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1. Nomenclature


1.1. Symbols
	Symbol
	Declaration

	□(b)
	Binary representation of □

	{.}A/D
	A/D converted value of {.}

	{.}D/A
	D/A converted value of {.}

	(l
	D/A scaling factor for band l

	(l
	A/D scaling factor for band l

	a
	One-dimensional quantity

	a
	Column vector

	A
	Matrix

	elm
	Sensitivity of photo detector for band m when receiving emission in band l [A/W]

	i
	Current [A]

	p
	Optical power [W]

	Q
	Diagonal matrix proporational to the quantum efficiencies of the LEDs in bands i, j, k [W/A]

	s
	Signal

	sRx
	Vector of received signals

	sTx
	Vector of transmitted signals

	t
	Time [s]

	tlm
	Transmittance from LED l to photodetector m [unit 1]

	T
	Transmittance matrix [unit 1]

	Tcomp
	Time between two color compensations [s]


1.2. Abbreviations

	Abbreviation
	Long form

	CSK
	Color-shift coding

	D1
	IEEE 802.15.7 Draft 1, “IEEE Standard for Information technology — Telecommunications and information exchange between systems — Local and metropolitan area networks — Specific requirements —

Part 15.7: Wireless Medium Access Control (MAC) and Physical Layer (PHY) Specifications for Visible Light Wireless Personal Area Networks (WPANs)”, February 2010

	LED
	Light-emitting diode

	MAC
	Media-access control

	MLME
	MAC-layer management entity

	PD
	Photodetector

	PHY
	Physical layer (OSI layer 1)

	Rx
	Receiver

	Tx
	Transmitter


2. Description of use case

The quantum efficiency of LEDs is dependent on their operation time and age, and also on various environmental conditions. Among those, temperature is generally the most important factor. When using CSK modulation all these factors lead to a change of the center of gravity and a distortion of the CSK constellation diagram of the emitted signal. Clause D1-6.8.6.1 describes how the receiver adapts to such changes. In this Clause we describe how one can counteract the above change for low-frequency modulation of the transmitter side, i.e. the shift of the center of gravity of the CSK constellation diagram. By so doing one can stabilize the average color of the emitted light. Notice that this compensation scheme only is applicable to duplex links.
3. Control loop

The control-loop model for the color-stabilization scheme is shown in Figure 1. Visibility patterns (see Clause D1-6.9.6) are sent from the tri-band Tx of an CSK-PHY (see Clause D1-6.8) to the tri-band Rx. The corresponding received signals feed back to the LEDs in the tri-band Tx. An optional back link is used to relay these signals back to the tri-band Tx, where they are used to correct the LED driving currents in such a way that the center of gravity of the constellation diagram is moved back to its initial position.
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Figure 1 – Control loop for a color-stabilized CSK link. The calibration sequences are discussed in detail in Clause ‎4. The back link used for routing the compensation factors back to the tri-band Tx does not need to be a CSK link.
4. PHY-layer mechanism

4.1. General approach

Here, we discuss the proposed compensation scheme for the general case of a nonlinear characteristic function (radiant power vs. driving current). However, in light of its high usability, we also briefly discuss the case of a linear characteristic function. Also notice, that we only attempt to apply this scheme for a visibility-pattern line rate that is slow enough to invoke thermal and other low-frequency relaxation effects in the transmitter. However, the scheme is also applicable to high-frequency modulation.
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Figure 2 – Characteristic curve of an LED (radiant power as a function of driving current) for two quantum efficiencies and ac driving currents. 

Figure 2 displays an example alteration of the transmitter characteristic function due to a change in quantum efficiency. For a driving current i, the initial radiant power drops from p0 to p’0. In order to regain the original radiant power p0 the driving current has to be changed to i’. 

As shown in Figure 3, the signal to be transmitted over a CSK link, viz.
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, is translated into the ac current vector iTx by aid of D/A convertors. The transmitted radiant power of the transmitter is, according to Figure 4, given by
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where f is a vector function consisting of the characteristic functions for each band. Examples for such vector functions are polynomial fits of the static characteristic function of the LEDs or Volterra-series approximations of the dynamic response of the LEDs.

