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1. New or Modified MAC Primitives
Table 1. Changes in MAC primitives
	Primitive
	Change
	Request
	Confirm
	Response
	Indication

	MLME-GTS
	Modified
	X
	X
	
	X

	MLME-START
	Modified
	X
	
	
	

	MCPS-DATA
	Modified
	X
	
	
	

	MLME-BEACON-NOTIFY
	Modified
	
	
	
	X

	MLME-EGTSinfo
	New
	X
	X
	
	

	MLME-LINKSTATUSPRT
	New
	X
	X
	
	X


1.4 MLME-GTS

1.4.1 MLME-GTS.request

Insert in 7.1.7.1:
The MLME-GTS.request primitive allows a device to send a request to the PAN coordinator to allocate a new GTS slot or to the Destination device to allocate a new GTS slot. This primitive also used to deallocate GTS or EGTS.

If the value of the EGTSFlag in this primitive is set to ‘1’, the MLME-GTS.request primitive allows a Source device to send a request to a Destination device to allocate a new EGTS, or to deallocate / reallocate / change an existing EGTS. This primitive is also used by a Destination device to initiate an EGTS deallocation, reallocation, or change (suspend, reduce, or restart).
Insert in 7.1.7.1.1:

MLME-GTS.request
(


GTSCharacteristics,

SecurityLevel,

KeyIdMode,

KeySource,

KeyIndex,

EGTSCharacteristics,

EGTSFlag
)

Insert in Table 58:

	Name
	Type
	Valid Range
	Description

	EGTSFlag
	Boolean
	TRUE or FALSE
	If this value is FALSE, the operation of this primitive is the same way defined in IEEE 802.15.4-2006 (definition of the GTSCharacteristics parameter see 7.3.9.2, and the EGTSCharacteristics parameter will be ignored).

If this value is TRUE, the operation of this primitive is for the EGTS mode (definition of the  EGTSCharacteristics parameter see 7.3.10.2, and the GTSCharacteristics parameter will be ignored).

	EGTSCharacteristics
	EGTSCharacteristics
	See 7.3.10.2
	The characteristics of the EGTS request, including whether the request is for the allocation of a new EGTS or the deallocation / reallocation / change of an existing EGTS.


Insert in 7.1.7.1.2:

The MLME-GTS.request primitive can also be generated by the next higher layer of a Source device and issued to its MLME to request the allocation of a new EGTS or to request the deallocation / reallocation / change of an existing EGTS. It is also generated by the next higher layer of the Destination device and issued to its MLME to request the deallocation, reallocation, or change of an existing EGTS.
Insert in 7.1.7.1.3:

If the value of the EGTSFlag in this primitive equals to ‘0’, the effect of MLME-GTS.request is the same as it is described in Section 7.1.7.1 in IEEE Std 802.15.4-2006. If the value of the EGTSFlag is set to ‘1’, the effect of MLME-GTS.request is as follows.
On receipt of the MLME-GTS.request primitive, the MLME of the Source device attempts to generate an EGTS handshake command frame(see 7.3.10.2) with the Characteristics Type subfield of the EGTS Characteristics field set to zero (EGTS allocation), the EGTS Handshake Type subfield set to zero (EGTS request). Then the MLME of the Source device will send it to the Destination device. 

If macShortAddress is equal to 0xfffe or 0xffff, the Source device is not permitted to request an EGTS allocation. In this case, the MLME issues the MLME-GTS.confirm primitive containing a status of NO_SHORT_ADDRESS.
If the SecurityLevel parameter is set to a valid value other than 0x00, indicating that security is required for this frame, the MLME will set the Security Enabled subfield of the Frame Control field to one. The MAC sublayer will perform outgoing processing on the frame based on the DstAddress, SecurityLevel, KeyIdMode, KeySource, and KeyIndex parameters, as described in 7.5.8.2.1. If any error occurs during outgoing frame processing, the MLME will discard the frame and issue the MLME-GTS.confirm primitive with the error status returned by outgoing frame processing.

If the EGTS handshake request command frame cannot be sent due to the channel condition, the MLME will issue the MLME-GTS.confirm primitive with a status of CHANNEL_ACCESS_FAILURE.

If the MLME successfully transmits an EGTS handshake command, the MLME will expect an acknowledgment in return. If an acknowledgment is not received, the MLME will issue the MLME-GTS.confirm primitive with a status of NO_ACK (see 7.5.6.4).


 
If the EGTS request command frame is being sent (see 7.5.10.1), the source device will wait for at most anEGTSRequestWaitingTime symbols, if no EGTS handshake reply command frame from the destination device appears within this time, the MLME of the source device shall notify the next higher layer of the failure by the MLME-GTS.confirm primitive with a status of NO_DATA.
On receipt of an EGTS handshake command frame indicating an EGTS allocation request, the Destination device shall first check if there is available capacity in the current multi-superframe. When the Destination device determines whether capacity is available for the requested EGTS, it shall generate an EGTS descriptor (see 7.3.10.2) with the requested specifications and the 16-bit short address of the requesting source device.

If the MLME of the Destination device can allocate the requested EGTS, it will set the EGTS Slot Identifier subfield in the EGTS descriptor to the multi-superframe slot at which the allocated EGTS begins, the length in the EGTS descriptor to the length of the EGTS and the Device short address to the address of the source device. In addition, the destination device shall issue the MLME-GTS.indication primitive with the characteristics of the allocated EGTS and the EGTSFlag set to TRUE to notify the next higher layer of the newly allocated EGTS. If the MLME of the Destination device cannot allocate the requested EGTS, the EGTS Slot Identifier shall be set to zero and the EGTS length set to the largest EGTS length that can currently be supported. 
The Destination device shall then include the EGTS descriptor in its EGTS handshake command frame and broadcast it to its one-hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field shall be set to zero (EGTS allocation) and the Handshake Type subfield shall be set to one (EGTS reply).
On receipt of the EGTS handshake command frame indicating an EGTS allocation reply, the device shall process the EGTS descriptor.

If the address in the Device Short Address subfield of the EGTS descriptor does not correspond to macShortAddress of the device, the device updates its ABT to reflect the neighbor’s newly allocated EGTS. If the newly allocated EGTS is conflicting with the device’s known EGTS, the device shall send an EGTS handshake command frame to the origin device of the EGTS handshake reply command frame. The Characteristics Type subfield of the EGTS Characteristics field set to three (EGTS duplicate allocation notification) and the Handshake Type subfield set to two (EGTS notify), with the EGTS Slot Identifier subfield in the EGTS descriptor set to the multi-superframe slot at which the EGTS duplicate allocated, the length in the EGTS descriptor to the length of the duplicate allocated EGTS and the Device short address to the address of the device for which the EGTS allocation replied.

If the address in the Device Short Address subfield of the EGTS descriptorcorresponds to macShortAddress of the device, the MLME of the device shall then notify the next higher layer of whether the EGTS allocation request was successful by the primitive MLME-GTS.confirm, with a status of SUCCESS (if the EGTS Slot Identifier in the EGTS descriptor was greater than zero) aor DENIED(if the EGTS Slot Identifier in the EGTS descriptor was equal to zero or if the length did not match the requested length).
After that, the Source device shall broadcast an EGTS handshake command frame to all its one-hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field shall be set to zero (EGTS allocation) and the Handshake Type subfield shall be set to two (EGTS notify).
On receipt of an EGTS handshake command frame indicating an EGTS allocation notify, the device shall process the EGTS descriptor. The device updates its ABT to reflect the neighbor’s newly allocated EGTS. If the newly allocated EGTS conflicts with the device’s known EGTS, the device shall send an EGTS handshake command frame to the origin device of the EGTS hankshake notify command frame. The Characteristics Type subfield of the EGTS Characteristics field shall be set to three (EGTS duplicate allocation notification) and the Handshake Type subfield shall be set to two (EGTS notify), with the Device short address to the address of the device which sent the EGTS allocation notify.
On receipt of an EGTS handshake command frame indicating an EGTS duplicate allocation notification, the MLME shall notify the next higher layer of the conflicts by the MLME-GTS.indication primitive with the EGTSFlag set to TRUE, the Characteristics Type subfield set to three and the EGTSCharacteristics set to the characteristics of the duplicate allocation EGTS.
If the EGTS request is to deallocate an existing EGTS (see 7.5.7.4), on receipt of the MLME-GTS.request primitive, the MLME shall send the EGTS handshake command (see 7.3.10) to the corresponding device (the Source or Destination of which the EGTS to be deallocated), with the Characteristics Type subfield of the EGTS Characteristics field set to one (EGTS deallocation), the Handshake Type subfield shall be set to zero (EGTS request), and the EGTS Length of the EGTSDescriptor subfields shall be set according to the characteristics of the EGTS to deallocate.
On receipt of an EGTS handshake command frame indicating an EGTS deallocation request, the device shall attempt to deallocate the EGTS. 

If the EGTS characteristics contained in the command do not match the characteristics of a known EGTS, the device shall ignore the request.

If the EGTS characteristics contained in the EGTS request command match the characteristics of a known EGTS, the MLME of the device shall deallocate the specified EGTS, update its ABT and notify the next higher layer of the change by the primitive MLME-GTS.indication with the EGTSFlag set to TRUE, the EGTS Characteristics parameter containing the characteristics of the deallocated EGTS and the Characteristics Type subfield set to one (EGTS deallocation).
Then, the device shall broadcast an EGTS handshake command to its one-hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to one (EGTS deallocation), and the Handshake Type subfield shall be set to one (EGTS reply).

On receipt of an EGTS handshake command indicating an EGTS deallocation reply, the device shall process the EGTS descriptor. If the address in the Device Short Address subfield of the EGTS descriptor does not correspond to macShortAddress of the device, the device updates its ABT to reflect all the neighbor’s deallocated EGTS.If the address in the Device Short Address subfield of the EGTS descriptor corresponds to macShortAddress of the device, the MLME of the device shall then notify the next higher layer of whether the EGTS deallocation request was successful by the pimitive MLME-GTS.confirm primitive with a status of SUCCESS (if the length in the EGTS descriptor matched the requested deallocation length) or DENIED (if the length in the EGTS descriptor did not match the requested deallocation length). 
Then, the device shall broadcast an EGTS handshake command to all its one-hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field shall be set to one (EGTS deallocation) and the Handshake Type subfield shall be set to two (Notify).
On receipt of an EGTS handshake command indicating an EGTS deallocation notify, the device shall process the EGTS descriptor and update its ABT to reflect the neighbor’s deallocated EGTS. 


If an EGTS handshake allocation reply command frame and the EGTS length matches the characteristics requested (indicating that the Destination device has approved the EGTS allocation request), the MLME of the Source device will issue the MLME-GTS.confirm primitive with a status of SUCCESS and an EGTSCharacteristics parameter with a characteristics type equal to one, indicating an EGTS allocation. If the EGTS handshake allocation reply command frame is received with a EGTS length of zero (indicating that the Destination device has denied the EGTS allocation request), the device requesting the EGTS issues the MLME-GTS.confirm primitive with a status of DENIED, indicating that the GTSCharacteristics parameter is to be ignored.
If an EGTS is being deallocated (see 7.5.7.4) at the request of a device and the request has been acknowledged by the other device, the device will issue the MLME-GTS.confirm primitive with a status of SUCCESS and an EGTSCharacteristics parameter with a characteristics type equal to ‘1’, indicating a GTS deallocation. On receipt of an EGTS handshake deallocation request command, the device will acknowledge the frame and deallocates the EGTS. The MLME of the device will then issue the MLME-GTS.indication primitive with the appropriate EGTS characteristics. If the Destination device does not receive the deallocation request, counter measures can be applied by the PAN coordinator to ensure consistency is maintained (see 7.5.7.6). 



If Destination device request to change an allocated EGTS of the Source device and the request has been acknowledged by the Source device, the Destination device will issue the MLME-GTS.confirm primitive with a status of SUCCESS, the EGTSFlage set to TRUE, the EGTSCharacteristics Type subfield of the EGTSCharacteristics parameter set to 100 for EGTS SUSPEND, 101 for EGTS REDUCE or 110 for EGTS RESTART accordingly, and other subfields set according to the characteristics of the EGTS which the Destination device requests the Source device to change its original EGTS to.. 
On receipt of an EGTS handshake request command for EGTS change from the destination device, the Source device will acknowledge the frame and immediately change the EGTS. Then the MLME of the Source device will issue the MLME-GTS.indication primitive with an EGTSCharacteristics parameter set according to the characteristics of the EGTS which the Destination device requests the Source device to change its original EGTS to. 

If any parameter in the MLME-GTS.request primitive is not supported or is out of range, the MLME will issue the MLME-GTS.confirm primitive with a status of INVALID_PARAMETER.
If the ChannelDiversityMode subfield of EGTSCharacteristic parameter is ‘1’, the EGTS allocation and/or deallocation shall operate as the Channel Hopping mode (see 7.5.10.7).

The main difference between the Channel Adaptation mode and the Channel Hopping mode is the EGTS ABT Specification subfield in the EGTSCharacteristic parameter. In the Channel Hopping mode, both the Source and the Desitination device exchange their Timeslot Allocation Bitmaps (TAB) not the Allocation Bitmap Table (ABT) sub-blocks in the Channel Adaptation mode.
When EGTSFlag is TRUE, two types of channel diversity, channel adapation and channel hopping, can be employed to allocate EGTS slots. Both channel diversity modes allocate EGTS slots via EGTS handshake commnd. To exchange channel and EGTS slot usage between devices, channel adaptation uses EGTS allocation bitmap table (ABT), while channel hopping uses EGTS timeslot allocation bitmap (TAB). Detailed procedures for allocating and deallocating EGTS slots in two channel diversity modes are explained in 7.5.10.1 and 7.5.10.7.

