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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-EGTSinfo
	New
	X
	X
	
	


1.4 MLME-GTS

1.4.1 MLME-GTS.request
Insert in 7.1.7.1:

If the value of the EGTS flag in the EGTSCharactersitics field 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-EGTS.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).

If this value is TRUE, indicate that the request is for EGTS, the GTSCharacteristics parameter will use the definition of EGTSCharacteristics (see 7.3.10.2).

	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 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 EGTS flag in the EGTSCharacteristics field is set to ‘1’, the effect of MLME-GTS.request is as follows.

On receipt of the MLME-GTS.request primitive by a Source device, the MLME of the Source device attempts to generate an EGTS handshake command with subtype (see 1.7.3.9) with the information contained in this primitive and, if successful, sends it to a Destination device. 
On receipt of the MLME-GTS.request primitive by a Destination device, the MLME of the Destination device generates an EGTS request command (see 1.7.3.9) with the information contained in this primitive and sends it to the Source device.

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 request command 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 an EGTS is being allocated (see 7.5.7.2) and the request has been acknowledged, the device will wait for a confirmation via an EGTS handshake allocation reply command frame from the destination device. If the MLME of the Destination device can allocate the requested EGTS, it will issue the MLME-GTS.indication primitive with the characteristics of the allocated EGTS and generate an EGTS handshake allocation reply command frame. If the MLME of the PAN coordinator cannot allocate the requested EGTS, it will generate an EGTS handshake allocation reply command frame with EGTS length field set to ‘0’.  

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 a EGTSCharacteristics parameter with a characteristics type equal to one, indicating a GTS 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 an EGTS of the Source device is being changed at the request of a Destination 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 and an EGTSCharacteristics parameter with an EGTSCharacteristics type subfield set to 100 SUSPEND, 101 REDUCE or 110 RESTART indicating an EGTS change according to the MLME-GTS.request primitive. On receipt of an EGTS handshake command with a request type indicating an EGTS change (100 SUSPEND, 101 REDUCE or 110 RESTART), the Source device will acknowledge the frame and change the EGTS. The MLME of the Source device will then issue the MLME-GTS.indication primitive with the appropriate TS characteristics.
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.
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-EGTS.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).

If this value is TRUE, indicate that the request is for EGTS, the GTSCharacteristics parameter will use the definition of EGTSCharacteristics (see 7.3.10.2).

	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 7.1.7.2.2:

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 and the EGTSCharacteristics type subfield of the EGTSCharacteristics parameter will be 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 EGTS flag in the EGTSCharactersitics field 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. 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-EGTS.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).

If this value is TRUE, indicate that the request is for EGTS, the GTSCharacteristics parameter will use the definition of EGTSCharacteristics (see 7.3.10.2).

	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 7.1.7.3.2:

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 1.7.3.9) by the MLME. 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 a 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.
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Figure 1—Message sequence chart for EGTS allocation initiated by a Source device
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Figure 2—Message sequence chart for EGTS allocation 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
)

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.


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. (Liang: definition for 0x01—0Xff?)
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).

	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 XXX). 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 request that the PHY enable its receiver.
If a frame is received from the Destination device, the MLME will issue the MLME-EGTSinfo.confirm primitive with a status of SUCCESS.
If a frame is not received within macMaxFrameTotalWaitTime CAP symbols in a beacon-enabled PAN, or symbols in a nonbeacon-enabled PAN, the MLME 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-GTSinfo.confirm primitive are as follows:
MLME-GTSinfo.confirm     (

EGTSCharacteristics,

Timestamp,

status

)
Table XX specifies the parameters for the MLME-GTSinfo.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, in symbols, at which the data were transmitted/received??? (see 7.5.4.1). The value of this parameter will be considered valid only if the value of the status parameter is SUCCESS; if the status parameter is not equal to SUCCESS, the value of the Timestamp parameter shall not be used for any other purpose. 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-GTSinfo.confirm primitive is generated by the MLME and issued to its next higher layer in response to an MLME-GTSinfo.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. Otherwise, the status parameter indicates the appropriate error code. The status values are fully described in ??? (MLME-GTSinfo.request Effect on receipt subclause).
Insert new subclause ‘7.1.18.2.3 Appropriate usage’:
On receipt of the MLME-GTSinfo.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.


