at step 2, the
RN 105 will send measurement report to the source eNB 102 periodically. The measurement
report may include measurement result such as a reference signal received quality (RSRQ), a
reference signal received power (RSRP), etc. In addition to the original measurement items of
the source and target ¢eNBs, the measurement report should further include position coordinate
(X, Y) (m) and the velocity V of the relay node 105,

[0050] In embodiments of the present invention, both the conventional
event-triggered reporting criteria and the RTP can trigger the measurement report. Namely, if
the RN 105 has not arrived at the RTP but certain event-triggered reporting criteria (such as A3)
is satisfied, the measurement result report will start in advance and the location will be recorded.

[0051] Then, the source eNB 102 will receive the measurement report from the RN
105 periodically. The source ¢eNB 102 extracts position and velocity information from the

measurement report. At step 3, When a HTT is satisfied (and optionally the train speed is
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higher than ST), the source eNB 102 will send “Resource Configuration Request Message” to
the target eNB 103, such that the target eNB 103 can execute the resource configuration and
requests data bi-casting. Otherwise, the source eNB 102 will wait for the next measurement
report.  The HTT is satisfied means that, the time the RN 105 runs to the RHP is equal to or
shorter than the HTT, wherein the HTT equals to P+T, P is the reporting period of the
measurement report, and T is the handover preparation time and signaling time for establishing
the data bi-casting. The skilled in the art would understand that, the time the RN 105 runs to
the RHP may be calculated based on the position and velocity information extracted from the
measurement report and other known information (e.g., the position of RHP). The calculation
is very simple, and thus the detailed description is omitted herein.

[0052] The Resource Configuration Request Message sent to the target eNB 103 may
contain the resource that the RN 105 needs, position and velocity information, UE context
information etc.

[0053] Then, at step 4, after receiving the Resource Configuration Request Message
from the source ¢eNB 102, the target eNB 103 will prepare for the incoming handover and
configure needed resource in advance.

[0054] After completing the resource configuration procedure, at step 5, the target
¢NB will send “Bi-cast Start Request Message” to the S-GW 106b through the MME 106a.
Then the S-GW 106b will bi-cast the data packet to both the source eNB 102 and the target eNB
103 through S1 interface at the same time.

[0055] Then at step 6, the S-GW 106b sends a “Bi-cast Start Request ACK Message”
containing the first bi-cast packet ID to the target eNB 103 through the MME 106a to inform
that the packets bi-cast has started,

[0056] It can be seen that the measurement report (i.e., the position and velocity
information of the RN 105) helps to decide the starting time of the resource configuration in the
target eNB 103, and the data bi-casting is requested immediately after the resource configuration
of the target eNB 103 is completed. Because the S-GW 106b starts bi-casting downlink data to
both the source eNB 102 and the target eNB 103 right after the channel of the target eNB 103 is
activated and before the handover execution process starts, it can reduce handover interruption
time with the minimal consumption of network resources compared to the conventional
bi-casting scheme in LTE system.

[0057] Then at step 7, after receiving the “Bi-cast Start Request ACK Message”, the
target eNB 103 will respond a “Resource Configuration Request ACK Message” to the source
eNB 102, This message is a RRC message which contains the “MobilityControlInfo” that the
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RN 105 needs to handover and other access parameters, for example, C-RNTI, target eNB
security algorithm identifiers, dedicated RACH preamble and etc. Besides, the first bi-cast
packet ID is also contained.

[0058] The source eNB 102 will deal with other measurement items at the same time.
When the RN 105 arrives at the RHP or satisfies other handover conditions and the source eNB
102 has received the “Resource Configuration Request ACK Message” from the target eNB 103,
at step 8, the source eNB 102 sends a “Handover (HO) Command Message” to the RN 105
directly. This message contains the same information as the “Resource Configuration Request
ACK Message”.

[0059] Similar to the measurement report, both the conventional handover criteria
and the RHP can start the handover execution. Namely, if the RN 105 has not arrived at the
RHP but certain handover criteria are satisfied, then the handover will start in advance and the
location of handover is recorded. Otherwise, the handover procedure will be executed when
the RN 105 arrives at the RHP,

[0060] Further, the source eNB 102 sends the buffered packets which have not sent
to the target eNB by bi-cast through the X2 interface. The S-GW 106b would send the packet
ID that has bi-casted to the source eNB so that the source eNB 102 can forward fewer packets.