1.4.2 MLME-GTS.confirm

Insert in 7.1.7.2:


If the value of the EGTSFlag equals to ‘1’, the MLME-GTS.confirm primitive reports the results of a request to allocate a new EGTS or to deallocate / reallocate / change an existing EGTS.
Insert in 7.1.7.2.1:

MLME-GTS.confirm
(


GTSCharacteristics,

status,

EGTSFlag,
EGTSCharacteristics
)
Insert in Table 59:

	Name
	Type
	Valid Range
	Description

	EGTSFlag
	Boolean
	TRUE or FALSE
	If this value is FALSE, the operation of this primitive is the same way defined in IEEE 802.15.4-2006 (definition of the GTSCharacteristics parameter see 7.3.9.2, and the EGTSCharacteristics parameter will be ignored).

If this value is TRUE, the operation of this primitive is for the EGTS mode (definition of the EGTSCharacteristics parameter see 7.3.10.2, and the GTSCharacteristics parameter will be ignored).

	EGTSCharacteristics
	EGTSCharacteristics
	See 7.3.10.2
	The characteristics of the EGTS confirm, including whether the confirm is for the allocation of a new EGTS or the deallocation / reallocation / change of an existing EGTS.


Insert in 7.1.7.2.2:

If the request to allocate, deallocate, reallocate, or change (suspend, reduce, or restart) an EGTS was successful, this primitive will return a status of SUCCESS with the EGTSFlag set to ‘1’ and the EGTSCharacteristics Type subfield of the EGTSCharacteristics parameter set accordingly. Otherwise, the status parameter will indicate the appropriate error code. The reasons for these status values are fully described in 7.1.7.1.3 and subclauses referenced by 7.1.7.1.3.
Insert in 7.1.7.2.3:

On receipt of the MLME-GTS.confirm primitive with the value of the EGTFlag  set to ‘1’, the next higher layer is notified of the result of its request to allocate, deallocate, or change an EGTS. If the request was successful, the status parameter will indicate a successful EGTS operation, and the MLME of the device will generate an EGTS handshake command frame with the Handshake Type subfield set to two (EGTS notify) and the information contained in the EGTSCharacteristics parameter in this primitive. Otherwise, the status parameter will indicate the error.

1.4.3 MLME-GTS.indication

Insert in 7.1.7.3:

If the value of the EGTSFlag equals to ‘1’, the MLME-GTS.indication primitive indicates that an EGTS has been allocated or that a previously allocated EGTS has been deallocated, reallocated, or changed.

Insert in 7.1.7.3.1:

MLME-GTS.indication
(

DeviceAddress,


GTSCharacteristics,

SecurityLevel,

KeyIdMode,

KeySource,

KeyIndex,

EGTSFlag,

EGTSCharacteristics

)
Insert in Table 60:

	Name
	Type
	Valid Range
	Description

	EGTSFlag
	Boolean
	TRUE or FALSE
	If this value is FALSE, the operation of this primitive is the same way defined in IEEE 802.15.4-2006 (definition of the GTSCharacteristics parameter see 7.3.9.2, and the EGTSCharacteristics parameter will be ignored).

If this value is TRUE, the operation of this primitive is for the EGTS mode (definition of the EGTSCharacteristics parameter see 7.3.10.2, and the GTSCharacteristics parameter will be ignored).

	EGTSCharacteristics
	EGTSCharacteristics
	See 7.3.10.2
	The characteristics of the EGTS indication, including whether the indication is for the allocation of a new EGTS or the deallocation / reallocation / change of an existing EGTS.


Insert in 7.1.7.3.2:

This primitive is generated by the MLME of a Source or Destination device and issued to its next higher layer when an EGTS is allocated, deallocated, reallocated, or changed following the reception of an EGTS handshake command (see 7.3.10). The EGTS Characteristics type subfield of the EGTSCharacteristics parameter is set accordingly.
Insert in 7.1.7.3.3:

On receipt of the MLME-GTS.indication primitive with the value of the EGTS flag in the EGTSCharactersitics field set to ‘1’, the next higher layer is notified of the allocation, deallocation, reallocation, or change of an EGTS.

Insert in 7.1.7.4:

Figure 1 and Figure 2 illustrate the sequence of messages necessary for successful EGTS management. Figure 1 depicts the message flow for the case in which a Source device initiates the EGTS allocation, deallocation, reallocation, or change. Figure 2 depicts the message flow for the case in which a Destination device initiates the EGTS deallocation, reallocation, or change.


[image: image1]
Figure 1—Message sequence chart for EGTS allocation initiated by a Source device


[image: image2]
Figure 2—Message sequence chart for EGTS dallocation initiated by a Destination device
1.5 MLME-START

Modify in 7.1.14.1.1: 

MLME-START.request
(


PANId,
LogicalChannel,

ChannelPage,

SuperframeStartBank,

BeaconOrder,

SuperframeOrder

PANCoordinator

BatteryLifeExtension
CoorRealignment

CoorRealignSecurityLevel,

CoorRealignKeyIdMode,

CoorRealignKeySource

CoorRealignKeyIndex

BeaconSecurityLevel,

BeaconKeyIdMode,
BeaconKeySource,
BeaconKeyIndex,
EGTSFlag,
EGTSSuperframeSpecification,
ChannelDiversityMode,

DCHDescriptor

)

Insert in Table 72:

	Name
	Type
	Valid Range
	Description

	SuperframeStartBank
	Integer
	0x00 – 0x1F
	In  superframe bank , the coordinator transmitis its own beacon frame. If this parameter is set to 0x00, beacon transmitting will begin immediately. Otherwise, the specified bank number is relative to the bank index of the received beacon with which the device synchronizes.

This parameter is ignored if either the BeaconOrder parameter has a value of 15 or the PANCoordinator parameter is TRUE.

	EGTSFlag
	Boolean
	TRUE or FALSE
	If this value is’0’, the operation of this primitive is the same way defined in IEEE 802.15.4-2006 (definition of the GTSCharacteristics parameter see 7.3.9.2) and the EGTSCharacteristics will be ignored.

If this value is’1’, indicate that the request is for EGTS, (definition of EGTSCharacteristics parameter see 7.3.10.2) and the GTSCharacteristics will be ignored.

	EGTSSuperframeSpecification
	EGTSSuperframeSpecification Value
	
	See Table 51b.

	
	
	
	





	DCHDescriptor 
	DCHDescriptor Value
	
	See Table 4.


Table 4—Elements of DCHDescriptor

	Name
	ID
	Type
	Range
	Description
	Default

	ChannelHoppingSequenceLength
	
	Integer
	
	The value of this attribute is set by the next higher layer.
	

	ChannelHoppingSequece
	
	Set of Octets
	
	ChannelHoppingSequence is the sequence of logical channel numbers. The sequence is set by the next higher layer.
PAN coordinator shall select the sequence to use when it establishes a PAN.
	

	ChannelOffset
	
	Integer
	0-255
	ChannelOffset is 8bits in length and specifies the offset value of ChannelHoppingSequence.
	0

	ChannelOffsetBitmapLength
	
	Integer
	
	Length of ChannelOffsetBitmap sequence.
	0

	ChannelOffsetBitmap
	
	Set of Octets
	
	Bit values of ChannelOffsetBitmap sequence represent if the corresponding channel offset is used. The bit value shall set to ‘1’, If the corresponding channel offset is used.  Otherwise, it shall set to ‘0’. 

For instance, 1st, 2nd, 4th channel offset are used with ChannelOffsetBitmapLength of 16, ChannelOffsetBitmap shall be 0110100000000000. 
	NULL



	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	





Modify in 7.1.14.1.3:

If the SuperframeStartBank parameter is non-zero and the MLME is not currently tracking the beacon of the coordinator through which it is associated, the MLME will issue the MLME-START.confirm primitive with a status of TRACKING_OFF. 
1.6 MCPS-DATA

Modify in Table 41:
	Name
	Type
	Valid Range
	Description

	TxOptions
	Bitmap
	5-bit field
	The 5 bits (b0, b1, b2, b3, b4) indicate the transmission options for this MSDU.

For b0, 1 = acknowledged transmission, 0 = unacknowledged transmission.

For b1, 1 = GTS transmission, 0 = CAP transmission for a beacon-enabled PAN. For a nonbeacon-enabled PAN, bit b1 should always be set to 0.

For b2, 1 = indirect transmission, 0 = direct transmission.

For b3, 1 = CAP/EGTS transmission, 0 = CAP/GTS transmission (defined in IEEE 802.15.4-2006).

For b4, 1 = High Priority transmission, 0 = Low Priority transmission.


Insert in 7.1.1.1.3:

If the TxOptions parameter specifies that an EGTS transmission is required, the MAC sublayer will set the EGTS flag in the EGTS Characteristics field to one, indicating the EGTS transmission, and determine whether it has a valid EGTS (for EGTS usage rules, see 7.5.10). If a valid EGTS could not be found, the MAC sublayer will issue the MCPS-DATA.confirm primitive with a status of INVALID_GTS. If a valid EGTS was found, the MAC sublayer will defer, if necessary, until the EGTS.
1.7 MLME-EGTSinfo

Insert new subclause ‘7.1.18 Primitives for requesting EGTS information’:

MLME-EGTSinfo defines how a device can request EGTS information.

Insert new subclause ‘7.1.18.1 MEME-EGTSinfo.request’:

The MLME-EGTSinfo.request primitive allows a Source device to request the timestamp and the parameters of its EGTS from the Destination device.

Insert new subclause ‘7.1.18.1.1 Semantics of the service primitive’:

The semantics of the MLME-EGTSinfo.request primitive are as follows:
MLME-EGTSinfo.request     (

DstAddrMode,

DstAddress,

SecurityLevel,

KeyIdMode,

KeySource,

KeyIndex

)

Table XX specifies the parameters for the MLME-EGTSinfo.request primitive.
Table XX—MLME-EGTSinfo.request parameters

	Name
	Type
	Valid range
	Description

	DstAddrMode
	Integer
	0x02–0x03
	The addressing mode of the Destination device to which the request is intended. This parameter can take one of the following values:

2 = 16-bit short address,

3 = 64-bit extended address.

	DstAddress
	Device-Address
	As specified by the DstAddrMode parameter
	The address of the Destination device to which the request is intended. 

	SecurityLevel
	Integer
	0x00-0x07
	The security level to be used (see Table 95 in 7.6.2.2.1).

	KeyIdMode
	Integer
	0x00–0x03
	The mode used to identify the key to be used (see Table 96 in 7.6.2.2.2). This parameter is ignored if the SecurityLevel parameter is set to 0x00.

	KeySource
	Set of 0, 4, or 8 octets
	As specified by the KeyIdMode parameter
	The originator of the key to be used (see 7.6.2.4.1). This parameter is ignored if the KeyIdMode parameter is ignored or set to 0x00.

	KeyIndex
	Integer
	0x01–0xff
	The index of the key to be used (see 7.6.2.4.2). This parameter is ignored if the KeyIdMode parameter is ignored or set to 0x00.


Insert in ‘7.1.18.1.2  Appropriate usage’:

The MLME-EGTSinfo.request primitive is generated by the next higher layer of a Source device and issued to its MLME when the timestamp and the parameters of its EGTS are to be requested from the Destination device.
Insert in ‘7.1.18.1.3  Effect on receipt’:

On receipt of the MLME-EGTSinfo.request primitive by a device, the MLME of the device generates and sends an EGTS information request command (see 7.3.11). The EGTS information request command is generated with the destination address information in the DstAddress parameter.
If the SecurityLevel parameter is set to a valid value other than 0x00, indicating that security is required for this frame, the MLME will set the Security Enabled subfield of the Frame Control field to one. The MAC sublayer will perform outgoing processing on the frame based on the DstAddress, SecurityLevel, KeyIdMode, KeySource, and KeyIndex parameters, as described in 7.5.8.2.1. If any error occurs during outgoing frame processing, the MLME will discard the frame and issue the MLME-EGTSinfo.confirm primitive with the error status returned by outgoing frame processing.
If the EGTS information request command cannot be sent due to a CSMA-CA algorithm failure, the MLME will issue the MLME-EGTSinfo.confirm primitive with a status of CHANNEL_ACCESS_FAILURE.
If the MLME successfully transmits an EGTS information request command, the MLME will expect an acknowledgment in return. If an acknowledgment is not received, the MLME will issue the MLME-EGTSinfo.confirm primitive with a status of NO_ACK (see 7.5.6.4).If an acknowledgment is received, the MLME will  wait for the EGTS information reply command.
If an EGTS information reply command is received from the Destination device, the MLME of the source device will issue the MLME-EGTSinfo.confirm primitive with a status of SUCCESS.
And if an EGTS information reply command is not received within macMaxFrameTotalWaitTime CAP symbols in a beacon-enabled PAN, or symbols in a nonbeacon-enabled PAN, the MLME of the source device will issue the MLME-EGTSinfo.confirm primitive with a status of NO_DATA.
If any parameter in the MLME-EGTSinfo.request primitive is not supported or is out of range, the MLME will issue the MLME-EGTSinfo.confirm primitive with a status of INVALID_PARAMETER.

Insert new subclause ‘7.1.18.2 MEME-EGTSinfo.confirm’:

The MLME-EGTSinfo.confirm primitive reports the results of a request for the timestamp and the EGTS parameters.