[image: image3]
Figure 3 Message sequence chart for EGTS information request
1.8 MLME-BEACON-NOTIFY.indication

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

	EGTS Superframe Spec
	Bitmap
	
	The EGTS superframe specification as specified in the received beacon frame.

	BeaconBitmap
	Bitmap
	
	


2. Modified Beacon fields

Insert in ‘Figure 44’ :

	Octets: 2
	1
	4/10
	0/5/6/10/14
	2
	variable
	variable
	4
	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 52) 
	Time synchronization specification (Figure 53) 
	Beacon Bitmap (Figure 54) 
	Beacon Payload
	FCS

	MHR
	MAC Payload
	MFR


Figure 44－Beacon frame format
Insert ‘7.2.2.1.8 EGTS Superframe Specification field’ :
The EGTS Superframe Specification field is 4 octets in length and shall be formatted as illustrated in Figure 52.

	Bits:
0-3
	4
	5
	6
	7
	8-23
	24-31

	Multi-superframe Order (MO)
	EGTS Flag
	CAP Reduction Flag
	Embedded CAP/CFP flag
	Reserved
	CAP Index
	Number of Sub-slots


Figure 52－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. 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. If this value is FALSE, the CFP of a superframe is operated the same way as defined in IEEE 802.15.4-2006. If this value is TRUE, the CFP of a superframe is operated as defined in 7.5.9 and 7.5.10.
The CAP Reduction Flag is 1 bit in length and shall specify whether the CAP Reduction is enabled or disabled (see 7.5.9). If this value is TRUE, the CAP Index field shall indicate the number of superframes before the next CAP begins.

The Embedded CAP Flag is 1 bit in length. If this value is ‘0’, the Embedded CAP is used (see 7.5.9). If this value is ‘1’, the Embedded CFP is used (see 7.5.9) and the Number of Sub-slots field shall indicate the number of sub-slots that are divided within a slot.

Insert ‘7.2.2.1.9 Beacon Bitmap field’:

The Beacon Bitmap Specification field is 8 bits in length and shall be formatted as illustrated in Figure 53.
	Octets: 2
	variable

	SD Index
	SD Bitmap


Figure 53－Beacon Scheduling Specification Field
The SD Index subfield is 2 octets in length and specifies the 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 node. This field is expressed by bitmap method which orderly represents the schedule of beacons. Corresponding bit shall be set to one if a beacon is allocated in that SD.
Insert ‘7.2.2.1.9 Time Synchronization Specification field’ :

Time Synchronization Specification field is 4 octets in length and shall be formatted as illustrated in Figure 53.

	Bits:
0
	1-4
	5-7
	8-31

	Deferred

Beacon

flag
	Deferred

Beacon

time
	Reserved
	Beacon
Timestamp




Figure 53－EGTS Superframe Specification Field
The Deferred beacon flag subfield is 1 bit in length and specifies whether CCA is required before transmitting beacon frame. If this subfield is set to one, device shall use CCA before transmitting beacon frame. If this subfield is set to zero, 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 deferred beacon flag 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.
3. New MAC command frames

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

	
	
	Tx
	Rx
	

	0x0a
	EGTS handshake
	X
	X
	

	0x0b
	EGTS information
	X
	X
	

	0x0c
	Beacon allocation notification
	
	
	

	0x0d
	Beacon conflict notification
	X
	
	


3.4 EGTS handshake

Insert new subclause ‘7.3.10 EGTS handshake’:
The EGTS handshake command is used by an associated device that is requesting the allocation of a new EGTS or the deallocation, reallocation, or change of an existing EGTS from the Destination 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
	1

	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.

