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METHOD FOR PROVIDING SEAMLESS TRANSITION BETWEEN
NETWORKS FOLLOWING DIFFERENT PROTOCOLS

BACKGROUND OF THE INVENTION

1. Field
Example embodiments of the present invention relate generally
to wireless networks and transitioning between wireless networks of

different protocols.

2. Description of the related art

CDMA2000 EVDO and 3GPP LTE are two different protocols
that may be used in wireless networks to support the transmission of
IP data packets to and from mobile devices connected to the wireless
networks. An operator that deploys a CDMA2000 network and would
like to configure the CDMA2000 network to facilitate the transition of
a mobile device communicating with the CDMA2000 network to the
LTE network and back will be presented with a number of
interoperability problems.

Due to differences in data transmission speeds between the
wired internet and wireless networks, when a target mobile device is
active on a CDMA2000 network, IP packets received at the CDMA2000
network for the target mobile device are buffered until the target
mobile device is prepared to receive them. If the target mobile device
transitions from the CDMA2000 network to the LTE network before
the buffered data packets are forwarded to the target mobile device,
the buffered and unforwarded data packets will be lost.

Similarly, when a target mobile device is active on an LTE
network, IP packets received at the LTE network for the target mobile
device are buffered until the target mobile device is prepared to receive

them. If the target mobile device transitions from the LTE network to
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the CDMA2000 network before the buffered data packets are
forwarded to the target mobile device, the buffered and unforwarded
data packets will be lost.

A target mobile device receiving data packets on a CDMA2000 or
LTE network may be engaged in a TCP session with one or more other
devices. The TCP protocol uses congestion control algorithms to
inhibit congestion on a network by limiting the rate at which data is
sent once congestion is detected. If the target mobile device is
engaged in a TCP session with another device when the target mobile
transitions from a CDMA2000 network to an LTE network or an LTE
network to a CDMA2000 network, the loss of one or more packets may
be interpreted by TCP algorithms as an indicator of network
congestion. Accordingly, the loss of the buffered and unforwarded
data packets may trigger a significant reduction in the speed with
which data packets are sent to the target mobile device resulting in

substantial delays.

SUMMARY OF THE INVENTION

The present invention relates to a method of handling a
transition of a mobile device from a first network to a second network,
the first and second networks following different communications
protocols. ‘

In one embodiment, forwarding of the data packets from the
first network to the mobile device is terminated. Packet headers of
unforwarded data packets at the first network are rebuilt and the
rebuilt packets are sent from the first network to the second network.
In another embodiment, the header compression state at the second
network is reset. The second network receives unforwarded data
packets from the first network, where the unforwarded data packets

are data packets the first network had not yet forwarded to the mobile
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device. The unforwarded data packets are sent by the second network
to the mobile device.

The example embodiments may minimize data packet loss for a
transitioning mobile device and/or may reduce the sending duplicate

data packets.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the present invention will become
more fully understood from the detailed description provided below
and the accompanying drawings, wherein like elements are
represented by like | reference numerals, which are given by way of
illustration only and thus are not limiting of the present invention and
wherein:

FIG. 1 is a diagram illustrating a CDMA2000 network and an
LTE network.

FIG. 2 is a flow chart illustrating a method for handling the
transition of a mobile device from a CDMA2000 network to an LTE
network.

FIG. 3 is a diagram illustrating an example of rebuilding data
packet headers at an RNC.

FIG. 4 is a flow chart illustrating a method for handling the
transition of a mobile device from an LTE network to a CDMA2000

network.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

Various example embodiments of the present invention will now
be described more fully with reference to the accompanying drawings
in which some example embodiments of the invention are shown. In
the drawings, the thicknesses of layers and regions are exaggerated

for clarity.
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Detailed illustrative embodiments of the present invention are
disclosed herein. However, specific structural and functional details
disclosed herein are merely representative for purposes of describing
example embodiments of the present invention. This invention may,
however, may be embodied in many alternate forms and should not be
construed as limited to only the embodiments set forth herein.

