December 2012		Doc IEEE P802.15-12-0682-00-004m
IEEE P802.15
Wireless Personal Area Networks

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

	Title
	 Network formation  using TVWS multichannel cluster tree PAN (TMCTP)     

	Date Submitted
	[Dec. 6 2012]

	Source
	[Youngae Jeon, Sangjae Lee, and Sangsung Choi]
[ETRI]
[Soo-Young Chang][SYCA]
	Voice:	[   ]
Fax:	[   ]
E-mail:	[yajeon@etri.re.kr]

	Re:
	[If this is a proposed revision, cite the original document.]
[If this is a response to a Call for Contributions, cite the name and date of the Call for Contributions to which this document responds, as well as the relevant item number in the Call for Contributions.]
[Note: Contributions that are not responsive to this section of the template, and contributions which do not address the topic under which they are submitted, may be refused or consigned to the “General Contributions” area.]

	Abstract
	[Description of document contents.]


	Purpose
	[Description of what the author wants P802.15 to do with the information in the document.]

	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.




TVWS multichannel cluster tree PAN (TMCTP)
TMCTP overview
[bookmark: _Toc342489843][bookmark: _Toc342490388][bookmark: _Toc342489844][bookmark: _Toc342490389][bookmark: _Toc342489845][bookmark: _Toc342490390][bookmark: _Toc342489846][bookmark: _Toc342490391]A TVWS multichannel cluster tree PAN (TMCTP) is a form of a cluster tree network where the SPC is the overall PAN coordinator providing synchronization services to other PAN coordinators in the cluster and has access to the geolocation database (GDB) server to provide TVWS channel availability information to the other PAN coordinators.  Each PAN coordinator uses a different channel allocated by the SPC.  An example is shown in Figure 1. The use of TMCTP can increase the coverage area with controlled message latency and reduced collisions between coordinators, and allows independent operations of each cluster simultaneously. Each TMCTP-parent PAN coordinator including the SPC may communicate with its TMCTP-child PAN coordinators during the active portion of the TMCTP-parent PAN coordinator and receives beacon frames of TMCTP-child PAN coordinators on a dedicated channel during the dedicated  beacon slots (DBS) assigned to them in the beacon only period (BOP), as shown with an asterisk (*) in Figure 1. 
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[bookmark: _Ref335176945]Figure 1: Example of TVWS multichannel cluster tree PAN
TMCTP superframe structure 
This standard allows the optional use of a superframe structure in a TVWS multichannel cluster tree PAN (TMCTP) that is extended by the addition of a beacon only period (BOP) to the active portion of the superframe. The format of the TMCTP superframe is defined by the SPC. The TMCTP superframe is bounded by network beacons sent by the SPC. The active portion of the TMCTP superframe is composed of a beacon, a CAP, a CFP and a BOP.  An example of a TMCTP superframe including the BOP is illustrated in Figure 2. The BOP is composed of one or more DBSs. A DBS is used to communicate beacons between the TMCTP-parent PAN coordinator and the TMCTP-child PAN coordinator. 
[image: ]
[bookmark: _Ref335205821]Figure 2: TMCTP superframe extension
