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New MAC Service Primitives

To be appended to Table 46
	Primitive
	Description
	Request
	Indication 
	Response
	Confirm

	SET-SLOTFRAME
	Add, delete, or modify a SLOTFRAME
	‎7.1.17-A.1
	
	
	‎7.1.17-A.2

	SET-LINK
	Add, delete, or modify a link
	‎7.1.17-B.1
	
	
	‎7.1.17-B.3

	TSCH-MODE
	Time Slot Channel Hopping mode ON or OFF
	‎7.1.17-C.1
	
	
	‎7.1.17-C.2

	LISTEN
	Start listening for an advertisement
	‎7.1.17-D.1
	‎7.1.17-D.3
	
	‎7.1.17-D.2

	ADVERTISE
	Start sending Advertisement
	‎7.1.17-E.1
	
	
	‎7.1.17-E.2

	KEEP-ALIVE
	 Send Keep-Alive if no traffic
	‎7.1.17-F.1
	
	
	‎7.1.17-F.2


7.1.17-A SET-SLOTFRAME

7.1.17-A.1 SET-SLOTFRAME.request

The SET-SLOTFRAME.request primitive is used to add, delete, or change a slotframe at the MAC layer.

7.1.17-A.1.1 Semantics

The semantics of the SET-SLOTFRAME.request primitive is as follows:

SET-SLOTFRAME.request
(


frameId,


operation,


size,


channelPage,


channelMap,


activeFlag



)

The following table specifies parameters for the SET-SLOTFRAME.request primitive.

Table 77-A  SET-SLOTFRAME.request Parameters

	Name
	Type
	Valid Range
	Description

	frameId
	Integer
	
	Unique identifier of the new frame

	operation
	Enumeration
	ADD
DELETE
MODIFY
	Operation to perform on the frame

	size
	Integer
	0-65535
	Number of slots in the new frame

	channelPage
	Integer
	0-32
	Channel page supported by PHY

	channelMap
	Bitmap
	
	Indicating which frequency channels in the channel page are to be used for channel hopping

	activeFlag
	Enumeration
	TRUE

FALSE
	Frame is active

Frame is not active


7.1.17-A.1.2 When Generated

An SET-SLOTFRAME.request is generated by the DNMA and issued to the MLME to create, delete or update a frame on the MAC layer.

7.1.17-A.1.3 Effect on Receipt

On receipt of an SET-SLOTFRAME.request, MLME shall verify the parameters passed with the primitive. If the requested operation is ADD, MLME shall attempt to add an entry into the macSlotFrameTable. If the operation is MODIFY, it shall attempt to update an existing slotframe record in the table. If operation is DELETE, all parameters except frameId and operation shall be ignored, and the slotframe record must be deleted from macSlotFrameTable. If there are links in the slotframe that’s being deleted, the links shall be deleted from MAC layer. If the device is in the middle of using a link in the slotframe that’s being updated or deleted, the update should be postponed until after the link operation completes. 

7.1.17-A.2 SET-SLOTFRAME.confirm

The SET-SLOTFRAME.confirm primitive reports the results of the SET-SLOTFRAME.request command.

7.1.17-A.2.1 Semantics

The semantics of the SET-SLOTFRAME.confirm primitive is as follows:

SET-SLOTFRAME.confirm
(


frameId,


operation,


status



)

The following table specifies parameters for the SET-SLOTFRAME.confirm primitive.

Table 77-B  SET-SLOTFRAME.confirm Parameters

	Name
	Type
	Valid Range
	Description

	frameId
	Integer
	
	Unique identifier of the frame that was requested to be added

	operation
	Enumeration
	ADD
DELETE
MODIFY
	Operation to perform on the frame

	status
	Enumeration
	SUCCESS
INVALID_PARAMETER
FRAME_NOT_FOUND
MAX_FRAMES_EXCEEDED
	Results of the SET-SLOTFRAME.request command


7.1.17-A.2.2 When Generated

The SET-SLOTFRAME.confirm primitive is generated by the MLME when the SET-SLOTFRAME.request is completed.
If any of the arguments fail a range check, the status shall be INVALID_PARAMETER. If a new slotframe is being added and the macSlotFrameTable is already full, the status shall be MAX_SLOTFRAMES_EXCEEDED. If an update or deletion is being requested and the corresponding slotframe cannot be found, the status shall be SLOTFRAME_NOT_FOUND. 

