wo 2014/126988 A 1[I I NPFV 0O O 0 O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

21 August 2014 (21.08.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/126988 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
HO04B 10/114 (2013.01) HO04B 10/116 (2013.01)

International Application Number:
PCT/US2014/016002

International Filing Date:
12 February 2014 (12.02.2014)

Filing Language: English
Publication Language: English
Priority Data:

13/767,681 14 February 2013 (14.02.2013) US

Applicant: QUALCOMM INCORPORATED [US/US];
ATTN: International IP Administration, 5775 Morehouse
Drive, San Diego, California 92121-1714 (US).

Inventors: JOVICIC, Aleksandar; 5775 Morehouse
Drive, San Diego, California 92121-1714 (US). LI, Junyi;
5775 Morehouse Drive, San Diego, California 92121-1714
(US). RICHARDSON, Thomas, Joseph; 5775 More-
house Drive, San Diego, California 92121-1714 (US).

Agent: KARREN, J., Scott; Holland & Hart LLP, P.O.
Box 11583, Salt Lake City, UT 84110 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: METHODS AND APPARATUS FOR EFFICIENT JOINT POWER LINE AND VISIBLE LIGHT COMMUNICATION

WIRELESS IR

| \|IBX INTERFACE MODULE
—————— 4

sy - o = = = —

|18 PLETXINTERFACE ]

| o= MOBUE_ 7
INTERMEDIARY |

PLC AND VLG PER- TONE INFORMATION
OVER RADIOQ, E.G., WiFi, OR IR REVERSE LINK

1140

LIGHT ACCESS POINT

WIRELESS
RXINTERFACE
MODULE

Mg
MODULE
111,

111!
PLC CHANNEL QUALITY ¢
SNR MEASUREMENT

WIRELES!
TX MODULE

1118

PLC o128
TX INTERFACE <

MODULE

| PLC DATA
DECODER
| MODULE

ENCODER

1136 113/ 1124
MODULE

1123

i 1108
| POWERLINE

e T )

LED DRIVING MODULE, E.G., LED DRIVING CIRCUIT

VLG CHANNEL QUALITY/
SNR MEASUREMENT
MODULE

UE DEVICE

1114

| RXINTERFACE -1
| MODULE |

1106

1113
GATEWAY
DEVICE
\

102

104

FIGURE 11

(57) Abstract: A hybrid communications system implements different communication technologies to communicate data and in-
formation for particular communications directions in different portions of the system. Power line communications (PLC) signaling
is used to deliver data and information from a gateway device to a light access point. Visible light communications (VLC) signaling
is used to communicate data and information from the light access point to a user equipment (UE) device. Wireless radio signaling,
wireless infrared (IR) signaling, or a combination of wireless IR signaling and PLC signaling is used to communicate data/informa-
tion from the UE device to the gateway device. To efficiently control the VLC communications channel between the light access
point and UE device, the UE device measures the VLC channel, e.g., calculating SNRs on a per VLC tone basis, and communicating
VLC channel quality feedback information to the gateway device, which is forwarded to the light access point.
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METHODS AND APPARATUS FOR EFFICIENT JOINT POWER LINE AND
VISIBLE LIGHT COMMUNICATION

CROSS REFERENCES
[0001] The present Application for Patent claims priority to U.S. Provisional
Patent Application No. 13/767,681 by Jovicic et al., entitled “Methods and Apparatus

for Efficient Joint Power Line and Visible Light Communication,” filed February 14,

2013, assigned to the assignee hereof.

FIELD
[0002] Various embodiments are related to the communication of data and
information, and more particularly, to efficiently communicate data and information

using power line communications in combination with visible light communications.

BACKGROUND
[0003] Light Emitting Diodes (LEDs) capable of generating white light are

projected to become the dominant source of lighting in the commercial and residential
sectors in the future. Recent research has demonstrated that such LEDs can be intensity
modulated at a high bandwidth. When combined with the high optical power intensities
(tens of Watts) in typical indoor lighting conditions, the high modulation rate offers the
potential for broadband wireless data communication in the hundreds of Mbps.

[0004] There are various challenges to enabling Visible Light Communication
(VLC): (i) the absence of a native reverse link; and (ii) a backhaul to deliver data to the
LED light. Without an adequate reserve link suitable for communicating feedback
information, it is difficult to efficiently utilize the forward link including the VLC
communications.

[0005] Based on the above discussion, there is a need for new methods and
apparatus to efficiently deliver data to an LED device. It would also be advantageous if
new methods and apparatus were developed to support efficient VLC communications

from the LED device to user equipment (UE) devices.

SUMMARY
[0006] A hybrid communications system implements different communication
technologies to communicate information for particular communications directions in

different portions of the system. Power line communications (PLC) signaling is used to
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deliver data and information from a gateway device to a light access point. Visible light
communications (VLC) signaling is used to communicate data and information from the
light access point to a user equipment (UE) device. Wireless radio signaling, wireless
infrared (IR) signaling, or a combination of wireless IR signaling and PLC signaling is
used to communicate data/information from the UE device to the gateway device.

[0007] To efficiently control the VLC communications channel between the
light access point and UE device, the UE device measures the VLC channel, e.g.,
calculating SNRs on a per VLC tone basis, and communicating VLC channel quality
feedback information to the gateway device, which is forwarded to the light access
point. In some embodiments, to efficiently control the PLC communications channel
between the gateway device and the light access point, the light access point measures
the PLC channel, e.g., calculating SNRs on a per PLC tone basis, and communicating
PLC channel quality feedback information to the UE device, which is forwarded to the
gateway device.

[0008] An exemplary method of operating user equipment (UE) device, in
accordance with some embodiments, includes receiving a light signal from an access
point communicating information to the UE, said signal including at least some data
from a gateway device which supplied said data to the access point via a power line
communications link, and communicating feedback information from said UE device to
the gateway device via a communications channel which includes a wireless uplink,
said feedback information communicating visible light communications (VLC) channel
quality information. An exemplary user equipment (UE) device, in accordance with
some embodiments, includes at least one processor configured to: receive a light signal
from an access point communicating information to the UE, said signal including at
least some data from a gateway device which supplied said data to the access point via a
power line communications link, and communicate feedback information from said UE
device to the gateway device via a communications channel which includes a wireless
uplink, said feedback information communicating visible light communications (VLC)
channel quality information. The exemplary UE device further includes memory
coupled to said at least one processor.

[0009] An exemplary method of operating a light access point, in accordance
with some embodiments, includes: decoding received encoded information to recover
information to be communicated to a user equipment device; encoding the recovered

information as a function of light channel quality information to generate re-encoded
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information; and transmitting the re-encoded information via a visible light
communications (VLC) channel to the user equipment device. An exemplary light
access point, in accordance with some embodiments, includes at least one processor
configured to: decode received encoded information to recover information to be
communicated to a user equipment device; encode the recovered information as a
function of light channel quality information to generate re-encoded information; and
transmit the re-encoded information via a visible light communications (VLC) channel
to the user equipment device. The exemplary light access point further includes
memory coupled to said at least one processor.

[0010] An exemplary method of operating a power line communications (PLC)
gateway device including a wireless interface, in accordance with some embodiments,
includes: receiving via said wireless interface channel quality feedback information
including VLC channel quality information from a user equipment device; and
transmitting, via a power line, said VLC channel quality information to a light access
point in light communication with said UE device, said VLC channel quality
information being based on prior VLC transmissions from the light access point to the
UE device. An exemplary power line communications (PLC) gateway device including
a wireless interface, in accordance with some embodiments, includes at least one
processor configured to: receive via said wireless interface channel quality feedback
information including VLC channel quality information from a user equipment device;
and transmit, via a power line, said VLC channel quality information to a light access
point in light communication with said UE device, said VLC channel quality
information being based on prior VLC transmissions from the light access point to the
UE device. The exemplary PLC gateway device further includes memory coupled to
said at least one processor.

[0011] While various embodiments have been discussed in the summary above,
it should be appreciated that not necessarily all embodiments include the same features
and some of the features described above are not necessary but can be desirable in some
embodiments. Numerous additional features, embodiments and benefits of various

embodiments are discussed in the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 is a drawing of an exemplary communications system in

accordance with an exemplary embodiment.
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[0013]  Figure 2 is a flowchart of an exemplary method of operating a user
equipment (UE) device in accordance with various exemplary embodiments.

[0014]  Figure 3 is a drawing of an exemplary user equipment (UE) device in
accordance with various exemplary embodiments.

[0015] Figure 4 is a drawing of an assembly of modules which may be included
in the exemplary UE device of Figure 3.

[0016] Figure 5 is a flowchart of an exemplary method of operating a light
access point in accordance with various exemplary embodiments.

[0017]  Figure 6 is a drawing of an exemplary light access point in accordance
with various exemplary embodiments.

[0018] Figure 7 is a drawing of an assembly of modules which may be included
in the exemplary light access point of Figure 6.

[0019]  Figure 8 is a flowchart of an exemplary method of operating a power line
communications (PLC) gateway device including a wireless interface in accordance
with various exemplary embodiments.

[0020] Figure 9 is a drawing of an exemplary PLC gateway device including a
wireless interface in accordance with various exemplary embodiments.