[bookmark: _Toc342490402][bookmark: _Toc342489857][bookmark: _Toc342490403][bookmark: _Toc342489858][bookmark: _Toc342490404][bookmark: _Toc342489859][bookmark: _Toc342490405][bookmark: _Toc342489860][bookmark: _Toc342490406][bookmark: _Toc342489861][bookmark: _Toc342490407][bookmark: _Toc342489862][bookmark: _Toc342490408][bookmark: _Toc342489863][bookmark: _Toc342490409][bookmark: _Toc342489864][bookmark: _Toc342490410][bookmark: _Toc342489865][bookmark: _Toc342490411][bookmark: _Toc342489866][bookmark: _Toc342490412][bookmark: _Toc342489867][bookmark: _Toc342490413][bookmark: _Toc342489868][bookmark: _Toc342490414][bookmark: _Toc342489869][bookmark: _Toc342490415][bookmark: _Toc342489870][bookmark: _Toc342490416][bookmark: _Toc342489871][bookmark: _Toc342490417][bookmark: _Ref335206614]Beacon Only Period (BOP)
When present, the BOP shall follow the CAP and CFP, if the CFP is present. The CAP and CFP comprise the first 16 slots of the superframe, and the BOP shall commence on the slot boundary immediately following. The BOP shall complete before the end of the active portion of the superframe. The BOP duration depends on the number of DBSs allocated to each TMCTP-child PAN coordinator. All DBSs shall be located within the BOP and occupy contiguous slots. The BOP therefore grows and/or shrinks depending on the total length of all of the combined DBSs.  BOP slots are allocated to a DBS according to the length of beacon sent by the lower coordinator which will occupy the DBS.
No beacon transmissions within the BOP shall use a CSMA-CA mechanism to access the dedicated channel. A TMCTP-child PAN coordinator transmitting in the BOP shall ensure that its beacon transmission is complete one IFS period, before the end of its DBS.
[bookmark: _Ref335206388]Superframe use for TMCTP operation
The TMCTP superframe is an extension of the basic superframe. The active portion of the TMCTP superframe is composed of four parts, which is illustrated in Figure 3.
· The beacon, which is used to set the timing allocations and to communicate management information for the PAN.
· The contention access period (CAP), which is used to communicate command frames and/or data.
· The contention free period (CFP), which is composed of guaranteed time slots (GTSs). No transmissions within the CFP shall use a CSMA-CA mechanism to access the channel.
· The beacon only period (BOP), which is composed of one or more DBSs. A DBS is used to communicate beacons between the TMCTP-parent PAN coordinator (including the SPC) and the TMCTP-child PAN coordinator in a TMCTP.
The MAC PIB attribute macTMCTPExtendedOrder describes the extended length of the active portion of the superframe. The value of macTMCTPExtendedOrder, and the extended duration, ED, are related as follows:
ED = aBaseSuperframeDuration × 2macTMCTPExtendedOrder
 = aBaseSlotDuration × ( aNumSuprframeSlots × 2macTMCTPExtendedOrder )
for
0 ≤ macTMCTPExtendedOrder ≤ (macBeaconOrder- macSuperframeOrder) ≤ macBeaconOrder ≤ 14
The ED of each TMCTP superframe shall be divided into aNumSuprframeSlots × 2macTMCTPExtendedOrder equally spaced slots of duration aBaseSlotDuration and is composed of beacon only period (BOP). The BOP consists of DBSs. Each DBS is composed of one or more base slots, which are aBaseSlotDuration in length. The extended duration of the active portion of each TMCTP superframe includes the base superframe duration, SD, and the extended duration for the BOP, ED: 
ESD =  SD + ED.
An example of a TMCTP superframe structure is shown in Figure 3, according to the macBeaconOrder, the macsuperframeOrder and the macTMCTPExtendedOrder as shown in Figure 3.
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[bookmark: _Ref335774116]Figure 3: An example of the TMCTP superframe structure