7.1.17-A.2.3 Effect on Receipt

On receipt of an SET-SLOTFRAME.confirm primitive, the DNMA application is notified of status of its corresponding SET-SLOTFRAME.request. 
7.1.17-B SET-LINK

7.1.17-B.1 SET-LINK.request 

SET-LINK.request primitive requests a new link to be added, or requests to delete an existing link at the MAC layer. operationType indicates whether the SET-LINK operation is to add or to delete a link.

7.1.17-B.2 Semantics

The semantics of the SET-LINK.request primitive is as follows:

SET-LINK.request to add a link
(


operationType (ADD_LINK or MODIFY_LINK),


linkHandle,


frameId,


timeslot,


chanOffset,


linkOptions,


linkType,


numberOfNodeAddr,


nodeAddrList



)

Or

SET-LINK.request to delete a link
(


operationType (DELETE_LINK),


linkHandle



)

The following table specifies parameters for the SET-LINK.request primitive with ADD_LINK or MODIFY_LINK operationType.

Table 77-C  SET-LINK.request Parameters

	Name
	Type
	Valid Range
	Description

	operationType
	Enumeration
	ADD_LINK,

MODIFY_LINK,

DELETE_LINK
	

	linkHandle
	Integer
	0x00–0xff
	Unique identifier for the link

	frameId
	Integer
	
	Frame ID of the link to be added

	timeslot
	Integer
	
	Timeslot of the link to be added

	chanOffset
	Integer
	
	Channel offset of the link

	linkOptions
	Bitmap
	
	b001 = Transmit
b010 = Receive
b100 = Shared

	linkType
	Enumeration
	NORMAL
ADVERTISING
	Type of link

	numberOfNodeAddr
	Integer
	
	Number of neighbor devices connected to the link

	nodeAddrList
	Integer
	
	Address list of neighbor devices connected to the link


7.1.17-B.2.1 When Generated

When operationType=ADD_LINK or MODIFY_LINK:

SET-LINK.request primitive is generated by the DNMA to add a link or to modify an existing link  in a slotframe.

When operationType=DELETE_LINK:

SET-LINK.request primitive is generated by the DNMA to delete an existing link at the MAC layer.

7.1.17-B.2.2 Effect on Receipt

When operationType=ADD_LINK or MODIFY_LINK:
On receipt of the SET-LINK.request, the MAC layer shall attempt to add the indicated link to its link table, and, if needed, the new neighbor to its neighbor table. The Connection table must also be updated to include the Connection to the indicated neighbor nodeAddr. Upon completion, the result of the operation must be reported through the corresponding SET-LINK.confirm primitive.

When operationType=DELETE_LINK:

On receipt of the SET-LINK request the device shall attempt to remove the link from macLinkTable. If the link is currently in use, the deletion shall be postponed until after the link operation completes. After deletion of the link, the MLME shall check if this was the last link to a neighbor device. If it was the last link, the MLME shall remove the neighbor record from the neighbor table.

7.1.17-B.3  SET-LINK.confirm 

The MLME-ADD-LINK.confirm primitive indicates the result of add or delete link operation.

7.1.17-B.3.1 Semantics

The semantics of the SET-LINK.confirm primitive is as follows:

SET-LINK.confirm
(


status,


linkHandle



)

The following table specifies parameters for the SET-LINK.confirm primitive.