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.

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

	EGTS Flag
	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 EGTS Flag subfield shall be set to ‘1’ to use EGTS or set to ‘0’ to use GTS.

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
	Suspend

	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 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.
The Destination Address shall contain the short address of the Destination device.

The EGTS slot identifier shall contain the channel number (1 octet) and beginning time slot number (1 octet) of the slots that are to be allocated or deallocated.
The EGTS ABT sub-block length shall contain the length of the EGTS ABT sub-block in units defined in Figure 5.

The EGTS ABT sub-block index 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
3.5 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 Source device.
The EGTS information request command shall be formatted as illustrated in Figure 6.
This command is mandatory for 802.15.4e.

	octets: 7
	1

	MHR fields
	Command Frame Identifier


Figure 6 EGTS information request command format

The Acknowledgment Request subfield of the Frame Control field shall be set to one.
3.6 Beacon allocation notification

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

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

	Octets: 7
	1
	2

	MHR fields
	Command Frame Identifier
	Allocation beacon SD index


Figure XX Beacon collision notification command format

The allocation beacon SD Index subfield shall contain the allocating SD index number for beacon frame.
3.7 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 XX.

	Octets: 7
	1
	2

	MHR fields
	Command Frame Identifier
	collision SD Index


Figure XX Beacon collision notification command format

The Conflict SD Index subfield shall contain the SD index number of collision beacon frame.

4. New MAC PIBs

Insert in Table 86:
	Attribute
	Identifier
	Type
	Range
	Description
	Default

	macMultisuperframe Order
	0x60
	Integer
	0-15
	The length of a multisuperframe which is a cycle of the repeated EGTS schedule.
	15

	macConnecDev
	0x61
	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
	0x62
	Set of octets
	See Figure 3 in subclause 7.3.10.2
	The allocation bitmap table of the EGTS schedule.
	0

	macEGTSACT
	0x63
	Set of octets
	
	The allocation counter table of the EGTS allocated to the device.
	0

	macSDindex
	0x64
	Integer
	
	
	

	macSDBitmap
	0x65
	Set of octets
	
	
	

	macChannelHoppingSequence
	0x66
	
	
	
	

	macChannelOffset
	0x67
	
	
	
	

	macDeferredBeaconUsed
	0x68
	Boolean
	TRUE or FALSE
	Indication of whether the device use CCA before transmitting beacon frame.  A value of TRUE indicates that the device use CCA before transmitting beacon frame
	FALSE

	macSyncParent-ExtendedAddress
	0x69
	IEEE address
	An extended 64-bit IEEE address
	The 64-bit address of the coordinator through which the device is synchronized
	-

	macSyncParent ShortAddress
	0x70
	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
	0x71
	Integer
	
	Indication of SD 
	


5. New Functional Description

5.4 EGTS-based Superframe Structure
Insert new subclause ‘7.5.9 EGTS-based Superframe Structure’:
The structure of EGTS-based 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 shall be ignored if BO = 15.
The MAC PIB attribute macSuperframeOrder describes the length of the superframe, which includes a beacon frame, a CAP period, and a CFP period. 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 the repeated EGTS allocation schedule. The value of macSuperframeOrder, MO, and the superframe duration, MD, are related as follows: for 0 ≤ SO ≤ MO ≤ BO ≤ 14, MD=aBaseSuperframeDuration * 2MO symbols.
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, if present, follows immediately after the CAP and extends to the end of the active portion of the superframe. Any allocated EGTSs shall be located within the CFP.
The MAC sublayer shall ensure that the integrity of the superframe timing is maintained, e.g., compensating for clock drift error. 
PANs that wish to use the superframe structure (referred to as a beacon-enabled PAN) shall set macBeaconOrder to a value between 0 and 14, both inclusive, and macSuperframeOrder to a value between 0 and the value of macBeaconOrder, both inclusive.
PANs that do not wish to use the superframe structure (referred to as a nonbeacon-enabled PAN) shall set both macBeaconOrder and macSuperframeOrder to 15. In this case, a coordinator shall not transmit beacons, except upon receipt of a beacon request command; all transmissions, with the exception of acknowledgment frames and any data frame that quickly follows the acknowledgment of a data request command (see 7.5.6.3), shall use an unslotted CSMA-CA mechanism to access the channel. In addition, EGTSs shall not be permitted.
An example of a superframe structure is shown in Figure 7. 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 7—EGTS-based Superframe Structure
The CAP reduction can be enabled by setting CAP reduction flag to ‘1’ in the EGTS superframe descriptor of a beacon frame. If the CAP reduction is enabled, every superframe except the first superframe in every multi-superframe does not have a CAP.  Figure 8 shows an example of a superframe structure when CAP reduction is enabled.
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Figure 8—CAP Reduction in EGTS-based Superframe Structure
5.5 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.
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 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.