Insert new subclause ‘7.1.18.2.1 Semantics of the service primitive’:

The semantics of the MLME-EGTSinfo.confirm primitive are as follows:

MLME-EGTSinfo.confirm     (

EGTSCharacteristics,

Timestamp,

status

)

Table XX specifies the parameters for the MLME-EGTSinfo.confirm primitive.

Table XX—MLME-EGTSinfo.confirm parameters

	Name
	Type
	Valid range
	Description

	EGTSCharacteristics
	EGTS Characteristics
	See 7.3.10.2
	The characteristics of the EGTS.

	Timestamp
	Integer
	0x000000–0xffffff
	The time, at which EGTS information reply command (see 7.3.11) was transmitted, in symbols. This parameter will be considered valid only if the value of the status parameter is SUCCESS. The symbol boundary is described by macSyncSymbolOffset (see Table 86 in 7.4.1).

This is a 24-bit value, and the precision of this value shall be a minimum of 20 bits, with the lowest 4 bits being the least significant.



	Status
	Enumeration
	SUCCESS,

CHANNEL_ACCESS_FAILURE,

NO_ACK,

NO_DATA,

COUNTER_ERROR,

FRAME_TOO_LONG,

UNAVAILABLE_KEY,

UNSUPPORTED_SECURITY or

INVALID_PARAMETER.
	The status of the EGTS information request.


Insert new subclause ‘7.1.18.2.2 When generated’:

The MLME-EGTSinfo.confirm primitive is generated by the MLME and issued to its next higher layer in response to an MLME-EGTSinfo.request primitive. If the request was successful, the status parameter will be equal to SUCCESS and the EGTS Characteristics Type field of the EGTSCharacteristics parameter will be set to Restart (see Table 3). Otherwise, the status parameter indicates the appropriate error code. The status values are fully described in 7.1.18.1.3.
Insert new subclause ‘7.1.18.2.3 Appropriate usage’:

On receipt of the MLME-EGTSinfo.confirm primitive the next higher layer is notified of the result of the procedure to request the timestamp and the EGTS parameters from the Destination device.

Insert new subclause ‘7.1.18.2.4 EGTS information sequence chart’:

Figure 3 illustrates the sequence of messages necessary for successful EGTS information request. Figure 3 depicts the messages flow for the case in which the Source device requests the timestamp and the EGTS parameters from the Destination device.
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Figure 3 Message sequence chart for EGTS information request

1.8 Primitives for reporting link status in PAN

Insert new subclause 7.1.19 ‘Primitives for reporting link quality in PAN’

The MLME-LINKSTATUSRPT primitives define how a source device reports the communication satus between the source device and the destination device.

Insert new subclause 7.1.19.1  ‘MLME-LINKSTATUSRPT.Request’

The MLME-LINKSTATUSRPT.request primitive is generated by the higher layer of a source device, and is issued to its MLME to request a device start a link quality statistic and periodically report the statistic results to the destination device. 

Insert new subclause 7.1.19.1.1 ‘Semantics’

MLME-LINKSTATUSRPT.request
(




DstAddress




ReportPeriod




)

Table XX specifies the parameters for the MLME-LINKSTATUSRPT.request primitive.

Table xx  MLME-LINKSTATUSRPT.request parameters
	Name
	Type
	Valid Range
	Description

	DstAddress
	Ingeger
	0-0xffff
	16bit address of the Destination device to which the link status report request is intended. 

	ReportPeriod
	Integer
	0-0xffff
	Define the interval of link status report command frame.
Interval of the link status report command = period * superframe length (Liang: Dr. Wang, here is still unclear)

If this parameter is equal to 0x 000000, the link status report is to be disabled.


Insert new subclause7.1.19.1.2 ‘Appropriate usage’

The MLME-LINKSTATUSRPT.request primitive is generated by the higher layer of a device, and issued to its MLME to initiate a link status statistic.



Insert new subclause7.1.19.1.3 ‘Effect on receipt’
On receipt of MLME-LINKSTATUSRPT.request primitive by a device, the MLME of the device attempts to generate a link status report command (see 7.3.14) with the information contained in this primitive, and if successful, sends it to the destination device according to the DstAddress parameter.

If the link status report command frame cannot be sent due to a CSMA-CA algorithm failure, the MLME will issue the MLME-LINKSTATUSRPT.confirm primitive with a status of CHANNEL_ACCESS_FAILURE.

If the MLME successfully transmits a link status report command frame, the MLME will expect an acknowledgement in return. If an acknowledgement is not received, the MLME will issue the MLME-LINKSTATUSRPT.confirm primitive with a status of NO_ACK.

If the link status report command frame has been acknowledged, the device will send another link status report command frame again.
If a device received a link status report command frame from another device in the PAN, the destination device will get the link status, and notify the result to its higher layer by the primitive MLME-LINKSTATUSRPT.indication.

Insert new subclause7.1.19.2 ‘MLME-LINKSTATUSRPT.confirm’

The MLME-LINKSTATUSRPT.confirm primitive reports the results to start a link status report process.

Insert new subclause 7.1.19.2.1 ‘Semantics’

The semantics of the MLME-LINKSTATUSRPT.confirm primitive are as follows:

MLME-LINKSTATUSRPT.confirm
(

status



)

Table XX specifies the parameters for the MLME-LINKSTATUSRPT.confirm primitive.

Table xx MLME-LINKSTATUSRPT.confirm parameters
	Name
	Type
	Valid Range
	Description

	status
	Enumeration
	CHANNEL_ACCESS_FAILURE, NO_ACK or SUCCESS

	The status of starting link status report.


Insert new subclause 7.1.19.2.2 ‘When Generated’

The MLME-LINKSTATUSRPT.confirm primitive is generated by the MLME and issued to its next higher layer in response to an MLME-LINKSATUSRPT.request primitive. The MLME-LINKSTATUSRPT.confirm primitive returns a status of either SUCCESS, indicating the MAC sublayer has started reporting its statistic results periodically, or the appropriate error code.

Insert new subclause 7.1.19.2.3 ‘Effort on Receipt’

On receipt of the MLME-LINKSTATUSRPT.confirm primitive by a device, the next higher layer is notified of the result of its reqest to start reporting link status in the PAN. If the request was successful, the status parameter will indicate a successful link status report operation. Otherwise, the status parameter will indicate the error.

Insert new subclause 7.1.19.3 ‘MLME-LINKSTATUSRPT.indication’

The MLME-LINKSTATUSRPT.indication primitive indicates the transfer of a link status report of a device from the MAC sublayer to the local next higher layer.

Insert new subclause 7.1.19.3.1 ‘Semantics’

The semantics of the MLME-LINKSTATUSRPT.indication primitive is as follows:

MLME-LINKSTATUSRPT.indication
(

DstAddress
LinkStatusSpecification

)

Ttable XX specifies the parameters for the MLME-LINKSTATUSRPT.indication primitive.

Table xx MLME-LINKSTATUSRPT.indication parameters
	Name
	Type
	Valid Range
	Description

	DstAddress
	Integer
	0-0xffff
	16bit address of the Destination device to which the link status report request is intended.

	LinkStatusSpecification
	Link Status Specification
	See7.3.14
	


Insert new subclause 7.1.19.3.2 ‘When generated’

The MLME-LINKSTATUSRPT.indication primitive is generated by the MAC sublayer and issued to the next higher layer on receipt of a link status report command.

Insert new subclause 7.1.19.3.3 ‘ Effect on Receipt’

On receipt of the MLME-LINKSTATUSRPT.indication primitive, the next higher layer is notified of the arrival of a link status report command frame from a device. The usage of the link status report by the next higher layer is beyond the scope of this document.

Insert new subclause 7.1.19.4 ‘MLME-LINKSTATUSRPT message sequence charts’

Figure 5 illustrate the sequence of messages necessary for link status report initialized by a source device.

[image: image4]
Figure5 message sequence charts for link status report

1.9 MLME-BEACON-NOTIFY.indication

Insert new elements of PANDescriptor in ‘Table 55 – Elements of PANDescriptor‘
	Name
	Type
	Valid range
	Description

	EGTSSuperframeSpec
	Bitmap
	See 7.2.2.1.2
	The EGTS superframe specification as specified in the received beacon frame.

	BeaconBitmap
	Bitmap
	See 7.2.2.1.2
	Indicates the beacon frame allocation information of neighbor nodes.


1.10 MLME-SCAN
1.10.1 MLME-SCAN.request

Insert in Table 67:

	Name
	Type
	Valid Range
	Description

	ScanType
	Integer
	0x00–0x03
	Indicates the type of scan performed:

0x00 = ED scan (optional for RFD).

0x01 = active scan (optional for RFD).

0x02 = passive scan.

0x03 = orphan scan.
0x04 = asymmetric multi-channel active scan
0x05 = channel probe


Insert in “7.1.11.1.3 Effect on receipt”: 
If ScanType is set to indicate asymmetric multi-channel active scan, the MLME performs asymmetric multi-channel active scan as described in 7.5.11.2.
2. Modified MAC command frames

2.4 Beacon frame
Insert in ‘Figure 44’ :
	Octets: 2
	1
	4/10
	0/5/6/10/14
	2
	variable
	variable
	variable
	Variable
	4
	variable
	variable
	2

	Frame Control
	Sequence Number
	Addressing Fields
	Auxiliary Security Header
	Superframe Specificiation
	GTS (Figure 45)
	Pending address fields (Figure 46)
	EGTS Superframe Specification (Figure 51b) 
	ChannelHoppingSpecification (Figure 44a)
	Time synchronization specification (Figure 54) 
	Beacon Bitmap (Figure 53) 
	Beacon Payload
	FCS

	MHR
	MAC Payload
	MFR


	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	


Figure 44－Beacon frame format


Modify in 7.2.1.1.7

The Frame Version subfield is 2 bits in length and specifies the version number corresponding to the frame.

This subfield shall be set to 0x00 to indicate a frame compatible with IEEE Std 802.15.4-2003, 0x01 to indicate an IEEE Std 802.15.4-2006 frame and 0x10 to indicate an IEEE Std 802.15.4-2009 frame. All other subfield values shall be reserved for future use. See 7.2.3 for details on frame compatibility.

Insert new subclause ‘7.2.2.1.8 Channel Diversity Specification field’

The Channel Diversity Specification field shall be formatted as illustrated in Figure 51a. 
Insert new Figure 51a:
	Octets:1
	1
	Variable

	Channel Offset
	ChannelOffset Bitmap Length
	ChannelOffset Bitmap


Figure 51a—Format of the ChannelDiversitySpecification field
Channel Hopping Specification fields shall be present, if Channel Diversity Mode subfield is ‘1’.
The ChannelOffset subfield is 1 octet in length and specifies the channel hopping offset value of the device. 
The ChannelOffsetBitmapLength subfield is 1 octet in length and specifies the length of ChannelOffsetBitmap sub field. 
The ChannelOffsetBitmap subfield indicates the occupancy of channel hopping offset values among neighbor devices and represented in bitmap. Each bit shall be set to '1', if the corresponding  channel hopping offset value is already occupied by the neighboring device, otherwise it shall be set to '0' if the corresponding channel hopping value is not occupied. For instance, ChannelOffsetBitmap of 1100100..0 indicates that channel hopping offset values of 0, 1, and 4 are being used by neighbor devices. Note that the ith bit in the ChannelOffsetBitmap corresponds to (i-1)th channel offset value.




Insert ‘7.2.2.1.9 EGTS Superframe Specification field’ :

The EGTS Superframe Specification field is 4 octets in length and shall be formatted as illustrated in Figure 51b.

Insert new Figure 51b:
	Bits:
0-3
	4
	5
	6
	7
	8-23
	24-31

	32
	33-35


	variable

	Multi-superframe Order (MO)
	EGTS Flag
	CAP Reduction Flag
	Embedded CAP/CFP Flag
	ChannelDiversityMode
	CAP Index
	Number of 
Subslots
	GACK Flag
	Length of ECFP Start Field
	ECFP Start


	

	
	
	
	
	
	

	
	
	
	
	


	
	


Figure 51b－Format of the EGTS Superframe Specification field
The Multi-superframe Order subfield is 4 bits in length and shall specify the length of time during which a group of superframes that is considered as one multi-superframe is active (i.e.. receiver enabled), including the beacon frame transmission time. See 7.5.1.1 for an explanation of the relationship between the Multi-superframe Order and the multi-superframe duration.

The EGTS Flag subfield is 1 bit in length, and it shall be set to zero ifthe CFP of a superframe is operated the same way as defined in IEEE 802.15.4-2006, and the other subfields in the EGTS Superframe Specification field shall all be ignored. The EGTS Flag bit shall be set to one ifthe CFP of a superframe is operated as the EGTS mode (defined in 7.5.9 and 7.5.10).
The CAP Reduction Flag subfield is 1 bit in length and shall be set to one if the CAP reduction is enabled. Otherwise, the CAP Reduction Flag subfield shall be set to zero.
The Embedded CAP/CFP Flag subfield is 1 bit in length, and shall be set to zero if the Embedded CAP is used (see 7.5.9). The Embedded CAP/CFP Flag bit shall be set to zero if the Embedded CFP is used (see 7.5.9).
The CAP Index subfield is 2 octets in length and specifies the number of superframes before the next CAP begins. This subfield is valid only if the CAP Reduction Flag subfield is set to one.
The Number of Sub-slots subfield is 8 bits in length and specifies the number of sub-slots which are divided within a slot. This subfield is valid only if the Embedded CAP/CFP Flag subfield is set to zero.
The Channel Diversity mode is 1 bit in length and indicates the type of channel diversity. If this value is ‘0’, EGTS runs on channel adaptation mode. If this vaule is ‘1’, EGTS runs on channel hopping mode. If this subfield is ‘0’, the following Channel Hopping Specification field is not present.