[0021]  Figure 10 is a drawing of an assembly of modules which may be
included in the exemplary PLC gateway device including a wireless interface of Figure
9.

[0022]  Figure 11 is a drawing of an exemplary communications system in

accordance with an exemplary embodiment.

DETAILED DESCRIPTION

[0023] Figure 1 is a drawing of an exemplary communications system 100 in
accordance with various embodiments. Exemplary communications system 100
includes a gateway device 102, a plurality of light access points (light access point (AP)
1104, ...., light AP N 106, light AP I’ 108, ..., light AP N’ 110). The gateway device
102 is coupled to the light APs (104, ..., 106, 108, ..., 110) via a power line 112.
Gateway device 102 includes a power line communications (PLC) transmit module 122
coupled to power line 112. In some embodiments, gateway device 102 further includes
a PLC receiver module 123 coupled to power line 112. Each of the light APs (104, ...,
106, 108, ..., 110) includes a power line communications receive module (128, ..., 132,

136, ..., 140), respectively, which are coupled to the power line 112. PLC TX module
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122 of gateway device 102 transmits PLC signals (164, 166, 168, 170) to light access
points (104, 106, 108, 110), respectively. Signals corresponding to the transmitted
signals (164, 166, 168, 170), are received by the PLC receiver modules (128, 132, 136,
140), respectively. Light APs (104, 106, 108, 110) include a VLC transmit module
(130, 134, 138, 142), respectively for transmitting VLC signals to UE devices within its
coverage area.

[0024] Exemplary system 100 further includes a plurality of user equipment
(UE) devices (UE device 1 114, ..., UE device M 116, UE device I’ 118, ..., UE device
M’ 120), e.g., mobile wireless terminals, which may move throughout the system 100.
The UE devices (114, ..., 116, 118, ..., 120) include the capability to receive visible
light communications (VLC) signals and transmit at least one of wireless radio signals
or wireless IR signals. In some embodiments, at least some UE devices include the
capability to transmit both wireless radio signals and wireless IR signals. UE devices
(114, 116, 118, 120) include a VLC receiver module (144, 150, 156, 160), respectively,
for receiving VLC light signals transmitted from light access points. UE device 1 114
and UE device M 116 include a wireless radio transmitter module (146, 152),
respectively, for transmitting wireless uplink radio signals to wireless radio receiver
module 124 of gateway 102. UE device I’ 118 and UE device M’ 120 include an IR
transmitter module (158, 162), respectively, for transmitting wireless uplink IR signals
to IR receiver module 126 of gateway device 102.

[0025] VLC TX modules transmit VLC (130, 134, 138, 142) of light access
points (104, 106, 108, 110) transmit VLC signals (172, 174, 176, 178); UE devices
(114, 116, 118, 120) receive VLC signals corresponding to the transmitted signals (172,
174, 176, 178), respectively. Wireless radio transmitter modules (146, 152) of UE
devices (114, 116) transmit uplink wireless radio signals (180, 182) via antennas (148,
154), respectively. Signals corresponding to wireless radio signal (180, 182) are
received by wireless radio receiver module 124 of gateway device 102 via antenna 125.
IR transmitter modules (158, 162) ofUE devices (118, 120) transmit uplink IR signals
(184, 186). Signals corresponding to wireless IR signals (184, 186) are received by IR
receiver module 126 of gateway device 102.

[0026] There is a PLC communications channel between gateway device 102
and light AP 1 104. There is also a PLC communications channel between gateway

device 102 and light AP N 106. Similarly, there is a PLC communications channel
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between gateway device 102 and light AP 1’ 108. In addition, there is a PLC
communications channel between gateway device 102 and light access point N’ 110.

[0027] There is a VLC communications channel between light AP 1 104 and UE
device 1 114; there is a VLC communications channel between light AP N 106 and UE
device M 116; there is a VLC communications channel between light AP I’ 108 and
UE device I’ 118; there is a VLC communications channel between light AP N’ 110 and
UE device M’ 120.

[0028] A wireless radio communications channel exists between UE device 1
114 and gateway device 102; a wireless radio communications channel exists between
UE device M 116 and gateway device 102. A wireless IR communications channel
exists between UE device I’ 118 and gateway device 102; a wireless IR
communications channel exists between UE device M’ 120 and gateway device 102.

[0029] In exemplary system 100, a forward communications link between
gateway device 102 and a UE device includes a PLC communications link and a VLC
communications link. In exemplary system 100, a reverse communications link
between gateway device 102 and a UE device includes a wireless radio communications
link or a wireless IR communications link.

[0030] Signal 180 communicates channel quality feedback information
corresponding to the VLC communications channel between light AP 1 104 and UE
device 1 114. Signal 182 communicates channel quality feedback information
corresponding to the VLC communications channel between light AP N 106 and UE
device M 116. Signal 184 communicates channel quality feedback information
corresponding to the VLC communications channel between light AP 1 108 and UE
device I’ 118. Signal 186 communicates channel quality feedback information
corresponding to the VLC communications channel between light AP N’ 110 and UE
device M’ 120.

[0031] Signals (172, 174, 176, 178) include, e.g., traffic data signals and pilot
signals. In some embodiments, signals (172, 174, 176, 178) further include channel
quality feedback information corresponding to PLC communications channels (PLC
communications channel between gateway device 102 and light AP 1 104, PLC
communications channel between gateway device 102 and light AP N 106, PLC
communications channel between gateway device 102 and light AP 1’ 108, PLC
communications channel between gateway device 102 and light AP N’ 110),

respectively. In some such embodiments, PLC communications channel information
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received in forward link signals (172, 174, 176, 178) is included in reverse link signals
(180, 182, 184, 186), respectively.

[0032] PLC signals (164, 166, 168, 170) communicate, ¢.g., PLC pilot signals,
traffic data signals, and channel quality feedback information corresponding to a VLC
communications channel.

[0033] In some embodiments, PLC feedback information is on a per PLC carrier
basis, ¢.g., per PLC tone basis. In some embodiments, VLC feedback information is on
a per VLC carrier basis, ¢.g., per VLC tone basis. In various embodiments, the light
access points (104, 106, 108, 110) do not include a PLC transmit capability, ¢.g., to
reduce complexity and/or cost.

[0034] In some embodiments, communications system 100 further includes an
intermediary device 190 which includes a wireless IR receiver module 192 and a PLC
transmitter module 194. As an alternative to UE devices (118, 120) transmitting IR
signals (184, 186) directly to gateway device 102, the UE devices (118, 120) transmit
IR signals (184°,186°) to the wireless IR receiver module 192 of intermediary device
190. The intermediary device 190 converts data/information, ¢.g., VLC and PLC
feedback information, received in IR signals (184°,186) into PLC signals (184, 186”),
and the PLC transmitter module 194 transmits PLC signals (184", 186”), onto power
line 112, which are received and processed by PLC receiver module 123 of gateway
device 102.

[0035]  Figure 2 is a flowchart 200 of an exemplary method of operating a user
equipment (UE) device in accordance with various exemplary embodiments. The UE
device is, e.g., one of the UE devices (114, ..., 116, 118, ..., 120) of system 100 of
Figure 1 or UE device 1106 of Figure 11. Operation of the exemplary method starts in
step 202 where the UE device is powered on and initialized. Operation proceeds from
step 202 to step 204, in which the UE device receives a light signal from an access point
communicating information to the UE device, said signal including at least some data
from a gateway device which supplied data to the access point via a power line
communications link.

[0036] In some embodiments, the access point includes a power line
communications receiver but does not include a power line communications transmitter.
In various embodiments, the received light signal includes power line communications
channel information about a power line channel extending from the gateway device to

said access point. In some such embodiments, the power line communications channel
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information includes an SNR channel estimate of the power line communications
channel.

[0037] In some embodiments, operation proceeds from step 204 to step 208; in
other embodiments, operation proceeds from step 204 to step 206.

[0038] In step 206, the UE device performs a signal to noise ratio (SNR)
estimate for a visible light communications (VLC) modulation carrier based on the
received pilot signal included in said light signal. Operation proceeds from step 206 to
step 208.

[0039] In step 208, the UE device communicates feedback information from the
UE device to the gateway device via a communications channel which includes a
wireless uplink, said feedback information communicating visible light communications
(VLC) channel quality information. In some embodiments, the VLC channel quality
information provides information on the quality of a light channel used to communicate
said light signal from the access point to the UE device. In some embodiments, the
feedback information is based on said estimated signal to noise ratio. In various
embodiments, the feedback information includes SNR information on a per light
channel modulation carrier basis for each of a plurality of light channel modulation
carriers used to communicate said light signal. In some embodiments, the feedback
information includes a suggested modulation carrier size, e.g., a 4, 16 or 64 symbol
constellation, or a suggested coding rate to be used by the access point during future
VLC transmissions. In some embodiments, the feedback information includes both a
suggested modulation carrier size and a suggested coding rate. In some embodiments,
the wireless uplink is one of a radio communications uplink and an Infrared (IR)
communications uplink.

