March, 1994
      DOC: IEEE P802.11-94/xxx

May, 2009
 IEEE P802.15-15-09-0xxx-00-004g

IEEE P802.15

Wireless Personal Area Networks

	Project
	IEEE P802.15 Working Group for Wireless Personal Area Networks (WPANs)

	Title
	Robust Multi-Channel Adaptation for Smart Utility Networks

	Date Submitted
	2 May 2009

	Source
	[Gahng-seop Ahn, Junsun Ryu, Myung Lee, Seong-soon Joo]
[CUNY, ETRI]
[140th St. and Convent Ave,  New York, NY, USA]
	Voice:
[+1-212-650-7219]
Fax:
[   ]
E-mail:
[gahn@ccny.cuny.edu, junsun.ryu@gmail.com, lee@ccny.cuny.edu, ssjoo@etri.re.kr]

	Re:
	IEEE P802.15.4g

	Abstract
	This document describes a robust multi-channel adaptation that is being proposed to the TG4g group.

	Purpose
	Discussion in 802.15.4g Task Group

	Notice
	This document has been prepared to assist the IEEE P802.15.  It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s). The material in this document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor acknowledges and accepts that this contribution becomes the property of IEEE and may be made publicly available by P802.15.


7. MAC Sublayer Specification 

7.1 MAC sublayer service specification 

7.1.1 
MAC data service 

7.1.2 
MAC management service

7.1.17 
MAC enumeration description
7.2 MAC frame formats 

7.3 MAC command frames
7.4 
MAC constants and PIB attributes

7.4.1 
MAC constants 

7.4.2 
MAC PIB attributes 

7.5 
MAC functional description 

7.5.1 
Channel access

7.5.10 
EGTS allocation and management
7. MAC Sublayer Specification

This clause describes the MAC Modifications needed to support outdoor Low Data Rate Wireless Smart Metering Utility Networks requirements focusing on robustness, scalability, reliability, and energy efficiency.

Smart Utility Networks are typically densely deployed large scale networks deployed in geographically large area. The variance of channel condition is large and the channel condition of each smart meter is asymmetric. Therefore, single common channel approach is limited and multi-channel adaptation is required.
The robust multi-channel adaptation is supported in two modes. In beacon-enabled mode, synchronous approach based on EGTS (Enhanced Guaranteed Time Slot) shall be used. In non-beacon mode, asynchronous approach based on multi-channel meshed tree (like IEEE 802.15.5) shall be used.

7.3.1  MAC Data Service
The MAC Data Service is based on 802.15.4-2006 MAC. This subclause describes the required data service modifications to support the proposal.
7.3.1.1 MCPS-DATA

Modify in Table 41 in STD 802.15.4-2006 :
	Name
	Type
	Valid Range
	Description

	TxOptions
	Bitmap
	4-bit field
	The 4 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).


Insert in 7.1.1.1.3 in STD 802.15.4-2006:

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.
7.3.2  MAC Management Service
The MAC Management Service is based on 802.15.4-2006 MAC. This subclause describes the required management service modifications to support the proposal.

7.3.2.1 MLME-GTS

7.3.2.1.1 MLME-GTS.request

Insert in 7.1.7.1 in STD 802.15.4-2006:

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 an existing EGTS. This primitive is also used by a Destination device to initiate an EGTS deallocation or reallocation.
Insert in 7.1.7.1.1 in STD 802.15.4-2006:

MLME-EGTS.request
(


GTSCharacteristics,

SecurityLevel,

KeyIdMode,

KeySource,

KeyIndex,

EGTSCharacteristics,

EGTSFlag
)

Insert in Table 58 in STD 802.15.4-2006:

	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 of an existing EGTS.


Insert in 7.1.7.1.2 in STD 802.15.4-2006:

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 or reallocation of an existing EGTS.
Insert in 7.1.7.1.3 in STD 802.15.4-2006:

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).
7.3.2.1.2 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 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 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.

7.3.2.1.3 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, or reallocation 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 / deallocation / reallocation initiated by a Source device
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Figure 2—Message sequence chart for EGTS deallocation/reallocation initiated by a Destination device
7.2 MAC frame formats

Insert in ‘Figure 44’ :

	Octets: 2
	1
	4/10
	0/5/6/10/14
	2
	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 52) 
	Beacon Bitmap (Figure 53) 
	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.
7.3 MAC command frames

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

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.

7.3.10.2 EGTS Characteristics fields

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

	Bits: 0
	Bits: 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

	100-111
	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 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

7.4 MAC constants and PIB attributes

7.4.2 MAC PIB attributes

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

	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


7.5 MAC Functional Description

7.5.1 Channel Access

7.5.1.1 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 6. 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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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 7 shows an example of a superframe structure when CAP reduction is enabled.
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Figure 7—CAP Reduction in EGTS-based Superframe Structure

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.

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 8.
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Figure 8— Three-way Handshake for EGTS Allocation

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. 
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.

7.5.10.4 EGTS expiration

The MLME of the Destination device shall attempt to detect when a device has stopped using a 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
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