[0061] Then, at step 9, the source eNB 102 sends a “SN Status Transfer Message” to
the target eNB 103 to convey uplink PDCP SN receiver status and downlink PDCP SN
transmitter status. The source eNB 102 sends the packet IDs to the target eNB 103 through X2
interface when it receives the ACK from the RN 105 and the target eNB 103 will delete the
relevant packets, i.e, the packets whose IDs are received from the source eNB 102.  The target
¢NB 103 will send remaining packets to the RN 105 once the RN 105 accesses to the target eNB
103.

[0062] Upon the reception of the HO message, the RN 105 will detach from the
source eNB 102 and synchronize to the target eNB 103,

[0063] At step 10, the RN 105 performs synchronization to the target eNB and
accesses to the target eNB via RACH.  The target eNB responds with UL allocation and timing
advance (TA) for the RN 105 (step 11).

[0064] After the RN 105 has successfully accessed to the target eNB 103, at step 12,
the RN 105 will send a “Handover (HO) Confirm Message” to the target eNB 103. From now
on, the RN 105 has established normal communication link with the target eNB 103 and then the
data packets stored in the target eNB 103 starts to transmit.

[0065] To complete the handover, at step 13, the target eNB 103 sends a “Source
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Path Release Request Message” to the MME 106a to inform that the RN 105 has changed cell.
Then, at step 14, the MME 106a sends a “Source User Plane Release Request Message” to the
S-GW 106b.  Upon receiving the request, at step 135, the S-GW 106b releases the downlink
data path of the source eNB 102, and at step 16, the S-GW 106b sends a “Source User Plane
Release Request ACK Message” to the MME 106a. Then, at step 17, the MME 106a confirms
the “Source Path Release Request Message” with a “Source Path Release Request ACK
Message™ to the target eNB 103,

[0066] After receiving the “Source Path Release Request ACK Message” from the
MME 106a, at step 18, the target eNB 103 sends a “UE Context Release Message” to the source
eNB 102 to inform success of handover and trigger the release of resources of the source eNB
102,

[0067] Upon the reception of the “UE Context Release Message”, at step 19, the
source ¢eNB 102 releases radio and C-plane related resources associated to the UE context.
Thus, the handover is completed.

[0068] As seen from the above description with reference to Fig. 2, to minimize the
consumption of network, a proper time to start bi-casting is needed.  According to
embodiments of the present invention, this time is calculated based on the position and velocity
of the RN 105. That is, each time the source eNB 102 receives the report from the RN 105, it
will calculate the time ¢ that the RN arrives at the RHP and compare this time # with the HTT,
If /<HTT, then the handover preparation and data bi-casting may start.

[0069] Specifically, when resource configuration of the target eNB 103 has
completed, the target eNB 103 will request data packets bi-casting from the S-GW 106b. Once
the RN 105 access to the target eNB 103, it can receive packets from the target eNB
immediately.

[0070] Because the HTT is defined based on the handover preparation time and
signaling overhead in time domain for establishing data bi-casting, the bi-casting start time is
right after the time the resource configuration of the target eNB 103 is completed, so it is much
closer to the handover execution time and it will decrease the handover interruption time and
ensure seamless handover.  Besides, the bi-casting time is minimized so that the consumption
of network resources is decreased.

[0071] Although the above description has given detail explanation of the
embodiments of the present invention with reference to the signal flow as shown in Fig. 2, the
skilled in the art should appreciate that the information related to the handover may be

implemented with other messages, and the invention has no limitation in this regard.
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[0072] The skilled in the art could understand that, the reference points RTP and
RHP are both obtained based on vast statistic data of the fast handover. Thus, in some
embodiments, the RTP and RHP may be updated based on the measurement report so as to
ensure the accuracy of those reference points.

5 [0073] Each time the RN 105 runs across the cell, the point where the RN 105
satisfies the event-triggered reporting criteria and the point where the handover condition based
on radio signal measurement is satisfied are recoded, no matter the point is front or behind the
reference points.  These two points may be referred as the measured trigger point and measured
handover point.

10 [0074] Of course, if the point where handover condition is satisfied is behind the
RHP, the acquisition of this point needs the help of the target eNB 103. That is, the
measurement will not stop after handover to the target eNB 103. Then the RN 105 will send
the report to the target eNB 103, and the target eNB 103 evaluates the ideal handover point
based on the report information.