[0040] In some embodiments, step 208 includes one or more or all of steps 210,
212,214, and 216. In step 210, the UE device transmits at least some received power
line communications channel information to said gateway device in a wireless signal,
said power line communications channel information including channel quality
information generated by said access point. In various embodiments, the received light
signal includes information indicating power line signal strength at the access point. In
step 212, the UE device transmits at least some power line signal strength information
included in said light signal to said gateway device via a radio communications link. In
some embodiments, the radio communication link is a WiFi communications link. In

step 214, the UE device transmits at least some power line signal strength information



WO 2014/126988 9 PCT/US2014/016002

included in said light signal to said gateway device via an IR communications link. In
step 216, the UE device transmits both said VLC channel quality information and said
power line communications channel quality information to said gateway device in a
single message. In some such embodiments, the VLC channel quality information and
power line channel quality information are jointly coded in a single message.

[0041] In some embodiments, the feedback information communicated from the
UE device to the gateway includes both VLC channel quality information and power
line channel quality information and the VLC channel quality information is
communicated a different rate than the rate at which the power line channel quality
information is communicated, e.g., first and second predetermined rates. In some
embodiments, the rate at which channel quality feedback information is communicated
is a function of the rate of detected variation of the channel quality feedback
information.

[0042]  Operation proceeds from step 208 to step 204, in which the UE device
receives another light signal from the access point.

[0043]  Figure 3 is a drawing of an exemplary user equipment (UE) device 300,
¢.g., a mobile wireless communications device, in accordance with an exemplary
embodiment. The UE device 300 is, e.g., one of the UE devices (114, ..., 116, 118, ...,
120) of system 100 of Figure 1 or UE device 1106 of system 1100 of Figure 11. In
some embodiments, UE device 300 implements a method in accordance with flowchart
200 of Figure 2.

[0044]  UE device 300 includes a processor 302 and memory 304 coupled
together via a bus 309 over which the various elements (302, 304) may interchange data
and information. Memory 304 includes routines 311 and data/information 313. UE
device 300 further includes a visible light communications (VLC) receiver module 306,
a wireless radio module 308, and an infrared (IR) module 310. The VLC receiver
module 306, wireless radio module 308, and IR module 310 are coupled to processor
302 via bus 324.

[0045]  VLC receiver module 306 includes a photodiode 314, an amplifier 315,
an analog to digital converter (ADC) 317, and a digital module 319. Visible light
signals detected by photodiode 314 are amplified by amplifier 315, and the amplified
analog signal is processed by ADC 317 resulting in a digital signal communicating

information which is received and processed by digital module 319.
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[0046] Wireless radio module 308 includes a wireless receiver module 316, e.g.,
a WiFi receiver, coupled to receive antenna 320, via which UE device 300 receives
downlink radio signals. Wireless radio module 308 further includes a wireless
transmitter module 318, e.g., a WiFi transmitter, coupled to transmit antenna 322, via
which UE device 300 transmits uplink radio signals. In some embodiments, the same
antenna is used for downlink and uplink. In some embodiments, the wireless transmitter
module 318 transmits wireless radio signals communicating feedback information
including VLC channel quality feedback information, corresponding to VLC
communications between a light access point and UE device 300, to a gateway
device. In some embodiments, the feedback information further includes PLC channel
quality information corresponding to PLC communications between the gateway device
and the light access point.

[0047] IR module 310 includes an IR transmitter module 322. In some
embodiments, the IR transmitter module 322 transmits IR signals communicating
feedback information including VLC channel quality feedback information,
corresponding to VLC communications between a light access point and UE device
300, to a gateway device. In some embodiments, the feedback information further
includes PLC channel quality information corresponding to PLC communications
between the gateway device and the light access point.

[0048] In some embodiments, processor 302 is configured to: receive a light
signal from an access point communicating information to the UE, said signal including
at least some data from a gateway device which supplied said data to the access point
via a power line communications link; and communicate feedback information from
said UE device to the gateway device via a communications channel which includes a
wireless uplink, said feedback information communicating visible light communications
(VLC) channel quality information. In various embodiments, the VLC channel quality
information provides information on the quality of a light channel used to communicate
said light signal from the access point to the UE device.

[0049] In some such embodiments, processor 302 is further configured to
perform a signal to noise ratio estimate for a VLC modulation carrier based on a
received pilot signal included in said light signal.

[0050] In various embodiments, said feedback information is based on said
estimated signal to noise ratio. In some embodiments, the feedback information

includes SNR information on a per light channel modulation carrier basis for each of a
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plurality of light channel modulation carriers used to communicate said light signal. In
some embodiments, the feedback information includes a suggested modulation
constellation size, e.g., a 4, 16 or 64 symbol constellation or a suggested coding rate,
e.g., from one of a plurality of predetermined coding rates, to be used by the access
point during future VLC transmissions. In some embodiments, the feedback
information includes both a suggested modulation constellation size, e¢.g., a 4, 16 or 64
symbol constellation and a suggested coding rate.

[0051] In some embodiments, said access point includes a power line
communications receiver but does not include a power line communications transmitter.
In various embodiments, the received light signal includes power line communications
channel information providing information about a power line channel extending from
the gateway device to said access point. In some such embodiments, said power line
communications channel information includes an SNR channel estimate of the power
line communications channel.

[0052] In some embodiments, processor 302 is configured to: transmit at least
some received power line communications channel information to said gateway device
in a wireless signal, said power line communications channel information including
channel quality information generated by said access point, as part of being configured
to communicate feedback information from said UE to the gateway device. In some
embodiments, said received light signal includes information indicating power line
signal strength at the access point. In various embodiments, processor 302 is configured
to: transmit at least some power line signal strength information included in said light
signal to said gateway device via a radio, ¢.g., a WiFi, communications link, as part of
being configured to communicate information from said UE to the gateway device via a
communications channel which includes a wireless uplink. In some embodiments,
processor 302 is configured to: transmit at least some power line signal strength
information included in said light signal to said gateway device via an IR
communications link, as part of being configured to communicate information from said
UE to the gateway device via a communications channel which includes a wireless
uplink.

[0053] In some embodiments, processor 302 is configured to: transmit both said
VLC channel quality information and said power line communications channel quality
information to said gateway device in a single message, as part of being configured to

communicate feedback information from said UE to the gateway device. In some such
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embodiments, the VLC channel quality information and power line communications
channel quality information are jointly coded in a single message.

[0054] In various embodiments, processor 302 is configured to transmit VLC
channel quality information in accordance with a predetermined schedule. In some
embodiments, processor 302 is configured to transmit power line communications
channel quality information in accordance with a predetermined schedule. In some
embodiments, processor 302 is configured to transmit VLC channel quality information
at a different rate than the rate used to transmit power line communications channel
quality information. In various embodiments, processor 302 is configured to transmit
VLC channel quality information at a rate which is a function of the rate of change of
the VLC channel quality information. In various embodiments, processor 302 is
configured to transmit power line communications channel quality information at a rate
which is a function of the rate of change of the power line communications channel
quality information.

[0055] Referring to Fig. 4, assembly of modules 400 includes a module 404
configured to receive a light signal from an access point communicating information to
the UE device, said signal including at least some data from a gateway device which
supplied data to the access point via a power line communications link. In some
embodiments, the access point includes a power line communications receiver but does
not include a power line communications transmitter. In various embodiments, the
received light signal includes power line communications channel information about a
power line channel from the gateway device to said access point. In some such
embodiments, the power line communications channel information includes an SNR
channel estimate.

[0056] Assembly of modules 400 further includes a module 406 configured to
perform a signal to noise ratio estimate for a VLC modulation carrier based on a
received pilot signal included in said light signal, and a module 408 configured to
communicate feedback information from the UE device to the gateway device via a
communications channel which includes a wireless uplink, said feedback information
communicating VLC channel quality information. In some embodiments, the VLC
channel quality information provides information on the quality of a light channel used
to communicate said light signal from the access point to the UE device.

[0057] In some embodiments, the feedback information is based on said

estimated signal to noise ratio. In various embodiments, the feedback information
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includes SNR information on a per light channel modulation carrier basis for each of a
plurality of light modulation carriers. In some embodiments, the feedback information
includes a suggested modulation carrier size, ¢.g., a 4, 16 or 64 symbol constellation, or
a suggested coding rate to be used by the access point during future VLC transmissions.
In some embodiments, the feedback information includes both a suggested modulation
carrier size and a suggested coding rate. In some embodiments, the wireless uplink is
one of a radio communications uplink and an Infrared (IR) communications uplink.

[0058] In some embodiments, said received light signal includes information
indicating power line signal strength at the access point. Module 408 includes a module
410 configured to transmit at least some received power line communications channel
information to said gateway device in a wireless signal, said power line communications
channel information including channel quality information generated by said access
point, a module 412 configured to transmit at least some power line signal strength
information included in said light signal to said gateway device via a radio
communications link, ¢.g., a WiFi communications link, a module 414 configured to
transmit at least some power line signal strength information included in said light
signal to said gateway device via an IR communications link, and a module 416
configured to transmit both said VLC channel quality information and said power line
communications channel quality information to said gateway device in a single
message. In some such embodiments, the VLC channel quality information and power
line channel quality information are jointly coded in a single message.