Accordingly, while example embodiments of the invention are
capable of various modifications and alternative forms, embodiments
thereof are shown by way of example in the drawings and will herein
be described in detail. It should be understood, however, that there is
no intent to limit example embodiments of the invention to the
particular forms disclosed, but on the contrary, example embodiments
of the invention are to cover all modifications, equivalents, and
alternatives falling within the scope of the invention. Like numbers
refer to like elements throughout the description of the figures.

It will be understood that, although the terms first, second, etc.
may be used herein to describe various elements, these elements
should not be limited by these terms. These terms are only used to
distinguish one element from another. For example, a first element
could be termed a second element, and, similarly, a second element
could be termed a first element, without departing from the scope of
example embodiments of the present invention. As used herein, the
term "and/or" includes any and all combinations of one or more of the
associated listed items.

It will be understood that when an element is referred to as
being "connected" or "coupled" to another element, it can be directly
connected or coupled to the other element or intervening elements
may be present. In contrast, when an element is referred to as being
"directly connected" or "directly coupled" to another element, there are
no intervening elements present. Other words used to describe the

relationship between elements should be interpreted in a like fashion
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(e.g., "between" versus "directly between", "adjacent” versus "directly
adjacent", etc.).

The terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of
example embodiments of the invention. As used herein, the singular
forms "a", "an" and "the" are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be further
understood that the terms "comprises", "comprising,”, "includes"
and/or "including", when used herein, specify the presence of stated
features, integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or
groups thereof.

It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of the order
noted in the figures. For example, two figures shown in succession
may in fact be executed substantially concurrently or may sometimes
be executed in the reverse order, depending upon the
functionality/acts involved.

As used herein, the term "mobile" may be considered
synonymous to, and may hereafter be occasionally referred to, as a
mobile unit, mobile station, mobile user, user equipment (UE),
subscriber, user, remote station, access terminal, receiver, etc., and
may describe a remote user of wireless resources in a wireless
communication network. The term "base station" may be considered
synonymous to and/or referred to as a base transceiver station (BTS),
NodeB, extended Node B, femto cell, access point, etc. and may
describe equipment that provides the radio baseband functions for
data and/or voice connectivity between a network and one or more

USErs.

Architecture
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FIG. 1 illustrates a network following the CDMA2000 protocol
110 and a network following the LTE protocol 120 according to
example embodiments.

Referring to FIG. 1, a CDMA2000 network 110 includes a packet
data serving node (PDSN) 111, a radio network controller (RNC) 112, a
plurality of base stations or base transceiver stations (BTS) 114~116
and a plurality of mobile devices 117~119, 102. The CDMA2000
network 110 may have multiple RNCs and PDSNs, however, only one
of each is shown for clarity. The PDSN 111 is connected to a public
data network (PDN) 101 through a proxy mobile IP interface. The RNC
112 is connected to the PDSN 111, the BTSs 114~116 are connected
to the RNC 112 and the mobile devices 117~119, 102 are each in
wireless communication with a BTS 114~116. The RNC 112 includes
a buffer 113. PDSN 111 may also be referred to as a HRPD SGW or
HSGW (high rate packet data service gateway). Though network 110
is illustrated as a CDMA2000 network, network 110 is not limited to
the CDMA2000 protocol.

Referring again to FIG. 1, an LTE network 120 includes an
Access Gateway 121, a plurality of base stations or enhanced-node Bs
(eNBs) 122~123, and a plurality of mobile devices 126~127, 103. The
Access Gateway 121 is connected to the PDN 101 through a GTP
and/or mobile IP protocol. The LTE network 120 may include
multiple Access Gateways however, only one is shown for clarity. The
eNBs 122~123 are connected to the Access Gateway 121. The
plurality of mobile devices 126~127, 103 are in wireless
communication with eNBs 122~123. The Access Gateway 121 may
include a Management Mobility Endpoint (MME) and a Serving
Gateway (SGW) which are omitted from FIG. 1 for clarity. The eNBs
include buffers 124~125.