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.

To request the allocation of a new EGTS, the MLME of the Source device of the requested EGTS shall send an EGTS handshake command (see 7.3.10) to the Destination device. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to one (allocation) and the Handshake Type subfield shall be set to zero (request). The length subfield shall be set according to the desired characteristics of the required EGTS. The slot identifier can be set to indicate the preferable beginning slot to be allocated. The EGTS ABT (Allocation Bitmap Table) sub-block shall be set according to the allocation status of the one-hop neighborhood of the Source device. 

On receipt of an EGTS handshake command 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 of the Destination device and the ABT sub-block in the EGTS handshake command frame from the Source device. The Multi-superframe shall have available capacity if enough vacant slots exist in both ABTs (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. The Destination can allocate the EGTS with the beginning slot specified in the slot identifier of the command if available. Then, the Destination device shall broadcast an EGTS handshake command to its one-hop neighbors. The destination address subfield of the EGTS of the EGTS Characteristics field in the EGTS handshake command shall be set to the Source device. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to one (allocation) and the Handshake Type subfield shall be set to one (reply). If the EGTS was allocated successfully, the length field shall be set to the requested length and the ABT sub-block field shall be set to represent the newly allocated slots. Otherwise, the length field shall be set to zero.
On receipt of an EGTS handshake command indicating an EGTS allocation reply, the device shall process the EGTS descriptor. 
If the address in the destination address subfield of the EGTS Characteristics field in the EGTS handshake command (allocation reply) does not match the device’s short address, the device updates its ABT reflecting the neighbor’s newly allocated EGTS. If the newly allocated EGTS is conflicting with the device’s own EGTS, the device shall send an EGTS handshake command to the origin of the command. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to three (duplicate allocation notification) and the Handshake Type subfield shall be set to one (request).
If the address in the destination address subfield in the EGTS Characteristics field in the EGTS handshake command (allocation reply) matches the device’s short address, the MLME of the device shall then notify the next higher layer of whether the GTS allocation request was successful. This notification is achieved when the MLME issues the MLME-GTS.confirm primitive with a status of SUCCESS (if the length match the requested length) or DENIED (if the length did not match the requested length). Then, the Source device shall broadcast an EGTS handshake command to the Source device’s one hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to one (allocation) and the Handshake Type subfield shall be set to two (notify).
On receipt of an EGTS handshake command indicating an EGTS allocation notify, the device shall process the EGTS descriptor. The device updates its ABT reflecting the neighbor’s newly allocated EGTS. If the newly allocated EGTS is conflicting with the device’s own EGTS, the device shall send an EGTS handshake command to the origin of the command. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to three (duplicate allocation notification) and the Handshake Type subfield shall be set to one (request).
On receipt of an EGTS handshake command indicating an EGTS allocation duplicate allocation notification, the device shall reallocate the EGTS (see 7.5.10.3).
An example of EGTS allocation is shown in Figure 9.
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Figure 9— Three-way Handshake for EGTS Allocation

Insert new subclause ‘7.5.10.2 EGTS deallocation’:
The Source device of an EGTS 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 the EGTS is expired. From this point onward, the EGTS to be deallocated shall not be used by the device, and its stored characteristics shall be reset.