For a simple linear relationship between radiant power and the driving current this Equation can be written as

 
[image: image5.wmf],

Tx

Tx

Qi

p

=


where Q is a diagonal matrix, whose values are proportional to the quantum efficiencies of the individual LEDs. 
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Figure 3 – Definition of system vectors and matrices for a CSK link.

According to Figure 3 and Figure 4, the received radiant power is
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where T is the transmission matrix. The pertinent current output of the photodetectors is
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where E represents the spectral sensitivity of the photodetectors. The photodetector currents are translated into digital representations, viz.
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Figure 4 – Definition of further transfer matrices for a CSK link.
The relation between the transmitted and received signal is thus given by
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A change in the quantum efficiency of an LED in any of the three bands results in the change of f to f’. If the transmitter has access to
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where 
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 and 
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s
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are the receiver signals before and after the change in the transmitter efficiency, respectively. 
The overall goal of this compensation strategy is to achieve a stabilization of the CSK color center of gravity by transforming the transmitted signals with a compensation function c so that
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or, in a briefer version
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In general, this is a rather complex inverse problem, but there exist at least two practical cases, for which this problem can be solved in a closed form. In both cases one can write
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where C is a diagonal matrix.

First, if only the magnitude of the characteristic curves change but not their shape (as is the case in Figure 2), the vector characteristic function can be written as
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where 
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 is a diagonal matrix that can be understood as a generalized quantum efficiency. In contrast, the vector function g is independent of the transmitter efficiency. The compensation factors for this case can be calculated with

[image: image21.wmf](

)

(

)

(

)

{

}

(

)

{

}

.

1

T

Tx

Tx

Rx

1

T

Tx

,

Rx

T

Tx

Tx

1

1

-

-

-

-

=

s

s

s

As

g

s

As

g

As

g

g

A

C


Second, for the purely linear case [g(i) ~ i] the calculation of the compensation matrix C simplifies to
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In the following we will only consider schemes relying on the compensation matrix C.

4.2. Choice of data sent over the CSK channel



The CSK constellation maps to be used in IEEE 802.15.7 are shown in Figure 5. It is adamant not to change the radiant color of the emitter when observed by a human, i.e. the center of gravity of any symbol sequences used for color stabilization has to coincide with the center of gravity of the pertinent constellation diagram. There are two options: either (a) only submit the symbol coinciding with the center of gravity of the constellation diagram or (b) submit a sequence of alternating symbols that fulfill said condition. Since approach (a) is not feasible for 8 CSK (see Figure 5), approach (b) is more general and thus more feasible. The approach we recommend for IEEE 802.15.7 is as follows.
 Transmit alternating symbol sequences that cycle through the corner points of the CSK constellation diagrams, viz. ‘B’, ‘G’, and ‘R’ (see Figure 5).
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Figure 5 – CSK constellation maps for IEEE 802.15.7 [Yokoi, 2008]. 
In order to measure the low-frequency thermal dynamics of the LED, which is of relevance for the bias-current stabilization of the CSK center of gravity, sending only on symbol for each corner is too short. Typical thermal response times of LEDs lie in the µs range, which is substantial longer than the length of an IEEE-802.15.7 CSK symbol (< 100 ns). Therefore,
 we propose to repeat each symbol so often that thermal equilibrium in the LED is reached before switching to the next symbol. The received signal of relevance for the afore-discussed signal vector 
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is then only acquired for the last sent repetitive symbol, or an average over a suitable number of last samples. For typical LEDs and the line rates in D1, this translates to more than 100 repetitions of each symbol before sending the next symbol in the ‘corner cycle’. One can send back the 
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 for each corner symbol.

In order to simplify messaging between CSK Rx and CSK Tx (see Figure 1), we suggest that, especially in the case of a linear characteristic function, that instead of sending a vector 
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to the CSK Tx for each corner point, the CSK Rx sends the average of the signal vector acquired for all three corner points. 