[bookmark: _Toc342489875][bookmark: _Toc342490421][bookmark: _Toc342489876][bookmark: _Toc342490422][bookmark: _Toc342489877][bookmark: _Toc342490423][bookmark: _Toc342489878][bookmark: _Toc342490424][bookmark: _Toc342489879][bookmark: _Toc342490425][bookmark: _Toc342489880][bookmark: _Toc342490426][bookmark: _Toc342489881][bookmark: _Toc342490427][bookmark: _Toc342489882][bookmark: _Toc342490428][bookmark: _Toc342489883][bookmark: _Toc342490429][bookmark: _Toc342489884][bookmark: _Toc342490430][bookmark: _Toc342489885][bookmark: _Toc342490431][bookmark: _Toc342489886][bookmark: _Toc342490432][bookmark: _Toc342489887][bookmark: _Toc342490433][bookmark: _Toc342489888][bookmark: _Toc342490434][bookmark: _Toc342489889][bookmark: _Toc342490435][bookmark: _Toc342489890][bookmark: _Toc342490436][bookmark: _Toc342489891][bookmark: _Toc342490437][bookmark: _Toc342489892][bookmark: _Toc342490438][bookmark: _Toc342489893][bookmark: _Toc342490439][bookmark: _Toc342489894][bookmark: _Toc342490440][bookmark: _Toc342489895][bookmark: _Toc342490441][bookmark: _Toc342489896][bookmark: _Toc342490442][bookmark: _Toc342489897][bookmark: _Toc342490443][bookmark: _Toc342489898][bookmark: _Toc342490444][bookmark: _Toc342489899][bookmark: _Toc342490445][bookmark: _Toc342489900][bookmark: _Toc342490446][bookmark: _Toc342489901][bookmark: _Toc342490447][bookmark: _Toc342489902][bookmark: _Toc342490448][bookmark: _Toc342489903][bookmark: _Toc342490449][bookmark: _Toc342489904][bookmark: _Toc342490450][bookmark: _Toc342489905][bookmark: _Toc342490451][bookmark: _Toc342489906][bookmark: _Toc342490452][bookmark: _Toc342489907][bookmark: _Toc342490453][bookmark: _Toc342489908][bookmark: _Toc342490454][bookmark: _Toc342489909][bookmark: _Toc342490455][bookmark: _Toc342489910][bookmark: _Toc342490456][bookmark: _Toc342489911][bookmark: _Toc342490457][bookmark: _Toc342489912][bookmark: _Toc342490458][bookmark: _Toc342489913][bookmark: _Toc342490459][bookmark: _Toc342489914][bookmark: _Toc342490460][bookmark: _Toc342489915][bookmark: _Toc342490461][bookmark: _Toc342489916][bookmark: _Toc342490462][bookmark: _Toc342489917][bookmark: _Toc342490463][bookmark: _Toc342489918][bookmark: _Toc342490464][bookmark: _Toc342489919][bookmark: _Toc342490465][bookmark: _Toc342489920][bookmark: _Toc342490466][bookmark: _Toc342489921][bookmark: _Toc342490467][bookmark: _Toc342489922][bookmark: _Toc342490468][bookmark: _Toc342489923][bookmark: _Toc342490469][bookmark: _Toc342489924][bookmark: _Toc342490470][bookmark: _Toc342489925][bookmark: _Toc342490471][bookmark: _Toc342489926][bookmark: _Toc342490472][bookmark: _Toc342489927][bookmark: _Toc342490473][bookmark: _Toc342489928][bookmark: _Toc342490474][bookmark: _Toc342489929][bookmark: _Toc342490475][bookmark: _Toc342489932][bookmark: _Toc342490478][bookmark: _Toc342489933][bookmark: _Toc342490479][bookmark: _Toc342489934][bookmark: _Toc342490480][bookmark: _Toc342489935][bookmark: _Toc342490481][bookmark: _Toc342489936][bookmark: _Toc342490482][bookmark: _Toc342489937][bookmark: _Toc342490483][bookmark: _Toc342489938][bookmark: _Toc342490484][bookmark: _Toc342489939][bookmark: _Toc342490485][bookmark: _Toc342489940][bookmark: _Toc342490486][bookmark: _Toc342489941][bookmark: _Toc342490487][bookmark: _Toc342489942][bookmark: _Toc342490488][bookmark: _Toc342489943][bookmark: _Toc342490489][bookmark: _Toc342489944][bookmark: _Toc342490490][bookmark: _Toc342489945][bookmark: _Toc342490491][bookmark: _Toc342489946][bookmark: _Toc342490492][bookmark: _Toc342489947][bookmark: _Toc342490493][bookmark: _Ref335034848]Network formation using TMCTP
Figure 4 shows an example with a suggested message sequence for TMCTP formation between the SPC, which is the TMCTP-parent PAN coordinator, and a TMCTP-child PAN Coordinator. The example is explained as follows:
In Step A, the SPC obtains the list of available TVWS channels from the geolocation database (GDB) through the internet. The protocol used to access the GDB over the internet is outside the scope of this standard. Alternately, the SPC may obtain the list of available TVWS channels from another device (Fixed, Mode II, or Mode I Device). The SPC maps the TVWS channels to corresponding PHY channels and selects one of the available PHY channels, and transmits its beacon through that channel. The TMCTP-child PAN coordinator completes the scan procedure over all PHY channels. 
In Step B, the SPC transmits an enhanced beacon containing a TMCTP Extended Superframe Specification IE.  Upon successful reception of the beacon from the SPC, the TMCTP-child PAN coordinator may request a DBS allocation sending a DBS request, to the SPC. Upon receiving the DBS request, the SPC will allocate a DBS slot and channel, and generate a DBS response to report the slot and channel allocated (the request is successful in this example).
In Step C, of the example, the SPC indicates pending data for the TMCTP-child PAN coordinator in its beacon. The TMCTP-child PAN coordinator sends the data request command frame. Upon receiving the data request, the SPC replies with the DBS response generated in Step B.
In Step D, the SPC sends its own beacon frame. The SPC switches into the channel allocated to the PAN coordinator and receives the beacon frame from the PAN coordinator.
In Step E, upon receiving the beacon frame during the slot allocated to the TMCTP-child PAN coordinator on the channel allocated to the TMCTP-child PAN coordinator, the SPC switches into its own dedicated channel.
During the CAP of the SPC, each PAN coordinator sends a DBS request to the SPC and receives a DBS response from the SPC. The SPC switches into the allocated channel before the DBS slot time allocated to the PAN coordinator. Each PAN coordinator forms an independent PAN by transmitting its beacon during the allocated DBS slot.