To request the deallocation of an existing EGTS, the MLME shall send the EGTS handshake command (see 7.3.10) to the associated device (the Source or Destination of the EGTS to be deallocated). The Characteristics Type subfield of the EGTS Characteristics field of the handshake shall be set to zero (i.e., deallocation), and the Handshake Type subfield shall be set to one (i.e., request). The length subfields shall be set according to the characteristics of the EGTS to deallocate. 

On receipt of an EGTS handshake command with the Characteristics Type subfield of the EGTS Characteristics field set to zero (deallocation), 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 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 a EGTS Characteristics parameter containing the characteristics of the deallocated EGTS and a Characteristics Type subfield set to zero. Then, the device shall send 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 zero (i.e., eeallocation), and the Handshake Type subfield shall be set to one (i.e., reply). The length subfields shall be set according to the characteristics of the EGTS to deallocate. 

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

If the address in the destination address subfield of the EGTS handshake command does not match the device’s short address, the device updates its ABT reflecting the neighbor’s deallocated EGTS. 

If the address in the destination address subfield of the EGTS handshake command matches the device’s short address, the MLME of the device shall then notify the next higher layer of whether the GTS 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 match the requested length) or DENIED (if the length did not match the requested length). Then, the device shall broadcast an EGTS handshake command to the device’s one hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to one (Deallocation) and the Handshake Type subfield shall be set to two (Notify).

On receipt of an EGTS handshake command indicating an EGTS deallocation reply, the device shall process the EGTS descriptor.  The device updates its ABT reflecting the neighbor’s deallocated EGTS. 

Insert new subclause ‘7.5.10.3 EGTS reallocation’:
A device (the Source or Destination of the EGTS) is instructed to request the reallocation of an existing EGTS through the MLME-GTS.request primitive with EGTS characteristics set according to the requirements of the intended application. Also, a device shall request the reallocation of an existing EGTS on receipt of EGTS handshake command with the Characteristics Type subfield of the EGTS Characteristics field set to three (Duplicate Allocation Notification).

To request the reallocation of a new EGTS, the MLME shall send an EGTS handshake command (see 7.3.10) to the associated device. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to two (reallocation) and the Handshake Type subfield shall be set to zero (request). The length subfield shall be set according to the desired characteristics of the required EGTS. The EGTS ABT (Allocation Bitmap Table) sub-block shall be set according to the allocation status of the one-hop neighborhood of the device. The EGTS slot identifier subfield shall be set according to the characteristics of the EGTS to reallocate. The direction subfield shall be set to zero if the device is the Source of the EGTS or set to one if the device is the Destination of the EGTS.

On receipt of an EGTS handshake command indicating an EGTS reallocation request, the 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 device shall ignore the request. If the EGTS characteristics contained in the EGTS request command match the characteristics of a known EGTS, the device shall first check if there is available capacity in the current Multi-superframe, based on the ABT of the Destination device and the ABT sub-block in the EGTS handshake command frame from the Source device. The Multi-superframe shall have available capacity if enough vacant slots exist in both ABTs (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. If a new EGTS is successfully allocated, the existing EGTS shall be removed from the device’s ABT. Then, the device shall broadcast an EGTS handshake command to its one-hop neighbors. The destination address subfield of the EGTS of the EGTS Characteristics field in the EGTS Handshake command shall be set to the origin. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to two (reallocation) and the Handshake Type subfield shall be set to one (reply). The EGTS slot identifier shall be set according to the characteristics of the EGTS to reallocate. If the EGTS was reallocated successfully, the length field shall be set to the requested length and the ABT sub-block field shall be set to represent the newly allocated slots. Otherwise, the length field shall be set to ‘0’.