[0059] Assembly of modules 400 further includes a module 418 configured to
control the communication of VLC feedback information in accordance with a schedule,
e.g., a predetermined schedule, a module 420 configured to control the communication
of power line communications feedback information in accordance with a schedule,
e.g., a predetermined schedule, a module 422 configured to detect changes in VLC
channel quality information, a module 424 configured to control VLC feedback
information to be communicated at a rate based on the detected rate of change of the
VLC channel quality information, a module 426 configured to detect changes in power
line communications channel quality information, and a module 428 configured to
control power line communications channel feedback information to be communicated
at a rate based on the detected rate of change of the power line communications channel

quality information.
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[0060] Figure 5 is a flowchart 500 of an exemplary method of operating a light
access point in accordance with various exemplary embodiments. The light access point
is, €.g., one or the light access points (104, ..., 106, 108, ..., 110) of system 100 of
Figure 1 or light access point 1104 of system 1100 of Figure 11. Operation starts in step
502, where the light access point is powered on and initialized. Operation proceeds
from step 502 to step 504. In step 504, the light access point receives, via a power line
communications (PLC) channel, encoded information and light channel quality
information. In some embodiments, the light channel quality information includes per
VLC modulation carrier SNR information. In some embodiments, the light channel
quality information is quality information about light signals previously transmitted by
the light access point to a UE device, and the UE device generates the light channel
quality information. In some embodiments, operation proceeds from step 504 to step
510. In some other embodiments, operation proceeds from step 504 to step 506.

[0061] In step 506, the light access point performs a PLC (power line
communications) channel quality measurement to generate PLC channel quality
information. In some such embodiments, step 506 includes step 508, in which the light
access point makes an SNR measurement. In some embodiments, the PLC channel
quality information includes an SNR value or information which is a function of an
SNR value. Operation proceeds from step 508 to step 510.

[0062] In step 510, the light access point decodes the received encoded
information to recover information to be communicated to a user equipment (UE)
device. In some embodiments, the information to be communicated to a UE device
includes data requested by the UE device, and the data may be consumed by a user of
the UE device. For example, the information to be communicated to the UE device may
be an e-mail message, a picture, music, etc. Operation proceeds from step 510 to step
512.

[0063] In step 512, the light access point encodes the recovered information as a
function of light channel quality information to generate re-encoded information. The
recovered information is re-encoded for the VLC channel so that the UE can reliably
receive the information via the VLC channel. Since the PLC and VLC channels have
different characteristics, they may use different types of encoding to ensure that the data
is delivered reliably over the channel. In some embodiments, step 512 includes step 514
in which the light access point selects a code rate or constellation size on a per

modulation carrier basis based on received modulation carrier SNR information. The
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received modulation carrier SNR information was received via the power line channel in
step 504. In some embodiments, in step 514 the light access point selects both a code
rate and constellation size on a per modulation carrier basis based on received
modulation carrier SNR information.

[0064] Operation proceeds from step 512 to one of steps 516, 518 and 520
depending upon whether or not one or more of optional steps 516 and 518 are included.
[0065] In step 516, the light access point encodes the PLC channel quality

information. Operation proceeds from step 516 to step 518. In step 518, the light

access point selects transmission power for at least some VLC modulation carriers
based on said light channel quality information. The light channel quality information,
e.g., VLC channel quality feedback information on a per VLC modulation carrier basis,
used to select the transmission power was previously received in step 504. In some
embodiments, one or more lookup tables are used to determine coding, modulation, and
carrier power on a per VLC carrier basis based on the received per carrier feedback
information. Operation proceeds from step 518 to step 520.

[0066] In step 520, the light access point transmits the re-encoded information
via a visible light communications (VLC) channel to the UE device. In some
embodiments, operation proceeds from step 520 to step 504; in other embodiments,
operation proceeds from step 520 to step 522. In step 522, the light access point
transmits the encoded PLC channel quality information to the UE device via a visible
light communications (VLC) channel. Operation proceeds from step 522 to step 504.

[0067] Figure 6 is a drawing of an exemplary light access point 600 in
accordance with various exemplary embodiments. Light access point 600 is, ¢.g., one
of the light access points (104, ..., 106, 108, ..., 110) of system 100 of Figure 1 or light
access point 1104 of system 1100 of Figure 11. Light access point 600 may, and
sometimes does, implement a method in accordance with flowchart 500 of Figure 5.
Light access point 600 includes a processor 602 and memory 604 coupled together via a
bus 609 over which the various elements (602, 604) may interchange data and
information. Memory 604 includes routines 611 and data/information 613. Light
access point 600 further includes visible light communications (VLC) transmitter
module 606, and a power line communications (PLC) module 608. The VLC module
606 and PLC module 608 are coupled to processor 602 via bus 624.

[0068] VLC module 606 includes an LED array 610 for transmitting VLC
signals, e.g., VLC signals directed to a UE device.
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[0069] PLC module 608 includes a PLC receiver module 612 for receiving PLC
signals, e.g., PLC signals directed to light access point 600 from a PLC gateway device.
PLC module 606 is connected to a power line. Received PLC signals include VLC
channel feedback information.

[0070] In some embodiments, processor 602 is configured to: decode received
encoded information to recover information to be communicated to a user equipment
device; encode the recovered information as a function of light channel quality
information to generate re-encoded information; and transmit the re-encoded
information via a visible light communications (VLC) channel to the user equipment
device.

[0071] In various embodiments, processor 602 is further configured to receive,
via a power line communications (PLC) channel, said encoded information and said
light channel quality information. In some embodiments, said light channel quality
information includes per VLC modulation carrier SNR information; and processor 602
is further configured to select a code rate and/or a constellation size on a per modulation
carrier basis based on the received modulation carrier SNR information (this is bit
loading), as part of being configured to encode the recovered information.

[0072] In some embodiments, processor 602 is further configured to: select
transmission power for at least some of said VLC modulation carriers based on said
light channel quality information. In various embodiments, different power may be, and
sometimes is, used for different VLC carriers. In some embodiments a lookup table or
lookup tables are used to determine coding, modulation and/or carrier power on a per
VLC carrier basis based on the received per carrier feedback information.

[0073] In some embodiments, processor 602 is configured to: perform a PLC
channel quality measurement to generate PLC channel quality information; encode said
PLC channel quality information; and transmit the encoded PLC channel quality
information to the user device via said VLC channel. In some such embodiments,
processor 602 is further configured to make an SNR measurement, as part of being
configured to perform a PLC channel quality measurement. In some embodiments, said
PLC channel quality information includes an SNR value or information which is a
function of an SNR value.

[0074]  In other embodiments, PLC receiver module 612 includes a physical
symbol processor 650, ¢.g., an ASIC, and VLC transmitter module 606 includes a

baseband processor 660 that generates a Discrete Multi-Tone (DMT) signal, sometimes
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referred to as an OFDM signal. In some such embodiments, physical symbol processor
650 includes a PLC channel quality measurement module 652 and a PLC channel
quality information generation module 654; and processor 602 includes a VLC packet
generation module 656 and a VLC packet encoder module 658. PLC channel quality
measurement module 652 performs PLC channel quality measurements, and PLC
channel quality information generation module 654 generates PLC channel quality
information based on the measurement of module 652. The PLC channel quality
measurement module 652, in some embodiments, measures PLC pilots and channel
noise allowing for one or more SNR determinations to be made, ¢.g., on a per frequency
basis. The PLC channel quality information, e.g., a report of PLC channel quality
measurements such as pilot strength and/or SNR measurements, is communicated by
module 654 to VLC packet generation module 656 of processor 602, which encodes the
PLC channel quality information into VLC packets. VLC packet encoder module 658
encodes the VLC packets output from module 656 in accordance with transmission
parameters selected based on the VLC channel quality information received in the PLC
packets. The selected VLC parameters may reflect channel conditions and control the
use of VLC modulation frequencies, e.g., with some VLC modulation frequencies
being used with a higher coding rate and less redundancy and other VLC modulation
frequencies communicating less data, e.g., data with a greater amount of redundancy,
e.g., error correcting bits and/or communicating data using more resilient lower bit rate
coding. In some embodiments, the selected VLC parameters specify which of a
plurality of coding levels should be used for an individual frequency. In some such
embodiments, at least some different coding levels correspond to different modulation
symbol constellations. Output from VLC packet encoder module 658 is input to
baseband processor 660. Baseband processor 660 uses DMT modulation but over
different frequencies, e.g., with different bit-loading patterns corresponding to the
coding and/or amount of redundancy used for the particular frequency. Thus, different
amounts of data can be, and sometimes are, communicated over different VLC carriers
based on the reported quality of the different VLC channels. Data/information 613
includes buffered data decoded by the PLC receiver module 612. Buffered data 662
includes VLC channel quality feedback information.

[0075] In some embodiments, a VLC channel is 30 MHz wide. In some
embodiments, the number of VLC carriers is between 32 and 512 carriers, e.g., 32, 64,

128, 256, or 512, carriers depending on the particular embodiment. In some
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embodiments, a PLC channel is 30 MHz. In some such embodiments, a PLC channel
includes notches. The notches correspond to portions of the PLC frequency band which
are intentionally left unused or are used to a lesser extent, e.g., at a lower transmission
power level, than other portions of the PLC frequency band used to communicate data
over the power line. The notches are intentional and are intended to avoid or limit
interference at particular frequencies. In some embodiments, the notches occur at
predetermined frequencies with the frequency band used for PLC communications.