[image: ]Figure 4 - Example message sequence between the SPC and the TMCTP-child PAN coordinator



Figure 5 provides another example for TMCTP formation between two PAN coordinators, where one is the TMCTP-parent PAN coordinator and the other is the TMCTP-child PAN Coordinator.
In Step A, the TMCTP-child PAN coordinator performs a scan procedure and is waiting for the beacon of the TMCTP-parent PAN coordinator.
In Step B, the TMCTP-parent PAN coordinator sends an enhanced beacon containing a TMCTP Specification IE. Upon successful reception of the beacon from the TMCTP-parent PAN coordinator, the TMCTP-child PAN coordinator requests a channel and a slot by using the DBS request sent to the TMCTP-parent PAN coordinator. Upon receiving the DBS request, the TMCTP-parent PAN coordinator directly generates the DBS response frame reporting the slot and a channel allocated, or it or sends the DBS request command frame to the SPC and then receives the DBS response command frame from the SPC. 
In Step C, the TMCTP-parent PAN coordinator sends a beacon. The TMCTP-parent PAN coordinator switches into the channel allocated to the TMCTP-child PAN coordinator and receives the beacon frame from the TMCTP-child PAN coordinator.
In Step D, upon receiving the beacon frame during the slot allocated to the TMCTP-child PAN coordinator on the channel allocated to the TMCTP-child PAN coordinator, the TMCTP-parent PAN coordinator switches into its own dedicated channel.
During CAP of the TMCTP-parent PAN coordinator, which has a relay capability or a channel allocation capability, each TMCTP-child PAN coordinator sends a DBS request to the TMCTP-parent PAN coordinator and receives the DBS response from the TMCTP-parent PAN coordinator. The TMCTP-parent PAN coordinator switches into the channel allocated to the TMCTP-child PAN coordinator during the DBS slot allocated to each TMCTP-child PAN coordinator. Each TMCTP-child PAN coordinator manages its own WPAN by transmitting a beacon during the allocated DBS slot time.


[image: ]
[bookmark: _Ref335720387][bookmark: _Ref342491094]Figure 5 - Example message sequence between TMCTP PAN Coordinators
Figure 6 shows an example of the multichannel allocation for the network topology as presented in Figure 1. In this case, the super PAN coordinator operates on the dedicated channel, which is Channel 1 in this figure, and switches into the dedicated channels of the TMCTP-child PAN coordinators 2, 3, and 4 during their DBSs.  Similarly the PAN coordinator 4 operates on the dedicated channel, which is Channel 4, and switches into the dedicated channel of the TMCTP-child PAN coordinator 5 during its DBS.
[image: ]
[bookmark: _Ref335638487]Figure 6 - Example TMCTP BOP allocation

TMCTP DBS command frames 
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The TMCTP Specification IE shall be formatted as illustrated in Figure 7.
	Bits: 0-3
	4
	5
	6
	7
	8-15
	16-23
	variable

	Beacon Only Period Order
	TMCTP Frame  Pending
	Dedicated Beacon Slot Allocation Capability
	Channel Allocation Capability
	Channel Allocation Relay Capability
	Hop Count to SPC
	Number of PAN ID Pending
	PAN ID List