L5 [0075] Several update schemes have been proposed to update the reference points as
introduced according to embodiments of the present invention. For example, the RTP and RHP
may be updated according to at least one of the following schemes.

[0076] Scheme 1:

1 (RP -RP_) 1 (RP —RP_ )
20 RP ={1— exp(— (measure,n) n-1 “RP + exn(— (measure,n) n-1 ‘RP
il { /’27["‘0_ p( 20_2 )} n-1 (27[0_ p( 20_2 ) (measure,n)

[0077] Scheme 2:

XZ 1 (RPmeasuren —RRI~ )2
\/2_ eXp(_ 9 02 ) ' R‘Pn—] + J_— exp(— L 2’ )2 : )'Rl)(measure,n)
Rp =270 o 2no o .
" 1 Xg 1 (R}zmeasure n) R})n-l)
exp(— + exp(— ;
Vino P 20‘2) V2o p( 207 )
25
[0078] Scheme 3:
[]Rammxmu,n) *RPn—I ] {’R'P(mmmre,n) 'RPI:—I ])
K
RE, ={1-(1/2) ) ;o RE +(1/2) REmeasire.m

30 In the above formulas, RP represents either one of the RTP and RHP; the value of RP is the
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distance to the source eNB; REcqure.ny 18 the latest measurement reference point based on the

measurement of the mobile RN; RP, is the updated reference point; RP,

n

_; 1is the old reference
point; X isequalto0;and o and K are coefficient factors.
[0079] In addition, the RTP must be at least (P+T)-V,,, far from the RHP ahead,

which means RTP

(n,adjusr)

=min(RTF,,RHE, —(P+T)-V__ ) , where Vi, represents the

maximum velocity of high-speed trains.

[0080) The initial RP may be set according to various criteria. For example, the
initial RHP may be based on the actual measurement when the network is established.
Alternatively, the initial RHP may be set as the center point of two neighbor eNBs or based on

certain engineering test.  In one embodiment, the initial RHP is set to RHR, . oowery and certain

handover criteria are satisfied, e.g., the following formula (1) is satisfied.

RSRP,,. . > RSRP

/ wserving T H1ySteresis (1)
Wherein the RSRP represents Reference Si gnal Received Power as measured at the RN.

[0081] The initial RTP may be set as (P+7)-V._  far from the RHP ahead, where

Vinax represents the maximum velocity of high-speed trains.  Alternatively, the initial RTP may

be set as RTR,,..., when the first train runs across and certain event-triggered reporting

criteria are satisfied.

[0082] Fig. 3 is a schematic block diagram of an apparatus 300 that may be
configured to practice the exemplary embodiments of the present invention. The apparatus 300
may be incorporated into the source eNB 102 and be configured to perform methods of the
exemplary embodiments of the present invention.

[0083] As shown in Fig. 3, the apparatus 300 may comprise a report receiving unit
301, a handover preparation unit 302, and a handover executing unit 303,

[0084] The report receiving unit 301 may be configured to receive a measurement
report sent periodically from a mobile relay node, wherein the sending of the measurement
report 1s triggered no later than the mobile relay node arriving at a Reference Triggering Point
(RTP), and the measurement report comprises location, velocity and signal strength information
etc. of the mobile relay node. The handover preparation unit 302 may be configured to
perform handover preparation.  The handover executing unit 303 is configured to execute
handover to a target eNB no later than the mobile relay node arriving at a Reference Handover
Point (RHP).

[0085] In some embodiments, the handover preparation unit 302 may be configured
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to: in response to the time the mobile relay node runs to the RHP is equal to or shorter than a
handover Time Threshold (HTT), send a resource configuration request message to the target
eNB, such that the target eNB executes the resource confi guration and requests data bi-casting;
and receive a resource configuration request ACK message from the target eNB, wherein the
HTT is equal to P+T, wherein P is reporting period of the measurement report, and T is the time
for the resource configuration and signaling for establishing the data bi-casting. In further
embodiments, the resource configuration request ACK message may includes the first bi-casted
packet ID.

[0080] In further embodiments, the sending of the resource configuration request
message is further in response to the speed of the mobile relay node being higher than a Speed
Threshold (ST).