[0076] Figure 7 is a drawing of an assembly of modules 700 in accordance with
various exemplary embodiments. Assembly of modules 700 includes a module 704
configured to receive, via a power line communications (PLC) channel, encoded
information and light channel quality information. In some embodiments, the light
channel quality information includes per VLC modulation carrier SNR information.

[0077] Assembly of modules 700 further includes a module 706 configured to
perform a PLC channel quality measurement to generate PLC channel quality
information. Module 706 includes a module 708 configured to make an SNR
measurement. In some embodiments, the PLC channel quality information includes an
SNR value or information which is a function of an SNR value.

[0078] Assembly of modules 700 further includes a module 710 configured to
decode said received encoded information to recover information to be communicated to
a user equipment (UE) device, a module 712 configured to encode the recovered
information as a function of light channel quality information to be communicated to a
user equipment (UE) device, and a module 714 configured to select a code rate or
constellation size for the light channel on a per modulation carrier basis based on
received modulation carrier SNR information. In some embodiments, module 714
selects both a code rate and constellation size on a per modulation carrier basis based on
received modulation carrier SNR information.

[0079] Assembly of modules 700 further includes a module 716 configured to
encode said PLC channel quality information, and a module 718 configured to select
transmission power for at least some VLC modulation carriers based on said light
channel quality information. In some embodiments, different powers may be, and
sometimes are used for different VLC carriers. In some embodiments, one or more
lookup tables are used to determine coding, modulation, and carrier power on a per

VLC carrier basis based on the received per carrier feedback information.
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[0080] Assembly of modules 700 further includes a module 720 configured to
transmit the re-encoded information via a visible light communications (VLC) channel
to a UE device, and a module 722 configured to transmit the encoded PLC channel
quality information to the UE device via a visible light communications (VLC) channel.

[0081] Figure 8 is a flowchart 800 of an exemplary method of operating a power
line communications (PLC) gateway device including a wireless interface in accordance
with an exemplary embodiment. The PLC gateway device is, ¢.g., gateway device 102
of system 100 of Figure 1 or gateway device 11 02 of system 11 00 of Figure 11.
Operation starts in step 802 in which the gateway device is powered on and initialized.
Operation proceeds from step 802 to step 804. In step 804, the gateway device receives,
via said wireless interface, quality feedback information including visible light
communications (VLC) channel quality information from a user equipment (UE) device.
In some embodiments, the VLC channel quality information includes per VLC
modulation carrier SNR information. In some embodiments, operation proceeds from
step 804 to step 812. In some other embodiments, operation proceeds from step 804 to
step 806.

[0082] In step 806, the gateway device receives, via the wireless interface,
power line communications (PLC) channel quality feedback information from said UE
device, said PLC channel quality feedback information being based on prior PLC
transmissions from the PLC gateway device to the light access point. In some
embodiments, the PLC channel quality feedback information was received by the UE
device from said light access point. In some such embodiments, the PLC channel
quality feedback information includes an SNR value or information which is a function
of an SNR value. In various embodiments, the power line communications channel
quality feedback information includes power modulation carrier SNR information.
Operation proceeds from step 806 to step 808. In step 808, the gateway device encodes
information to be communicated to a light access point for delivery to said UE device
using a coding rate or constellation based on the PLC channel quality information
received from the UE device. In some embodiments, in step 808 the gateway device
encodes information to be communicated to a light access point for delivery to said UE
device using both a coding rate and a constellation based on the PLC channel quality
information received from the UE device. Operation proceeds from step 808 to step
810, in which the gateway device selects a PLC transmission power for at least some

PLC modulation carriers based on said PLC channel quality information. In some
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embodiments, different powers may be, and sometimes are, used for different PLC
carriers. In some embodiments, a lookup table or lookup tables are used to determine
one or more or all of coding, modulation, and carrier power on a per PLC carrier basis
based on received per PLC carrier feedback information. Operation proceeds from step
810 to step 812.

[0083] In step 812 the gateway device transmits, via a power line, said VLC
channel quality information to said light access point in communications with said UE
device, said VLC channel quality information being based on prior VLC transmissions
from the light access point to the UE device. Operation proceeds from step 812 to step
804.

[0084] Figure 9 is a drawing of an exemplary power line communications (PLC)
gateway device 900 in accordance with an exemplary embodiment. PLC gateway
device 900 is, e.g., PLC gateway device 102 of system 100 of Figure 1 or gateways
device 1102 of system 1100 of Figure 11. PLC gateway device 900 may, and
sometimes does, implement a method in accordance with flowchart 800 of Figure 8.
PLC gateway device 900 includes a processor 902 and memory 904 coupled together
via a bus 909 over which the various elements (902, 904) may interchange data and
information. Memory 904 includes routines 911 and data/information 913. PLC
gateway 900 further includes a power line communications (PLC) module 906, a
wireless radio module 908, e.g., a wireless radio base station, and an IR module 910.
The PLC module 906, wireless radio module 908, and IR module 910 are coupled to
processor 902 via bus 915. PLC module 906 includes a PLC transmitter module 907 for
transmitting PLC signals, e.g., PLC signals directed to a VLC access point. PLC
module 906 is connected to a power line. In some embodiments, PLC module 906
further includes a PLC receiver module 909 for receiving PLC signals, e.g., PLC signals
directed from an intermediary device such as device 190 of Figure 1, which is relaying
channel quality feedback information from a UE device which was transmitted from the
UE device via IR signaling.

[0085] Wireless radio module 908, ¢.g., a base station, includes a wireless
receiver module 920, e.g., a WiFi receiver, coupled to receive antenna 921, via which
gateway device 900 receives uplink radio signals from UE devices. In some
embodiments, the uplink radio signals include channel quality feedback information
corresponding to a VLC communications between a light access point and a UE device.

In some such embodiments, the uplink radio signals further include channel quality
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feedback information corresponding to PLC communications between gateway device
900 and a light access point. Wireless radio module 908 further includes a wireless
transmitter module 922, e.g., a WiFi transmitter, coupled to transmit antenna 923, via
which gateway 900 transmits downlink radio signals to UE devices. In some
embodiments, the same antenna is used for downlink and uplink.

[0086] IR module 910 includes an IR receiver module 924. In some
embodiments, IR receiver module 924 receives uplink IR signals from UE devices. In
some embodiments, the uplink IR signals include channel quality feedback information
corresponding to a VLC communications between a light access point and a UE device.
In some such embodiments, the uplink IR signals further include channel quality
feedback information corresponding to PLC communications between gateway device
900 and a light access point.

[0087] In various embodiments, processor 902 is configured to: receive via a
wireless interface (e.g., wireless radio module 908) channel quality feedback
information including VLC channel quality information from a user equipment device;
and transmit, via a power line (e.g., via PLC module 906), said VLC channel quality
information to a light access point in light communication with said UE device, said
VLC channel quality information being based on prior VLC transmissions from the
light access point to the UE device. In some such embodiments, said VLC channel
quality information includes per VLC modulation carrier SNR information.

[0088] In some embodiments, processor 902 is further configured to: receive,
via said wireless interface, power line communications (PLC) channel quality feedback
information from said UE device, said PLC channel quality feedback information being
based on prior PLC transmissions from the PLC gateway device to the light access
point. In some such embodiments, said power line channel quality feedback
information was received by said UE device from said light access point. In some such
embodiments, said power line channel quality feedback information includes an SNR
value or information which is a function of an SNR value. In various embodiments, said
power line channel quality feedback information includes per modulation carrier SNR
information.

[0089] In some embodiments, processor 902 is further configured to: encode
information to be communicated to said light access point for delivery to said user
device using a code rate and/or constellation selected based on PLC channel quality

information received from said user equipment device. In some such embodiments,
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processor 902 is further configured to: select a PLC transmission power for at some
PLC modulation carriers based on said channel quality information. In various
embodiments, different power may be, and sometimes is, used for different PLC
carriers, ¢.g., based on received PLC channel quality feedback information. In some
embodiments a lookup table or lookup tables are used to determine one or more or all
of: coding, modulation and carrier power on a per PLC carrier basis based on the
received per carrier feedback information.

[0090] Referring to Fig. 10, assembly of modules 1000 includes a module 1004
configured to receive, via a wireless interface, channel quality feedback information
including visible light communications (VLC) channel quality information from a user
equipment (UE) device, a module 1006 configured to receive, via said wireless
interface, power line communications (PLC) channel quality feedback information from
said UE device, said PLC channel quality feedback information being based on prior
PLC transmissions from the PLC gateway device to the light access point, a module
1008 configured to encode information to be communicated to a light access point for
delivery to said UE device using a coding rate or constellation selected based on the
PLC channel quality feedback information received from the UE device, a module 1010
configured to select a PLC transmission power for at least some PLC modulation carries
based on said PLC channel quality feedback information, and a module 1012 configured
to transmit, via a power line, said VLC channel quality information to a light access
point in communication with said UE device, said VLC channel quality information
being based on prior VLC transmissions from the light access point to the UE device.

[0091] Various aspects and/or features of some, but not necessarily all,
embodiments are further discussed below. Figure 11 illustrates an exemplary
communications system 1100 in accordance with some embodiments. Exemplary
system 1100 includes the following components: a gateway device 1102, a light access
point 1104, and a user equipment device 1106. Gateway device 1102 includes a PLC
transmitter interface module 1112 and a wireless receiver interface module 1110. The
gateway device 1102, e.g., a Hy-Fi gateway, transmits Powerline Communication (PLC)
signals to the light access point 1104 and receives wireless signals, e.g., wireless radio
signals such as Wi-Fi signals or wireless IR signals, from the UE device 1106.