As FIG. 1 illustrates, RNC 112 and the Access Gateway 121 are

directly connected to one another through an interface 160.
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CDMA2000 Network Operation

In a typical operation of a CDMA2000 network having the
configuration illustrated in FIG. 1, the PDN 101 receives a data packet
addressed to, for example, a target mobile device 102. The target
mobile device 102 is one of the plurality of mobile devices 117~119,
102 in communication with the CDMA2000 network 110. The PDN
101 sends the data packet to the PDSN 111. The PDSN 111 forwards
the data packet to the RNC 112. The RNC 112 may store the data
packet in the buffer 113 until the target mobile device 102 is ready to
receive the data packet. Once the target mobile device 102 is ready to
receive the data packet, the RNC 112 forwards the data packet to the
BTS associated with target mobile device 102, BTS 116. The data
packet may be an Internet Protocol (IP) packet and may have a header.

The CDMA2000 network 110 may implement header
compression such aé Robust Header Compression (RoHC) or any other
well-know header compression. Using header compression, the
CDMA2000 network 110 may reduce the size of headers of the data
packets being sent from the PDSN 111 to a mobile device by sending
only a portion of the packet headers. In order to use header
compression for packets being sent from the PDSN 111 to a target
mobile device 102 in CDMA2000 network 110, the PDSN 111
establishes a compression dictionary and target mobile device 102
establishes a decompression dictionary. The compression and
decompression dictionaries store the static portions of the headers of
the data packets being sent and received. It may take one or more of
full packets being sent from the PDSN 111 to target mobile device 110
to establish the compression and decompression dictionaries.

Once the compression and decompression dictionaries are
established, the PDSN 111 uses the compression dictionary to
compress packet headers (i.e., remove static portions of the packet
headers) and sends data packets with the compressed headers to the

target mobile device 102. The target mobile device 102 uses the
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decompression dictionary to decompress the compressed headers of
the data packets (i.e., reinsert the static portions of the packet
headers) for processing at the mobile device.

The PDSN 111 may instruct the target mobile device 102 to
reset its decompression dictionary. For example, when the target
mobile device 102 and the PDSN 111 have established decompression
and compression dictionaries, respectively, the PDSN 111 may send a
data packet with an uncompressed header to the target mobile device
102. The target mobile device 102 may interpret the uncompressed .

data packet as an indication to reset its decompression dictionary.

LTE Network Operation

In a typical operation of the LTE network having the
configuration illustrated in FIG. 1, the PDN 101 receives a data packet
addressed to, for example, a target mobile device 103. The target
mobile device 103 is one of the plurality of mobile devices in
communication with the LTE network 120. The PDN 101 sends the
data packet to the Access Gateway 121. The Access Gateway 121
sends the data packet to the eNB associated with the target mobile
device, eNB 123. The eNB 123 forwards the data packet to the target
mobile device 103. Header compression for the LTE operation is

performed in the eNB.

Handling a transition from CDMA2000 to LTE

A method for handling the transition of a mobile from a first
network to a second network will be explained with reference to the
target mobile 102 transitioning from the CDMA2000 network 110 to
the LTE network 120, in FIG. 1. However, it will be understood that
this embodiment is not limited in application to the mobile 102 or the
architecture of FIG. 1.

Referring to FIG 1, the target mobile device 102, which has been
communicating with BTS 116 on CDMA2000 network 110, transitions
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to LTE network 120 and begins communicating with eNB 122. Those
of ordinary skill in the art will recognize that the transition of the
mobile 102 from the CDMA2000 network 110 to the LTE network 120
may be initiated according to any known technique including
signaling between the mobile and at least one network element of the
CDMA2000 network 110 and the LTE network 120.

FIG. 2 is a flow chart illustrating a method of handling a
transition from a network following the CDMA2000 protocol to a
network following the LTE protocol according to example embodiments.
In step S205, in addition to the compression and decompression
dictionaries typically stored at, for example, the PDSN 111 and the
mobile device 102, decompression information (e.g., decompression
dictionary) for received data packets is also is stored at the RNC 112
in the CDMA2000 network. Namely, the RNC 112 is configured to
store decompression information relating to data packets that are sent
from the PDSN 111 to mobile devices.