[0087] In some embodiments, the data bi-casting is requested almost immediately
after the resource configuration of the target eNB is completed.

[0088] In some embodiments, the RTP and RHP may be updated bases on the
measurement report.  For example, the RTP and RHP may be updated according to the schemes
1-3 as described previously.

[0089] Fig. 4 is a schematic block diagram of an apparatus 400 that may be
configured to practice the exemplary embodiments of the present invention. The apparatus 400
may be incorporated into the relay node RN 105 and be configured to perform methods of the
exemplary embodiments of the present invention.

[0090] As shown in Fig. 4 the apparatus 400 may comprise a report sending unit 401,
a receiving unit 402, and an accessing unit 403.

[0091] The report sending unit 401 may be configured to send periodically a
measurement report to a source eNB, wherein the sending is triggered no later than the mobile
relay node arriving at a Reference Tr ggering Point (RTP), and the measurement report
comprises location and velocity information of the mobile relay node,

[0092] The receiving unit 402 may be configured to receive a handover command
from the source eNB. The handover command may include an ID of the first packet being
bi-casted. The accessing unit 403 is configured to access to a target eNB.

[0093] In some embodiments, the RTP may be updated bases on the measurement
report.  For example, the RTP may be updated according to the schemes 1-3 as described
previously.

[0094] Fig. 5 illustrates a simplified block diagram of a network element 500 that is

suitable for use in practicing the exemplary embodiments of the present invention. As shown
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in Fig. 5, the network element 500 includes a data processor (DP) 503, a memory (MEM) 504
coupled to the DP 503, and a communication interface 505 coupled to the DP 503. The MEM
504 stores a program (PROG) 506. The communication interface 505 may represent any
interface that is necessary for communication with other network elements, such as X2 interface
for bidirectional communications between eNBs, S1 interface for communication between the
MME/S-GW and the eNB, or Un interface for communication between the eNB and the RN.

[0095] In some embodiments, the program (PROG) 506 may be configured, together
with the DP 503, to cause the network element 500 to act as the source eNB 102 and operate in
accordance with the exemplary embodiments of the invention. In other embodiments, the
program (PROG) 506 may be configured, together with the DP 503, to cause the network
clement 500 to act as the mobile relay node RN 105 and operate in accordance with the
exemplary embodiments of the invention.

[0096] The embodiments of the present invention may be implemented by computer
software executable by the DP 503 of the network element 500, or by hardware, or by a
combination of software and hardware.

[0097) Simulations have been executed to evaluate the performance of the handover
mechanism according to embodiments of the present invention. System level simulations
within a typical urban propagation environment have been performed. The network
topography is assumed as a linear coverage along the railway. Each eNodeB only has two
neighbor eNodeBs adjacently. Table 1 summarizes the general environment simulation
parameters and the main handover and mobility related parameters are assumed in table II.

TABLE [ : Environment parameters

Parameter Assumption/Explanation

Network topography Linear coverage along the railway,

two neighbor eNodeBs adjacently

Inter-Site Distance(ISD) 2000meters
Distance between eNodeB and Railways 10m
eNodeB Antenna Height 30m

RN Antenna Height Sm

Carrier Frequency 2GHz
System Bandwidth 10MHz
eNodeB Tx Power 46dBm
eNodeB Antenna Gain 14dBi

Propagation Model Path Loss(dB) = 128.1 + 37.6 * log10
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Shadowing Standard Deviation
Shadowing Correlation distance
Shadowing Correlation b/w sectors
Small-scale Fading

RN Antenna Gain

Thermal Noise Level

(R in km), where R is distance from
eNodeB to RN

8dB

50m

0.99

Rice Fading, K=20

SdBi

-174dBm/Hz

TABLE II': Handover and mobility related parameters

Parameter

Assumption/Explanation

Layer 3 Filter Coefficient
Layer 3 Filter sampling period
Hysteresis

Time to Trigger(TTT)

Speed State Scale Factors

Back-haul Delay

Radio Synchronization

RACH Waiting

Preamble

eNodeB Processing and Grant
UE/RN Processing Delay
Packets Delay

Radio Link Failure(RLF) Delay

RLC declaration of RLF
Speed Threshold

4
200ms

2,3dB

64ms

sf-Medium: 0.75, 1.0;

sf-High: 0.25, 0.5,
Truncated-exponential with mean
20ms, (min, max) of (10, 100)ms