[0092] Light access point 1104 includes an LED driving module 1114, ¢.g., an
LED driving circuit, and an LED light bulb 1116 coupled together. LED light bulb 1116
performs two functions. LED light bulb 1116 communicates data to UE 1106, and LED
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light bulb 1116 provides visible light to illuminate all or a portion of a room in a similar
way that a conventional light bulb lights a room or a portion of a room. In some
embodiments, the light access point 1104 includes a processor and memory. In some
embodiments, the LED driving module 1114 includes a processor and memory. The
light access point 1104, e.g., a Lumicast AP, implements a PLC to VLC (visible light
communication) signal conversion and transmits VLC signals to the UE device 1106.
Light access point 1104 further performs PLC channel quality measurements including
SNR measurements, ¢.g., on a per PLC frequency, e.g., per PLC tone basis.

[0093] Light driving module 1114 includes a PLC data decoder module 1118, a
PLC channel quality measurement/SNR measurement module 1119, a VLC data
encoder module 1120, a rectifier module 1122 and a summer module 1123. Input
signals 1128 received over power line 1108 include encoded PLC communications
signals. PLC data decoder module 1118 decodes the received PLC communications
signals, recovering information 1130, which is forwarded to VLC data encoder module
1120. Recovered information 1130 includes, e.g., traffic data to be communicated via a
VLC downlink to UE device 1106, and VLC feedback channel quality information, e.g.,
on a per VLC frequency basis, ¢.g., per VLC tone basis, which is used by VLC encoder
module as control information to control VLC encoder module 1120 to encode data to
be communicated via VLC communications. In some embodiments, the VLC data
encoder module 1120 selects one or more or all of: VLC frequencies, ¢.g., VLC tones,
to be used, transmission power levels, data coding rates, and modulation constellations,
e.g., on a per VLC frequency, e.g., per VLC tone basis, based on the received VLC
feedback information communicated to module 1120 in signals 1130. The VLC
feedback information may be based on measurements made by UE 1106 of a previous
communication between light access point 1104 and UE 1106 via a light channel
extending between LED 1116 and UE 1106.

[0094] PLC channel quality/SNR measurement module 1119 measures the PLC
signals received from gateway device 1102, generates one or more SNRs, e.g., an
individual SNR for each PLC frequency, ¢.g., PLC tone, being monitored and generates
PLC channel quality feedback information 1131, e.g., SNR reports corresponding to
individual PLC frequency, e.g., tone, and forwards the generated PLC channel quality
feedback information, which is control information, to the VLC data encoder module
1120. The PLC channel quality information is intended to be communicated to the

gateway device 1102, via the UE device 1106, and to be used by the gateway device
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1102 to control its PLC transmitter module 1112 with regard to PLC signal
transmissions to LED access point 1104.

[0095] The VLC encoder module 1120 encodes the PLC channel quality
information 1131. Output 1132 of VLC data encoder module includes, ¢.g., traffic data
signals intended for UE device 1106, VLC pilot signals intended to be used to measure
the light channel between light access point 1104 and UE device 1106, and PLC quality
channel feedback information intended for gateway device 1102.

[0096] Rectifier module 1122 receives an AC power signal from power line
1108, and rectifies the signal producing an output signal 1134 having a DC average
value. Summing module 1123 combines the DC power signal 1134 with the generated
encoded signals 1132, and outputs combined LED driving signals 1136. Combined
signals 1136 are fed as input to LED light bulb 1116 to drive the LED light bulb 1116.
LED light bulb 1116 generates light signals 113 8 including VLC communications
signals conveying traffic data intended for UE device 1106 and PLC channel quality
feedback information, e.g., SNR feedback reports, intended for gateway device 1102.

[0097] The UE device 1106, e.g., a mobile node, receives, via VLC receiver
module 1124, VLC signals included in light signals 1138. Light signals 1138 also
include light pilot signals. UE device 1106 further includes a VLC channel quality /
SNR measurement module 1125 which measures the VLC channel quality between
light access point 1104 and UE device 1106, e.g., performing SNR measurements on a
per VLC frequency, e.g., per VLC tone, basis and generating VLC feed feedback info,
e.g., VLC channel quality feedback reports including SNR information on a per VLC
frequency, e.g., per VLC tone, basis. UE device 1106 transmit, via wireless transmit
module 1126 wireless signals 1140 to the gateway device 1102, e.g., using an out-of-
band technology such as radio wireless signaling, e.g., Wi-Fi signaling or wireless IR
signaling. Signals 1140 include PLC and VLC channel quality feedback information,
e.g., on a per PLC frequency, ¢.g., PLC tone, basis, and on a per VLC frequency, e.g.,
per VLC tone, basis.

[0098] One advantageous feature of various embodiments is that the light AP
1104, e.g., a Lumicast AP, does not have a PLC transmitter to communicate with the
gateway device, ¢.g., the Hy-Fi gateway. This intentional omission of a PLC transmitter
in the light access point 1104 reduces the cost of the light AP 1104. The reverse link is
established via wireless, e.g., wireless radio such as Wi-Fi, or wireless IR. In various

embodiments, the connection setup and channel feedback occurs over this reverse link.
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Another advantageous feature of some embodiments, is that the light access point 1104,
¢.g., a Lumicast AP, adapts, ¢.g., optimally adapts, to the VLC channel conditions, and
the light access point 1104 implements a function to allow the gateway device, ¢.g., a
Hy-Fi gateway, to adapt, ¢.g., optimally adapt, to the PLC channel conditions without a
direct reverse link (e.g., a direct reverse link PLC channel from light access point 1104
to gateway device 1102) to the gateway. In some embodiments, both the PLC and VLC
channels are frequency-selective. In some embodiments, OFDM is the modulation
method. In various embodiments, the channels do not vary fast in time so bit-loading,
sometimes referred to as waterfilling, can be, and in various embodiments is, performed
without significant overhead.

[0099]  Figure 11 illustrates a joint PLC and VLC system 1100 using an out-of-
band wireless reverse link, e.g., a radio, e.g., Wi-Fi reverse link, or an IR reverse link.
Wireless TX module 1126 ofUE device 1106 and wireless receiver module 1110 of
gateway device 1102 are, e.g., wireless radio WiFi modules or IR modules.

[0100] The light access point 1104, ¢.g., a Lumicast AP, is connected to the
powerline 1108 on the receiving side, and the LED lamp 1116 on the transmit side
transmits light signals. The LED access point 1104 performs the following operations.
The LED access point 1104 demodulates and decodes, e.g., via module 1118, the traffic
data and control signals from the PLC line. The traffic data is intended for the UE
device 1106. The control signal carries per-tone SNR information of the VLC link
between the light AP 1104, e.g., Lumicast AP, and the UE device 1106. This
information is provided by the channel estimation performed by the UE device 1106 and
fed back over the reverse link, e.g., wireless radio reverse link such as a Wi-Fi reverse
link or wireless IR reverse link.

[0101]  The light access point 1104 encodes and modulates, e.g., via module
1120, the traffic data decoded by the PLC decoder to an analog VLC signal that drives
the LED. In various embodiments, the VLC data encoder module 1120 implements a
bit-loading algorithm which determines the size of the constellation and transmit power
on each of the tones of the VLC signal. In some embodiments, the bit-loading is
performed in order to optimize the rate on the VLC link. The input to the bit-loading
algorithm comes from the VLC tone SNR information decoded from the PLC line in the
described step above.

[0102] The light access point 1104 performs PLC channel estimation and PLC

tone SNR measurement, e.g., via module 1119, using PLC pilot signals, generating
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control information 1131. The SNR measurements corresponding to the PLC
communications channel are encoded, by module 1120, and sent via the VLC signals to
the UE device 1106. This PLC channel quality information will be fed back by the UE
device 1106 over the wireless reverse link, e.g., radio wireless link such as a Wi-Fi link
or an IR link, and used by the gateway, ¢.g., a Hy-Fi gateway, to perform bit-loading of
the transmitted PLC signal so as to optimize the rate on the PLC link.

[0103] The exemplary system 1100 uses Power-line Communications (PLC) to
deliver the data from the gateway device 1102 to the light access point 1104. In various
embodiments, the light access point 1104 includes PLC digital receive capability, e.g.,
including a PLC digital receiver, PLC data decoder module 1118 and PLC channel
quality measurement module 1119, and a visible light output capability, ¢.g., a VLC
transmitter module including VLC data encoder module 1120, summer module 1123,
rectifier module 1122 and LED light bulb 1116. The UE device 1106 includes an
optical front-end including VLC receiver module 1124.

[0104] For the reverse link, there are various wireless communications options
including these three exemplary options. In a first exemplary option, built-in wireless
radio capability, ¢.g., WiFi, in the user equipment device 1106 and the gateway device
1102, e.g., a Hybrid gateway, is implemented and used. In one such example, the
wireless radio interfaces (1110, 1126) implement an IEEE 1905.1 standard, e.g., the
Atheros HyFi. In a second exemplary option, an infrared transmitter in wireless
transmitter module 1126 of UE device 1106 and an IR receiver in wireless receiver
module 1110, e.g., including a photodiode, of gateway device 1102 are implemented
and used. Output information received from the wireless receiver module 1110 is
communicated to the PLC module 1112 of the gateway device 1102.