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

If the address in the destination address subfield of the EGTS Characteristics field in the EGTS handshake command (reallocation reply) does not match the device’s short address, the device updates its ABT reflecting the neighbor’s reallocated EGTS. If the newly allocated EGTS is conflicting with the device’s own EGTS, the device shall send an EGTS handshake command to the origin of the command. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to three (Duplicate Allocation Notification) and the Handshake Type subfield shall be set to three (request).

If the address in the destination address subfield in the EGTS Characteristics field in the EGTS handshake command (reallocation reply) matches the device’s short address, 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 length match the requested length) or DENIED (if the length did not match the requested length). Then, the Source device shall broadcast an EGTS handshake command to the device’s one hop neighbors. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to two (reallocation) and the Handshake Type subfield shall be set to two (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 reflecting the neighbor’s reallocated EGTS. If the newly allocated EGTS is conflicting with the device’s own EGTS, the device shall send an EGTS handshake command to the origin of the command. The Characteristics Type subfield of the EGTS Characteristics field of the EGTS handshake command shall be set to three (Duplicate Allocation Notification) and the Handshake Type subfield shall be set to one (request).

On receipt of an EGTS handshake command indicating an EGTS allocation duplicate allocation notification, the device shall reallocate the EGTS.

Insert new subclause ‘7.5.10.4 EGTS expiration’:
The MLME of the Destination 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 a device is no longer using its EGTS if a data frame is not received from the device in the GTS at least every 2*n multi-superframes, where n is defined below.

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

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 either in CAP or CFP before its EGTS slots of current superframe starting, the Source device shall be instructed to request the timestamp and the parameters of its EGTS through the MLME-EGTSinfo.request primitive.
To request the timestamp and the EGTS parameters, the MLME shall send the EGTS information request command (see XXX) to the Destination device. Because the EGTS information request command contains an acknowledgment request (see 7.3.3.1), the Destination device shall confirm its receipt by sending an acknowledgment frame.

On receipt of an EGTS information request command, the MLME of the Destination device shall send the timestamp and the EGTS parameters to the Source device.

On receipt of the acknowledgment to the EGTS information request command, the Source device shall enable its receiver for at most macMaxFrameTotalWaitTime CAP symbols in a beacon-enabled PAN, or symbols in a nonbeacon-enabled PAN, to receive the data frame containing the timestamp and the EGTS parameters from the Destination device.
On receipt of a data frame containing the timestamp and the EGTS parameters, the MLME of the Source device shall then notify the next higher layer of the EGTS information request was successful. This notification is achieved when the MLME issues the MLME-EGTSinfo.confirm (see XXX) primitive with a status of SUCCESS. The Source device shall synchronize to the Destination device by using the received timestamp and then continue to use its EGTS slots during current superframe.

If no corresponding data frame for the device is received 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-EGTSinfo.confirm primitive with a status of FAILURE. The Source device shall either end the procedure or try again by issuing the MLME-EGTSinfo.request primitive again.
Insert new subclause ‘7.5.10.6 EGTS change’:

The Destination device allocates the EGTS to the Source device according to the priority level indicated in the EGTS request command sent by the Source device. If the Destination device receives an EGTS request command of higher priority when its EGTS slots have already been used out, it shall either reduce or suspend part of the EGTS slots which are being used for lower priority data transmission to allocate new EGTS for the higher priority data transmission. And when the EGTS for the higher priority data transmission is finished, the Destination device can restart the EGTS slots which were either reduced or suspended previously. The procedure of EGTS change shall be initiated when a Destination device wants to reduce, suspend or restart the EGTS slots.

EGTS change (i.e., suspend, reduce or restart) is initiated by the Destination device through the MLME-GTS.request primitive (see 1.7.3.9).
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 EGTS Characteristics type subfield of the EGTS Characteristics parameter of the request set accordingly (i.e., 100 SUSPEND, 101 REDUCE or 110 RESTART), and all other subfields set according to the characteristics of the EGTS which the Destination device requests the Source device to change its original EGTS to.

