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	CID
	Name
	Comment
	Page
	Subclause
	Line
	Proposed Change

	32
	Volker Jungnickel
	802.11bb proposes a very enery inefficient HW architecture which is in no way acceptable for implementation at mobile devices
	14
	32.3.2
	13
	revise the LC light interface and add a baseband implementation proposal which is interoperable with the up-/down conversion HW architecture

	46
	Robert Stacey
	"An LC STA is a STA with an OFE": based on Figure 32-1, I don't think this is accurate. Figure 32-1 has modules called "LC Optical TX Antenna" and "LC Optical RX Antenna" that, in addition to the OFE, have RF up/down conversion.
	12
	4.3.30
	17
	Maybe something like: "An LC STA is an HT, VHT or HE STA where the RF antenna is replaced by an LC optical antenna." And then all we really need to do is define this "LC optical antenna"



Proposed resolution

REVISED - 
Revisit the definition of an LC STA.

Capture the essential characteristic of an LC STA – that it operates in the light band -- in 4.3.30.

Define LC STA as having an LC PHY in one of three flavors. And then being either an HT STA, VHT STA or HE STA depending on the PHY flavor.

Update the PHY clause:
- so that it more closely follows the layout of the other clauses
- describes the RF -> LC IF conversion and the baseband -> LC IF conversion

TGbb editor to implement the changes under “Editing instructions” in this document.

Editing instructions


4.3.30 Light Communications (LC) STA

TGbb editor -- change as follows:

An LC STA is a STA with an OFE.

An LC STA is either an LC HT STA or an LC VHT STA or an LC HE STA. An LC HT STA consists of an
LC HT PHY and an HT MAC. An LC VHT STA consists of an LC VHT PHY and a VHT MAC. An LC HE
STA consists of an LC HE PHY and an HE MAC.

An LC STA operates in the light band with wavelengths in the range of 800 nm to 1000 nm.

An LC STA has an LC PHY with one of three levels of support: HT, VHT or HE. An LC STA with an LC PHY that has HT support is an HT STA (see 4.3.13) except for the band in which it operates. An LC STA with an LC PHY that has VHT support is a VHT STA (see 4.3.15) except for the band in which it operates. An LC STA with an LC PHY that has HE support is an HE STA (see 4.3.16) except for the band in which it operates.


TGbb editor -- delete Clause 31
31. Light Communications (LC) MAC

31.1 Introduction
An LC STA supports the SME, MAC and MLME functions defined in Clause 31 (LC MAC specification)
in addition to all the MAC functions defined in Clause 10 (MAC sublayer functional description), the MLME
functions defined in Clause 11 (MLME), and the security functions defined in Clause 12 (Security).

31.2 LC MAC specification
The MAC of an LC HT STA shall consist of an HT MAC. The MAC of an LC VHT STA shall consist of a
VHT MAC. The MAC of an LC HE STA shall consist of an HE MAC.


32. LC PHY specification

32.1 General

Clause 32 (LC PHY specification) specifies the PHY entity for a Light Communications (LC) orthogonal
frequency division multiplexing (OFDM) system with intensity modulation and direct detection (IM/DD)
optical interface. LC systems transmit on wavelengths within the 800 nm to 1000 nm band.

TGbb editor – change as follows:

The LC IF signal, which is introduced in Fig. 32-1, covers the frequency range of near direct current (DC)
up to a few hundred MHz, see 32.3.4 (Channel numbering).

An LC STA PHY provides one of three levels of support: HT, VHT or HE.shall support at least one of the following LC PHY modes:
 - LC HT
 - LC VHT
 - LC HE

An LC PHY with HT support conforms to the requirements for an HT PHY as defined in Clause 19 except where the requirements in Clause 32 superscede these requirements.

An LC PHY with VHT support conforms to the requirements for a VHT PHY as defined in Clause 21 except where the requirements in Clause 32 superscede these requirements.

An LC PHY with HE support conforms to the requirements for an HE PHY as defined in Clause 27 except for the requirements in Clause 32 that superscede these requirements.

TGbb editor – delete 32.1.1, 32.1.2:

32.1.1 LC PHY functions

Each mode of the LC PHY contains two functional entities: the PHY function and the physical layer
management entity (PLME). These functions are described in the following sub-clauses: 32.3.3.2 (LC High
Throughput (LC HT) mode) when operating the LC PHY in the LC HT mode, 32.3.3.3 (LC Very High
Throughput (LC VHT) mode when operating the LC PHY in the LC VHT mode, and 32.3.3.4 (LC HE mode)
when operating the LC PHY in the LC HE mode.

32.1.2 Physical protocol data (PPDU) formats

In the case of LC HT mode, the PPDU format is the same as the one defined in 19.3.2 (PPDU format).

In the case of LC VHT mode, the PPDU format is the same as the one defined in 21.3.2 (VHT PPDU format).

In the case of LC HE mode, the PPDU format is the same as the one defined in 27.1.4 (PPDU format).

32.2 LC PHY Service interface

The LC PHY service is provided to the MAC through the PHY service primitives described in Clause 8 (PHY
service specification).


32.3 LC PHY

32.3.1 Introduction

TGbb editor – change as follows:

This subclause provides the procedure by which a PLCP service data unit is converted to and from
transmissions on the light medium.

During transmission, the PLCP service data unit is processed (i.e., scrambled and coded) and appended to
the PHY preamble to the PPDU, which is converted to light using intensity modulation. At the receiver, the
optical signal is converted to an electrical signal using direct detection. The PHY preamble is processed to
assist in the detection, demodulation, and delivery of the PLCP service data unit.