[bookmark: _Ref335639615]Figure 7: Format of the TMCTP Specification IE
The Beacon Only Period Order field specifies the length of the extended duration. 
The TMCTP Frame Pending field shall be set to one if the TMCTP-parent PAN coordinator has more frames for the TMCTP-child PAN coordinator. Otherwise, this field shall be set to zero. The Dedicated Beacon Slot Allocation Capability field shall be set to one if the device is capable of allocating the DBS to the TMCTP-child PAN coordinator, it shall be set to zero otherwise.
The Channel Allocation Capability field shall be set to one if the device is capable of allocating the dedicated channel to the TMCTP-child PAN coordinator, it shall be set to zero otherwise.
The Channel Allocation Relay Capability field shall be set to one if the device is capable of relaying the DBS request of the TMCTP-child PAN coordinator, it shall be set to zero otherwise.
The Hop Count to SPC field indicates the number of hops to reach the SPC.
The Number of PAN ID Pending field indicates the number of PAN IDs contained in the PAN ID List field of the beacon frame.
The size of the PAN ID List field is determined by the values specified in the Number of PAN IDs Pending field of the beacon frame and contains the list of PAN IDs of the TMCTP-child PAN coordinators that currently have messages pending with the upper coordinator.
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The DBS request command is used in a TMCTP enabled PAN to request allocation of a DBS and a channel.    The DBS request command shall be formatted as shown in Figure 8.
	Octets: 11-25
	1
	4

	MHR Fields
	Command Frame Identifier
	DBS Request Information


[bookmark: _Ref335650486]Figure 8 - TMCTP DBS Request Command Frame
MHR Fields
The Destination Addressing Mode field and Source Addressing Mode field shall be set to indicate short addressing.
The Frame Pending field, the AR field, and the Frame Version field shall be set to zero, one, and (TBD) respectively.
The Destination PAN Identifier field shall contain the PAN identifier of the SPC, and the Destination Address field shall contain the address of the SPC. The Source PAN Identifier field shall contain the value of macPANId. Each PAN coordinator shall have a unique PAN identifier in a SPC domain and the 16-bit short address for its Source Address field shall contain the value of macShortAddress.
DBS Request Information field
The DBS Request information field shall be encoded as shown in Figure 9.  
	Bits: 0:15
	16:19
	20:22
	23
	24:31

	Requester Short Address
	DBS Length
	Reserved
	Characteristics Type
	Number of the Descendant


[bookmark: _Ref335650379]Figure 9 - DBS Request information field encoding
The Requester Short Address field contains the short address of the coordinator requesting a DBS and shall be set to macShortAddress upon transmission.
The DBS Length field shall contain the number of aBaseSlotDuration being requested for a DBS.
The Characteristics Type field shall be set to one if the characteristics refer to a DBS allocation or zero if the characteristics refer to a DBS deallocation.
The Number of the Descendant field indicates the actual or expected number of descendant PAN coordinators. It may be set to zero if the PAN coordinator is not clear about how many descendants it will have.
[bookmark: _Ref335651773][bookmark: _Toc342490937]DBS response command frame
The DBS response command is used in a TMCTP PAN to report the results of a DBS allocation request.  The DBS response command shall be formatted as shown in Figure 32. 
	Octets: 11-25
	1
	8

	MHR Fields
	Command Frame Identifier
	DBS Response Information


[bookmark: _Ref335650837]Figure 10 - TTMCTP DBS response command format
MHR Fields
The Destination Addressing Mode field and Source Addressing Mode field shall be set to indicate the short addressing.
The Frame Pending field, the AR field shall, and the Frame Version field shall set to zero, one, and (TBD) respectively.
The Destination PAN Identifier field shall contain the source PAN identifier from the DBS request frame, and the Destination Address field shall contain the source address from the DBS request frame. The Source PAN Identifier field shall contain the value of macPANId, and the Source Address field shall contain the value of macShortAddress.
DBS Response Information field
	Octets:2
	1
	1
	1
	1
	1
	1

	Requester Short Address
	Allocated DBS Starting Slot
	Allocated DBS Length
	Allocated PHY Channel ID
	Allocated PHY Channel Page
	Starting PHY Channel ID
	Ending PHY Channel ID