If the EGTS Flag subfield is set to ‘1’ and GACK Flag field is also set to ‘1’, the beacon shall indicate that the transmitting FFD is using EGTS frame structure with group acknowledgement mechanism. In such a case, the superframe of the transmitting device shall have a structure as shown in Figure 8. If the EGTS Flag subfield is set to ‘1’ but GACK Flag field is set to ‘0’, the beacon shall indicate that the transmitting FFD shall be using EGTS superframe structure of Figure 7. In such a case, the tailing superframe shall not be using the group acknowledgement mechanism.

If both the EGTS Flag and and GACK Flag are set to ‘1’, the the timeslot number contained in the ‘ECFP Start’ subfield (of Figure 52) shall specify the end of the CFP and start of the ECFP. The length of ‘ECFP Start’ field is variable and it is specified by the value of ‘Length of ECFP Start Field’. The coordinator device shall transmit a GACK frame to mark the start of the ECFP portion of the superframe. The GACK frame, as described in section 7.5.9, shall indicate, as a bitmap, the successful and failed GTS transmissions during the CFP. It shall also contain the information of the timeslots dynamically allocated to other nodes. The coordinator device shall allocate only as many timeslots in ECFP as possible before the start of next beacon frame or the CAP portion of the superframe.
Insert ‘7.2.2.1.10 Time Synchronization Specification field’ :

The Time Synchronization Specification field is 4 octets in length and shall be formatted as illustrated in Figure 51c.
Insert new Figure 51c:
	Bits:
0
	1-4
	5-7
	8-31

	Deferred
Beacon

Flag
	Deferred

Beacon

Time
	Reserved
	Beacon

Timestamp




Figure 51c－Format of the Time Synchronization Specification field
The Deferred Beacon Flag subfield is 1 bit in length and shall be set to one ifthe device use CCA before transmitting beacon frame. The Deferred Beacon Flag bit shall be set to zero if the device shall not use CCA before transmitting beacon.

The Deferred Beacon Time subfield is 4 bits in length and specifies the number of backoff period for CCA. If the Deferred Beacon Flag bit is set to zero, this subfield shall be ignored.

The Beacon Timestamp subfiled is 3 octets in length and specifies the time of beacon transmission for time synchronization in symbol periods.

Insert ‘7.2.2.1.11 Beacon Bitmap field’:

The Beacon Bitmap Specification field is 8 bits in length and shall be formatted as illustrated in Figure 51d.
Insert new Figure 51d:
	Octets: 2
	variable

	SD Index
	SD Bitmap


Figure 53－Format of the Beacon Scheduling Specification field
The SD Index subfield is 2 octets in length and specifies the Superframe Duration (SD) bank number that is allocated to the Source device of the beacon. 

The SD Bitmap subfield is 2(BO-SO) bits in length and indicates the beacon frame allocation information of neighbor nodes. This subfield is expressed in bitmap format which orderly represents the schedule of beacons, with corresponding bit shall be set to one if a beacon is allocated in that SD.
2.5 Association

2.5.1 Association request command

Insert in Figure 55:

The association request command shall be formatted as illustrated in Figure 55.

	octets: (see 7.2.2.4)
	1
	1
	1

	MHR fields
	Command Frame Identifier

(see Table 82)
	Capability Information
	Channel Offset


Figure 55—Association request command format

Insert in 7.3.1.2:
The Channel Sequence Request subfield in the Capability Information field is 1 bit in length and shall be set to ‘1’ if the PAN is running on beacon-enabled mode and channel hopping mode. 

Insert in Figure 56:

	bits: 0
	1
	2
	3
	4
	5
	6
	7

	Alternate PAN Coordinator
	Device Type
	Power Source
	Receiver On When Idle
	Channel Sequence Request
	Reserved
	Security Capability
	Allocate Address


Figure 56—Capability Information field format

The Channel Sequence Request subfield is 1 bit in length and shall be set to one if the PAN runs in both beacon-enabled mode and Channel Hopping mode. 
Insert new subclause ‘7.3.1.3 Channel Offset field’:

The Channel Offset subfield is 8 bits in length and shall be set to the offset value specified by the next higher layer. 
2.5.2 Association respond command

Insert in Figure 57:

The association response command shall be formatted as illustrated in Figure 57.

	octets: (see 7.2.2.4)
	1
	2
	1
	1
	Variable

	MHR fields
	Command Frame Identifier (see Table 82)
	Short Address
	Association Status
	Channel Hopping Sequence Length
	Channel Hopping Sequence


Figure 57—Association response command format
Insert new subclause ‘7.3.2.4 Channel Hopping Sequence Length field’:

The Channel Hopping Sequence Length field is 8 bits in length and shall specify the length of the channel hopping sequence used in the PAN, if the PAN runs in both beacon-enabled mode and Channel Hopping mode. 

Insert new subclause ‘7.3.2.5 Channel Hopping Sequence field’:

3. The size of the Channel Hopping Sequence subfield is defined by the Channel Hopping Sequence Length subfield and the Channel Hopping Sequence subfield specifies the channel hopping sequence used in the PAN, if the PAN runs in both beacon-enabled mode and Channel Hopping mode (See Table 86).
Modify the Table 83:

	Association status
	Description 

	0x00
	Association successful.

	0x01
	PAN at capacity.

	0x02
	PAN access denied.

	0x03
	Channel hopping sequence offset duplication

	0x04-0x7f
	Reserved.

	0x80-0xff
	Reserved for MAC primitives enumeration values.


4. New MAC command frames

Insert in Table 82:
	Command Frame Identifier
	Command Name 
	RFD
	Subclause

	
	
	Tx
	Rx
	

	0x0a
	EGTS handshake
	X
	X
	7.3.10

	0x0b
	EGTS information request
	X
	
	7.3.11

	0x0c
	EGTS information reply
	
	X
	7.3.12

	0x0d
	Beacon allocation notification
	
	
	7.3.13

	0x0e
	Beacon conflict notification
	X
	
	7.3.14

	0x0f
	Link status report
	X
	X
	7.3.15

	0x10
	Asymmetric Multi-channel Beacon Request
	X
	X
	7.3.16

	0x11
	Multi-channel Hello
	X
	X
	7.3.17

	0x12
	Channel Probe
	X
	X
	7.3.18


4.4 EGTS handshake

Insert new subclause ‘7.3.10 EGTS handshake’:

The EGTS handshake command is used by an associated device to request the allocation of a new EGTS or the deallocation, reallocation, or change of an existing EGTS from the corresponding device. Only devices that have a 16-bit short address less than 0xfffe shall send this command.

This command is mandatory for 802.15.4e.

The EGTS request command shall be formatted as illustrated in Figure 3.

	Octets: 7
	1
	variable

	MHR fields
	Command Frame Identifier
	EGTS Characteristics


Figure 3—EGTS handshake command format

Insert new subclause ‘7.3.10.1 MHR fields’:

The Destination Addressing Mode subfield of the Frame Control field shall be set to two (e.g., 16-bit short addressing), and the Source Addressing Mode subfield shall also be set to two.

The Frame Pending subfield of the Frame Control field shall be set to zero and ignored upon reception, and the Acknowledge Request subfield shall be set to one.

The Source PAN Identifier field shall contain the value of macPANId, and the Source Address field shall contain the value of macShortAddress.

For the EGTS handshake request command frame, the Destination PAN Identifier field shall contain the identifier of the PAN to which to request for EGTS, and the Destination Address field shall contain the address of the Destination device to which the EGTS request command frame is being sent. For the EGTS handshake reply/notify command frame, the Destination PAN Identifier field shall be set to 0xffff (e.g., broadcast PAN identifier), and the Destination Address field shall be set to 0xffff.

Insert new subclause ‘7.3.10.2 EGTS Characteristics fields’:

.
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


The EGTS Characteristics field shall be formatted as illustrated in Figure 4.
The EGTS Characteristics field shall be formatted as illustrated in Figure 4.

	Bit:0
	1
	2-9
	10-12
	13-14
	15-30
	31-46
	47-50
	51-66
	Variable

	ChannelDiversityMode
	EGTS Direction
	EGTS Length
	EGTS Characteristics Type
	EGTS Handshake Type
	Destination Address
	EGTS slot identifier
	EGTS ABT sub-block length
	EGTS ABT sub-block index
	EGTS ABT sub-block


Figure 4—EGTS Characteristics field format

	
	
	
	
	
	

	
	
	
	
	
	



The ChannelDiversityMode subfield is 1 bit in length and shall be set to one of the nonreserved values listed in Table 1’ .

Table 1’—Values of the Channel Diversity Mode subfield

	Channel Diversity Mode value

b0
	Description

	0
	Channel Adaptation mode

	1
	Channel Hopping mode


The EGTS Length subfield shall contain the number of superframe slots being requested for the EGTS.


The EGTS Characteristics Type subfield is 3 bits in length and shall be set to one of the nonreserved values listed in Table 2.

Table 2—Values of the EGTS Characteristics Type subfield

	EGTS Characteristics Type value
b2b1b0
	Description

	000
	Deallocation

	001
	Allocation

	010
	Reallocation

	011
	Duplicated Allocation Notification

	100
	Robust EGTS Allocation

	101
	Reduce

	110
	Restart

	111
	Reserved


The EGTS Handshake Type subfield is 2 bits in length and shall be set to one of the nonreserved values listed in Table 3.

Table 3—Values of the EGTS Handshake Type subfield

	EGTS Handshake Type value
b1b0
	Description

	00
	Request

	01
	Reply

	10
	Notify

	11
	Reserved


The Priotized Channel Access subfield is 1 bit in length and shall be set to one if EGTS should be reserved as high priority, or set to zero if EGTS should be reserved as low priority. When the EGTS request command is used in the EGTS change procedure, the Prioritized Channel Access shall be set according to the original EGTS.
Insert new subclause ‘7.3.10.2.1 EGTS Descriptor field’:

The EGTS Descriptor field is 5 octets in length and shall be formatted as illustrated in Figure 5.

	Bit:0-15
	16-31
	32-39

	Device Short Address

	EGTS slot identifier
	EGTS Length


Figure 5—Format of the EGTS Descriptor

The Device Short Address subfield is 2 octets in length and shall contain the short address of the device for which the EGTS allocate/ deallocate/ reallocate or change.
The EGTS slot identifier subfield is 2 octets in length and shall contain the channel number (1 octet in length) and the beginning time slot number (1 octet in length) of the EGTS that is to be allocated or deallocated.
The EGTS Length subfield is 1 octet in length and shall contain the number of superframe slots being requested for the EGTS.
Insert new subclause ‘7.3.10.2.2 EGTS ABT Specification field’:

The EGTS ABT Specification field shall be formatted as illustrated in Figure 6.
	Bit:0-3
	4-19
	variable

	EGTS ABT sub-block length
	EGTS ABT sub-block index
	EGTS ABT sub-block


Figure 6—Format of the EGTSABTSpecification

The EGTS ABT sub-block length subfield is 4 bits in length and shall contain the length of the EGTS ABT sub-block in units defined in Figure 5.

The EGTS ABT sub-block index subfield is 2 octets in length and shall indicate the beginning of the ABT Sub-block in the entire ABT as illustrated in Figure 5.

The EGTS ABT sub-block shall contain the sub-block of the Allocation Bitmap Table as illustrated in Figure 5.
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Figure 5—ABT Sub-block

When channel hopping is used to obtain channel diversity gain, i.e. ChannelDiversityMode is ‘1’, TAB (Timeslot Allocation Bitmap) is employed instead of EGTS ABT for handshaking. TAB represents the usage of corresponding EGTS slots, a bit shall be set to '1' if the corresponding slot is allocated to transmit or receive, or '0' if the slot is avaliable. Similarly in channel adaptation, EGTS ABT sub-block Index and EGTS ABT Sub-block length shall indicate the start position and the length of TAB Sub-block. Thus, only sub block of whole TAB is exchanged for scheduling. This is illustrated in Figure 5a.
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Figure 5a—TAB Sub-block




…

4.5 EGTS information request

Insert new subclause ‘7.3.11 EGTS information request’:

The EGTS information request command is used by a source device that is requesting the timestamp and the EGTS parameters from the destination device.

The EGTS information request command shall be formatted as illustrated in Figure 6.
This command is mandatory for 802.15.4e.
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Figure 6 EGTS information request command format

Both the Destination Addressing Mode and the Source Addressing Mode subfield of the Frame Control field shall be set to two (e.g., 16-bit short addressing).

The Frame Pending subfield of the Frame Control field shall be set to zero and ignored upon reception, and the Acknowledgment Request subfield of the Frame Control field shall be set to one.
The Source PAN Identifier field shall contain the value of macPANId, and the Source Address field shall contain the value of macShortAddress.

The Destination PAN Identifier field shall contain the identifier of the PAN to which to request for EGTS information, and the Destination Address field shall contain the address of the Destination device to which the EGTS information request command frame is being sent.
4.6 EGTS information reply

Insert new subclause ‘7.3.12 EGTS information reply’:

The EGTS information reply command frame is used by a destination device that is replying the timestamp and the EGTS information to the source device.

The EGTS information reply command frame shall be formatted as illustrated in Figure 7.
This command is mandatory for 802.15.4e.

	octets: 7
	1
	3
	variable

	MHR fields
	Command Frame Identifier
	Timestamp
	EGTS Characteristics


Figure 7 EGTS information reply command format

Both the Destination Addressing Mode and the Source Addressing Mode subfield of the Frame Control field shall be set to two (e.g., 16-bit short addressing).