The procedure by which an LC PHY converts a PSDU into an PPDU is defined in 19.3 (HT PHY), 21.3 (VHT PHY), and 27.3 (HE PHY) for an LC PHY with HT, VHT and HE support, respectively, except for the differences described in the remainder of 32.3 (LC PHY). 

For the requirements in 21.3 and 27.3, the term frequency segment applies to the LC IF signal.


TGbb editor – change 32.3.2 as follows:

32.3.2 LC Light interface exampleTransmitter block diagram

An LC PHY uses an LC intermediate frequency (IF) in the frequency range of near direct current (DC) up to
a few hundred MHz to modulate the solid-state lighting (SSL) device in order to transport protocol data units
(PDUs). The LC IF is the channelized input signal to the optical front-end (OFE) from the transmitter or the
channelized output signal of the OFE to the receiver.

Figure 32-1 shows an example of how LC Light interface can be implemented. A transmit OFE can be
connected to an LC PHY transmitter (TX) that has an RF output. A receive OFE can be connected to an LC
PHY receiver (RX) that has an RF input. A transmit OFE may, for example, consist of a high power amplifier
(HPA) and a solid state lighting (SSL) device, e.g. an light-emitting diode (LED). A receive OFE may, for
example, consist of a photo-diode and a transimpedance amplifier (TIA).

The transmitter block diagrams in 19.3.3 (Transmitter block diagram), 21.3.3 (Transmitter block diagram), and 27.3.5 (Transmitter block diagram) show an Analog and RF block that is described as upconverting the complex baseband waveform associated with each transmit chain to an RF signal.

In the LC PHY, the complex baseband waveform associated with each transmit chain is upconverted to an LC IF signal instead of an RF signal. A DC bias is added to LC IF signal which is then fed into an optical front end (OFE). The OFE converts the DC biased LC IF signal into an intensity modulated optical signal.

In some implementations, the complex baseand waveform might first be upconverted to an RF signal and then downconverted to the LC IF signal. An example of the transmit architecture for this case is shown in Figure 32-1.

[Figure 32-1]

In this example, iIn the LC PHY TX, after the HPA, the RF signal, in the 5 GHz or 6 GHz spectrum, is down-converted such that the center frequency aligns with the LC IF channel frequency defined in 32.3.4 (Channel numbering). A DC bias is next added to the LC IF signal before the signal is fed to the transmitting OFE because the current through an SSL device can only be positive, as illustrated in Figure 32-2. The reference clock of the local
oscillator for the downconversion at the LC Optical TX antenna is the same as in the LC PHY TX.

[Figure 32-2]

In the RX chain, the variations in the light level are detected by the receiving OFE and converted into a current. After the DC component is removed, the signal is then up-converted to the RF signal in the 5 GHz or 6 GHz spectrum and fed into the LC PHY RX.

TGbb editor – delete 32.3.3 (including 32.3.3.1-4)

TGbb editor – insert new subclauses as follows:

32.3.2a Mathematical description of signals

The LC IF signal is described by Equation 19-1, Equation 21-11, and Equation 27-1 for an LC PHY with HT,VHT or HE support, respectively, where f_c is the LC IF.

32.3.2b Transmit specification

The transmit spectral mask requirements in 19.3.18.1 (Transmit spectrum mask), 21.3.17.1 (Transmit spectral mask) and 27.3.19.1 (Transmit spectral mask) do not apply to an LC PHY.

The spectral flatness requirements in 19.3.18.2 (Spectral flatness), 21.3.17.2 (Spectral flatness) and 27.3.19.2 (Spectral flatness) do not apply to an LC PHY.

The symbol clock frequency and transmit center frequency tolerance for the LC IF signal shall be +-25 ppm. The requirements in 19.3.18.4 (Transmit center frequency tolerance), 19.3.18.6 (Symbol clock frequency tolerance), 21.3.17.3 (Transmit center frequency and symbol clock frequency tolerance), and 27.3.19.3 (Transmit center frequency and symbol clock frequency tolerance) do not apply to an LC PHY.

The modulation accuracy requirements in 19.3.18.7 (Modualtion accuracy), 21.3.17.4 (Modulation accuracy), and 27.3.19.4 (Modulation accuracy) apply to the LC IF signal in the LC PHY with HT, VHT and HT support, respectively.

32.3.2c Receiver specfication

The requirements in 19.3.19 (HT PHY receiver specification), 21.3.18 (VHT receiver specification) and 27.3.20 (Receiver specification) with the exception of those in 19.3.19.6 (CCA sensitivity), 19.3.19.8 (Reduced interframe space (RIFS)), 21.3.18.5 (CCA sensitivity), 21.3.18.6 (RSSI), and 27.3.20.6 (CCA sensitivity) do not apply to an LC PHY.

The requirements in 19.3.19.6 (CCA sensitivity), 21.3.18.5 (CCA sensitivity), 21.3.18.6 (RSSI), and 27.3.20.6 (CCA sensitivity) apply to the LC IF signal in the LC PHY.


32.3.4 Channel numbering

Not affected

32.3.5 Multiple transmit chains and multiple receive chains

TGbb editor – change as follows:

In LC HT, LC VHT and LC HE PHY modes, theAn LC PHY supports the use of multiple transmit chains and
multiple receive chains. An example of the LC PHY TX connected to multiple LC optical TX antennas is
shown in Figure 32-3, and an example of multiple LC optical RX antennas connected to the LC PHY RX is
shown in Figure 32-4.

TGbb editor – delete 32.3.6.2 (requirements are covered in 32.3.2c)

TGbb editor – bump 32.3.6.2 up a level:

32.3.6.2 LC repetition
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