Table 77-D  SET-LINK.confirm Parameters

	Name
	Type
	Valid Range
	Description

	status
	Enumeration
	SUCCESS
INVALID_PARAMETER
UNKNOWN_SLOTFRAME
MAX_LINKS_EXCEEDED
MAX_NEIGHBORS_EXCEEDED

SUCCESS
LINK_NOT_FOUND
	The result of the add link operation

The result of the delete link operation

	linkHandle
	Integer
	
	Unique identifier for the link


7.1.17-B.3.2 When Generated

The SET-LINK.confirm is generated as a result of the SET-LINK.request operation.

7.1.17-B.3.3 Effect on Receipt

The layer that issued the SET-LINK.request to MAC may process the result of the operation. The status of the primitive shall indicate SUCCESS if the operation completed successfully. Otherwise, the status indicates the cause of the failure.

7.1.17-C TSCH-MODE

7.1.17-C.1 TSCH-MODE.request

The TSCH-MODE.request puts the MAC into TSCH mode, or out of TSCH mode.

7.1.17-C.1.1 Semantics

The semantics of the TSCH-MODE.request primitive is as follows:

TSCH-MODE.request
(


modeSwtich



)

The following table specifies parameters for the TSCH-MODE.request primitive.

Table 77-E  TSCH-MODE.request Parameters

	Name
	Type
	Valid Range
	Description

	modeSwitch
	Enumeration
	ON, OFF
	Target mode. This mode indicates whether TSCH mode should be started or stoped.


7.1.17-C.1.2 When Generated

The TSCH-MODE.request may be generated by the higher layer after the device has received advertisements from the network and is synchronized.

7.1.17-C.1.3 Effect on Receipt

Upon receipt of the request, the MAC shall start operating its TSCH state machine using frames and links already contained in its database. To successfully complete this request the device must already be synchronized to a network.
7.1.17-C.2 TSCH-MODE.confirm

The TSCH-MODE.confirm primitive reports the result of the TSCH-MODE.request primitive.

7.1.17-C.2.1 Semantics

The semantics of the TSCH-MODE.confirm primitive is as follows:

TSCH-MODE.confirm
(


modeSwitch,

status



)

The following table specifies parameters for the TSCH-MODE.confirm primitive.

Table 77-F  TSCH-MODE.confirm Parameters

	Name
	Type
	Valid Range
	Description

	modeSwitch
	Enumeration
	ON, OFF
	Target mode. This mode indicates whether this confirmation is due to TSCH mode ON request or OFF request.

	status
	Enumeration
	SUCCESS
NO_SYNC
	


7.1.17-C.2.2 When Generated

The TSCH-MODE.confirm is generated by the MAC layer to indicate completion of corresponding request. If the corresponding request was to turn on the TSCH-MODE, but the MAC layer has not been synchronized to a network, the status shall be NO_SYNC. Otherwise, the status shall be SUCCESS.

If the corresponding request was to turn off the TSCH-MODE, the status shall be SUCCESS, and the MAC layer will stop the TSCH-MODE operation.

7.1.17-C.2.3 Effect on Receipt

The higher layer may use the indication to process the result of TSCH-MODE.request.

7.1.17-D LISTEN

7.1.17-D.1 LISTEN.request

7.1.17-D.1.1 Semantics

The semantics of the LISTEN.request primitive is as follows:

LISTEN.request
(


channelPage,


rfChannel,


time



)

The following table specifies parameters for the LISTEN.request primitive.

Table 77-G  LISTEN.request Parameters

	Name
	Type
	Valid Range
	Description

	channelPage
	Integer
	
	Channel page supported by PHY

	rfChannel
	Integer
	
	The first channel on which to listen

	time
	Integer
	
	The amount of time to stay on each channel


7.1.17-D.1.2 When Generated

The LISTEN.request shall be generated by the next higher layer to initiate search for a network.