[0105] In a third exemplary option, an infrared transmitter is included in
wireless transmitter module 1126 ofUE device 1106; an intermediary device 1150
including an IR receiver 1152 and a PLC transmitter 1154 is included in system 1100
and is used to receive IR signals from the UE device 1106, convert information
communicated in the IR signals to PLC signals and communicate the information, via
PLC signal transmissions from module 1154 to a PLC receiver 1113 included in
gateway device 1102 via power line 1108.

[0106] In some embodiments, a gateway device, e.g., a gateway device
implementing a method in accordance with an exemplary embodiment, includes a

combination of elements in included in any of one or more or all of gateway device 102,
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gateway device 1102, gateway device 900, and assembly of modules 1000. In some
embodiments, a light access point, ¢.g., a light access point implementing a method in
accordance with an exemplary embodiment, includes a combination of elements
included in any of one or more or all of light access point 104, light access point 108,
light access point 1104, light access point 600, and assembly of modules 700. In some
embodiments, a UE device, ¢.g., a UE device implementing a method in accordance
with an exemplary embodiment, includes a combination of elements included in any of
one or more or all of UE device 114, UE devicell8, UE device 1106, UE device 300,
and assembly of modules 400.

[0107] In various embodiments, a device of any of the Figures includes a
module corresponding to each of the individual steps and/or operations described with
regard to any of the Figures in the present application and/or described in the detailed
description of the present application. In some embodiments, the modules are
implemented in hardware, ¢.g., in the form of circuits. Thus, in at least some
embodiments the modules may, and sometimes are implemented in hardware. In other
embodiments, the modules may, and sometimes are, implemented as software modules
including processor executable instructions which when executed by the processor of
the communications device cause the device to implement the corresponding step or
operation. In still other embodiments, some or all of the modules are implemented as a
combination of hardware and software.

[0108] In some embodiments, a light modulation carrier, e.g., a VLC light
carrier, refers to a VLC tone. In some embodiments, a PLC modulation carrier or PLC
carrier refers to PLC tone.

[0109] The techniques of various embodiments may be implemented using
software, hardware and/or a combination of software and hardware. Various
embodiments are directed to apparatus, ¢.g., gateways including base stations, ¢.g., WiFi
base stations, and including PLC transmit capability, user equipment devices such as
stationary nodes and/or mobile nodes such as stationary or mobile terminals supporting
wireless radio transmit and receive communications capability and/or IR transmit
capability, and VLC receive capability, light access points such as VLC access points
including an LED or LEDs which include a PLC receive capability, access points such
as base stations, PLC interface devices, IR to PLC conversions devices and/or
communications systems. Various embodiments are also directed to methods, e.g.,

method of controlling and/or operating UE stationary nodes, UE mobile nodes, light
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access points such as, e.g., a VLC access point including a PLC receive capability and a
VLC transmit capability, gateways such as, e.g., a gateway device including a PLC
transmit capability and a wireless, e.g., wireless radio and/or wireless IR receive
capability, network nodes and/or communications systems, e.g., hosts. Various
embodiments are also directed to machine, ¢.g., computer, readable medium, e.g., ROM,
RAM, CDs, hard discs, etc., which include machine readable instructions for controlling
a machine to implement one or more steps of a method. The computer readable medium
is, €.g., non-transitory computer readable medium.

[0110] It is understood that the specific order or hierarchy of steps in the
processes disclosed is an example of exemplary approaches. Based upon design
preferences, it is understood that the specific order or hierarchy of steps in the processes
may be rearranged while remaining within the scope of the present disclosure. The
accompanying method claims present elements of the various steps in a sample order,
and are not meant to be limited to the specific order or hierarchy presented.

[0111]  In various embodiments nodes described herein are implemented using
one or more modules to perform the steps corresponding to one or more methods, for
example, signal processing, signal generation and/or transmission steps. Thus, in some
embodiments various features are implemented using modules. Such modules may be
implemented using software, hardware or a combination of software and hardware.
Many of the above described methods or method steps can be implemented using
machine executable instructions, such as software, included in a machine readable
medium such as a memory device, ¢.g., RAM, floppy disk, etc. to control a machine,
e.g., general purpose computer with or without additional hardware, to implement all or
portions of the above described methods, e.g., in one or more nodes. Accordingly,
among other things, various embodiments are directed to a machine-readable medium,
¢.g., a non-transitory computer readable medium, including machine executable
instructions for causing a machine, e.g., processor and associated hardware, to perform
one or more of the steps of the above-described method(s). Some embodiments are
directed to a device, e.g., communications node, including a processor configured to
implement one, multiple or all of the steps of one or more methods of the invention.

[0112] In some embodiments, the processor or processors, ¢.g., CPUs, of one or
more devices, €.g., communications nodes such as wireless terminals, network nodes,
and/or access nodes, are configured to perform the steps of the methods described as

being performed by the communications nodes. The configuration of the processor may
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be achieved by using one or more modules, ¢.g., software modules, to control processor
configuration and/or by including hardware in the processor, ¢.g., hardware modules, to
perform the recited steps and/or control processor configuration. Accordingly, some but
not all embodiments are directed to a device, e.g., communications node, with a
processor which includes a module corresponding to each of the steps of the various
described methods performed by the device in which the processor is included. In some
but not all embodiments a device, ¢.g., a communications node, includes a module
corresponding to each of the steps of the various described methods performed by the
device in which the processor is included. The modules may be implemented using
software and/or hardware.

[0113] Some embodiments are directed to a computer program product
comprising a computer-readable medium, ¢.g., a non-transitory computer-readable
medium, comprising code for causing a computer, or multiple computers, to implement
various functions, steps, acts and/or operations, ¢.g. one or more steps described above.
Depending on the embodiment, the computer program product can, and sometimes does,
include different code for each step to be performed. Thus, the computer program
product may, and sometimes does, include code for each individual step of a method,
¢.g., a method of controlling a communications device or node. The code may be in the
form of machine, e.g., computer, executable instructions stored on a computer-readable
medium, €.g., a non-transitory computer-readable medium, such as a RAM (Random
Access Memory), ROM (Read Only Memory) or other type of storage device. In
addition to being directed to a computer program product, some embodiments are
directed to a processor configured to implement one or more of the various functions,
steps, acts and/or operations of one or more methods described above. Accordingly,
some embodiments are directed to a processor, ¢.g., CPU, configured to implement
some or all of the steps of the methods described herein. The processor may be for use
in, ¢.g., a communications device or other device described in the present application.

[0114] Various embodiments, are well suited for communications systems
supporting PLC communications, VLC communications and wireless communications.
Various embodiments are well suited to communications systems using a PLC, VLC,
WiFi, and/or IR signaling protocol. Some embodiments are well suited for use with
PLC gateway devices including base stations. Some embodiments are well suited for
use with peer to peer signaling protocols. Some embodiments use an Orthogonal

Frequency Division Multiplexing (OFDM) based wireless signaling protocol, e.g., WiFi
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signaling protocol or another OFDM based protocol. Some embodiments use a VLC
signaling protocol using VLC tones. Various embodiments are well suited for
communications in indoor environments.

[0115] While described in the context of an OFDM system, at least some of the
methods and apparatus of various embodiments are applicable to a wide range of
communications systems including many non-OFDM and/or non-cellular systems.
Numerous additional variations on the methods and apparatus of the various
embodiments described above will be apparent to those skilled in the art in view of the
above description. Such variations are to be considered within the scope. The methods
and apparatus may be, and in various embodiments are, used with WiFi, L TE, Code
Division Multiple Access (CDMA), OFDM, TDM, and/or various other types of
communications techniques which may be used to provide wireless communications
links between communications devices. In some embodiments one or more
communications devices are implemented as access points which establish
communications links with mobile nodes using VLC, WiFi, LTE, OFDM and/or CDMA
and/or may provide connectivity to the internet or another network via a wired or
wireless communications link. In some embodiments, a wircless communications
device, e.g., a mobile node, which implements a method, is embedded in a vehicle. In
various embodiments the mobile nodes are implemented as notebook computers,
personal data assistants (PDAs), or other portable devices including receiver/transmitter

circuits and logic and/or routines, for implementing the methods.
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WHAT IS CLAIMED IS:

1. A method of operating user equipment (UE) device, comprising;:

receiving a light signal from an access point communicating information to the
UE, said signal including at least some data from a gateway device which supplied said
data to the access point via a power line communications link; and

communicating feedback information from said UE device to the gateway
device via a communications channel which includes a wireless uplink, said feedback
information communicating visible light communications (VLC) channel quality

information.

2. The method of claim 1, wherein the channel quality information provides
information on the quality of a light channel used to communicate said light signal from

the access point to the UE device.

3. The method of claim 1, further comprising:
performing a signal to noise ratio (SNR) estimate for a VLC modulation carrier

based on a received pilot signal included in said light signal.

4, The method of claim 3, wherein said feedback information includes SNR
information on a per light channel modulation carrier basis for each of a plurality of

light channel modulation carriers used to communicate said light signal.