The Frame Pending subfield of the Frame Control field shall be set to zero and ignored upon reception, and the Acknowledgment Request subfield of the Frame Control field shall be set to one.
The Source PAN Identifier field shall contain the value of macPANId, and the Source Address field shall contain the value of macShortAddress.

The Destination PAN Identifier field shall contain the identifier of the PAN to which to reply the EGTS information, and the Destination Address field shall contain the address of the Destination device to which request the EGTS information
4.7 Beacon allocation notification

The Beacon allocation notification command is used by a device that selects vacant Superframe Duration  (SD) for using transmission of beacon frame.

The Beacon allocation notification command shall be formatted as illustrated in Figure 1.

This command is mandatory for 802.15.4e.
	Octets: 7
	1
	2

	MHR fields
	Command Frame Identifier
	Allocation beacon SD index


Figure 1 Beacon allocation notification command format

…

The allocation beacon SD Index subfield is 2 octets in length and shall contain the allocating SD index number for beacon frame which is allocated to the Source device.
4.8 Beacon collision notification

The Beacon collision notification command is used by a device that detects the collision of beacon frame.

The Beacon collision notification command shall be formatted as illustrated in Figure 2.

This command is mandatory for 802.15.4e.
	Octets: 7
	1
	2

	MHR fields
	Command Frame Identifier
	collision SD Index


Figure 2 Beacon collision notification command format

…

The Conflict SD Index subfield is 2 octets in length and shall contain the SD index number of collision beacon frame.

4.9 Link Status Report

Insert new subclause 7.3.14  ‘Link Status report command’

The link status report command allows a source device to report its link quality parameters to a destination device.

This command shall only be sent by an associated device that wishes to report the link quality. All devices shall be capable of transmitting this command, although an RFD is not required to be capable of receiving it.
The link status report command shall be formatted as illustrated in Figure 9. The Link Status Specification field shall be formatted as illustrated in Figure 10.

	Octets:2
	1
	variable

	MHR fields
	Command identifier (see Table 82)
	Link Status Specification


Figure9- link status report command format

	Octets:1
	Variable

	Link Status Descriptor Count
	Link Status List


Figure10  Link Status Specification field format

Insert new subclause 7.3.14.1  ‘MHR fields’
The Source Addressing Mode subfield of the Frame Control field shall be set to two (16-bit extended addressing), and the Destination Addressing Mode subfield shall be set to the same mode as the destination device to which the status report command refers.

The Frame Pending subfield of the Frame Control field shall be set to one, and the Acknowledgment Request subfield shall be set to one.

The Destination PAN Identifier field shall contain the identifier of the PAN of the destination device to which to report the link status. The Destination Address field shall contain the address of the destination device to which the status report command is being sent. 

The Source PAN Identifier field shall contain the value of macPANId, and the Source Address field shall contain the value of macShortAddress.

The Frame Type subfield in MHR shall be set to 100 and the Frame Version subfield should be set to 0x10.

Insert new subclause 7.3.14.2  ‘Link Status Descriptor Count field’
The Link Status Descriptor Count subfield is 1 octet in length and specifies the number of the Link Status Descriptors in the link status List field.


The size of the Link Status List field
 is defined by the values specified in the Link Status Descriptor Count field and contain s the list of Link Status Descriptors that represents the link status of each link.
The Link Status Descriptor shall be formatted as illustrated in Figure 11.

	Octets :1
	1
	1
	1

	Channel
	avgLQI
	avgRSSI 
	RESERVED


Figure11- Link Status Descriptor format

The Channel subfield is 1 octet in length and specifies the channel index reported by the source device.

The avgLQI subfield is 1 octet in length and contains the average received LQI of the channel specificated in Channel subfield within LinkStatusStatisticPeriod symbols.

The avgRSSI subfield is 1 octet in length and contains the average received signal power by ED measurement during a period of LinkStatusStatisticPeriod. The avgRSSI measurement shall be performed for each received packet, and the use of the avgRSSI result by the next higher layer is not specified in this standard.
4.10 Asymmetric multi-channel beacon request
Insert new subclause 7.3.16 ‘Multi-channel beacon request command’:
The multi-channel beacon request command is used by a device that is performing asymmetric multi-channel active scan.
The multi-channel beacon request command shall be formatted as illustrated in Figure 1. This command is mandatory for 802.15.4e.
	Octets: 7
	1
	4

	MHR fields
	Command Frame Identifier
	ScanChannels


Figure 12 Multi-channel beacon command format

The ScanChannels is a 27-bit bitmap. The 27 bits (b0, b1,... b26) indicate which channels are to be scanned (1 = scan, 0 = do not scan) for each of the 27 channels supported by the ChannelPage parameter. 

4.11 Multi-channel hello command
Insert new subclause 7.3.17 ‘Multi-channel hello command’:

The multi-channel hello command is used to inform neighboring devices of the device’s designated channel.

The multi-channel beacon request command shall be formatted as illustrated in Figure 13. This command is mandatory for 802.15.4e.
	Octets: 7
	1
	1

	MHR fields
	Command Frame Identifier
	Hello specification


Figure 13 Multi-channel hello command format

The Hello specification shall be formatted as illustrated in Figure 14.
	Bits: 5
	1
	2

	Designated channel index
	Hello reply request flag
	Reserved


Figure 14 Hello specification format

The designated channel index subfield is 5 bits in length and shall contain the designated logical channel index number of the device.
If the hello reply request flag is set to TRUE, a device shall transmit a hello reply upon receiving the hello command.

4.12 Channel probe command
Insert new subclause 7.3.18 ‘Channel probe command’:
The channel probe command is used to check the link quality of the specified channel.

The channel probe command shall be formatted as illustrated in Figure 15. This command is mandatory for 802.15.4e.
	Octets: 7
	1
	2

	MHR fields
	Command Frame Identifier
	Channel probe specification


Figure 15 Channel probe command format

The Channel probe specification shall be formatted as illustrated in Figure 16.
	Bits: 2
	5
	5
	4

	Channel probe subtype
	Designated channel
	Probe channel
	Reserved


Figure 16 Channel Probe specification format

The designated channel indicates originator’s designated channel. The probe channel indicates the channel that needs to be probed.

The channel probe subtype shall be set to one of the values described in Table 4.

Table 4—Values of the Channel Probe subtype subfield

	Channel Probe subtype value (b1b0)
	Description

	00
	Request

	01
	Reply

	10
	Probe

	11
	Reserved


5. New MAC PIBs

Insert in Table 86:

	Attribute
	Identifier
	Type
	Range
	Description
	Default

	macEGTSFlag
	0x60
	Boolean
	TRUE or FALSE
	If this value is FALSE, the operation of this primitive is the same way defined in IEEE 802.15.4-2006 (definition of the GTSCharacteristics parameter see 7.3.9.2, and the EGTSCharacteristics parameter will be ignored).

If this value is TRUE, the operation of this primitive is for the EGTS mode (definition of the  EGTSCharacteristics parameter see 7.3.10.2, and the GTSCharacteristics parameter will be ignored).

	FALSE

	macCAPReductionFlag
	
	Boolean
	TRUE or FALSE
	Indication of whether the CAP reduction is enabled. A value of TRUE indicates that the CAP reduction is enabled.
	FALSE

	macChannelDiversityMode
	0x61
	Integer
	0-1
	Indicates the type of channel diversity mode:

0x00 = Channel Adaptation (default).

0x01 = Channel Hopping (optional).

This value is not valid for a non-beacon enabled PAN.
	0x00

	macMultisuperframeOrder
	0x62
	Integer
	0-15
	The length of a multisuperframe which is a cycle of the repeated EGTS schedule.
	15

	macConnecDev
	0x63
	Boolean
	TRUE or FALSE
	Indication of whether the device is a Connection Device. A value of TRUE indicates that the device is a Connection Device.
	TRUE

	macEGTSABT
	0x64
	Set of octets
	See Figure 3 in subclause 7.3.10.2
	The allocation bitmap table of the EGTS schedule.
	0

	macEGTSACT

	0x65
	Set of octets
	
	The allocation counter table of the EGTS allocated to the device.
	0

	macSDindex
	0x66
	Integer
	
	Specifis the allocating SD index number for beacon frame
	0

	macSDBitmap
	0x67
	Set of octets
	
	indicates the beacon frame allocation information of neighbor nodes. 
This subfield is expressed in bitmap format which orderly represents the schedule of beacons, with corresponding bit shall be set to one if a beacon is allocated in that SD.
	

	macChannelHoppingSequence
	0x68
	Set of octets
	
	ChannelHoppingSequence is the sequence of logical channel numbers.

The sequence is set by the next higher layer.
	

	macChannelOffset
	0x69
	Integer
	
	ChannelOffset is the offset value of ChannelHoppingSequence
	

	macDeferredBeaconUsed
	0x6a
	Boolean
	TRUE or FALSE
	Indication of whether the device uses CCA before transmitting beacon frame.  A value of TRUE indicates that the device use CCA before transmitting beacon frame
	FALSE

	macSyncParent-ExtendedAddress
	0x6b
	IEEE address
	An extended 64-bit IEEE address
	The 64-bit address of the coordinator through which the device is synchronized
	-

	macSyncParent ShortAddress
	0x6c
	Integer
	An extended 64-bit IEEE address
	The 16-bit short address assigned to the coordinator through which the device is synchronized. A value of 0xfffe indicates that the coordinator is only using its 64-bit extended address. A value of 0xffff indicates that this value is unknown
	0xffff

	macSyncParentSDIndex
	0x6d
	Integer
	
	Indication of SD index the synchronized parent used.
	

	LinkStatusStatisticPeriod
	0x6e
	Integer
	0-32
	The duration for the link status statistic, including average LQI,RSSI and more
	16

	macChannelStatus
	0x6f
	List of  link status entries
	See table9
	Channel status for each used channel
	-


Table 9 channel quality parmetes

	Attribute
	Type
	Range
	Description

	Channel Index
	Integer
	0-31
	Specifies the  Channel index of the channel‘s link status reported by the source device

	avgLQI
	Integer
	0x00 to 0xff
	A characterization of the link quality between a source device and a destination device on the channel defined by Channel Index, the measurement shall be performed for each received packet during a period of LinkStatusStatisticPeriod
Average Link Quality 

	avgRSSI
	Integer
	0-255
	Average RSSI


6. New Functional Description

6.4 EGTS-based Multi-superframe Structure

Insert new subclause ‘7.5.9 EGTS-based Multi-superframe Structure’:
Inswert new subclause “7.5.9.1 EGTS-based Multip-superframe Sturcture Definition’
A coordinator on an EGTS-based PAN can optionally bound its channel time using a multi-superframe structure. A multi-superframe is a cycle of repeated superframes, each of which consists of a beacon frame, a CAP and a CFP.
The structure of this multi-superframe is described by the values of macBeaconOrder, macSuperframeOrder, and macMulti-superframeOrder.
The MAC PIB attribute macBeaconOrder describes the interval at which the coordinator shall transmit its beacon frames. The value of macBeaconOrder, BO, and the beacon interval, BI, are related as follows: for 0 ≤ BO ≤ 14, BI = aBaseSuperframeDuration * 2BO symbols. If BO = 15, the coordinator shall not transmit beacon frames except when requested to do so, such as on receipt of a beacon request command. The value of macSuperframeOrder and macMulti-superframeOrder shall be ignored if BO = 15.
The MAC PIB attribute macSuperframeOrder describes the length of a superframe. The value of macSuperframeOrder, SO, and the superframe duration, SD, are related as follows: for 0 ≤ SO ≤ BO ≤ 14, SD = aBaseSuperframeDuration * 2SO symbols.
The MAC PIB attribute macMulti-superframeOrder describes the length of a multi-superframe, which is a cycle of repeated superframes. The value of macMulti-superframeOrder, MO, and the multi-superframe duration, MD, are related as follows: for 0 ≤ SO ≤ MO ≤ BO ≤ 14, MD = aBaseSuperframeDuration * 2MO symbols.
In case, both active period and inactive period in the beacon interval are filled with cyclic muti-superframes.  
Each superframe shall be divided into aNumSuperframeSlots equally spaced slots of duration 2SO * aBaseSlotDuration and is composed of three parts: a beacon, a CAP and a CFP. The beacon shall be transmitted, without the use of CSMA, at the start of slot 0, and the CAP shall commence immediately following the beacon. The start of slot 0 is defined as the point at which the first symbol of the beacon PPDU is transmitted. The CFP follows immediately after the CAP and extends to the end of the superframe. Any allocated EGTSs shall be located within the CFP.
The EGTS-based PANs shall use the multi-superframe structure, and set macBeaconOrder to a value between 0 and 14, both inclusive, and macSuperframeOrder to a value between 0 and the value of macBeaconOrder, macMulti-superframeOrder to a value between the value of macSuperframeOrder and the value of macBeaconOrder, both inclusive.
An example of a multi-superframe structure is shown in Figure 73a. In this case, the beacon interval, BI, is eight times as long as the superframe duration, SD, and twice as long as the multi-superframe duration, MD.
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Figure 73a—EGTS-based multi-superframe structure

Insert new subclause ‘7.5.9.2 Channel Hopping Mode’:

In channel hopping mode (i.e., ChannelDiversityMode is ‘1’), each EGTS slot shall use different channel to receive. Series of channels used at each EGTS slots is called channel hopping sequence. Same channel hopping sequence shall be repeated over whole EGTS slots in a multi-superframe. Device may select channel offset value to prevent same channel is used among devices within interfering range so as to minimize adverse interfering signals. Thus, devices in the PAN with single channel hopping sequence can access different channels at the given EGTS slot if they have different channel hopping offset values, due to orthogonality in time and frequency.