The Requester Short Address field contains the short address of the coordinator requesting a DBS and shall be set to macShortAddress upon transmission.
The Allocated DBS Starting Slot field shall contain the first slot of the allocated DBS in the BOP. The unit is the aBaseSlotDuration, as described in Table 51.
The Allocated DBS Length field shall contain the length of the allocated DBS.
The Allocated PHY Channel Number field shall contain the channel number that the coordinator intends to use for all future communications.
The Allocated PHY Channel Page field, if present, shall contain the channel page that the coordinator intends to use for all future communications. This field may be omitted if the new channel page is the same as the previous channel page. 
The Starting PHY Channel Number field shall contain the lowest channel number, which is assigned by the upperPAN coordinator, including the SPC.
The Ending PHY Channel Number field shall contain the highest channel number, which is assigned by the upperPAN coordinator, including the SPC.
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These primitives are used in a TMCTP enabled PAN to allocate the DBS between the TMCTP-parent PAN coordinator and the TMCTP-child PAN coordinator.
MLME-DBS.request
The MLME-DBS.request primitive is used when a TMCTP-child PAN coordinator requests the allocation of a DBS and a channel to a TMCTP-parent PAN coordinator including a super PAN coordinator.
The semantics of this primitive are:
MLME-DBS.request  	  	(
RequesterCoordAddr,
RequestType,
DBSLength,
NumberOfDescendents,
SecurityLevel,
KeyIdMode,
KeySource,
KeyIndex
)

The primitive parameters are defined in Table 1.
On receipt of the MLME-DBS.request primitive, the MLME generates a DBS request command, with the DBS characteristics field set to 1 (request allocation).  
The SecurityLevel parameter specifies the level of security to be applied to the DBS request command frame. Typically, the DBS request command should not be implemented using security. However, if the TMCTP-child PAN coordinator requesting DBS allocation shares a key with the TMCTP-parent PAN coordinator, then security may be specified.


[bookmark: _Ref335654882]Table 1 - MLME-DBS.request Parameters
	Name
	Type
	Valid range
	Description

	RequesterCoordAddr

	Device Short
address
	0x0000-0xffff
	The short device address of the (original) source requester PAN coordinator.

	RequestType
	Enumeration
	ALLOCATION, DEALLOCATION
	If the request is for allocation or deallocation of TMCTP DBS.  

	DBSLength
	Integer
	0x00-0xff
	Number of BOP slots being requested for the DBS.

	NumberOfDescendents
	Integer
	0x00-0xff
	The actual or expected number of descendant PAN coordinators. Set as zero if the PAN coordinator is not clear about how many descendants it will have.

	SecurityLevel
	Integer
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011

	KeyIdMode
	Integer
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011

	KeySource
	Set of octets
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011

	KeyIndex
	Integer
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011



MLME-DBS.indication
The MLME-DBS.indication primitive is generated to indicate the reception of a DBS request command. 
The semantics of this primitive are:
MLME-DBS.indication  	(
CoordAddress,
RequesterCoordAddr,
RequestType,DBSLength,
NumberOfDescendents,
SecurityLevel,
KeyIdMode,
KeySource,
KeyIndex
)
The primitive parameters are defined in Table 2.
[bookmark: _Ref342548758]Table 2 - MLME-DBS.indication Parameters
	Name
	Type
	Valid range
	Description

	CoordAddress
	Device Short
address
	0x0000-0xffff
	The short address of the Coordinator that sent TMCTP DBS Request

	RequesterCoordAddr

	Device Short
address
	0x0000-0xffff
	The short device address of the (original) source requester PAN coordinator.

	RequestType
	Enumeration
	ALLOCATION, DEALLOCATION
	Indicates if the received request is for an allocation or deallocation of TMCTP DBS.  

	DBSLength 
	Integer
	0x00-0xff
	The value of the DBSLength field of the received  TMCTP DBS Request

	NumberOfDescendents
	Integer
	0x00-0xff
	The desired number of descendant PAN coordinators. Set as zero if the PAN coordinator is not clear about how many descendants it will have.

	SecurityLevel
	Integer
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011

	KeyIdMode
	Integer
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011

	KeySource
	Set of octets
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011

	KeyIndex
	Integer
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011



When the next higher layer of a TMCTP-parent PAN coordinator receives the MLME-DBS.indication primitive, the TMCTP-parent PAN coordinator determines whether to accept or reject the DBS allocation request using an algorithm outside the scope of this standard.