When choosing the number of symbol repetitions one also has to ensure that the aggregate time of cycling through all three corner symbols is (substantially) shorter than the time scale on which the human eye perceives this cycling as flicker (see Clause 5.5.4 in [IEEE 802.15.7]). For example, if the longest ‘non-flicker’ cycle period is limited to 5 ms, each corner has to be cycled through in 1.66 ms or less.

Since changes in the quantum efficiency of the LEDs rather occurs on a long time scale (seconds, minutes, hours), it is not necessary to send back 
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 after each suitable set of visibility frames. Details of this message exchange are addressed in the MAC layer (see Clause ‎5.5).
5. MAC-layer mechanisms
5.1. General guidelines for estimation of the compensation factors

In order for the proposed compensation scheme to function, reference received signal values are needed. They are relayed back to the CSK transmitter via an optional back channel (see Figure 6). In the following these reference values are referred to as SRx,0 and stored on the transmitter side. Recurring measurements of the received signals (for the same sent signal) results in the vectors SRx,s for time ts. If the elements of SRx,c differ significantly from those of the diagonal elements of SRx,0, the transmitted signals are corrected with the diagonal elements of C. A decision about whether an update can be made by aid of the value of the diagonal elements of C itself. If these values differ significantly from 1, an update of the current compensation factors is made. Whether this difference is significant can either be decided by a preset value (e.g., 5% difference), or the decision threshold can be estimated from the data itself. One example is to acquire a histogram of the diagonal values of C. A significant value can then be defined as lying outside a pre-defined confidence interval, e.g. the 95% confidence interval.
In order to avoid damage or saturation of the LEDs or a bit-level saturation of the A/D and D/A convertors, one can introduce a-priori maximum levels for the three values in 
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Figure 6 – Detailed implementation of a color-stabilized CSK link. The received signals are relayed back to the transmitter, and the CSK receiver a channel-estimation module in the receiver estimates compensation factors and sends them back to the CSK transmitter via an additional channel.

Changes that affect all channels similarly, e.g. a change in the link length, can be identified by comparing all diagonal values of C. If all elements experience the same relative change the compensation factors for the Tx driving currents shall not be updated.
If the off-diagonal elements of C significantly differ from zero this indicates other impairments of the CSK-modulated link than those hither discussed. An example for such impairment is the blocking of only one of the photodiodes against cross talk. E.g., photodiode i still receives light emitted from LED i, but not longer from the other bands. In such a case the Tx driving current shall not be compensated for. Instead one can use this information for, e.g., error messages created by the CSK Tx, the CSK Rx, or both. Another option is to update SRx,0 and to use the update for further compensation.
5.2. MAC sublayer specifications 

5.2.1. Association primitives

The message sequences (both on the PHY layer and in the MLME) for the association of a (network) device to a coordinator is shown Figure 7. In the following we are detailing MLME primitives for the association of devices that offer color stabilization of CSK links. Hereby, the device possesses at least a CSK-enabled Rx, and the coordinator at least a CSK transmitter. Differences of the primitives to those in D1 are highlighted. Then necessary changes in the MLME fields are then discussed in Clause ‎5.3 and the consequent changes in the transmitted MAC frames in Clause ‎5.4. We conclude our discussion with a description of the MAC functions in ‎5.5.
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Figure 7 – Message-sequence chart for association [IEEE 802.15.7,2009]
5.2.1.1. MLME-ASSOCIATE.request

5.2.1.1.1. Semantics of the service primitive

The semantics of the MLME-ASSOCIATE.request primitive in Figure 7 is as follows.
MLME-ASSOCIATE.request

(






 LogicalChannel,






 CoordAddrMode,






 CoordWPANId,






 CoordAddress,






 CapabilityInformation,






 SecurityLevel,






 KeyIdMode,






 KeySource,






 KeyIndex






)

All parameters of the primitive except the CapabilityInformation (bitmap) are the same as detailed elsewhere [IEEE 802.15.7, 2009]. Changes made to the CapabilityInformation parameter, which specifies the operational capabilities of the associating device, are discussed in Clause ‎5.3.1.1.1.

5.2.1.2. MLME-ASSOCIATE.indication

5.2.1.2.1. Semantics of the service primitive

The semantics of the MLME-ASSOCIATE.indication primitive in Figure 7 is as follows.

