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(54) Title: LTE SMALL CELL HANDOVER TO CARRIER-GRADE WIFI

FiG. 1

(57) Abstract: Mobile units are handed over from LTE to carrier grade WiFi. The LTE can be licensed (LTE-L) or unlicensed (LTE-
U), Charging mechanisms for co-located and integrated WiFi are also provided. When an LTE-U capable mobile unit moves into the
LTE-U coverage area of a small cell, the mobile unit can use the unlicensed spectrum, for a data session, thereby effectively increas-
ing the data capacity of the network. When the mobile unit moves within the carrier grade Wi-Fi coverage area of the small cell, the
small cell can handover the entire data session to the carrier grade Wi-Fi access point, thereby freeing up LTE system, resources to
provide data services to other mobile units.
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The present invention relates generally

3 communication systems.
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BACKGROUND OF THE INVENTIOD
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The demand for mobile wireless data i1is grow

exponential rate. Industry is preparing for

being labeled as the 1000x data rate growth in

16 vyears. A gseveral fold increase in spectrum 1

meet such an increasing demand in mobile wire

Spectrum for wireless communication is 11

however. In order to meet this increasing den

15 data transmissions new wavs to transmit data
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unlicensed spectrum will need to be found.

Cne way to meet the increased demand for
utilize multiple carrier techncliocgies utilizi
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provides for small ¢
grade WiFi, which ca
3 small cell, The LTEHE

unlicen
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and integrated WiFi
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10 use the unlicensed s
effectively increasi
When the mobile unit

coverage area cof the

handover the entire
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Fi AP, thereby freei
data services tLo oth
unlicensed spectrum

service provider to
using LTE-U and carr
20 overall system capac
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service provided by
25  ¢f data session over
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SUMMARY OF THE INVENTION
hodiment of the present invention
ell handover from LTE fo carrier
n be co-located or built intc the

licensed (LTE-L)

Charging mechanisms for co-located
are also provided.
apable moblle unit s into the

of a small cell, the mobile unit can

pectrum for data session, thereby

ng the data capacity of the network.
moves within the carrier grade Wi-Fi
small cell, the

data segsion to -

ng up LTE system rescources Lo provide

er meobile units. The use of the

to the
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cpportunity

data services

ler—grade Wi-Fi while increasing the
ity to handle more mobile

riy, when a mob unit moves cut of
1Fi coverage area of the small cell,
be handed over to the LTE-L/LTE-U
the small cell. Appropriate tracking
carrier grade WiFi, LTE-U or LTE
identifier, nmuitiple handover
dover segquence numbers, will allow
to introduce smart pricing options
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THE SEVERAL VIEWS OF THE DRAWINGS
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exenplary embodiment of the pres

invention.
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DESCRIPTION OF THE INVENTION
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100 in accordance with an exemplary

nt invention. Communication

ication network 100, but only these

for clarity.

TR YT OSTNMA OO0 8] e e TAT NS,
WCDMA, CDMR2000, LTE and WiMAX.

an exemplary embodiment, wire

carrier grade Wiri. Carrvier grade

WiFi can preferably belong to any third parties equipped
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n accordance with an

embodiment, wireless network 101 sets the

s 18,
5 In accordance with an exemplary embodiment, wireles

network 101 provisions a 1list of auth

o
candidate cells into a handover candidate list. The

cells can be small cells, macrocells, or both. The list
can be static or dynamic. small cells preferably know

10 the coverage and transmit power strength of WiF
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Macro eNB 104 provides radic coverage within a
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sing licensed spectrum. Macro eNB 104 is

units within macrocell 194 and connects the mobile units

20 low-power cellular base station. Metro 2NBs can

alternately be referred to as small cells.