To request the change of an existing EGTS, the MLME of the Destination device shall send the EGTS request command (see 1.7.3.9) to the Source device. The EGTS Characteristics type subfield of the EGTS Characteristics field of the request shall be set accordingly, and all other subfields set according to the characteristics of the EGTS which the Destination device requests the Source device to change its original EGTS to. Because the EGTS request command contains an acknowledgment request (see 7.3.3.1), the Source device shall confirm its receipt by sending an acknowledgment frame. On receipt of the acknowledgment to the EGTS request command, the MLME of the Destination device shall notify the next higher layer of the change. This notification is achieved when the MLME issues the MLME-GTS.confirm primitive (see 7.1.7.2) with a status of SUCCESS and a EGTSCharacteristics parameter with its EGTS Characteristics type subfield set accordingly, and all 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 request command with the EGTS Characteristics type subfield of the EGTS Characteristics field set accordingly, and all 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 Source device shall immediately change its EGTS. 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 containing the EGTS Characteristics type subfield set accordingly, and all other subfields 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 Channel Diversity EGTS allocation’:

If the data to transmit in the EGTS requires the higher transmission reliability, the device is instructed to request the allocation of a new Channel Diversity EGTS through the MLME-EGTS.request primitive with the EGTS Characteristics type subfield of the EGTS characteristics parameter set to 010 (Reallocation).
To request the allocation of a new Channel Diversity EGTS, the MLME shall send the EGTS request command (see 1.7.3.9) to the Destination device with the EGTS Characteristics type subfield of the EGTS characteristics parameter set to 010 (Reallocation), and all other subfields shall be set according to the desired characteristics of the required Channel Diversity EGTS.

On receipt of the EGTS request command with the EGTS Characteristics type subfield of the EGTS characteristics parameter set to 010 (Reallocation), 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 contain the channel sequence in the ABT of the EGTS reply command. If not, 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 devices switch to the next channel every slot according to the channel sequence in the ABT. 
5.6 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. The neighboring nodes which receive MLME-SCAN.request would reply with the MLME-SCAN.confirm primitive. Then these neighboring nodes would share their bitmap table with the new node. The Bitmap table 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 bitmap tables. Once it finds that vacant SD number then it can request the allocation of that SD to the node with which it is associated (i.e. parent node)

There can be beacon slot collision when two or more nodes are trying to compete for same SD slot number. It can be best described by the Figure 3. As shown in Figure C, node D and node E are new nodes that join the network.  These new nodes will receive the bitmap tables from their neighbouring nodes. As it can be seen that node A is not only a common neighbouring node, but also the parent node for both nodes E and D. 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 MLME.CONFIRM notification to the node which has requested first, and would send MLME.COLLISION message to the other node.

[image: image8]
Figure 3: New node joining the network 


[image: image9]
Figure 4: Bitmap tables for neighboring nodes
The scenario described in 1.1.2 becomes worse when beacon collision happens several times. This is mainly caused when two or more new nodes request for the SD allocation using same slot number of the same CAP. In this case the parent node will reply the MLME.COLLISION notification to the SD allocation requesting nodes. When these nodes receives the collision notification then they would select other vacant SD.
5.7 Time Synchronization

The new node, i.e. device, 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, i.e. coordinator. 

Now the coordinator knows that the device would track its beacon. Thus the coordinator will determine the transmission time of its beacon. This timestamp is known as macSyncSymbolOffset value, which is sent just before the beacon fram. When the device gets this macSyncSymbolOffset value then it selects its own beacon offset accordingly. The the device keeps syncronise its timer with the coordinator through tracking the coordinator’s beacon every time.

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 backs off for some time 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. At the 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
5.8 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 Connection Device works in the beacon-enabled mode and nonbeacon-enabled mode at the same time. 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. For example, a 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.
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