MLME-ASSOCIATE.indication
(






 DeviceAddress,






 CapabilityInformation,






 SecurityLevel,






 KeyIdMode,






 KeySource,






 KeyIndex






)

All parameters of the primitive except the CapabilityInformation (bitmap) are the same as detailed elsewhere [IEEE 802.15.7, 2009]. Changes made to the CapabilityInformation parameter, which specifies the operational capabilities of the associating device, are discussed in Clause ‎5.3.1.1.1.

7.1.3.3 MLME-ASSOCIATE.response

Instruction to editor: Change clause 7.1.3.3.1 Semantics of the service primitive as indicated by the WinWord change marks

7.1.3.3.1 Semantics of the service primitive

The semantics of the MLME-ASSOCIATE.response primitive in Figure 7 is as follows.

MLME-ASSOCIATE.response
(






 DeviceAddress,






 AssocShortAddress,






 status,






 CapabilityNegotiationResponse,






 SecurityLevel,






 KeyIdMode,






 KeySource,






 KeyIndex






)

All parameters of the primitive save the CapabilityNegotiationResponse (bitmap) are the same as detailed elsewhere [IEEE 802.15.7, 2009]. Changes made to the CapabilityNegotiationResponse parameter, which specifies response of the coordinator to the association request of the joining device, are discussed in Clause ‎5.3.1.2.

7.1.3.4 MLME-ASSOCIATE.confirm

Instruction to editor: Change clause 7.1.3.4.1 Semantics of the service primitive as indicated by the WinWord change marks

7.1.3.4.1 Semantics of the service primitive
The semantics of the MLME-ASSOCIATE.confirm primitive in Figure 7 is as follows.

MLME-ASSOCIATE.confirm
(






 AssocShortAddress,






 status,






 CapabilityNegotiationResponse,






 SecurityLevel,






 KeyIdMode,






 KeySource,






 KeyIndex






)

All parameters of the primitive save the CapabilityNegotiationResponse (bitmap) are the same as detailed elsewhere [IEEE 802.15.7, 2009]. Changes made to the CapabilityNegotiationResponse parameter, which specifies response of the coordinator to the association request of the joining device, are discussed in Clause ‎5.3.1.2.

7.2 MAC-frame formats
7.2.3 Information elements

Instruction to editor: Change clause 7.2.3.2 Capabilities Information Elements as indicated by the WinWord change marks

7.2.3.2 Capabilities Information Element
The capabilities information element is used to convey device MAC and PHY capabilities to peer devices. The capabilities IE (see Figure 8) consists of two fields: the capability information field (see Table 1), which indicates general capabilities of the device. The second field is the aggregation bitmap field (Figure 80), which facilitates the setup of point-to-multipoint networks (see 7.2.3.2.2).
	Octets: 9
	1

	Capability Information Field
	Aggregation Bitmap Field


Figure 8 – Capabilities information element
7.2.3.2.1 Capability Information Field

	
	Bit
	Function

	MAC-layer capabilities
	0
	Power Source

	
	1-2
	Battery information

	
	3
	Security capability

	
	4
	Coordinator capability 

	
	5
	Traffic support

	
	6-7
	Topology support

	
	8-9
	Device type

	
	10
	Beacon support

	
	11
	Dimming support in MAC

	
	12
	Continuous visibility transmission (for infrastructure)

	
	13-23
	Reserved


	PHY-layer capabilities
	24
	PHY-I support

	
	25
	PHY-II support

	
	26
	Alternate PHY (CSK) support

	
	27-28
	Color-stabilization capability (CSK)


	
	29
	Dimming support in PHY (VPM)

	
	30-32
	Max supported Tx clock

	
	33-35
	Max supported Rx clock

	
	35
	Explicit clock notification request

	
	36-48
	Reserved


	Band capabilities
	8*n
	Aggregate channels

	
	8*n
	Guard channels

	
	49-56
	Bands used for CSK (any 3 bits of the bits set to 1 can be used)

	Physical-device capabilities
	57-59
	Number of optical source types

	
	60-62
	Multiple direction support

	
	63-72
	Number of LEDs per optical source type


Table 1 – Capability Information Field

The Alternate PHY (CSK) support subfield is one bit in length. It shall be set to 1 if the device supports CSK.