The schedule of channels and EGTSs in Channel Hopping mode is illustrated in Figure 73b.
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Figure 73b— Illustration of channel usage of EGTS slots in EGTS-based Superframe Structure. 

In this example, channel hopping sequence is {1, 2, 3, 4, 5, 6} and the channel hopping offset values of two devices are 0 and 2 respectively. For the device with channel hopping offset value of 0, EGTS slots (timeslot, channel) for this device are (1, 1), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6), (7, 1), (8, 2), (9, 3), and so on. Similarily, for the device with channel hopping offset value of 2, EGTS slots are given as (1, 3), (2, 4), (3, 5), (4, 6), (5, 1), (6, 2), and so on.

Thus, channel number C at the given EGTS slots index i shall be determined as:

C(i) = CHSeq[ (i + CHOffset) % CHSeqLength ],

where CHSeq[j] represents the jth channel number in channel hopping sequence in use, CHOffset is the channel offset value and CHSeqLength is the length of channel hopping sequece.

Meanwhile, total number of EGTS slots NoSlot in a multi-superframe is given by:

NoSlot = (7*2^(MO-SO)) slots









Insert new subclause ‘7.5.9.3 Group Ack’:

In many application systems, it may be imperative to provide the sensor nodes with a retransmission opportunity, within the same superframe, for a data frame that failed in its GTS transmission. To satisfy that crucial requirement, the CFP of the MAC superframe shall be organized into several sub-periods as show in Figure 8. Specifically, these sub-periods are standard CFP (or SCFP) slots, a group acknowledgement (GACK 1) slot, extended CFP (ECFP) slots, and another group acknowledgement (GACK 2) slot. Beacon frame, transmitted by the coordinator at the beginning of the slot 0, shall specify the information about the CFP. That information shall be used to determine the start of the SCFP and its duration. For the failed GTS transmissions in SCFP, the coordinator shall dynamically allocate new time slots, in the ECFP, and inform the sensor nodes of these new allocations by transmitting the GACK 1 frame at the end of the SCFP. In addition to transmitting the information about dynamic resource assignment (i.e. allocation of time slots for use in ECFP), the GACK 1 frame shall also include a group acknowledgement (in the form of a bitmap) for the GTS frame successfully received by the coordinator during the SCFP. The use of group acknowledgement bitmap eliminates the need for the coordinator to switch over from Rx mode to Tx mode and then back to Rx mode while acknowledgeing individual GTS transmissions. Based on the resource allocation, as specified in the GACK 1 frame, the sending nodes shall retransmit their data frames in the allocated time slots in the ECFP. The coordinator shall transmit the GACK 2 frame after the completion of the ECFP. The GACK 2 frame shall contain the bitmap only indicating successful and failed reception of GTS frames during the ECFP. If the GACK 1 frame contains no resource assignments, the ECFP and GACK 2 shall be non-existant in that superframe. 
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Figure 73d – The Detail of EGTS Superframe with ECFP and GACK

In addition to allow a retransmission of failed GTS transmissions in the SCFP, the ECFP shall also be used for allocating additional time slots on-demand to requesting nodes. A node shall request an additional GTS in the ECFP by setting a flag in the primitive while forwarding its data frame in the SCFP. The coordinator shall decide, based on the availability of time slots and/or priority mechanism, if to allocate the requested additional slots. The requesting node shall find the result of its request by checking the resource allocation in the following GACK 1 frame.
The structure of the GACK frame, as shown in Figure 73e shall contain the following fields. 

PAN ID: This field shall identify the PAN of the transmitting coordinator.

Source ID: This field shall identify the transmitting coordinator in the PAN.

Group Ack Flags: It is a bitmap that indicates the state of transmission in each GTS in previous SCFP or ECFP. A bit having ‘1’ indicates the fact that the coordinator received the data frame successfully in the corresponding GTS. A ‘0’ means that the coordinator failed in receiving a data frame in the corresponding slot. 

Channel Index: This field specifies the channel sequence to be followed in the ECFP or a tailing CAP, if allowed in a system, in a channel hopping system. This field shall be non-existant in the GACK 2 frame.

EGTS Device List: This list identifies the sensor nodes that are being allocated the time slots in ECFP portion of the superframe. This field shall be non-existant in the GACK 2 frame.

EGTS Index: It is a list that specifies the start of each GTS for the allocated nodes in the same order as in EGTS device list. This field is applicable only in those systems that allow a GTS to consist of multiple time slots. This field shall be non-existant in the GACK 2 frame.

EGTS Directions: This list specifies the direction of transmission (uplink or downlink) for each GTS. This is applicable only in the systems that allow the coordinator to transmit a frame to its sensor nodes by using a GTS. This field shall be non-existent in the GACK 2 frame.
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     Figure 53A – GACK Frame Structure





Insert new subclause ‘7.5.9.3 CAP Reduction’:

If macCAPReductionFlag or the CAP Reduction Flag subfield in the EGTS Superframe Specification field of a beacon frame is set to TRUE, the CAP reduction shall be enabled, except the first superframe in the multi-superframe, other superframes do not have the CAP.  Figure 73d shows an example of the multi-superframe structure when CAP reduction is enabled.
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Figure 73d—CAP Reduction in EGTS-based Multi-superframe Structure

6.5 EGTS Scheduling

Insert new subclause ‘7.5.10 EGTS allocation and management’:

An EGTS (Enhanced Guaranteed Time Slot) allows a device to operate on the channel within a portion of the superframe that is dedicated (on the PAN) exclusively to that device. An EGTS shall be allocated by the destination device, and it shall be used only for communications between the source device and the destination device. A single EGTS may extend over one or more superframe slots. The destination device may allocate up to seven
 EGTSs at the same time, provided there is sufficient capacity in the superframe.
An EGTS shall be allocated before use, with the destination device deciding whether to allocate an EGTS based on the requirements of the EGTS request and the current available capacity in the superframe. EGTSs shall be allocated on a first-come-first-served basis, and all EGTSs shall be placed contiguously at the end of the superframe and after the CAP (or after the beacon slot if CAP reduction is enabled). Each EGTS shall be deallocated when the EGTS is no longer required, and an EGTS can be deallocated at any time by the destination device or the source device that originally requested the EGTS. A device that has been allocated an EGTS may also operate in the CAP.
A data frame transmitted in an allocated EGTS shall use only short addressing.
The management of EGTSs shall be undertaken by both of the destination device and the source device. To facilitate EGTS management, the destination device and the source device shall be able to store all the information necessary to manage EGTSs. For each EGTS, the destination device and the source device shall be able to store its starting slot, length, and associated device address.
Each EGTS requested by the source device must be the transmit EGTS for the source device, and the receive EGTS for the destination device, so for each allocated EGTS, there is no need for a device to store the direction. If a destination device has been allocated an EGTS, it shall enable its receiver for the entirety of the EGTS. If a data frame is received during an EGTS and an acknowledgment is requested, the destination device shall transmit the acknowledgment frame as usual. Similarly, the source device shall be able to receive an acknowledgment frame during the EGTS it requested.
A source device shall attempt to request a new EGTS only if it is synchronizing with the destination device. The MLME of the source device is instructed to get the timestamp and the parameters of its EGTSs from the destination device by issuing the MLME-EGTSinfo.request primitive, and then the source device will send the EGTS information request command frame.
If a source device loses synchronization with the destination device, all its EGTSs allocations shall be lost.
The use of EGTSs is optional.
Insert new subclause ‘7.5.10.1 EGTS allocation’:

A device is instructed to request the allocation of a new EGTS through the MLME-GTS.request primitive, with EGTS characteristics set according to the requirements of the intended application and EGTSFlag set to TRUE.

To request the allocation of a new EGTS, the MLME of the Source device shall send an EGTS handshake command (see 7.3.10) to the Destination device. The Characteristics Type subfield of the EGTS Characteristics field shall be set to zero (EGTS allocation) and the Handshake Type subfield shall be set to zero (EGTS request). The EGTS Length of the EGTSDescriptor subfield shall be set according to the desired characteristics of the required EGTS. 
The EGTS ABT Specification subfield shall be set according to the current allocation status of all one-hop neighborhoods of the Source device. 
After sending the EGTS handshake request command frame, the source device shall wait for at most anEGTSRequestWaitingTime symbols, if no EGTS handshake reply command frame appears within this time, the MLME of the source device shall notify the next higher layer of the failure. This notification is achieved when the MLME issues the MLME-GTS.confirm primitive (see 7.1.7.2) with a status of NO_DATA.
On receipt of an EGTS handshake command frame indicating an EGTS allocation request, the Destination device shall first check if there is available capacity in the current multi-superframe, based on the ABT sub-block maintained by the Destination device, the desired length of the request EGTS and the ABT sub-block subfield in the EGTS handshake request command frame from the Source device. The Multi-superframe shall have available capacity if enough vacant slots exist in both ABT sub-block subfields of the Destination device and the Source device to satisfy the requested length. EGTSs shall be allocated on a first-come-first-served basis by the Destination device provided there is sufficient bandwidth available. 
When the Destination device determines whether capacity is available for the requested EGTS, it shall generate an EGTS descriptor (see 7.3.10.2) with the requested specifications and the 16-bit short address of the requesting source device. If the EGTS was allocated successfully, the destination device shall set the EGTS Slot Identifier subfield in the EGTS descriptor to the multi-superframe slot at which the allocated EGTS begins, the length in the EGTS descriptor to the length of the EGTS and the Device short address to the address of the source device. In addition, the destination device shall notify the next higher layer of the newly allocated EGTS. This notification is achieved when the MLME of the destination device issues the MLME-GTS.indication primitive (7.1.7.3) with the characteristics of the allocated EGTS and the EGTSFlag set to TRUE. If there was not sufficient capacity to allocate the requested EGTS, the EGTS Slot Identifier shall be set to zero and the length set to the largest EGTS length that can currently be supported.
The Destination device shall then include the EGTS descriptor in its EGTS handshake command frame and broadcast it to its one-hop neighbors. 
The Characteristics Type subfield of the EGTS Characteristics field shall be set to zero (EGTS allocation) and the Handshake Type subfield shall be set to one (EGTS reply).The EGTS ABT Specification subfield shall be set to represent the newly allocated slots.
On receipt of an EGTS handshake command frame indicating an EGTS allocation reply, the device shall process the EGTS descriptor. 
If the address in the Device Short Address subfield of the EGTS descriptor does not correspond to macShortAddress of the device, the device updates its ABT to reflect the neighbor’s newly allocated EGTS. 
If the newly allocated EGTS is conflicting with the device’s known
 EGTS, the device shall send an EGTS handshake command frame to the origin device of the EGTS handshake reply command frame. The Characteristics Type subfield of the EGTS Characteristics field set to three (EGTS duplicate allocation notification) and the Handshake Type subfield set to two (EGTS notify), with the EGTS Slot Identifier subfield in the EGTS descriptor set to the multi-superframe slot at which the EGTS duplicate allocated, the length in the EGTS descriptor to the length of the duplicate allocated EGTS and the Device short address to the address of the device for which the EGTS allocation replied.
If the address in the Device Short Address subfield of the EGTS descriptorcorresponds to macShortAddress of the device, the MLME of the device shall then notify the next higher layer of whether the EGTS allocation request was successful. This notification is achieved when the MLME issues the MLME-GTS.confirm primitive with a status of SUCCESS (if the EGTS Slot Identifier in the EGTS descriptor was greater than zero) or DENIED (if the EGTS Slot Identifier in the EGTS descriptor was equal to zero or if the length did not match the requested length). After that, the Source device shall broadcast an EGTS handshake command frame to all its one-hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field shall be set to zero (EGTS allocation) and the Handshake Type subfield shall be set to two (EGTS notify), with the EGTS Slot Identifier subfield in the EGTS descriptor set to the value of the multi-superframe slot at which the new allocated EGTS begins, the length in the EGTS descriptor to the length of the allocated EGTS and the Device short address to the address of the destination device.
On receipt of an EGTS handshake command frame indicating an EGTS allocation notify, the device shall process the EGTS descriptor. The device updates its ABT to reflect the neighbor’s newly allocated EGTS. If the newly allocated EGTS conflicts with the device’s known EGTS, the device shall send an EGTS handshake command frame to the origin device of the EGTS hankshake notify command frame. The Characteristics Type subfield of the EGTS Characteristics field shall be set to three (EGTS duplicate allocation notification) and the Handshake Type subfield shall be set to two (EGTS notify), with the EGTS Slot Identifier subfield in the EGTS descriptor set to the multi-superframe slot at which the EGTS duplicate allocated, the length in the EGTS descriptor to the length of the duplicate allocated EGTS and the Device short address to the address of the device which sent the EGTS allocation notify.
On receipt of an EGTS handshake command frame indicating an EGTS duplicate allocation notification, the device shall reallocate the EGTS (see 7.5.10.3).
An example of EGTS allocation is shown in Figure 11.
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Figure 11— Three-way Handshake for EGTS Allocation

Insert new subclause ‘7.5.10.2 EGTS deallocation’:

The Source device is instructed to request the deallocation of an existing EGTS through the MLME-GTS.request primitive (see 7.1.7.1) using the characteristics of the EGTS it wishes to deallocate. The Destination device can request the deallocation of an existing EGTS if a deallocation request from the next higher layer, or the expiration of the EGTS. From this point onward, the EGTS to be deallocated shall not be used by the device, and its stored characteristics shall be reset.
When an EGTS deallocation is initiated by the next higher layer of the device, the MLME shall receive the MLME-GTS.request primitive with the EGTSFlag set to TRUE, the Characteristics Type subfield of the EGTSCharacteristics parameter set to one (EGTS deallocation) and the length subfields set according to the characteristics of the EGTS to deallocate.
When an EGTS deallocation is due to the EGTS expiring, the MLME shall notify the next higher layer of the change. This notification is achieved when the MLME issues the MLME-GTS.indication primitive with the EGTSFlag set to TRUE, the EGTSCharacteristics to the characteristics of the deallocated EGTS and the Characteristics Type subfield set to one.
In the case of any the deallocation of an existing EGTS, the MLME shall send the EGTS handshake command (see 7.3.10) to the corresponding device (the Source or Destination of which the EGTS to be deallocated). The Characteristics Type subfield of the EGTS Characteristics field shall be set to one (EGTS deallocation), and the Handshake Type subfield shall be set to zero (EGTS request). The EGTS Length of the EGTSDescriptor subfields shall be set according to the characteristics of the EGTS to deallocate. The EGTS ABT Specification subfield shall be set according to the current allocation status of all one-hop neighborhoods of the device request to deallocate the EGTS.
After sending the EGTS handshake request command frame, the device shall wait for at most anEGTSRequestWaitingTime symbols, if no EGTS handshake reply command frame appears within this time, the MLME of the device shall notify the next higher layer of the failure. This notification is achieved when the MLME issues the MLME-GTS.confirm primitive (see 7.1.7.2) with a status of NO_DATA. Then the device shall determine whether stop using its EGTS by the procedure described in 7.5.10.4.