Referring to FIG 1, each data packet that was sent from the
PDSN 111 to the target mobile device 102 first passed through the
RNC 112. The RNC 112 is configured to use data packets that were
sent from PDSN 111 to the target mobile device 102 to, for example,
compile a decompression dictionary in the same manner as the target
mobile device 102.

Once the mobile device 102 transitions from the CDMA2000
network 110 to the LTE network 120, the RNC 112 is capable of using
the decompression information collected from the data packets that
were sent from the PDSN 111 to the transitioning mobile device 102 to
rebuild the packet headers of the unforwarded data packets that are
stored in the buffer 113 at the RNC 112 and addressed to the
transitioning mobile device 102.

FIG. 3 is a diagram illustrating an example of building a
decompression dictionary at an RNC. Referring to FIG. 3, the PDSN
111 sends data packets P1, P2 and P3 to target mobile device 102.
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The PDSN 111 establishes a compression dictionary 311 based on
data packets P1, P2 and P3. The target mobile 102 establishes a
decompression dictionary 313 based on data packets P1, P2 and P3.
The RNC 112 receives each packet sent from the PDSN 111 to the
target mobile 102. The RNC 112 establishes decompression dictionary
312, which may be identical to decompression dictionary 313. The
RNC 112 now has the capability to decompress data packets sent by
the PDSN 111 to the target mobile 102.

Returning to Fig. 2, in step S210, the forwarding of buffered
packets to the mobile device 102 is terminated as a result of the
mobile device 102 transitioning to the LTE network 120. Once the
target mobile 102 begins wireless communications with eNB 122,
wireless communications with BTS 116 cease. Buffered packets can
no longer be forwarded through BTS 116 to the target mobile 102
because the wireless channel between BTS 116 and target mobile 102
no longer exists.

In step S215, the headers of unsent buffered packets are rebuilt
by the RNC 112. Data packets buffered at the CDMA2000 network
110 that have not yet been forwarded to target mobile device 102 are
stored in buffer 113 of the RNC 112. These data packets may have
compressed headers. Buffered, unforwarded data packets addressed
to target mobile device 102 are decompressed by the RNC 112 in the
same manner that the mobile device 102 performs decompression.
Namely, the buffered, unforwarded data packets are decompressed at
the RNC 112 using the decompression information stored in the RNC
112 in step S205.

Decompressing the data packet headers prior to sending the
data packets to the LTE network may be necessary because the
CDMA2000 network 110 uses packet header compression and the
LTE network will not have the necessary decompression information
to decompress the compressed data packets headers Accordingly, if

unforwarded packets are sent from the CDMA2000 network 110 to the
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LTE network 120 without decompressing compressed packet headers,

- the LTE network will not be able to interpret the compressed headers

of the unforwarded packets. Consequently, the LTE network 120 will
not be able to deliver the packets to transitioning mobile device 102
and the data packets will be lost.

Referring to FIG. 2, in step S220 the unsent and rebuilt data
packets are sent from the RNC 112 directly to the Access Gateway 121
of LTE network 120 via the interface 160. Because the packet headers
of the unforwarded data packets are rebuilt, the rebuilt data packets
are sent as full IP packets directly to LTE network 120, and LTE
network 120 may process the data packets as LTE network 120 would
process a data packet received from PDN 101.

Referring to FIG. 2, in step S225, the LTE network 120 sends
the data packets received via the interface 103 to the mobile device
102. Referring to FIG. 1, Access Gateway 112 sends the data packets
to the eNB 122 which then sends the data packets to the target mobile
102.

Handling a transition from LTE to CDMA2000

A method for handling the transition of a mobile device from a

first network to a second network will be explained with reference to
the target mobile 103 transitioning from the LTE network 120 to the
CDMA2000 network 110.