Instruction to editor: Move current (D1) clause 7.2.3.4 Data frame format to 7.2.2.4. Insert new clause 7.3.2.4 Capabilities-Negotiation-Response Information Elements as given below

7.3.2.4 Capabilities Negotiation Response information element

The Capabilities Negotiation Response information element is used to inform a device about MAC and PHY capabilities that will be used when communicating with the coordinator. The Capabilities Negotiation Response information element (see Figure 9) consists of two fields: the Capability Negotiation Response field (see Table 2), which indicates general capabilities of the device, and the Aggregation Bitmap field facilitating the setup of point-to-multipoint networks (see 7.2.3.2.2).
	Octets: 1
	1

	Capability-Negotiation-Response Field
	Aggregation Bitmap Field


Figure 9 – Capability Negotiation Response element
The Capability Negotiation Response field indicates general capabilities of the device that will be used during communication with the coordinator. Its composition is detailed in Table 2
	
	Bit
	Function

	Requested MAC-layer capabilities
	0-TBD
	Reserved

	Requested PHY-layer capabilities
	TBD (+2)
	Color stabilization scheme


	
	TBD (+TBD)
	Reserved

	Band capabilities
	TBD (+TBD)
	Reserved

	Physical-device capabilities
	TBD (+TBD)
	Reserved


Table 2 – Capability Negotiation Response field
The color-stabilization-scheme function is detailed in Table 3
	Bits
	Color-stabilization scheme

	00
	No color-stabilization

	01
	Color stabilization information to be sent from device to coordinator upon reception of visibility frames

	10
	Color stabilization information to be sent from coordinator to device upon reception of visibility frames

	11
	Color stabilization information to be sent from device to coordinator and from coordinator to device when either receives visibility frames


Table 3 – Color-stabilization scheme
The dimming support in PHY capability subfield is one bit in length. It shall be set to 1 if the device is capable of supporting dimming in the PHY using VPM and idle patterns for receive. Otherwise, it shall be set to 0.

7.3 MAC command frames

The command frames defined by the MAC sublayer are listed in Table 3. A coordinator shall be capable of transmitting and receiving all command frame types, with the exception of the GTS request command, while the requirements for a device are indicated by an “X” in the table. 
	Command-frame identifier
	Command name
	Device
	Subclause

	
	
	Tx
	Rx
	

	0x01
	Association request
	X
	
	

	0x02
	Association response
	
	X
	‎7.3.2


	0x03
	Disassociation notification
	X
	X
	

	0x04
	Data request
	X
	
	

	0x05
	WPAN ID conflict notification
	X
	
	

	0x06
	Beacon request
	
	
	

	0x07
	Coordinator realignment
	
	X
	

	0x08
	GTS request
	
	
	

	0x09
	Blinking notification
	
	
	

	0x0a
	Dimming notification
	
	
	

	0x0b
	Fast link recovery
	
	
	

	0x0c
	Mobility notification
	
	
	

	0x0d
	Information element exchange
	
	
	

	0x0e
	GTS response
	
	
	

	0x0f
	Clock-rate change notification
	
	
	

	0x10
	Multiple-channel assignment
	
	
	

	0x11
	Channel hopping
	
	
	

	0x12
	VLC cell and mobility
	
	
	

	0x13
	Visibility-frame transmission 
	
	
	

	0x14
	Color-stabilization-timer notification
	X
	X
	‎5.4.2



	0x15
	Color-stabilization information
	X
	X
	
‎5.4.3


	0x16-0xff
	Reserved
	
	
	


Table 3 – MAC command frames
7.3.2 Association-response command

The association response command allows the coordinator or a coordinator to communicate the results of an association attempt back to the device requesting association.
This command shall only be sent by the coordinator or coordinator to a device that is currently trying to associate.
All devices shall be capable of receiving this command, although a device is not required to be capable of transmitting it.
The association response command shall be formatted as illustrated in Figure 10.