On receipt of an EGTS handshake command frame indicating an EGTS deallocation request, the device shall attempt to deallocate the EGTS. 
If the EGTS characteristics contained in the command do not match the characteristics of a known EGTS, the device shall ignore the request. 
If the EGTS characteristics contained in the EGTS request command match the characteristics of a known EGTS, the MLME of the device shall deallocate the specified EGTS, update its ABT and notify the next higher layer of the change. This notification is achieved when the MLME issues the MLME-GTS.indication primitive (see 7.1.7.3) with the EGTSFlag set to TRUE, the EGTS Characteristics parameter containing the characteristics of the deallocated EGTS and the Characteristics Type subfield set to one. Then, the device shall broadcast an EGTS handshake command to its one-hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to one (EGTS deallocation), and the Handshake Type subfield shall be set to one (EGTS reply). The length in the EGTS descriptor to the length of the successfully deallocated EGTS and the Device Short Address to the address of the device request deallocate EGTS. The EGTS ABT Specification subfield shall be set to represent the slots status after successful deallocation.
On receipt of an EGTS handshake command indicating an EGTS deallocation reply, the device shall process the EGTS descriptor. 

If the address in the Device Short Address subfield of the EGTS descriptor does not correspond to macShortAddress of the device, the device updates its ABT to reflect all the neighbor’s deallocated EGTS. 

If the address in the Device Short Address subfield of the EGTS descriptor corresponds to macShortAddress of the device, the MLME of the device shall then notify the next higher layer of whether the EGTS deallocation request was successful. This notification is achieved when the MLME issues the MLME-GTS.confirm primitive with a status of SUCCESS (if the length in the EGTS descriptor matched the requested deallocation length) or DENIED (if the length in the EGTS descriptor did not match the requested deallocation length). Then, the device shall broadcast an EGTS handshake command to all its one-hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field shall be set to one (EGTS deallocation) and the Handshake Type subfield shall be set to two (Notify), with the EGTS Slot Identifieer subfield and the length subfield in the EGTS descriptor set to the identifier and the length of the EGTS deallocated respectively.
On receipt of an EGTS handshake command indicating an EGTS deallocation notify, the device shall process the EGTS descriptor. The device updates its ABT to reflect the neighbor’s deallocated EGTS. 

Insert new subclause ‘7.5.10.3 EGTS reallocation’:

A device shall reallocate the EGTSs to fill the gap result from the deallocation of  an EGTS or regulate the EGTS allocation when the duplicate allocation occurs.
If the EGTS reallocation is initiated by the next higher layer of the device, the MLME shall receive the MLME-GTS.request primitive with the EGTSFlag set to TRUE, the Characteristics subfield of the EGTSCharacteristics parameter set to two (EGTS Reallocation) and the length subfields set according to the characteristics of the EGTS to deallocate.
If the EGTS reallocation is due to the receipt of the EGTS handshake duplicate allocation notification, the MLME shall notify the next higher layer of the conflicts. This notification is achieved when the MLME issues the MLME-GTS.indication primitive with the EGTSFlag set to TRUE, the EGTSCharacteristics set to the characteristics of the duplicate allocation EGTS and the Characteristics Type subfield set to three.

If the device instructed to request reallocate EGTS is the source device which has requested the allocation of EGTS, the MLME shall generate an EGTS handshake command (see 7.3.10) to the destination device which has allocated the EGTS,with the Characteristics Type subfield of the EGTS Characteristics field shall be set to two (EGTS reallocation) and the Handshake Type subfield shall be set to zero (EGTS request). The EGTS Length and the EGTS Slot Identifier of the EGTSDescriptor subfield shall be set according to the desired characteristics of the reallocation EGTS. The EGTS ABT (Allocation Bitmap Table) Specification subfield shall be set according to the current allocation status of all the one-hop neighborhoods of the device.
On receipt of an EGTS handshake command frame indicating an EGTS reallocation request, the destination device shall attempt to reallocate the EGTS.
If the EGTS characteristics contained in the command do not match the characteristics of a known EGTS, the destination device shall ignore the request.
If the EGTS characteristics contained in the EGTS request command match the characteristics of a known EGTS, the destination device shall first check if there is available capacity in the current Multi-superframe, based on the ABT sub-block maintained by the destination device, the length of the request reallocation EGTS and the ABT sub-block subfield in the EGTS handshake request command frame from the Source device. The Multi-superframe shall have available capacity if enough vacant slots exist in both ABT sub-block subfields of the Destination device and the Source device to satisfy the requested reallocation length. EGTSs shall be reallocated on a first-come-first-served basis by the Destination device provided there is sufficient bandwidth available.
If the EGTS is successfully reallocated, the destination device shall updates its ABT, and notify the next higher layer of the reallocated EGTS by primitive MLME-GTS.indication with the EGTSFlag set to TRUE.
Then the destination device shall broadcast an EGTS handshake command to all its one-hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to two (EGTS reallocation) and the Handshake Type subfield shall be set to one (EGTS reply). If the EGTS was reallocated successfully, the EGTS Slot Identifier subfield in the EGTS descriptor shall be set to the multi-superframe slot at which the reallocated EGTS begins, the length in the EGTS descriptor to the length of the reallocated EGTS and the EGTS ABT Specification subfield shall be set to represent the slots status after reallocation. If there was not sufficient capacity to reallocate the requested EGTS, the EGTS Slot Identifier shall be set to zero and the length set to the largest EGTS length that can currently be supported.


On receipt of an EGTS handshake command indicating an EGTS reallocation reply, the device shall process the EGTS descriptor. 

If the address in the Device Short Address subfield of the EGTS descriptor does not correspond to macShortAddress of the device, the device updates its ABT to reflect the neighbor’s reallocated EGTS. If the newly reallocated EGTS is conflicting with the device’s known EGTS, the device shall send an EGTS handshake command to the origin device of the EGTS handshake reallocation reply command frame. The Characteristics Type subfield of the EGTS Characteristics field shall be set to three (Duplicate Allocation Notification) and the Handshake Type subfield shall be set to zero (request).

If the address in the Device Short Address subfield of the EGTS descriptor corresponds to macShortAddress of the device, the MLME of the device shall then notify the next higher layer of whether the EGTS reallocation request was successful. This notification is achieved when the MLME issues the MLME-GTS.confirm primitive with a status of SUCCESS (if the EGTS Slot Identifier in the EGTS descriptor was greater than zero) or DENIED (if the EGTS Slot Identifier in the EGTS descriptor was equal to zero or if the length did not match the requested length). Then, the Source device shall broadcast an EGTS handshake command to all its one-hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field shall be set to two (EGTS reallocation) and the Handshake Type subfield shall be set to two (EGTS notify).
On receipt of an EGTS handshake command indicating an EGTS reallocation notify, the device shall process the EGTS descriptor. The device updates its ABT to reflect the neighbor’s reallocated EGTS. If the newly reallocated EGTS conflicts with the device’s known EGTS, the device shall send an EGTS handshake command to the origin device of the EGTS handshake notify command frame. The Characteristics Type subfield of the EGTS Characteristics field shall be set to three (EGTS Duplicate Allocation Notification) and the Handshake Type subfield shall be set to zero (request).

Insert new subclause ‘7.5.10.4 EGTS expiration’:

The MLME of the device shall attempt to detect when a device has stopped using an EGTS using the following rules:

— The MLME of the Destination device of EGTS shall assume that the source device is no longer using its EGTS if a data frame is not received from the source device in the EGTS at least every 2*n multi-superframes, where n is defined below.

—The MLME of the Source device of EGTS shall assume that the destination device is no longer using its EGTS if an acknowledgement frame is not received from the destination device at least every 2*n multi-superframes, where n is defined below. If the data frames sent in the EGTS do not require acknowledgment frames, the MLME of the source device will not be able to detect whether the destination device is using the corresponding EGTS.
The value of n is defined as follows:

n = 2(8-macBeaconOrder) 

0 ≤ macBeaconOrder ≤ 8

n = 1 


9 ≤ macBeaconOrder ≤ 14

Insert new subclause ‘7.5.10.5 EGTS retrive’:

If a loss of synchronization occurs before its allocated EGTSs of current superframe starting, the Source device shall be instructed to request the timestamp and the EGTS information through the MLME-EGTSinfo.request primitive (see 7.1.18.1).

To request the timestamp and the EGTS information, the MLME of the source device shall send an EGTS information request command frame (see 7.3.11) to the Destination device. As the EGTS information request command frame containing an acknowledgment request, the Destination device shall confirm the receipt of the EGTS information request command frame by sending an acknowledgment frame.
On receipt of an EGTS information request command, the MLME of the Destination device shall send an EGTS information reply command frame (see 7.3.12), including the timestamp and the EGTS information to the Source device.

After sending the EGTS information request command frame and getting the acknowledgment from the destination device, the Source device shall wait for at most macMaxFrameTotalWaitTime CAP symbols in a beacon-enabled PAN, or symbols in a nonbeacon-enabled PAN, if no EGTS information reply command frame containing the timestamp and the EGTS information from the Destination device, the MLME of the source device shall notify the next higher layer of the failure by the MLME-EGTSinfo.confirm primitive (see 7.1.18.2) with a status of NO_DATA.

On receipt of an EGTS information reply command frame containing the timestamp and the EGTS information, the MLME of the Source device shall notify the next higher layer of the success. This notification is achieved when the MLME issues the MLME-EGTSinfo.confirm primitive with a status of SUCCESS. Then the Source device shall synchronize to the Destination device by using the received timestamp and continue to use its allocated EGTSs during current superframe.



Insert new subclause ‘7.5.10.6 EGTS change’:

The Destination device allocates the EGTS to the Source device according to the first-come-first-served basis. If the Destination device receives an EGTS handshake allocation request command frame from a source device with a higher priority but the EGTSs it request have already been used out, the destination device shall either reduce or suspend part or all of the EGTSs which are being used for the lower priority data transmission, and allocate new EGTSs for the higher priority data transmission. After the newly allocated EGTSs for the higher priority data transmission is finished, the Destination device shall restart the EGTSs which were reduced or suspended previously.
The procedure of EGTS change shall be initiated when a Destination device wants to reduce or restart the allocated EGTSs through the MLME-GTS.request primitive (see 7.1.7.1).

When an EGTS change is initiated by the next higher layer of the Destination device, the MLME shall receive the MLME-GTS.request primitive with the EGTSFlag set to TRUE, the EGTS Characteristics Type subfield of the EGTS Characteristics parameter set accordingly (i.e., 101 for EGTS REDUCE or 110 for EGTS RESTART)

To request the change of an existing EGTS, the MLME of the Destination device shall send the EGTS handshake request command frame (see 7.3.10) to the Source device. The EGTS Characteristics Type subfield of the EGTS Characteristics field shall be set accordingly (i.e., 101 for EGTS REDUCE or 110 for EGTS RESTART), and other subfields set according to the characteristics of the EGTS which the Destination device requests the Source device to change its original EGTS to. 
The EGTS handshake request command frame for EGTS change contains an acknowledgment request (see 7.3.10), and the Source device shall confirm its receipt of EGTS handshake change request command frame by sending an acknowledgment frame to the destination device.
On receipt of the acknowledgment from the source device, the MLME of the Destination device shall notify the next higher layer of the EGTS change. This notification is achieved when the MLME issues the MLME-GTS.confirm primitive (see 7.1.7.2) with a status of SUCCESS, the EGTSFlage set to TRUE, the EGTS Characteristics Type subfield of the EGTSCharacteristics parameter set to 101 for EGTS REDUCE or 110 for EGTS RESTART accordingly, and other subfields set according to the characteristics of the EGTS which the Destination device requests the Source device to change its original EGTS to.

On receipt of an EGTS handshake request command frame for EGTS change from the destination device, the Source device shall immediately change its EGTS according to the EGTS Characteristics field in the EGTS handshake change request command frame. Then the MLME of the Source device shall notify the next higher layer of the change. This notification is achieved when the MLME issues the MLME-GTS.indication primitive (see 7.1.7.3) with an EGTSCharacteristics parameter set according to the characteristics of the EGTS which the Destination device requests the Source device to change its original EGTS to.