FIG. 4 is a flow chart illustrating a method of handling a
transition of a mobile device from a network following the LTE protocol
to a network following the CDMA2000 protocol according to example
embodiments. This embodiment will be described referring to FIG 1,
for the target mobile device 103, which has been communicating with
the eNB 123 in the LTE network 120, transitioning to the BTS 116 of
the CDMA2000 network 110. However, it will be understood that this
embodiment is not limited in application to the mobile 103 or the

architecture of FIG. 1.
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Further, those of ordinary skill in the art will recognize that the
transition of the mobile 103 from the LTE network 120 to the
CDMA2000 network 110 may be initiated according to any known
technique including signaling between the mobile and at least one
network element of the CDMA2000 network 110 and the LTE network
120.

Referring to FIG. 4, in step SS0S5 packets that have not yet been
sent to the mobile device 103 by the LTE network 120 are sent to the
CDMA2000 network 110. Data packets stored at the LTE network
120 that have not yet been forwarded to the transitioning target
mobile device 103 are stored in buffer 125 of eNB 123. After target
mobile device 103 transitions from the LTE network 120 to the
CDMA2000 network 110, the eNB 123 sends the unforwarded data
packets to the Access Gateway 121. The Access Gateway 121 sends
the unforwarded data packets directly to the RNC 112 at the
CDMA2000 110 network through the interface 160 between the RNC
112 and the Access Gateway 121.

Referring to FIG. 4, in step S510 the header compression state
at the CDMA2000 network 110 is reset. When unforwarded data
packets arrive from LTE network 120, the PDSN 111 and the target
mobile device 103 may have already established compression and
decompression dictionaries, respectively. For example, transitioning
target mobile device 103 may have begun receiving packets from
CDMA2000 network 110 immediately upon entering the CDMA2000
network 110. The PDSN 111 and target mobile device 103 may have
established compression and decompression dictionaries based on
these data packets. Additionally, the target mobile device 103 may
have been connected to CDMA2000 network 110 previously.
Accordingly, the PDSN 111 and the target mobile device 103 may have
established compression and decompression dictionaries during a
previous connection of the target mobile device 103 to CDMA2000
network 110.
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When unforwarded data packets received from the LTE network
110 at the RNC 112 are forwarded to the mobile device 103, the
mobile device 103 updates its decompression dictionary based on the
unforwarded data packets the mobile device 103 receives. However,
PDSN 111 does not see the unforwarded data packets that are sent
from the RNC 112 to the target mobile device 103. Accordingly, the
compression dictionary at PDSN 111 may become out of sync with the
decompression dictionary at the target mobile device 103.

If the compression dictionary at the PDSN 111 and the
decompression dictionary at the target mobile 103 remain out of
synch, data packets sent subsequently from the PDSN 111 to the
target mobile device 103 will be compressed based on the out-of sync
dictionary. The target mobile device 103 will not be able to use the
updated compression dictionary to properly decompress these
subsequently sent data packets. Error checking procedures carried
out at target mobile 103 device may interpret the improperly
decompressed data packets as corrupt data packets and discard them.
Accordingly, data packets will be lost. To avoid losing data packets,
according to example embodiments, when mobile device 103
transitions to the CDMA2000 network 110 from the LTE network 120,
the RNC 112 sends a point-to-point protocol (PPP) message to the
PDSN 111 instructing the PDSN 111 to reset its header state.

While the PPP message instructing the PDSN 111 to reset a
header compression state is described as being sent by the RNC 112
to the PDSN 111 after the RNC 112 receives unforwarded packets
from the LTE network 120, the RNC 112 may send the compression
state reset message to the PDSN 111 before sending an unforwarded
packet to mobile device 103. The RNC 112 may also send the
compression state reset message to the PDSN 111 simultaneously
with sending an unforwarded packet to the target mobile device 103.
The RNC 112 may send a compression state reset message as soon as
the target mobile device 103 enters the CDMA2000 network 110. The
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RNC 112 may also send a compression state reset message to the
PDSN 111 once the target mobile device 103 leaves the CDMA2000
network 110 in anticipation of the target mobile device 103 returning
to the CDMA2000 network 110.