	Octets: (see D1)
	1
	2
	1
	1
	2

	MHR fields
	Command-frame identifier (see Table 3)
	Short Address
	Association Status
	Capability-Negotiation Response
 
	Codeword Information Element


Figure 10 – Association-response command format
The individual fields in Figure 10 (save the capability-negotiation response) are explained elsewhere in the literature [IEEE 802.15.7, D1]. The capability-negotiation response is detailed in Clause ‎5.3.1.2.

5.2.2. Color-stabilization-timer notification 

The color-stabilization-timer-notification command shall be formatted as illustrated in Figure 11. This command is used to inform a device or coordinator about the time between two colour-stabilization updates (upon reception of visibility frames).
	Octets: (see D1)
	1
	2
	2

	MHR fields
	Command-frame identifier (see Table 3)
	Short Address
	Color-stabilization timer


Figure 11 – Color-stabilization-timer-notification command format
The first three fields in Figure 11 are explained elsewhere in the literature [IEEE 802.15.7, D1]. The color-stabilization-timer field has the same format as macColorStabilizationTimer (see Clause ‎5.5).

5.2.3. Color-stabilization information 

The color-stabilization-information command shall be formatted as illustrated in Figure 12. This command is used to inform a device or coordinator about the time between two colour-stabilization updates (upon reception of visibility frames).
	Octets: (see D1)
	1
	2
	6


	MHR fields
	Command-frame identifier (see Table 3)
	Short Address
	Color-stabilization information


Figure 12 – Color-stabilization-information command format
The first three fields in Figure 12 are explained elsewhere in the literature [IEEE 802.15.7, D1].
5.3. MAC constants and PIB attributes

Besides the MAC PIB attributes listed in D1, the PIB macColorStabilization and the macColorStabilizationTimer attributes have to be introduced. For the action implied for each setting of the attribute see Table 3.
	Attribute
	Identifier
	Type
	Range
	Description
	Default

	macColorStabilization
	0x5f
	Binary Integer
	00-11
	The color-stabilization action entailed when receiving visibility frames
	00

	macColorStabilizationTimer
	0x60
	Integer

	0-TBD

	Time between two stabilization measurements, i.e. 
[image: image31.wmf]Rx

s

 (see Clause ‎4.1) that are send back to the corresponding CSK Tx
	TBD



Table 4 – Extension of D1 MAC-PIB attributes
5.4. MAC functional description

5.4.1. Association and disassociation

5.4.1.1.  Association

Besides the original text in D1 only the following paragraph needs to be intersected on page 185, line 52:
The MLME-ASSOCIATE.response and, consequently, the Association response (see Clause ‎5.4.1) also contain information about what capabilities the device and the coordinator will and will not use during future communication. One example for such a capability is color stabilization information provided by, e.g., the device upon reception of visibility frames. 
5.5. Color-stabilization  functional description

When a device joins a network (administrated by a coordinator) it advertises its capability of color stabilization in CSK links. In the following we assume that at least one link is a CSK point-to-point link. Otherwise, no color-stabilization functionality is invoked in the networked. Also, for the sake of simplicity, we assume that only the device will be requested to send color-stabilization updates. 
The device and the coordinator go through the steps of association as depicted in Figure 7. Upon the issuance of a MLME-ASSOCIATE.request (see Clause ‎5.2.1.1) the device sends an Association request, among other advertising its capability for Rx-side CSK-color stabilization.
 Upon reception of this request the coordinator MLME creates an MLME-ASSOCIATE.indication (see Clause  ‎5.2.1.2) to the next higher layer in the Coordinator. There a decision is cast, whether and where color stabilization will be invoked. (If the link to be established is a duplex CSK link, the coordinator can also choose to stabilize the color of the device Tx. As already mentioned we are here only describing the case of color stabilization of the coordinator, but the other possible cases can be inferred from the description here in a straight-forward manner). After this decision has been cast, the pertinent Capability-Negotiation-Response field in the MLME-ASSOCIATE.response is set according to Table 2 and the pertinent information is then translated by the coordinator MLME into the MAC Association-response message (see ‎Clause 5.4.1). Upon reception of this message the device MLME creates and MLME-ASSOCIATE.confirm according to Clause ‎5.2.1.4 and sends it to the next higher layer in the device for further processing. 
When the coordinator starts sending visibility frames to the device (identified by the pertinent MAC header; see Clause D1-7.6.13), the device sends color stabilization information (see Clause ‎4) back to the coordinator. The MAC command frame used for this can be found in Clause ‎5.4.3. After a time set in the variable macColorStabilizationTimer (see Clause ‎5.5) the current information is send again from the device to the coordinator. If the coordinator wants to change the time between two such updates it can send a Color-stabilization-timer notification (see Clause ‎5.4.2) to the device, upon which the device MLME sets the pertinent timer.