1ms

2ms

1ms

7ms

2ms

Sms

Truncated-exponential with mean
60ms, (min, max) of (10, 500)ms
T310=500ms

60m/s

[0098] Fig. 6 illustrates the simulation results of Handover Failure Probability with
different RN velocity. Hysteresis is 3 dB in left part and 2dB in right part. Because the ST is
set as 60m/s, when velocity is higher than 60m/s, then the Handover Failure Probability reduces
significantly about 20-30 percentages when hysteresis is 3 dB and 5-10 percentages when
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hysteresis is 2 dB.
[0099] Fig. 7 illustrates the simulation results of Handover Overall Procedure Delay

with different RN velocity. The handover delay hysteresis is determined by propagation and
velocity of RN.  When velocity is higher than 60m/s, then the Tho_gelay Teduces significantly
about 150 ms. The proposed handover procedure delay can well satisfy the handover delay
hysteresis. From the simulation result in Fig. §, it is known that the Handover Interruption
Time reduced about 5ms caused by packet fluctuation delay.

[00100] Exemplary embodiments of the present invention have been described above
with reference to block diagrams and flowchart illustrations of methods, apparatuses (i.e.,
systems). It will be understood that each block of the block diagrams and flowchart
illustrations, and combinations of blocks in the block diagrams and flowchart illustrations,
respectively, can be implemented by various means including computer program instructions.
These computer program instructions may be loaded onto a general purpose computer, special
purpose computer, or other programmable data processing apparatus to produce a machine, such
that the instructions which execute on the computer or other programmable data processing
apparatus create means for implementing the functions specified in the flowchart block or
blocks.

[00101] The foregoing computer program instructions can be, for example,
sub-routines and/or functions. A computer program product in one embodiment of the
invention comprises at least one computer readable storage medium, on which the foregoing
computer program instructions are stored. The computer readable storage medium can be, for
example, an optical compact disk or an electronic memory device like a RAM (random access
memory) or a ROM (read only memory).

[00102] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of any implementation or of what may be
claimed, but rather as descriptions of features that may be specific to particular embodiments of
particular implementations. Certain features that are described in this specification in the context
of separate embodiments can also be implemented in combination in a single embodiment.
Conversely, various features that are described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any suitable sub-combination. Moreover,
although features may be described above as acting in certain combinations and even initially
claimed as such, one or more features from a claimed combination can in some cases be excised

from the combination, and the claimed combination may be directed to a sub-combination or

variation of a sub-combination.
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[00103] It should also be noted that the above described embodiments are given for
describing rather than limiting the invention, and it is to be understood that modifications and
variations may be resorted to without departing from the spirit and scope of the invention as
those skilled in the art readily understand. Such modifications and variations are considered to
be within the scope of the invention and the appended claims. The protection scope of the
invention is defined by the accompanying claims. In addition, any of the reference numerals in
the claims should not be interpreted as a limitation to the claims. Use of the verb “comprise” and
its conjugations does not exclude the presence of elements or steps other than those stated in a
claim. The indefinite article “a” or “an” preceding an element or step does not exclude the
presence of a plurality of such elements or steps.

[00104] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of any implementation or of what may be
claimed, but rather as descriptions of features that may be specific to particular embodiments of
particular implementations. Certain features that are described in this specification in the context
of separate embodiments can also be implemented in combination in a single embodiment.
Conversely, various features that are described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any suitable sub-combination. Moreover,
although features may be described above as acting in certain combinations and even initially
claimed as such, one or more features from a claimed combination can in some cases be excised
from the combination, and the claimed combination may be directed to a sub-combination or
variation of a sub-combination.

[00105] It should also be noted that the above described embodiments are given for
describing rather than limiting the invention, and it is to be understood that modifications and
variations may be resorted to without departing from the spirit and scope of the invention as
those skilled in the art readily understand. Such modifications and variations are considered to
be within the scope of the invention and the appended claims. The protection scope of the
invention is defined by the accompanying claims. In addition, any of the reference numerals in
the claims should not be interpreted as a limitation to the claims. Use of the verb “comprise” and
its conjugations does not exclude the presence of elements or steps other than those stated in a
claim. The indefinite article “a” or “an” preceding an element or step does not exclude the

presence of a plurality of such elements or steps.
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What is claimed is:
1. A method for handover at a source eNB, comprising;

receiving a measurement report sent periodically from a mobile node, wherein the sending
of the measurement report is triggered no later than the mobile node arriving at a Reference
Triggering Point (RTP), and the measurement report comprises location and velocity
information of the mobile node;

performing handover preparation; and

executing handover to a target eNB no later than the mobile node arriving at a Reference

Handover Point (RHP).