Insert new subclause ‘7.5.10.7 Robust EGTS allocation’:


If the data transmitted in the EGTS requires higher transmission reliability, the device is instructed to request the allocation of a new Channel Hopping EGTS through the MLME-GTS.request primitive with the EGTSFlag set to TRUE and the EGTS Characteristics type subfield set to 100 (Robust Allocation).

To request the allocation of a new Robust EGTS, the MLME shall send an EGTS handshake command to the Destination device with the EGTS Characteristics type subfield of the EGTS characteristics parameter set to 100 (Robust EGTS Allocation) and the Handshake Type subfield shall be set to zero (EGTS request). The EGTS Length of the EGTSDescriptor subfield shall be set according to the desired characteristics of the required EGTS. The EGTS ABT Specification subfield shall be set according to the current allocation status of all one-hop neighborhoods of the Source device.
After sending the EGTS handshake request command frame, the source device shall wait for at most anEGTSRequestWaitingTime symbols, if no EGTS handshake reply command frame appears within this time, the MLME of the source device shall notify the next higher layer of the failure. This notification is achieved when the MLME issues the MLME-GTS.confirm primitive (see 7.1.7.2) with a status of NO_DATA.
On receipt of an EGTS handshake command frame indicating an Robust EGTS Allocation request, the Destination device shall first decide whether allocating the Robust EGTS or the regular EGTS based on its own availability.
If the Destination device decides to allocate the Robust EGTS, it shall behave same as allocating the regular EGTS except allocating EGTS ABT in a Channel Hopping mode, i.e. adjacent slots will be allocated different channels. The remaining parts of the Robust EGTS allocation are same with the regular EGTS allocation.
Within the Robust EGTS, the device switches to the next channel every slot according to the channel sequence in the ABT.
Insert new subclause ‘7.5.10.8 Channel Diversity EGTS allocation’:

If the data transmited in the EGTS requires higher transmission reliability, the device is instructed to request the allocation of a new Channel Diversity EGTS through the MLME-GTS.request primitive with the EGTSFlag set to TRUE, the Channel Diversity Mode subfield of the EGTS characteristics parameter set to 1 (Channel Hopping Mode) and the EGTS Characteristics type subfield set to zero (EGTS 
allocation).

To request the allocation of a new Channel Diversity EGTS, the MLME shall send an EGTS handshake request command (see 1.7.3.9) to the Destination device with the EGTS Characteristics type subfield of the EGTS characteristics parameter set to zero (allocation), the Channel Diversity Mode subfield set to 1 (Channel Hopping Mode) and  the transmission schedule TAB instead of the EGTS ABT sub-block, the values of start position and length of TAB instead of the EGTS ABT sub-block index and the EGTS ABT sub-block length.
TAB shall represent the channel and EGTS slot usage of the source device by setting the bit values either to ‘1’ or ‘0’. Each bit shall be set to ‘1’ if the corresponding slot is already allocated, or shall be set to ‘0’ to denote that the slot is unavailable.
On receipt of the EGTS handshake request command with the EGTS Characteristics type subfield of the EGTS characteristics field set to zero (allocation) and the Channel Diversity Mode subfield set to 1 (Channel Hopping Mode), the Destination device shall first decide whether allocating the Channel Diversity EGTS or the regular EGTS based on its own availability.
If the Destination device decides to allocate the Channel Diversity EGTS, it shall generate new TAB which represent the allocated Channel Diversity EGTS slots and contain the channel sequence in the EGTS ABT Specification fields of the EGTS handshake reply command, and the TABs instead of the ABT sub-blocks. Otherwise, the Destination device shall allocate a regular EGTS. (p.s. The remaining part of the Channel Hopping EGTS allocation and usage are same with the regular EGTS.)
Within the Channel Diversity EGTS, the device switch to the next channel every slot according to the channel sequence in the ABT. 

In the Channel Hopping mode, there may be packet collisions, since neighbor devices may use the same channel offset value as the Destination device. In order to avoid the collision, the neighbor devices using the same channel offset value shall update their TABs by overhearing EGTS notify command and EGTS reply command. 
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Figure 12—Illustration of DCH scheduling

6.6 Beacon Scheduling

When a new node wants to join a network, first it scans the channel. The new device uses the MLME-SCAN.request primitive in order to initiate a channel scan over a given list of channels. It searches for all coordinators transmitting beacon frames within the maximum BI period. Then these neighboring nodes would share their information of beacon bitmap with the new node. The beacon bitmap indicates the beacon frame allocation information for neighboring nodes. This field is expressed by bitmap method which orderly represents the schedule of beacons. Corresponding bit shall be set to 1 if a beacon is allocated in that SD. The new node will search the SD which is vacant (not set to 1) in all of the received beacon bitmap of beacon frame. Once new node finds vacant SD, It uses it as its own SD.

There can be beacon slot collision when two or more nodes are trying to compete for same SD slot number. As shown in Figure 13, node D and node E are new nodes that join the network.  These new nodes will receive the beacon bitmap from their neighbouring nodes. As it can be seen that node A is a common neighbouring node. Thus it can be the case when both new nodes E and D request same vacant SD number within same CAP. This happens due to hidden node problem, because node E and D are hidden to each other, and cannot listen each others transmission. When node A receives the SD number 2 request, within same CAP, by nodes E and D then it would deteremine which node has requested first. Node A will reply the beacon collision notification to the node which has requested later.
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Figure 13: New node joining the network

6.7 Time Synchronization

The new node discovers its neighbouring node through the scanning process. Then it associate with one of the neighbouring node in order to be part of the network. The node with which the new node asscoiates is called its parent node. 

Now the coordinator knows that the device would track its beacon. Thus the coordinator will determine the transmission time of its beacon. This beacon timestamp value is set just before transmitting the beacon frame. When the device gets this beacon timestamp value then it can synchronize with its parent coordinator. 

The effect of collision is inevitable in multiple nodes scenario, where more than one nodes try to use the same channel at the same time. In the case of collision, the node wait for some backoff duration and then it tries to re-send. Thus in case of collison, beacon transmission timestamp does not become valid. In order to avoid this problem, the coordinator sets macDefferedBeaconUsed value to be TRUE. When the device notice macDefferedBeaconUsed value to be TRUE then it knows that coordinator uses CCA for transmitting its beacon. Also the coodinator would add the number of tries it made for successful transmission. If the coordinator would be able to send its beacon after 3rd try then it would set DefferedBeaconFlag value to be 3. On receipt of the beacon, the device would exactly knows when the beacon is sent (by adding beacon timestamp with (DefferedBeaconFlag value * 20 symbols) ). Thus perfect time syncronization becomes possible.
6.8 Scanning through channels

6.8.1 Passive channel scan

Insert in 7.5.2.1.3:

Channel Diversity Specification in the received beacon frame shall update the value of ChannelDiversitySpecification in PANDescriptor. This value is sent to the next higher layer via the MLME-SCAN.confirm primitive. The value of Channel Offset subfield in the received beacon shall update the value of macChannelOffsetBitmap in MAC PIB attributes. For instance, if Channel Offset is 0x01, the  value of macChannelOffsetBitmap corresonding channel shall set to ‘1’. Thus, the value of macChannelOffsetBitmap shall represent if the channel offset value is used among one hop neighbor devices.

6.9 Starting and realigning a PAN

6.9.1 Updating superframe configuration and channel PIB attributes

Insert in 7.5.2.3.4:

If a PAN uses EGTS and Channel Hopping mode is used (i.e., EGTSFlag is TRUE and ChannelDiversityMode is ‘1’), the MAC sublayer shall update the values of DCHDescriptor with the values of the DCHDescriptor parameter. 

6.10 Beacon generation

Insert in 7.5.2.4:

If EGTSFlag is TRUE and Channel Hopping mode (i.e.,  ChannelDiversityMode is ‘1’) are used in the PAN, the MAC sublayer shall set the Channel Diversity Specification field of the beacon frame. The value of ChannelOffsetBitmap field, representing channel offset used among one hop neighbor devices, shall be set using  the value of macChannelOffsetBitmap in MAC PIB attributes. 

6.11 Coexistence of beacon-enabled and nonbeacon-enabled mode
PANs that contain both the devices of beacon-enabled mode and the devices of nonbeacon-enabled mode shall also include the Connection Devices. The device of beacon-enabled mode shall either transmit periodic beacon or track the beacon for communication in the PAN. The device of nonbeacon-enabled mode shall neither transmit periodic beacon nor track the beacon for communication in the PAN. There are two operation modes in the Connection Devic
es. First, the Connection Device can transmit periodic beacon to communicate with the devices of beacon-enabled mode in the PAN and request the data from the devices of nonbeacon-enabled mode in the PAN. Second, the Connection Device can track the periodic beacon for communication and transmit the data upon receipt of the data request commands from the devices of nonbeacon-enabled mode in the PAN.
6.12 Low Energy Superframe Support
7.5.1.1. Superframe structure: add the following modification
(Second paragraph) If BO = 15 and macLowEnergySuperframeSupported is FALSE, the coordinator shall not transmit beacon frames except when requested to do so, such as on receipt of a beacon request command. The value of macSuperframeOrder shall be ignored if BO = 15. Moreover, if macLowEnergySuperframeSupported is TRUE the coordinator shall not transmit beacon frames except when requested to do so, regardless of BO value.
(Third paragraph) If BO = 15 and macLowEnergySuperframeSupported is FALSE, the superframe shall not exist (the value of macSuperframeOrder shall be ignored),
7.5.1.1.1. Contention access period (CAP): modify as following
(Second paragraph) All frames, except acknowledgment frames and any data frame that quickly follows the acknowledgment of a data request command (see 7.5.6.3), transmitted in the CAP shall use a slotted CSMA-CA mechanism to access the channel. A device transmitting within the CAP shall ensure that its transaction is complete (i.e., including the reception of any acknowledgment) one IFS period (see 7.5.1.3) before the end of the CAP when macLowEnergySuperframeSupported is FALSE. If this is not possible, the device shall defer its transmission until the CAP of the following superframe. When macLowEnergySuperframeSupported is TRUE, on the other hand, transaction shall beensured to be completed one IFS period before the end of the inactive period. Finally, if a device senses frame in CAP that does not end within CAP when macLowEnergySuperframeSupported is TRUE, the device may continue receiving the frame until it ends before the end of the inactive period. When macLowEnergySuperframeSupported is TRUE, the coordinator shall not locate GTSs in order to avoid the interference from the frames in CAP. When macLowEnergySuperframeSupported is TRUE, the coordinator shall notify the devices that already associated or intend to associate the condition of macLowEnergySuperframeSupported in the beacon frames.
7.5.1.2 Incoming and outgoing superframe timing: modify as following
(Second paragraph) The beacon order and superframe order shall may be equal for all superframes on a PAN. All devices shall may interact with the PAN only during the active portion of a superframe.
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�It seems like that in the three-way-handshake procedure, the request frame doesn’t need ack, it will be answered by the broadcast reply frame


�GACK Flag is already in Beacon. Hence, this one is redundant.


�The destination device should not initiate an EGTS allocation procedure.


�ChannelDiversityMode is defined in EGTS Superframe Specification


�Does it repeat the parameter “ChannelPage” in the primitive?


�Does it repeat the parameter “LogicalChannel” in the primitive?


�This paragraph and the next paragraph is repeated


�If the definition about the ReportPeriod is “the interval”, then there should be “will send another link status report command frame after the interval defined by the ReprotPeriod parameter”.


But, there still have a question, that at what time, the source can stop to send the link status report command frame? Which has not been defined.


�Wun-Cheol : There are three changes introduced in this version. 


To characterize EGTS Superframe, we add Channel Diversity Mode subfield in EGTS Superframe Specification field. 


We change the name of field to characterize channel hopping feature from ChannelDiversitySepcification field to ChannelHoppingSpecification field.


Also, we change the order of EGTS Superframe Specification field and ChannelHoppingSpecification Field.





�More description is needed here


�Wun-Cheol: 


There was an EGTS Flag sub field in the previous version. This sub field seems to be redundant, since the existence of EGTS Characteristics field itself implies the usage of EGTS. Thus, it is recommended to be removed.





�I change “destination address” to “device short address”, involve to confuse with the “destAddress” in MHR


�More description is needed here, channel hopping is not clear enough


�The description about the MHR of the beacon allocation notification command should be added


�The description about the MHR of the beacon collision notification command should be added


�Refer to the definition of GTS List field in the beacon frame in 15.4


�Haven’t been used or described in this document


�According to the following formula, the result is not channel, but the time slot index, so there should not be “channel”


�From my understand, there is “channel”


�Which will be described in the following paragraph “EGTS allocation and management”


�Which has been described in 7.5.1.1


�How many EGTS can be allocated at most? This haven’t be referred before


�For the request command frame ,the slot identifier subfield shall be ignored, as the beginning slot number is determined by the destination device.


�Which has been described before


�Not only EGTS it has used, but also the EGTS it knows which has been used by it’s neighbours


�If the neighborhood of the destination device found the EGTS allocated by the destination device is duplicated, it only can notify the destination device, and then how the destination device notify the source device?


We think we can let the destination device to relay the duplicate allocation notify command frame to the source device, so we can keep the source device to retry the three-way-handshake procedure.


�Have referred before


�Why the indication is reallocation? I don’t understand, I think this should be specified as allocation type


�Have been described before


�Have been described before


�Why the indication is reallocation? I don’t understand, I think this should be specified as allocation type


�Have been described before


�Have been described before
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