Upon dissociation the macColorStabilization variable (see Clause ‎5.5) is set back to its default value ‘00’.
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� If not otherwise mentioned, an acknowledgment is sent after the reception of each message.





�@ TE: To be merged with D1 nomenclature clause after clean up


�@ TE: Proposed “hook” Clause in D1: 6.9.6.3


�@ TE: informative, can be discarded


�@ TE: Informative. Might be discarded upon integration into D2


�@ TE: Informative. Can be discarded upon integration into D2


�@ TE: Informative. Can be discarded upon integration into D2


�@ TE: Informative. Can be discarded upon integration into D2


�@ TE: Informative. Can be discarded upon integration into D2


�@ TE: Informative. Can be discarded upon integration into D2


�@ TE: Final choice of patterns depends on TG decision. Thereafter, this Clause can be reduced substantially. (See the pertinent comments.)


�@ TE: Can be substantially shortened. The TG needs to agree on which of the three models for the vector characteristic function shall be included in D2.


�@ TE: informative, can be discarded upon migrating this text to D2.


�@ TE: informative, can be discarded upon migrating this text to D2.


�@ All: Does not generally work for (strongly) non-linear characteristic functions. For the sake of generality one might thus discard this paragraph.


�@ TE: informative, can be discarded upon migrating this text to D2.


�@ All: Shall we keep this Clause to the MAC layer or move it to the PHY layer? What parts should be kept? If it is moved to the PHY layer: use same D1 “hook” Clause as for the previous PHY description, i.e. D1-6.9.6.1


�@ TE: Corresponds to Clause D1-7


�@ TE: Corresponds to Clause D1-7.1.3


�@ TE: This paragraph can be discarded upon merger with D1


�@ TE: Not to be included in D2


�@ TE: Not to be included in D2


�@ TE. New parameter! I believe that it  makes Clause D1-7.3.17 unnecessary


�@ TE: Not to be included in D2


�@ TE. New parameter!


�@ TE: Not to be included in D2


�@ All: Increased the number of reserved bits in order to ensure future compatibility (15.7a, 15.7b, …). Might want to increase the upper bound even more.


�@ All: new field


�@ All: Increased the number of reserved bits in order to ensure future compatibility (15.7a, 15.7b, …). Might want to increase the upper bound even more.


�@ All: New field!


�@ All: new function


�@ All: command needed to be modified


�@ All: new command


�@ TE: This Clause needs to be put in the logical place in D1-7.3


�@ All: new command


��@ TE: This Clause needs to be put in the logical place in D1-7.3





�@ All: New field!


�@ TE: Informative. To be deleted in D2


�@ All: New MAC command frame


�@ All: New MAC command frame


�@ All: more is better.


�@ TE: Corresponds to Clause D1-7.4.2


�@ All: For the format I suggest a double octet. The timer is then calculated like <octet1> x 10^(octet2). Any other base than 10 is of course feasible.


�@ All: The upper bound should be somewhere in the hour range. Much more does not make sense.


�@ All: As a default I recommend to set the timer in the second-to-minute range. A good start value might be 10 s.


�@ TE: corresponds to Clause D1-7.6.3.1. 


�@ TE: Not really sure where to put this since it also contains PHY-layer stuff. Corresponds –in spirit- to Clause D1-7.6


�@ All: Can be situated either in the PHY or the MAC.
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