7.1.17-D.1.3 Effect on Receipt

Upon receipt of the request the MAC layer shall activate the radio on the indicated channel and wait for an ADVERTISEMENT packet. Valid ADVERTISEMENT packets received in this state shall result in synchronization to the network and generation of LISTEN.indication. All other packets shall be dropped. The MAC shall stay in the listening state until the indicated time expires, TSCH-MODE.request is received.
7.1.17-D.2 LISTEN.confirm

7.1.17-D.2.1 Semantics

The semantics of the LISTEN.confirm primitive is as follows:

LISTEN.confirm
(

status




)

The following table specifies parameters for the LISTEN.confirm primitive.

Table 77-H  LISTEN.confirm Parameters

	Name
	Type
	Valid Range
	Description

	status
	Enumeration
	SUCCESS
	


7.1.17-D.2.2 When Generated

The MAC layer shall generate LISTEN.confirm when it completes the listen operation started by LISTEN.request

7.1.17-D.2.3 Effect on Receipt

On receipt of the primitive, the higher layer may continue with its joining state machine.
7.1.17-D.3 LISTEN.indication

The LISTEN.indication indicates that a device received a packet while waiting for an ADVERTISEMENT packet.

7.1.17-D.3.1 Semantics

The semantics of the LISTEN.indication primitive is as follows:

LISTEN.indication
(


channelMap,


securityLevel,


joinPriority,


linkQuality,


links[]



)

The following table specifies parameters for the LISTEN.indication primitive.

Table 77-I  LISTEN.indication Parameters

	Name
	Type
	Valid Range
	Description

	channelMap
	Bitmap
	
	Map of channels 

	securityLevel
	Enumeration
	
	Security level in advertisement packet.

See Table 95 in IEEE802.15.4-2006

	joinPriority
	Integer
	
	Join priority indicated in advertisement

	linkQuality
	Integer
	
	Link quality indicated on the packet by the PHY layer

	links
	
	
	See ‎Table 10


Table 77-J LISTEN.indication Link Parameters

	Name
	Type
	Valid Range
	Description

	slotframeSize
	Integer
	
	Slotframe size

	timeslot
	Integer
	
	Timeslot

	chanOffset
	Integer
	0-15
	Channel offset

	linkType
	Enumeration
	ASS_REQ_LINK

ASS_RSP_LINK
	Type of link


7.1.17-D.3.2 When Generated

The LISTEN.indication shall be generated when an ADVERTISEMENT packet has been received by the device. Upon receiving a valid ADVERTISEMENT packet, the device that’s trying to join a network shall synchronize to the network using the absolute slot number in the packet, and generate indication to the higher layer.

7.1.17-D.3.3 Effect on Receipt

The higher layer may process the indication to collect the list of and information about neighbors that are available for joining.
7.1.17-E ADVERTISE
7.1.17-E.1 ADVERTISE.request

7.1.17-E.1.1 Semantics

The semantics of the ADVERTISE.request primitive is as follows:

ADVERTISE.request
(

linkHandle,


channelMap,

securityLevel,


joinPriority,


numJoinLink,


links[]


)

The following table specifies parameters for the ADVERTISE.request primitive.

Table 77-K  ADVERTISE.request Parameters

	Name
	Type
	Valid Range
	Description

	linkHandle
	Integer
	
	Unique identifier for the link to be used to send out Advertisement Packet.

	channelMap
	Bitmap
	
	Map of channels 

	securityLevel
	Enumeration
	
	Security level in advertisement packet.

See Table 95 in IEEE802.15.4-2006

	joinPriority
	Integer
	
	Join priority to be indicated in Advertisement Packet

	numJoinLink
	Integer
	
	Number of Join Links to be indicated in Advertisement Packet.

	Links
	
	
	See ‎Table 12


Table 77-L ADAVERTISE.request Link Parameters

	Name
	Type
	Valid Range
	Description

	slotframeSize
	Integer
	
	Slotframe size

	timeslot
	Integer
	
	Timeslot

	chanOffset
	Integer
	0-15
	Channel offset

	linkType
	Enumeration
	ASS_REQ_LINK

ASS_RSP_LINK
	Type of link


7.1.17-E.1.2 When Generated

The ADVERTISE.request shall be generated by the next higher layer for MAC to start sending Advetisement packet so that new nodes can find the network.