2. The method of claim 1, wherein performing the handover preparation comprises:

in response to the time the mobile node runs to the RHP is equal to or shorter than a
Handover Time Threshold (HTT), sending a resource configuration request message to the
target eNB, such that the target eNB executes the resource configuration and requests data
bi-casting; and

receiving a resource configuration request ACK message from the target eNB;

wherein the HTT is equal to P+T, wherein P is reporting period of the measurement report,

and T is the time for the resource configuration and signaling for establishing the data bi-casting.

3. The method of claim 2, wherein the sending of the resource configuration request message is

further in response to the speed of the mobile node being higher than a Speed Threshold (ST).

4. The method of claim 2, wherein the data bi-casting is requested immediately after the

resource configuration of the target eNB is completed.

5. The method of claim 2, wherein the resource configuration request ACK message includes the

first bi-casted packet ID.

6. The method of claim 1, wherein the RTP and RHP are updated based on the measurement

report.

7. The method of claim 6, wherein the RTP and RHP are updated according to at least one of the

following formulas:
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l (RPmeasuren _R})n— )2 1 Rpmeasuren _RPn— 2
RR,Z{I—\/E—I;GGXp(— ( 2’0)‘2 ! )}-RP_, + (RR ) 1)

1 exp(— X2 ) RP + exp(_( (measure, n)2 n~l)2 ) . R-P(meaw,e »
Rp =270 N2no 20 ’

" 1 1 ( (measuren) — n-l )2 )

m exp(— 2)+J_Uexp(~ Py

‘R‘P(mea.\'m‘e,n ) RP I

{I RPcasure,ny ~ RPay

) e

R})n = {l - (1/2){ J} ' REI—] + (1/2) (measure,n)
wherein RP represents either one of the RTP and RHP; the value of RP is the distance to the
source eNB;

RE, pesureny 18 the latest measurement reference point based on the measurement of the mobile

node; RF, is the updated reference point; RP, , is the old reference point; X, is equal to 0;

and ¢ and K are coefficient factors.

8. A method for handover at a mobile node, comprising;
sending periodically a measurement report to a source eNB, wherein the sending is
triggered no later than the mobile node arriving at a Reference Triggering Point (RTP), and the

measurement report comprises location and velocity information of the mobile node.

9. A method of claim 8, further comprising:
receiving a handover command from the source eNB; and

accessing to a target eNB.

10. The method of claim 9, wherein the handover command includes an ID of the first packet

being bi-casted.

11. The method of claim 8, wherein the RTP is updated according to at least one of the following

formulas:
( ( ) RP~1)2 1 (RP( )y RR:—I)Z
RP — 1 _ CX measure . n n . RP _ + ex _ measure,n . RPmeasure .
y =1 \[_G p(- 757 )} -1 ma p( 2o? ) ( )

exp(— .RP
\/2_”—0_ p( 20_2 ) (measure,n)
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1 X2 1 (RP, ,—RP,_)?
exp(— . RP_ + exp(— measure n n .
RP _ _\/57—;0. p( 20_2 ) el _"-—\/—2—7;0_ p( 20_2 ) (measure,n)
" 1 X; 1 (R})(measure n "~ RPn—l )2
exp(— + exp(— .
N2zmo B 207 ) V2ro p( 20° )

['Rp(mcasure,n) _RPn—l [IRP(mea.mre,n) —RPn-l l]

‘RP,

RP, = {l—(1/2) ] }RE,_ +(1/2) measure,n)

wherein RP represents the RTP; the value of RP is the distance to the source eNB;
RE

(measure,n

, is the latest measurement reference point based on the measurement of the mobile
node; RF, is the updated reference point; RP,_, is the old reference point; X , 1s equal to O;

and o and K are coefficient factors.