MLME-DBS.response
The MLME-DBS.response primitive is used to initiate a response to an MLME-DBS.indication primitive.
The semantics of this primitive are:
MLME-DBS.response  	 	(
CoordAddress,
RequesterCoordAddr,
DBSStartingSlot,
DBSLength,	
ChannelNumber,
ChannelPage,
StartingChNum,
EndingChNum,
SecurityLevel,
KeyIdMode,
KeySource,
KeyIndex
)
The primitive parameters are defined in Table 3.
[bookmark: _Ref342548777]Table 3: MLME-DBS.response Parameters
	Name
	Type
	Valid range
	Description

	CoordAddress
	Device Short
address
	0x0000–0xffff
	The short address of the Coordinator that sent TMCTP DBS Request 

	RequesterCoordAddr
	Device Short
address
	0x0000–0xffff
	The short device address of the (original) source requester PAN coordinator.

	DBSStartingSlot
	Integer
	0x0000‐0xffff 
	The first slot of the allocated DBS in the BOP

	DBSLength 
	Integer
	0x00‐0xff
	The size, in BOP slots, of the allocated DBS. 

	ChannelNumber
	PHY Channel ID
	See 8.1.2 of IEEE Std 802.15.4™‐2011
	The channel number that the coordinator intends to use for all future communications 

	ChannelPage
	Integer
	See 8.1.2 of IEEE Std 802.15.4™‐2011
	The channel page that the coordinator intends to use for all future communications.

	StartingChNum
	PHY Channel ID
	See 8.1.2 of IEEE Std 802.15.4™‐2011
	The lowest channel number, which is assigned by the TMCTP-parent PAN coordinator

	EndingChNum
	PHY Channel ID
	See 8.1.2 of IEEE Std 802.15.4™‐2011
	The highest channel number, which is assigned by the TMCTP-parent PAN coordinator

	SecurityLevel
	Integer
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011

	KeyIdMode
	Integer
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011

	KeySource
	Set of octets
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011

	KeyIndex
	Integer
	As defined in Table 46 of IEEE Std 802.15.4™‐2011
	As defined in Table 46 of IEEE Std 802.15.4™‐2011



When the MLME of a TMCTP-parent PAN coordinator receives the MLME-DBS.response primitive, it generates a DBS response command, and attempts to send it to the TMCTP-child PAN coordinator requesting the allocation of a DBS and a channel.

MLME-DBS.confirm
The MLME-DBS.confirm primitive is used to inform the next higher layer of the initiating device whether its request for the allocation of a DBS and a channel was successful or unsuccessful.
The semantics of this primitive are:
MLME-DBS.confirm  	  	(
RequesterCoordAddr,
DBSStartingSlot,
DBSLength,
ChannelNumber,
ChannelPage,
StartingChNum,
EndingChNum,
status
)

The primitive parameters are defined in Table 4.
[bookmark: _Ref335657243]Table 4: MLME-DBS.confirm parameters
	Name
	Type
	Valid range
	Description

	RequesterCoordAddr
	Integer
	0x0000-0xffff
	The short device address of the (original) source requester PAN coordinator.

	DBSStartingSlot
	Integer
	0x0000‐0xffff 

	The first slot of the allocated DBS in the BOP

	ChannelNumber
	PHY Channel ID
	See 8.1.2 of IEEE Std 802.15.4™‐2011
	The channel number that the coordinator intends to use for all future communications

	ChannelPage
	Integer
	See 8.1.2 of IEEE Std 802.15.4™‐2011
	The channel page that the coordinator intends to use for all future communications.

	StartingfChNum
	PHY Channel ID
	See 8.1.2 of IEEE Std 802.15.4™‐2011
	The lowest channel number, which is assigned by the TMCTP-parent PAN coordinator

	EndingChNum
	PHY Channel ID
	See 8.1.2 of IEEE Std 802.15.4™‐2011
	The highest channel number, which is assigned by the TMCTP-parent PAN coordinator

	Status
	Enumeration
	SUCCESS, 
NO_ACK,
DENIED,
UNAVAILABLE_KEY,
UNSUPPORTED_SECURITY,
INVALID_PARAMETER
	The status of the attempt of the allocation of a DBS and a channel.