7.1.17-E.1.3 Effect on Receipt

Upon receipt of the request the MAC layer shall send Advertisement packet on the link specified by linkHandle. The remaining parameters specify the information to be included in ADVERTISEMENT packet. 
7.1.17-E.2 ADVERTISE.confirm

7.1.17-E.2.1 Semantics

The semantics of the ADVERTISE.confirm primitive is as follows:

ADVERTISE.confirm
(

status




)

The following table specifies parameters for the ADVERTISE.confirm primitive.

Table 77-M  ADVERTISE.confirm Parameters

	Name
	Type
	Valid Range
	Description

	Status
	Enumeration
	SUCCESS
	


7.1.17-E.2.2 When Generated

The MAC layer shall generate ADVERTISE.confirm when it successfully starts sending the Advertisement Packet.
7.1.17-E.2.3 Effect on Receipt

On receipt of the primitive, the higher layer may expect that it will receive Join request on any of links provided in Advertisement Packet.
7.1.17-F KEEP-ALIVE
7.1.17-F.1 KEEP-ALIVE.request

7.1.17-F.1.1 Semantics

The semantics of the KEEP-ALIVE.request primitive is as follows:

KEEP-ALIVE.request
(


dstAddr,

linkHandle,

period


)

The following table specifies parameters for the KEEP-ALIVE.request primitive.

Table 77-N  KEEP-ALIVE.request Parameters

	Name
	Type
	Valid Range
	Description

	dstAddr
	
	
	Destination address that MAC should monitor the traffic

	linkHandle
	Integer
	
	Unique identifier for the link to be used to send out KEEP-ALIVE command frame.

	period
	Integer
	
	Duration that Keep-Alive command frame should be sent if no traffic is present.


7.1.17-F.1.2 When Generated

7.1.17-F.1.3 Effect on Receipt

Upon receipt of the request the MAC layer shall send KEEP-ALIVE command frame on the link specified by linkHandle if there is no traffic during the time duration define by period.
7.1.17-F.2 KEEP-ALIVE.confirm

7.1.17-F.2.1 Semantics

The semantics of the KEEP-ALIVE.confirm primitive is as follows:

KEEP-ALIVE.confirm
(

status




)

The following table specifies parameters for the KEEP-ALIVE.confirm primitive.

Table 77-O  KEEP-ALIVE.confirm Parameters

	Name
	Type
	Valid Range
	Description

	Status
	Enumeration
	SUCCESS
	


7.1.17-F.2.2 When Generated

The MAC layer shall generate KEEP-ALIVE to acknowledge that it received KEEP-ALICE request.
7.1.17-F.2.3 Effect on Receipt

Modified MAC Service Primitives

	Primitive
	Description
	Request
	Confirm
	Response
	Indication

	MCPS-DATA 
	MCPS-DATA transports a data SPDU between peer SSCS entities.
	X
	X
	
	X


MCPS-DATA Service Primitive
· MCPS-DATA.request

· Section 7.1.1.1.1

· Add extended parameters:

· numberOfAdditionalDstAddr

· additionalDstAddr,

· numberOfLinkHandles,

· linkHandleList

· Add extended parameters to table 41:
	Name
	Type
	Valid range
	Description

	numberOfAdditionalDstAddr
	integer
	 0x0000–0xffff

(memory limited)
	If number of Additional DstAddr is zero, no additionalDstAddr will follow.

	additionalDstAddr
	Integer
	 0x0000–0xffff
	the data SPDU should be transferred to the destination specified by either DstAddr or any of DstAddr in additionalDstAddr.

	numberOfLinkHandles
	Integer
	 0x000

(memory limited)
	If number of Link Handles is zero, no Link Handle will follow.

	linkHandleList
	Integer
	 0x0000–0xffff
	Use the link handles list to transfer the data SPDU.