In an exemplary embodiment, carrier gr
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n accordance with the exemplary embodiment, eac

metro eNB 102, 112, and 122 includes three coverage

36 licensed carrier coverage area in the exemplanm
embhodiment depicted in FIG. 1, nmetro eNB 102 includes
carrier-grade WiFi coverage area 160, metro LTE eNB

unlicensed carrier coverage area



WO 2016/100150 PCT/US2015/065432

licensed carrier coverage area 180. 1In the exemplary
embhodiment depicted in FIG. 1, nmetro eNB 112 includes
carrier-grade WiFi coverage area 161, metro LTE eNB

unlicensed carrier coverage area 1

3 licensed carrier coverage area 181. In the exemplary
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nbodiment depicted in FIG. 1, metro eNB 122 includes
carrier—grade WiFi coverage area 162, metrco LTE «NB
unlicensed carrier coverage area 172, and metro LTE eNB
licensed carrier coverage area 182.
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example, an X2-Unlicensed Spectrum, or ¥Z-U. The X2-U

I35 preferably allows the small cell handover of data service

to the WiFi and back to the metro eNB. XZ2-U preferably
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20 Carrier grade WiFil preferably collects all charging
related information for WiFi data sessions. A charging

module is preferably bullt into the carrier grade WiFi to
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25 types, data types, handover 1D, segquence numbers, and
charging correlation information.
Mobile units 103, 105, 1067, 109, 113, 115, 11
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p 5, 127, and 129 each include an interface, a
receliver, a transmitter, a processor, and memory, In the

30 exemplary embodiment depicted in FIG. 1, mcobile units
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located in coverage areas 180, 181, and 182,

respectively, and served by metro eNBs 10 112, and
respectively., In the exemplary embodiment depicted in

FIG. 1, mobile units 107, 117, and 127 are located in

' 1 ») A - -~ RO N T P ey ]
109, 119, and 129 are located in coverage areas 160, 161,

and 162, regpectively, and served by metro eNBs 102, 112,

and 12Z, respectively.

FIG. 2 depicts a f£low chart 200 of small cell
handover of a data session to carrier-grade WiFi in

accordance with an exemplary embodiment of the present
invention. Carrier grade WilFi access points (APs3)
commonly charge lower rates for wireless data usage. An
exemplary embodiment determines whether offlocading data

usage to an available WiFi AP is more cost effective for

usage. If so, the data isg handed cver to the Wibli AP.
A policy engine establishes (201} policy steering

rules and criteria for when to hand over data service for

a mobile unit between an LTE data channel and a WiFi AP.

A metro eNB determines {202) whether a data session

should be handed over, either from an LTE data sessiocon to

exenplary embodiment, a metro NB malintalns control data
of a data session on WiFi AP. In accordance with an

e
data session, The metro eNB can switch LTE data service

from a WiFi AP back to LTE, whether LTE-L, LTE-U within
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over a data session and conducts all necessary radio

measurements to maintain the performance and qualit

}-

3oy 4 . P e L oy e 4 e AT e gy e P, 1
3 data service when handing over to and from carrier grade

In accordance with an exemplary embodiment, a metro
eNE determines (203) a Wifi AP to handover the data
service based on an evaluation of the hand over criteria.
0 The policy engine szelects a carrier-grade WiFi AP from a
list to cfficad data flows tco. The policy engine can be
a network policy controller or alternately functionality
incorporated intoc a small cell.

with an exemplary embodiment, the
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I35 policy engine can use any or all of the following

200 WiFi, the signaling strength of a WiFi AP, traffic load

of a WiFil AP, signal-to-nolse level ¢f WiFi AP, UE moving

speed, security, energy efficiency based on proximity to
The radic, and Wikl AP ownership.

Smart pricing policy comprises a policy to handover

25 a mobile user’s data usage to a WiFili AP when & tariff

Incentive from using a WiFi comprises free or
discounted access cffered by stores, restaurants, cor
others to patrons of thelr businesses.

36 Content service from WiFi comprises advertisements,

coupecns or other incentives Lo customers
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UE moving speed is considered to aveid making

Security comprises taking into account how important
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2curity of the data exchange 1s. For example, there

be some data that a user does not want transported

Once a WiFi AP has been selected, the data session

nded over to the selected WiFi AP. A metro eNB can
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a flow chart 300 of a charging

b’)

FIG., 3 depict:

chanism I1n accordance with an exemplary embodiment of

present invention.