5. The method of claim 3, wherein said feedback information includes a suggested
modulation constellation size or suggested coding rate to be used by the access point

during future VLC transmissions.

6. A user equipment (UE) device, comprising:
means for receiving a light signal from an access point communicating
information to the UE, said signal including at least some data from a gateway device
which supplied said data to the access point via a power line communications link; and
means for communicating feedback information from said UE device to the
gateway device via a communications channel which includes a wireless uplink, said
feedback information communicating visible light communications (VLC) channel

quality information.
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7. The UE device of claim 6, wherein the channel quality information provides
information on the quality of a light channel used to communicate said light signal from

the access point to the UE device.

8. The UE device of claim 6, further comprising:
means for performing a signal to noise ratio estimate for a VLC modulation

carrier based on a received pilot signal included in said light signal.

9. The UE device of claim 8, wherein feedback information includes SNR
information on a per light channel modulation carrier basis for each of a plurality of

light channel modulation carriers used to communicate said light signal.

10. The UE device of claim 8, wherein said feedback information includes a
suggested modulation constellation size or suggested coding rate to be used by the

access point during future VLC transmissions.

11. A computer program product for use in a user equipment (UE) device, the
computer program product comprising:
a non-transitory computer readable medium comprising:

code for causing at least one computer to receive a light signal from an
access point communicating information to the UE, said signal including at least some
data from a gateway device which supplied said data to the access point via a power line
communications link; and

code for causing said at least one computer to communicate feedback
information from said UE device to the gateway device via a communications channel
which includes a wireless uplink, said feedback information communicating visible light

communications (VLC) channel quality information.

12. A user equipment (UE) device comprising;:
at least one processor configured to:
receive a light signal from an access point communicating information to
the UE, said signal including at least some data from a gateway device which supplied

said data to the access point via a power line communications link; and
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communicate feedback information from said UE device to the gateway
device via a communications channel which includes a wireless uplink, said feedback
information communicating visible light communications (VLC) channel quality
information; and

memory coupled to said at least one processor.

13.  The UE device of claim 12, wherein the channel quality information provides
information on the quality of a light channel used to communicate said light signal from

the access point to the UE device.

14.  The UE device of claim 12, wherein said at least one processor is further
configured to perform a signal to noise ratio estimate for a VLC modulation carrier

based on a received pilot signal included in said light signal.

15. The UE device of claim 14, wherein feedback information includes SNR
information on a per light channel modulation carrier basis for each of a plurality of

light channel modulation carriers used to communicate said light signal.

16. A method of operating a light access point, comprising:

decoding received encoded information to recover information to be
communicated to a user equipment device;

encoding the recovered information as a function of light channel quality
information to generate re-encoded information; and

transmitting the re-encoded information via a visible light communications

(VLC) channel to the user equipment device.

17.  The method of claim 16, further comprising:
receiving, via a power line communications (PLC) channel, said encoded

information and said light channel quality information.

18.  The method of claim 17, wherein said light channel quality information includes
per VLC modulation carrier SNR information; and
wherein said encoding includes selecting a code rate or constellation size on a

per modulation carrier basis based on the received modulation carrier SNR information.
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19.  The method of claim 18, further comprising:
selecting transmission power for at least some of said VLC modulation carriers

based on said light channel quality information.

20.  The method of claim 16, further comprising:

performing a PLC channel quality measurement to generate PLC channel quality
information;

encoding said PLC channel quality information; and

transmitting the encoded PLC channel quality information to the user device via

said VLC channel.

21. A light access point, comprising:

means for decoding received encoded information to recover information to be
communicated to a user equipment device;

means for encoding the recovered information as a function of light channel
quality information to generate re-encoded information; and

means for transmitting the re-encoded information via a visible light

communications (VLC) channel to the user equipment device.

22.  The light access point of claim 21, further comprising:
means for receiving, via a power line communications (PLC) channel, said

encoded information and said light channel quality information.

23.  The light access point of claim 22, wherein said light channel quality
information includes per VLC modulation carrier SNR information; and

wherein said means for encoding includes means for selecting a code rate or
constellation size on a per modulation carrier basis based on the received modulation

carrier SNR information.

24.  The light access point of claim 23, further comprising:
means for selecting transmission power for at least some of said VLC

modulation carriers based on said light channel quality information.
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25.  The light access point of claim 21, further comprising:

means for performing a PLC channel quality measurement to generate PLC
channel quality information;

means for encoding said PLC channel quality information; and

means for transmitting the encoded PLC channel quality information to the user

device via said VLC channel.

26. A computer program product for use in a light access point, the computer
program product comprising:
a non-transitory computer readable medium comprising:

code for causing at least one computer decode received encoded
information to recover information to be communicated to a user equipment device;

code for causing said at least one computer to encode the recovered
information as a function of light channel quality information to generate re-encoded
information; and

code for causing said at least one computer to transmit the re-encoded
information via a visible light communications (VLC)channel to the user equipment

device.

27. A light access point comprising:
at least one processor configured to:

decode received encoded information to recover information to be
communicated to a user equipment device;

encode the recovered information as a function of light channel quality
information to generate re-encoded information; and

transmit the re-encoded information via a visible light communications
(VLC) channel to the user equipment device; and

memory coupled to said at least one processor.

28.  The light access point of claim 27, wherein said at least one processor is further
configured to receive, via a power line communications (PLC) channel, said encoded

information and said light channel quality information.



WO 2014/126988 36 PCT/US2014/016002

29.  The light access point of claim 28, wherein said light channel quality
information includes per VLC modulation carrier SNR information; and

wherein said at least one processor is further configured to select a code rate or
constellation size on a per modulation carrier basis based on the received modulation
carrier SNR information, as part of being configured to encode the recovered

information.

30. The light access point of claim 29, wherein said at least one processor is further
configured to:
select transmission power for at least some of said VLC modulation carriers

based on said light channel quality information.

31. A method of operating a power line communications (PLC) gateway device
including a wireless interface, comprising:

receiving via said wireless interface channel quality feedback information
including visible light communication (VLC) channel quality information from a user
equipment device; and

transmitting, via a power line, said VLC channel quality information to a light
access point in light communication with said UE device, said VLC channel quality
information based on prior VLC transmissions from the light access point to the UE

device.

32.  The method of claim 31 wherein said VLC channel quality information includes

per VLC modulation carrier SNR information.

33.  The method of claim 31, further comprising:

receiving via said wireless interface power line communications (PLC) channel
quality feedback information from said UE device, said PLC channel quality feedback
information based on prior PLC transmissions from the PLC gateway device to the light

access point.

34.  The method of claim 33, wherein said power line communications channel
quality feedback information was received by said UE device from said light access

point.
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35.  The method of claim 34, wherein said power line communications channel
quality feedback information includes an SNR value or information which is a function

of an SNR value.

36. A power line communications (PLC) gateway device including a wireless
interface, the PLC gateway device comprising:

means for receiving via said wireless interface channel quality feedback
information including visible light communications (VLC) channel quality information
from a user equipment device; and

means for transmitting, via a power line, said VLC channel quality information
to a light access point in light communication with said UE device, said VLC channel
quality information being based on prior VLC transmissions from the light access point

to the UE device.

37.  The PLC gateway device of claim 36, wherein said VLC channel quality

information includes per VLC modulation carrier SNR information.

38.  The PLC gateway device of claim 36, further comprising:

means for receiving via said wireless interface power line communications
(PLC) channel quality feedback information from said UE device, said PLC channel
quality feedback information based on prior PLC transmissions from the PLC gateway

device to the light access point.

39.  The PLC gateway device of claim 38, wherein said power line communications
channel quality feedback information was received by said UE device from said light

access point.

40.  The PLC gateway device of claim 39, wherein said power line communications
channel quality feedback information includes an SNR value or information which is a

function of an SNR value.
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41. A computer program product for use in a power line communications (PLC)
gateway device including a wireless interface, the computer program product
comprising:
a non-transitory computer readable medium comprising:

code for causing at least one computer to receive via said wireless
interface channel quality feedback information including VLC channel quality
information from a user equipment device; and

code for causing said at least one computer to transmit, via a power line,
said VLC channel quality information to a light access point in light communication
with said UE device, said VLC channel quality information being based on prior VLC

transmissions from the light access point to the UE device.

42. A power line communications (PLC) gateway device including a wireless
interface, the PLC gateway device comprising:
at least one processor configured to:

receive via said wireless interface channel quality feedback information
including visible light communications (VLC) channel quality information from a user
equipment device; and

transmit, via a power line, said VLC channel quality information to a
light access point in light communication with said UE device, said VLC channel
quality information being based on prior VLC transmissions from the light access point
to the UE device; and

memory coupled to said at least one processor.

43.  The PLC gateway device of claim 42 wherein said VLC channel quality

information includes per VLC modulation carrier SNR information.

44.  The PLC gateway device of claim 42, wherein said at least one processor is
further configured to:

receive via said wireless interface power line communications (PLC) channel
quality feedback information from said UE device, said PLC channel quality feedback
information based on prior PLC transmissions from the PLC gateway device to the light

access point.
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45. The PLC gateway device of claim 44, wherein said power line communications
channel quality feedback information was received by said UE device from said light

access point.
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