· MCPS-DATA.confirm

· Section 7.1.1.2.1

· Add extended parameters:

· dstAddr

· linkHandle

· Section 7.1.1.2.2

· Add to Table 42:
	Name
	Type
	Valid range
	Description

	dstAddr
	Integer
	 0x0000–0xffff
	Destination Address that the data SPDU was transferred.

	linkHandle
	Integer
	 0x0000–0xffff
	Handle of Link that the data SPDU was transferred.


New MAC Command Frame
This table entry should be appended to Table 82.

	Command frame identifier
	Command name
	RFD
	Subclause

	
	
	TX
	RX
	

	0x0a
	    Advertisement
	
	X
	‎7.3.10

	0x0b
	    Keep-Alive
	X
	X
	‎7.3.11


7.3.10 Advertisement Command

The Advertisement command is used by FFDs to invite new devices into the network. When a device wishes to join a network, it shall use the information in Advertisement command frames to synchronize to the network and request an association.
	Octets: Variable
	1
	1
	1
	2
	6
	1
	2
	1
	7
	Variable
	7
	6

	MHR
	Command

frame

Identifier

(see table above)
	Security Control Field
	Join Control
	PAN ID
	Absolute slot number
	Channel 

Page
	Channel 

Map
	Number of links
	Link 1
	…
	Link N
	MFR


Figure 64-A Advertisement Command Format

7.3.10.1 MHR Field

7.3.10.2 Command Frame Identifier Field

The type field shall be set to Advertisement (0x0a).

7.3.10.3 Security Control Field

See Figure 75.
7.3.10.4 Join Control Field

	 Bit 4–7
	0–3

	Reserved
	Join priority


Figure 64-B Join Control Field

Join Priority Field

The join priority field can be used by a joining device to decide which Network Devices to include in its Association request should it hear advertisements from more devices. 

A lower value of join priority indicates that the device is a preferred one to connect to.

7.3.10.5 PAN ID Field 

The PAN ID field shall be set to the value of macPANId attribute, indicating the PAN ID currently in use.

7.3.10.6 Absolute Slot Number Field

The absolute slot number field shall be set to the timeslot that is being used for transmission of this packet.

7.3.10.7 Channel Page Field

7.3.10.8 Channel Map Field

The channel map field shall be set to the channel map that the joining device shall use for its hopping sequence.

7.3.10.9 Number of Links Field

The number of links field shall be set to the total number of links being advertised in this command frame.

7.3.10.10 Link Field

	Octets: 2
	1
	2

	Timeslot
	Channel offset
	Frame size


Figure 64-C Link Field

Timeslot Field

The timeslot field shall be set to the timeslot of this link.

Channel Offset Field

The channel offset field contains the channel offset of this link (the chanOffset attribute from the link table). Link Options subfield indicates whether this link is a ASS_REQ link or an ASS_RSP link. ASS_REQ links are used for a joining device to send its Association Request command request into the network. ASS_RSP links are used for a joining device to receive its Association Response command from the network. It is possible for one link to be used as both an ASS_REQ and ASS_RSP link.

	Bit Position
	Description

	0-3
	Channel offset

	4-5
	Link options:

01 = ASS_REQ
10 = ASS_RSP

	6-7
	Reserved


Figure 64-D Channel Offset

Frame Size Field

The frame size field shall be set to the size of frame this link is part of.

7.3.11 Keep-Alive Command

The KEEP-ALIVE command frame can be used to maintain time synchronization with a neighbor. If a device has not received other traffic recently, it may send a KEEP-ALIVE command frame to its clock source in order to receive time synchronization information in the ACK to the KEEP-ALIVE command frame.

	Octets: Variable
	1
	Variable

	MHR
	Command

frame

Identifier

(see table above)
	Payload


Figure 64-E Keep-Alive Command Format

7.3.11.3 MHR Field
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