In accordance with this exemplary embodiment,

handed over from an LTE metro eNB.
In accordance with an exemplary embodiment, charging
abeled (303) with a carrier-grade WiFi
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The assoclated metro eNB preferably collects (304}

charging parameters via an X2-U interface from a
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vireless network for subscriber charging.

The LTE charging parameters with carrier—-grade WiFi

include but are not limited tTo a carrier-grade WiFi
wwifier, a carrier-grade Wil ownership type, a

.
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o
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mode, an LTE core network
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an LTE channel, an LTE band, a WiFi handover
indicator, a charging ID, a handocver
seguence number, and a charging correlation ID. The

carrier—-grade WiFi deployment mode can be, for example,

integrated within eNB.

metroc eNB passes (3035) the carrier-grade WiFi charging
parameters Lo an 2CW or MME. For a standalone WiFi AP,
the metro eNB preferably indicates the handover
nd

10 destination a

The SGW or MME charges (307) the mobile unit for the
WiFi data session. The charging can be either online or
offline. The SGW or MME triggers the charging request

15 with charging information from the metro eNB, preferably

with WiFi charging data along with other charging sub-

The SGW or MME preferably includes new LTE-U
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unction).
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The 0OCS or CDY¥F preferably rates Carrier Grade WiFi data

bt

usage accordingly with service provider configured LTE-U

In an alternate exemplary embodiment, a standalone
5 WiFi controller sends charging information via TCP/IP or

other protocol to an authorized charging entity. That
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ecelives the charging information from

the WiFi controller, and this preferably triggers a
charging request. The CCE/CDF correlates charging

30 regquests from the 3GW or MME and the WiFi charging entity
with correlation charging ID, and determines the charging
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1. A method for handing over a mobile unit to carrier-—

determining that a mobile unit =zhould
Lo a carrier-grade WiFi coverage area; and
handing over the mobile unit to use t

grade WiFi for a data session.

2. A method for handing over a mobile unit in accordance

with claim 1, the method further comprising:

3. A method for handing over a mobile unit in accordance

with claim 1, wherein the step of determining that a

over based on an evaluation of hand over criteria;
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mobile unit should be handed over comprises:

determining that the mobile unit should be handed

3
h

ver based on an evaluation of hand over criteria;

O

wherein the hand over criteria comprises an

incentive for using a WiFi access point,
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5. A method for handing over a mobile unit 1n accordance

o] over based on an evaluation of hand over criteria;
wherein the hand comprises the signal
strength of a WiFi access point.
6. A method for handing over a mobile unit in accordance
10 claim 1, wherein the step of deternmining that a
mobile unit should be handed over comprises:
determining that the mobile unit should be handed
over based on an evaluation of hand over criteria;
wherein the hand over criteria comprises the traffic

I5 load of a WiFi access point.

7. A method for handing over a mobile unit in accordance

with claim 1, wherein the step of determining that a
14 iy

20 determining that the mobile unit should be handed

cver based on an evaluation c¢f hand cover criterias

D

25 8. A method for handing over a mobile unit in accordanc

0]

with claim 1, wherein the step of determining that a

over based on an evaluation ¢f hand cover criteria;
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a WiFi access point, the metho:

carvrving wireless data in a data session for a

.

mobhile unit on a WiFili access point;

. . . o . Co s
iabeling the data session with a ¥

identifier:;

collecting WiFi charging parameters including the
WikFi identifier; and
sending the WiFi charging parameters to a charging

10, A method for billing a mobile unit for data usage of

a WiFi access point in accordance with claim 9, the
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pricr Lo carrving wilirelegs data in a data sessiocon
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Fiis. 2
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Y
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ESTABLISH " CONSIDER ™~ |
HAND OVER POLICY - HAND OVER?

DETERMINE 203
HAND OVER RANKING

l

HAND OVER TO 207
HIGHEST RANKED
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FIG. 3
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