If the DBS allocation request was successful, then the status parameter will be set to SUCCESS. Otherwise, the status parameter will be set to indicate the type of failure.
TMCTP MAC                                                                                                                                                 1
image1.png
PANID 1

TVWS WPAN Channel 1,

2% 3% 4%

PANID2

PANID 4 TVWS WPAN Channel 2

TVWS WPAN Channel 4, 5%

@ : Super PAN Coordinator (FFD)

PANID 5 TVWS WPAN Channel 2

O : PAN Coordinators (FFD)

O  :Device (FFD or RFD)
TVWS WPAN Channel 5




image2.png
Contention Contention Beacon
access free only
period period period

time




image3.emf
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

beacon interval (BI)



0-4 5-7 8-11 12-15



0



extended superframe duration (ESD)

Beacon



Beacon



CAP CFP BOP



superframe duration (SD) extended duration (ED)


image4.emf
BO=2, SO=1, EO=0

ED

BO=3, SO=1, EO=0

ED

BO=3, SO=2, EO=1

 Superframe Duration (SD = CAP and/or CFP)

 Extended Duration (ED = BOP)

 Extended Superframe Duration (ESD = CAP and/or CFP+BOP)

BI

SD ED

ESD

BI

SD

ESD

BI



SD

ESD


image5.png
Super PAN
coordinator
next higher layer

Super PAN PAN Coordinator PAN Coordinator
coordinator MLME MLME next higher layer

Obtain list of VWS channel

: Beacon

; L Bexon) MLME-BEACON-
1 NOTIFY.indication

; | tomvindeaton )
: MLVE-DBS request

; .

B DBS request

Acknowledgement
[ Admowkdgement]

MLME-DES indication
| MLME-DBS indleation |

MLME-DBS.response.
pMMEDEsresponse )

Beacon
L seen)

Data request
| rareaest |

Acknowledgement
[ Admowedgement

DBS response.
[ Defresponse

c Acknowledgement
Paulit i
MLME-COMM-

MLME-DBS.confirm

STATUS.ndication (SUCCESS) |
[ [ATEbIndlcation BPECESS) |

Beacon
L |Beon)

Set to the channel allocated to tmctp-child Set to its own allocated channel
‘ PAN Coordinator at the DBS allocated atits own DBS
D to tmetp-child_PAN Coordinator
Beacon

e

Set to the channel of SPC after the DBS
allocated to tmetp-child PAN coordinator





image6.png
Relay PAN
coordinator
next higher layer

Relay PAN PAN Coordinator PAN Coordinator
coordinator MLME MLME next higher layer

Beacon

| MLME-BEACON-
NOTIFY.indication

| NOTHindication J

MLME-DBS.request
| (LMEDESTequest |

DBS request

f—

Acknowledgement
[ Admowkdgement]

MLME-DES indication
[MLME-DBS Indication |

Relay DBS request to SPC or genera
the BDS response frame

D MLME-DBS.response.

Beacon
L (Beaon)

Data request
| rareaest |

Acknowledgement
[ Admowedgement

DBS response.
[ DSSrespomse]

Acknowledgement
|Acnowedement |

MLME-COMM-
STATUS ndication (SUCCESS) [ MMEDBsconfirm |
|| STATUS indication (SUCCESS) |
£ Beacon

L |Beon)

Set to its own allocated channel
at its own DBS

Set to the channel of tmctp-child PAN
coordinator at the DBS allocated
to tmctp-child PAN coordinator

Beacon
e

Set to the channel of relay PAN coordinator
after the DBS allocated
to tmetp-child_PAN coordinator





image7.emf
Bcn CAP CFP channel 1

DBS

channel 2

DBS

channel 3

DBS

channel 4

Bcn CAP CFP channel 1

channel 2

Bcn CAP CFP channel 1

channel 3

Bcn CAP CFP channel 1

channel 4

DBS

channel 5

channel 4

Inactive channel 5

Super PAN Coordinator 1

BOP Inactive

PAN Coordinator 2

Active (Bcn, CAP, or CFP) Inactive

PAN Coordinator 3

Active (Bcn, CAP, or CFP) Inactive

PAN Coordinator 4



Active (Bcn, CAP, or CFP) Inactive BOP

PAN Coordinator 5

Active (Bcn, CAP, or CFP)



Inactive Active