12, An apparatus for handover at a source eNB, comprising:

a report receiving unit, configured to receive a measurement report sent periodically from a
mobile node, wherein the sending of the measurement report is triggered no later than the
mobile node arriving at a Reference Triggering Point (RTP), and the measurement report
comprises location and velocity information of the mobile node;

a handover preparation unit, configured to perform handover preparation; and

handover executing unit, configured to execute handover to a target eNB no later than the

mobile node arriving at a Reference Handover Point (RHP).

13. The apparatus of claim 12, wherein the handover preparation unit is configured to:

in response to the time the mobile node runs to the RHP is equal to or shorter than a
handover Time Threshold (HTT), send a resource configuration request message to the target
e¢NB, such that the target eNB executes the resource configuration and requests data bi-casting;
and

receive a resource configuration request ACK message from the target eNB;

wherein the HTT is equal to P+T, wherein P is reporting period of the measurement report,

and T is the time for the resource configuration and signaling for establishing the data bi-casting.

14. The apparatus of claim 13, wherein the sending of the resource configuration request
message is further in response to the speed of the mobile node being higher than a Speed

Threshold (ST).

15. The apparatus of claim 13, wherein the data bi-casting is requested immediately after the
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resource configuration of the target eNB is completed.

16. The apparatus of claim 13, wherein the resource configuration request ACK message

includes the first bi-casted packet ID.

17. The apparatus of claim 13, wherein the RTP and RHP are updated based on the measurement

report.

18. The apparatus of claim 17, wherein the RTP and RHP are updated according to at least one

of the following formulas:

= 1 (RP(meaS”’e'”) — RP”‘1)2 1 (RP(measure,n) B R‘Pn—l)2
RE, ={1- oy exp(— Py )} RP_ + oy exp(— = ) RBriens
1 ‘X'O2 1 ('R‘Emeasure n) RRF] )2
exp(——=) - RP_, + ——exp(~ d -RP
RP = Y 2ro p( 20'2 ) n-l .‘/2750- p( 20.2 ) (measure,n)
' 1 exp(— Xg ) + 1 exp(— (R'P(measure,n) - RPn—l)z )
N2ro 20°" 2ro 20

[IR'P(mea.vure,n) ~RP, [|R‘p(mea.mre,n) ~RF,_, |]

-RPE,

R])n = {1 - (1/2) ]} : an—l + (1/2) {measure,n)
wherein RP represents either one of the RTP and RHP; the value of RP is the distance to the
source eNB;

RE, cosreny 18 the latest measurement reference point based on the measurement of the mobile

node; RPF, is the updated reference point; RP,_, is the old reference point; X, is equal to 0;

and o and K are coefficient factors.

19. An apparatus for handover at a mobile node, comprising:

report sending unit, configured to send periodically a measurement report to a source
eNB, wherein the sending is triggered no later than the mobile node arriving at a Reference
Triggering Point (RTP), and the measurement report comprises location and velocity

information of the mobile node.

20. The apparatus of claim 19, further comprising:

receiving unit, configured to receive a handover command from the source eNB; and

accessing unit, configured to access to a target eNB.
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21. The apparatus of claim 19, wherein the handover command includes an ID of the first packet
being bi-casted.

5 22. The apparatus of claim 19, wherein the RTP is updated according to at least one of the

following formulas:

1 (RP —RP ) 1 (RP -RP_ )
— 1 _ exp(— (measure,n) n-1 . RP L+ exp(— (measure,n) n—1 ,
{ '\/EO' p( 20_2 )} n-l '\/EO' p( 20_2 ) (measure,n)
1 X2 ( (meas )y —1 )2
exp(— RP | +——ex Lot E ‘RP
RP - '\/ZO' p( ) FO' p( 26 2 ) (measure,n)
" 1 Xg 1 (‘RP(measure n) "~ RPn—l )2
eXpL— + eXp(— *
V2o p( 20'2) V2ro P 20 )

[’RP(meaxurc,n) “R'Pn-—l

|

wherein RP represents the RTP; the value of RP is the distance to the source eNB;

10 RP :{1—(1/2)[ ]}-RR,_1+(1/2)

(measure,n)

RE,usure.ny 18 the latest measurement reference point based on the measurement of the mobile

node; RPF, is the updated reference point; RP,_, is the old reference point; X, , 1s equal to 0;

and o and K are coefficient factors.
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