Referring to FIG. 4, in step S515 unsent packets are sent from
the CDMA2000 network 110 to the mobile device 103. Referring to
FIG. 1, the RNC 112 forwards the unforwarded data packets to the
BTS 116 which then sends the unforwarded data packets to target
mobile device 103. The unforwarded data packets are full,
uncompressed IP packets.

Methods for handling the transition of a mobile device from a
first network to a second network according to example embodiments
allows a mobile device to transition back and forth between a
CDMAZ2000 network an LTE network while minimizing the loss of data
packets that are buffered at the original network and have not yet
been sent to the mobile device at the point of transition. The
transition is also accomplished without requiring duplicate data
packets to be sent to both the CDMA2000 and LTE networks.

The invention being thus described, it will be obvious that the
same may be varied in many ways. Such variations are not to be
regarded as a departure from the invention, and all such
modiﬁcations are intended to be included within the scope of the

invention.
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What is claimed:

1. A method of handling the transition of a mobile device
(102) from a first network (110) to a second network (120), the method
comprising:

terminating forwarding of the data packets from the first
network (110) to the mobile device (102);

rebuilding headers of unforwarded data packets at the first
network (110); and

sending the rebuilt data packets from the first network (110) to
the second network (120), the second network (120) operating
according to a different communication protocol from the first network
(110).

2. The method of claim 1, wherein the first network (110) is
a network following a CDMA2000 protocol and the second network

(120) is a network following an LTE protocol.

3. The method of claim 1, further comprising:

storing the unforwarded data packets in a buffer (113) at a
controller (112) in the first network (110),

wherein rebuilding headers includes using information stored at
the controller (112) to decompress compressed headers of the

unforwarded data packets.

4. The method of claim 2, further comprising;:

building a decompression dictionary (312) at an Radio Network
Controller (RNC) (112) in the first network (110),

wherein sending the rebuilt data packets to the second network

(120) includes sending the rebuilt data packets from the RNC (110).
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5. The method of claim 4, wherein the sending of the rebuilt
data packets is via a channel (160) between the RNC (112) and an

Access Gateway (121) in the second network.

6. A method of handling the transition of a mobile device
(103) from a first network (120) to a second network (110), the method
comprising:

resetting a header compression state at the second network
(110);

receiving unforwarded data packets from the first network (120)
at the second network (110}, the second network (110) operating
according to a different communications protocol from the first
network (120), the unforwarded data packets being data packets the
first network (120) had not yet forwarded to the mobile device (103);

sending the unforwarded data packets from the second network
(110) to the mobile device (103).

7. The method of claim 6, wherein the first network (120) is
a network following a LTE protocol and the second network (110) is a

network following a CDMA2000 protocol.

8. The method of claim 6, wherein the resetting of the header
compression state at the second network (110) is preformed by

sending a PPP (point-to-point protocol) message.

. The method of claim 6, wherein receiving unforwarded
data packets at the second network (110) includes receiving
unforwarded data packets at a Radio Network Controller (RNC) (112)

in the second network (110).

10. The method of claim 9, wherein the receiving of the

unforwarded data packets at the RNC (112) is via a channel (160)
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between the RNC (112) and an Access Gateway (121) in the first

network.
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FIG. 2

Store decompression information for | 5205
data packets at RNC

|

Stop forwarding buffered 5210
packets to terminal

|

Rebuild headers for unsent S215
packets

|

Send unsent and rebuilt packets from $220
LT ~——
CDMA2000 network to LTE network

|

Transmit unsent packets from 8225
LTE network to device




WO 2009/148500

3/3

PCT/US2009/003078

102 112 111
R P1,P2,P3 ) p1p2p3 )
M K RNC PDSN
313

~— 1 312 _~ P1 311~ py
P2 P2 P2

P3 P3 P3

Send unsent packets from LTE [ S505

network to CDMA2000 network
Reset header compression y S510
state at CMDA2000 network
Transmit unsent packets from | S515

CDMA2000 network to terminal




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings

