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1. Overview
2. Normative references

3. Definitions

3.1 Definitions
cyclic-superframe: A periodic time interval comprised of multiple primary and secondary superframes.

3.2 Acronyms and abbreviations
DCS
duration of cyclic-superframe
DP
discovery period
NPS
number of primary superframe
 NSS
number of secondary superframe
PP
 peering period
SP
synchronization period
4. General description

4.1 General

4.2 Components of IEEE 802.15.8 PAC

4.3 Network Topologies

4.4 Architecture

4.5 Functional Overview
4.5.1 Superframe structure

The superframe structure is defined as illustrated in Figure 3. The superframe is divided into 5 periods in the following order: synchronization period (SP), discovery period (DP), peering period (PP), contention access period (CAP), and contention free period (CFP).

The duration of the superframe is fixed to [TBD]. The duration of each period is fixed and the value is [TBD].
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Figure 3—The superframe structure 
4.5.1.1 Cyclic-Superframe
A cyclic-superframe structure is used to reduce power consumption and to avoid interference among PAC groups, as defined in 5.1.1.2. 
The peer devices of PAC groups locating within communication range are synchronized with a superframe structure. A peer device watches for discovery period, peering period, CAP, and CFP of every superframe to receive a frame from peers. To allow peer devices of a PAC group to sleep and to wake up synchronously at specific period of a superframe, a cyclic-superframe structure supports for a PAC group capable to adjust accessible period of a superframe and interval of waking up. A PAC group may select the quality of communication by configuring a cyclic-superframe structure.
A PAC group contends with neighbor PAC groups to transmit a frame in a period of a superframe. To avoid interference among PAC groups, a cyclic-superframe structure supports for a PAC group capable to exhibit a pattern of accessing period of multiple superframes to neighbors.
4.5.2 Communication types

5. MAC protocol

5.1 MAC functional description

5.1.1 Channel access
5.1.1.1 Superframe
5.1.1.2 Cyclic-Superframe

A cyclic-superframe is a periodic time interval comprised of multiple superframes. 
Each period of a superframe of a cyclic-superframe except the synchronization period can be configured whether a PAC group can access or not. Figure 4 a) illustrates twelve combinations of accessible periods of a superframe in a cyclic-superframe. The four bits of the accessible period indicator are set to one for describing the accessible state of DP, PP, CAP, and CFP of a superframe, respectively, as defined in Figure 20. 
A superframe of a cyclic-superframe shall have primary type of accessible periods or secondary type of accessible periods. The first appeared superframe in a cyclic-superframe has primary type of accessible periods and is named primary superframe. After placing all the primary superframes from the start of a cyclic-superframe, secondary superframes, which have secondary type of accessible periods, are placed contiguously, as shown in Figure 4 b). Primary or secondary superframe can take any combination of accessible periods of a superframe.

The cyclic superframe structure shall be described by the duration of cyclic-superframe (DCS), the number of primary superframe (NPS), the number of secondary superframe (NSS), the type of accessible periods of primary superframe, and the type of accessible periods of secondary superframe. The maximum duration of a cyclic-superframe is 255 superframes. 
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Figure 4—The cyclic-superframe structure for PAC
The cyclic-superframe structure of a PAC group is selected according to the service type of a PAC group and the phase of peer aware communication, such as synchronization, discovery, peering, and data transmission phase.
The cyclic-superframe structure is specified by the initiator of discovery phase or peering phase, or data transmission phase. A PD shall be instructed to set the cyclic-superframe structure through MLME-GROUP-START.request primitive, MLME-DISCOVERY.request primitive, MLME-PEERING.request primitive, and MCPS-DATA.request primitive with CyclicSuperframeStructure parameter, which consists of the duration of cyclic-superframe, the number of primary superframe, the type of primary superframe, and the type of secondary superframe. The cyclic-superframe shall be repeated between one-to-one peers or one-to-many peers, or many-to-many peers of a PAC group until the cyclic-superframe structure is changed. 
The initiator of a communication phase shall configure the cyclic-superframe structure and select the time to start a new cyclic-superframe structure that minimizes the interference caused by this new cyclic-superframe to neighbor PAC groups. The initiator of a communication phase shall advertise the specification of a cyclic-superframe structure with Cyclic-superframe descriptor IE, as defined in 5.2.4.3.1. Cyclic-superframe descriptor IE is four bytes long header IE and consists of the duration of cyclic-superframe, the number of primary superframe, the type of primary superframe, the type of secondary superframe, and the serial number of the superframe sending Cyclic-superframe descriptor IE in a cyclic-superframe. The next start of a cyclic-superframe is calculated from the duration of cyclic-superframe and the serial number of the superframe sending Cyclic-superframe descriptor IE.

The Cyclic-superframe descriptor IE can be contained in a discovery request command frame or peering request command frame, or data frame. The neighbor PAC groups operating within communication range can collect advertised cyclic-superframe structure by scanning accessible periods of a cyclic-superframe and will store this information for selecting 
the time to start a new cyclic-superframe structure in the future.
The cyclic-superframe structure shall be set by the higher layer, as described in Annex F. The higher layer designs a cyclic-superframe in the consideration of following questions: 

· how long discovery phase will be last
· how long peering phase will be last
· on which period and how many data frames will be transmitted in a certain interval

· how to minimize the duration of waking up
· how to avoid interference with other PAC groups

Several examples of a cyclic-superframe structure are shown in Figure 5. 

In synchronization phase, for transceiver to be accessible only SP of all the superframes, the type of primary superframe and the type of secondary superframe are set to default value, b4’0000, as shown in Figure 5 a). The synchronization phase is ended when the cyclic-superframe structure is changed for supporting the discovery phase. In discovery phase, to let DP and PP be accessible for every four superframes, the values of DCS, NPS, the type of primary superframe, and the type of secondary superframe are set to 4, 3, b4’0000, and b4’1110 respectively, as shown in Figure 5 b). 

In data transmission phase, according to the required data rate and QoS for the service of a PAC group, the cyclic-superframe structure can support QoS guaranteed energy efficient data transmission by configuring transmission interval and by selecting accessible periods. As an example, for medium rate best effort data transmission, the higher layer may choose a CAP for transmitting a data frame, select six superframes for the duration of cyclic-superframe, select five superframes for the number of primary superframe, set SP and DP accessible for the primary superframe, and set CAP accessible for the secondary superframe, as shown in Figure 5 c). With this configuration, peer devices of a PAC group try to transmit a data frame over CAP every six superframes. 
For burst reliable data transmission, three consecutive data frames transmission over CFP before sleeping for the duration of six superframes is carried by configuring the cyclic-superframe structure with DCS set to 9, NPS set to 3, the type of primary superframe set to b4’1101, and the type of secondary superframe set to b4’0000, as shown in Figure 5 d).

The configuration of DCS and NPS for a cyclic-superframe depends on frequency of message transmission or data rate. If a discovery request message needs to be transmitted every X ms, DCS will be set as nearest integer of X divided by aSuperframeDuration and NPS will be set as 1, and the PP and CAP of primary superframe are set to accessible. If one-to-one peer needs a best effort Y bps data rate link with a data frame arrived every Z ms and the average transmission rate in a CAP of a superframe is AvgRateCAP, DCS will be set as nearest integer of Z divided by aSuperframeDuration and NPS will be set as nearest integer of Y divided by AvgRateCAP, and the CAP of primary superframe is set to accessible.
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Figure 5—Example cyclic-superframe structures




5.1.2 Starting and maintaining PACs

5.2 MAC frame formats
5.2.1 Device addresses

5.2.2 General MAC frame format

5.2.3 Format of individual frame types

5.2.4 Information Elements (IEs)

5.2.4.1 General IE format

5.2.4.2 IE list termination
5.2.4.3 Header IEs

The Header IEs are defined in Table 7, Table 8 and Table 9, one table for each of the IE classes.  These tables are ordered by IE ID number with a description for each and reference to the sub-clause that defines the IE and its usage. 

Table 7—Class 0 Header IEs

	Class 0 
Header IE ID
	IE Description
	Acronym
	Sub-clause

	0
	Header IE list terminator.
	-
	5.2.4.2

	1
	Cyclic-superframe descriptor IE
	-
	 5.2.4.3.1

	2 to 15 
	Reserved
	-
	-


Table 8—Class 1 Header IEs

	Class 1 
Header IE ID
	IE Description
	Acronym
	Sub-clause

	0
	Link-ID Assignment IE
	-
	13.2.3.3

	0 to 511
	Reserved
	-
	-


Table 9—Class 3 Header IEs
	Class 3 
Header IE ID
	IE Description
	Acronym
	Sub-clause

	0 to 15
	Reserved
	-
	-


5.2.4.3.1 Cyclic-superframe descriptor IE

The Cyclic-superframe descriptor IE Content field shall be formatted as illustrated in Figure 19.

	Octets: 1
	1
	1
	Bits: 0-3
	4-7

	Serial Number
	Cyclic-superframe Duration
	Primary superframe Number
	Primary superframe Type
	Secondary superframe Type


Figure 19—The Cyclic-superframe descriptor IE Content field format

The Serial Number field contains the serial number of the superframe sending Cyclic-superframe descriptor IE counting from the start of a cyclic-superframe.

The Cyclic-superframe Duration field contains the number of superframes in a cyclic-superframe.

The Primary superframe Number field contains the number of primary superframe in a cyclic-superframe.

The Primary superframe Type field contains the type of accessible periods of primary superframe, which shall be set as indicated in Figure 20.

The Secondary superframe Type field contains the type of accessible periods of secondary superframe, which shall be set as indicated in Figure 20.

	Bit : 0
	1
	2
	3

	Discovery Period State
	Peering Period State
	CAP State
	CFP State


Figure 20—Accessible period indicator
The Discovery Period State field shall set to one when discovery period of a superframe is accessible. Otherwise it is set to zero.
The Peering Period State field shall set to one when peering period of a superframe is accessible. Otherwise it is set to zero.
The CAP State field shall set to one when contention access period of a superframe is accessible. Otherwise it is set to zero..

The CFP State field shall set to one when contention free period of a superframe is accessible. Otherwise it is set to zero..

5.3 Synchronization procedure

5.4 Discovery

5.5 Peering

5.6 Communication period

5.7 MAC commands

6. MAC services

6.1 MLME-SAP primitives

6.1.1 PIB access
6.1.2 Discovry primitives

These primitives are used for the discovery of neighboring PDs.
6.1.2.1 MLME-DISCOVERY.request

The primitive requests a PD to perform discovery. The properties of this primitive are:

MLME-DISCOVERY.request{

DiscoveryMode;
DiscoveryInfo;

ChannelPage;

ScanChannels;
CyclicSuperframeStructure;

}

The primitive parameters are defined in Table 34.

6.1.2.1.1.1.1.1.1 Table 34—MLME-DISCOVERY.request parameters

	Property
	Type
	Valid range
	Description

	DiscoveryMode
	Enumeration
	TX, RX
	Indicates transmission or reception of discovery information.

	 DiscoveryInfo
	Array of PAC IDs descriptors 
	As defined in Table 35 
	Indicates the discovery information.

	ChannelPage 
	Integer 
	Any valid channel page as defined in  Table 69
	The channel page on which to attempt discovery.

	ChannelNumber
	Integer
	Any valid channel number as defined in  Table 69
	The channel number on which to attempt discovery.

	ScanChannels
	Array of  integers
	Any valid channel number as defined in Table 69
	The channel numbers to be used for discovery.

	CyclicSuperframeStructure
	Cyclic-superframe structure descriptor
	As defined in Table 36
	Indicates the structure of cyclic-superframe


In RX mode, channelNumber is zero.

Discovery descriptors are defined in Table 35.

6.1.2.1.1.1.1.1.2 Table 35—PAC ID description

	Property
	Type
	Valid range
	Description

	Device_ID
	MAC address
	PD specific
	MAC address of the PD.

	MulticastGroup_ID
	Integer
	0 to 216−1
	Multicast Group address of PAC network 

	Application_ID
	char
	14 octets
	Application name, user name, login.


Cyclic-superframe structure descriptors are defined in Table 36. The default value of duration of cyclic-superframe, number of primary superframe, type of primary superframe, and type of secondary superframe are set to 1, 1, b4’0000, and b4’0000, respectively.
6.1.2.1.1.1.1.1.3 Table 36—Cyclic-superframe structure descriptor

	Property
	Type
	Valid range
	Description

	Duration of cyclic-superframe
	Integer
	1 octet
	Number of superframes in a cyclic-superframe.

	Number of primary superframe
	Integer
	1 octet
	Number of primary superframe in a cyclic-superframe

	Type of primary superframe.
	Integer
	As defined in Figure 20
(5.2.4.3.1)
	Type of accessible periods combination of primary superframe

	Type of secondary superframe
	Integer
	As defined in Figure 20
(5.2.4.3.1)
	Type of accessible periods combination of secondary superframe


When receiving the MLME-DISCOVERY.request primitive with the CyclicSuperfreamStructure parameter, the MAC sublayer sets the MIB with the value of the cyclic-superframe structure descriptor and selects the start time of a cyclic-superframe. After starting a cyclic-superframe, the MAC sublayer inserts the Cyclic-superframe descriptor IE to the MAC header of the Discovery request command frame. The MAC sublayer schedules to access a period of a superframe of a cyclic-superframe. 
6.1.2.2 MLME-DISCOVERY.confirm

This primitive requests association with given PD. The properties of this primitive are:

MLME-DISCOVERY.confirm{

DiscoveryMode;
DiscoveryInfo;

ChannelPage;

ScanChannels;
CyclicSuperframeStructure;

Status;

}

The primitive parameters are defined in Table 37.

Table 37—MLME-DISCOVERY.confirm parameters

	Property
	Type
	Valid range
	Description

	DiscoveryMode
	Enumeration
	TX, RX
	Indicates transmission or reception of discovery information.

	 DiscoveryInfo
	Array of PAC IDs descriptors
	As defined in Table 35
	Indicates discovery information.

	ChannelPage 
	Integer 
	Any valid channel page as defined in  Table 69
	The channel page on which discovery was attempted.

	ChannelNumber
	Integer
	Any valid channel number as defined in  Table 69
	The channel number on which discovery was attempted

	ScanChannels
	Array of  integers
	Any valid channel number as defined in Table 69
	The channel numbers used for discovery.

	CyclicSuperframeStructure
	Cyclic-superframe structure descriptor
	As defined in Table 36
	Indicates the structure of cyclic-superframe

	Status
	Enumeration
	SUCCESS, FAIL, DISCOVERY_IN_PROGRESS
	Status of the discovery request


When receiving the Discovery request command frame with the Cyclic-superframe descriptor IE, the MAC sublayer sets the MIB with the value of Cyclic-superframe Duration field, Primary superframe Number field, Primary superframe Type field, and Secondary superframe Type field. The MAC sublayer notifies the receiving the cyclic-superframe structure to the higher layer with MLME-DISCOVERY.confirm primitive. The MAC sublayer calculates the next start of a cyclic-superframe structure with the value of Serial Number field and of Cyclic-superframe Duration field, and starts to schedule to access a period of a superframe of a cyclic-superframe. 
6.1.3 Peering primitives

These primitives are used when a PD becomes associated with another PD.
6.1.3.1 MLME-PEERING.request

This primitive requests association with given PD. The properties of this primitive are:

MLME-PEERING.request{

ChannelNumber;

ChannelPage;
GroupMode

MulticastGroup_ID;

DestinationAddress; 
CyclicSuperframeStructure;

}

The primitive parameters are defined in Table 38.

Table 38—MLME-PEERING.request parameters

	Property
	Type
	Valid range
	Description

	 ChannelNumber
	Integer 
	Any valid channel number as defined in   Table 69
	 The channel number on which to attempt peering.

	ChannelPage 
	Integer 
	Any valid channel page as defined in   Table 69
	The channel page on which to attempt peering.

	GroupMode
	Integer
	As defined in  Table 25
	Group mode determines the type of peering procedure

	MulticastGroup
_ID
	Integer
	0 to 216 −1                    
	Group ID
 provided by the application layer.

	 DestinationAddress
	MAC address
	IEEE 48 bit addressing
	Address of the PD with which to peer for one-to-one peering.

	CyclicSuperframeStructure
	Cyclic-superframe structure descriptor
	As defined in Table 36
	Indicates the structure of cyclic-superframe


When receiving the MLME-PEERING.request primitive with the CyclicSuperfreamStructure parameter, the MAC sublayer sets the MIB with the value of the cyclic-superframe structure descriptor and selects the start time of a cyclic-superframe. After starting a cyclic-superframe, the MAC sublayer inserts the Cyclic-superframe descriptor IE to the MAC header of the Peering request command frame. The MAC sublayer schedules to access a period of a superframe of a cyclic-superframe. 

6.1.3.2 MLME-PEERING.confirm

6.1.3.3 MLME-PEERING.indication

The primitive is used to indicate the reception of a peering request command. The properties of this primitive are:

MLME-PEERING.indication{

SourceID;
GroupMode

MulticastGroupID

PHYcapability;
CyclicSuperfameStructure;

}

The primitive parameters are defined in Table 40.

Table 40—MLME-PEERING.indication parameters

	Property
	Type
	Valid range
	Description

	 SourceID
	MAC address
	PD specific
	Address of the PD requesting peering.

	GroupMode
	Integer
	As defined in  Table 25
	Group mode determines the type of peering procedure

	MulticastGroup_ID
	Integer
	0 to 216 −1                    
	Group ID of  the requested group.

	PHYcapability 
	Enumeration 
	LOW_MOBILITY, HIGH_MOBILITY, GFSK, UWB_BPM_BPSK, UWB_OOK
	Operational capability of the PD requesting peering.

	CyclicSuperframeStructure
	Cyclic-superframe structure descriptor
	As defined in Table 36
	Indicates the structure of cyclic-superframe


When receiving the Peering request command frame with the Cyclic-superframe descriptor IE, the MAC sublayer sets the MIB with the value of Cyclic-superframe Duration field, Primary superframe Number field, Primary superframe Type field, and Secondary superframe Type field. The MAC sublayer notifies the receiving the cyclic-superframe structure to the higher layer with MLME-PEERING.indication primitive. The MAC sublayer calculates the next start of a cyclic-superframe structure with the value of Serial Number field and of Cyclic-superframe Duration field, and starts to schedule to access a period of a superframe of a cyclic-superframe. 

6.1.3.4 MLME-PEERING.response

6.1.4 De-peering primitives

6.1.5 Frame error notification primitives

6.1.6 Reset MAC sublayer

6.1.7 Receiver enable

6.1.8 Channel scanning

6.1.9 Group configuration

These primitives are used to initiate a PAC Group or to begin using a new cyclic-superframe configuration. 
6.1.9.1 MLME-GROUP-START.request

This primitive is also used by a PD already peered with an existing PAC Group to begin using a new cyclic-superframe configuration. The properties of this primitive are:

MLME-GROUP-START.request{

GroupID;

InitiatorID;

ChannelNumber;

ChannelPage;

StartTime;

;
CyclicSuperframeStructure;

}

The primitive parameters are defined in Table 52.

6.1.9.1.1.1.1.1.1 Table 52—MLME-GROUP-START.request parameters

	Property
	Type
	Valid range
	Description

	Initiator_ID 
	MAC address 
	PD specific
	The address of the initiator PD  

	MulticastGroup_ID
	Integer
	0 to 216 −1                    
	Group ID of initiator PD.

	 ChannelNumber
	Integer 
	Any valid channel number a defined in Table 69
	The channel number to use.

	ChannelPage 
	Integer 
	Any valid channel page as defined in Table 69
	The channel page to use.

	StartTime
	Unsigned integer
	0 to (224 −1)
	The time at which to begin transmitting the synchronization period. If this parameter is equal to 0, the synchronization period will begin immediately. Otherwise, the specified time is relative to the received synchronization period of the current initiator PD. 

	CyclicSuperframeStructure 
	Cyclic-superframe structure descriptor
	As defined in Table 36 
	 Indicates the structure of cyclic-superframe



When receiving the MLME-GROUP-START.request primitive with the CyclicSuperfreamStructure parameter, the MAC sublayer sets the MIB with the value of the cyclic-superframe structure descriptor and sets the start time of a cyclic-superframe with the StartTime parameter. After starting a cyclic-superframe, the MAC sublayer inserts the Cyclic-superframe descriptor IE to the MAC header of the Data frame. The MAC sublayer schedules to access a period of a superframe of a cyclic-superframe. 
6.1.9.2 MLME-GROUP-START.confirm

6.1.9.3 MLME-GROUP-START.indication

The primitive is used to indicate the reception of a new cyclic-superframe configuration. The properties of this primitive are:

MLME-GROUP-START.indication{


PD_ID;


PHYcapability;

CyclicSuperframeStructure;

}

The primitive parameters are defined in Table 54.

Table 54—MLME-GROUP-START.indication parameters

	Property
	Type
	Valid range
	Description

	 PD_ID
	MAC address
	PD specific
	Address of the PD requesting GroupStart.

	PHYcapability 
	Enumeration 
	LOW_MOBILITY, HIGH_MOBILITY, GFSK, UWB_BPM_BPSK, UWB_OOK
	Operational capability of the PD requesting GroupStart.

	CyclicSuperframeStructure
	Cyclic-superframe structure descriptor
	As defined in Table 36
	Indicates the structure of cyclic-superframe


When receiving the Data frame with the Cyclic-superframe descriptor IE, the MAC sublayer sets the MIB with the value of Cyclic-superframe Duration field, Primary superframe Number field, Primary superframe Type field, and Secondary superframe Type field. The MAC sublayer notifies the receiving the cyclic-superframe structure to the higher layer with MLME-GROUP-START.indication primitive. The MAC sublayer calculates the next start of a cyclic-superframe structure with the value of Serial Number field and of Cyclic-superframe Duration field, and starts to schedule to access a period of a superframe of a cyclic-superframe. 

6.1.9.4 MLME-GROUP-START.response

6.1.10 Synchronization

These primitives are used to synchronize with other PDs and to communicate loss of synchronization to the next higher layer.
6.1.10.1 MLME-SYNCHRONIZATIOHN.request

The primitive requests to synchronize with other PDs by acquiring and tracking their synchronization signal. The properties of this primitive are:

MLME-SYNCHRONIZATION.request{

ChannelNumber;

ChannelPage;

TrackMode;

}

The primitive parameters are defined in Table 56.

Table 56—MLME-SYNCHRONIZATION.request parameters

	Property
	Type
	Valid range
	Description

	 ChannelNumber
	Integer 
	As defined in  Table 69
	 The channel number on which to attempt synchronization.

	ChannelPage 
	Integer 
	As defined in  Table 69
	The channel page on which to attempt synchronization.

	TrackMode
	Boolean
	TRUE, FALSE
	TRUE if the PD is to synchronize from the next synchronization period. FALSE if the PD is to synchronize with only the next synchronization period.

	
	
	
	


When the primitive is received by the MLME, it will set phyCurrentPage and phyCurrentChannel equal to the values of the ChannelPage and ChannelNumber, respectively. If the TrackMode parameter is equal to TRUE, the MLME will track the synchronization period, i.e., enable its receiver just before the expected time of synchronization period. If the TrackMode parameter is equal to FALSE, the MLME will locate the synchronization period, but not continue to track it.

If this primitive is received by the MLME while it is currently tracking the synchronization period, the MLME will not discard the primitive but will treat it as a new synchronization request.

6.1.10.2 MLME-SYNCHRONIZATION.confirm

6.1.10.3 MLME-SYNCHRONIZATION-LOSS.indication
6.1.11 Channel sounding

6.1.12 Dynamic preamble selection

6.1.13 Ranging calibration

6.2 MAC data service

The MCPS-SAP supports the transport of data information. Table 63 lists the primitives maintained by the MCPS-SAP.
Table 63—MCPS-SAP primitives

	Name
	Request
	Confirm
	Indication
	Response

	MCPS.Data
	− 
	 
	
	−


6.2.1 MCPS-DATA.request

The primitive requests the transfer of data to another PD. The properties of this primitive are:

MCPS-DATA.request {

phyModeSelection;

SourceAddress;

DestinationAddress;

MulticastGroupId;
EtherType;

MsduLength;
Msdu;

TransmitTimeOut;

DataType;

DataRate;

PurgeMode;

AckTX;

Ranging;

IeList;

RequestRriTx;
CyclicSuperframeStructure;

}

The primitive parameters are defined in Table 64.

6.2.1.1.1.1.1.1.1 Table 64—MCPS-DATA.request parameters

	Property
	Type
	Valid range
	Description

	SourceAddress
	MAC address
	PD specific
	The address of the PD from which the frame originated.

	phyModeSelection
	Enumeration
	LOW-MOBILITY, HIGH_MOBILITY, GFSK, UWB_BPM_BPSK, UWB_OOK
	PHY selection

	DestinationAddress 
	MAC address 
	PD specific
	Address of the PD for which the frame is intended.



	MulticastGroupId
	Integer
	0 to 216 −1                    
	Group ID.

	EtherType
	Unsigned
	0 to 216-1
	The EtherType value to use in the MAC data frame.

	MsduLength
	Integer
	TBD
	MDSU length in octets. 

	Msdu
	array of octets
	-
	The octets to send in the Data Payload field of the MAC data frame.

	TransmitTimeOut
	Integer
	TBD
	The maximum allowed delay in microseconds from when the data is presented to the SAP until the frame has finished transmission and the acknowledgment, if required, is received.

	DataType
	Enumeration
	AUDIO, VIDEO, DATA
	Indicates the type of data that is sent in the stream.

	DataRate
	Integer
	TBD
	Indicates the data rate

	PurgeMode
	Boolean
	TRUE, FALSE
	If TRUE, the MSDU in the transaction buffer corresponding to MSDUhandle, is discarded from the transaction buffer.

	AckTX


	Boolean
	FALSE, TRUE
	This parameter is present only when phyModeSelection is UWB.

TRUE if acknowledged transmission is used, 

FALSE otherwise.

	Ranging
	Boolean
	FALSE, TRUE
	This parameter is present only when phyModeSelection is UWB.

TRUE if ranging bit in PHR is to be set, 

FALSE otherwise.

	IeList
	Set if IEs as described in 

Table 16
	As described in Table 16
	This parameter is present only when phyModeSelection is UWB.

Determines/supplies the IEs to be sent, including: 

RRRT IE, RRTD IE, RPRT IE, RRTM IE, RCDT IE and RTOF IE

	RequestRrtiTx
	Boolean
	TRUE, FALSE
	This parameter is present only when phyModeSelection is UWB.

This parameter requests that the PD inserts an RRTI IE in the sent data frame.  If the MCPS-DATA.request is early enough the data frame shall be sent at the configured macRngRrtiTime otherwise shall be sent as soon as possible thereafter.

	CyclicSuperframeStructure
	Cyclic-superframe structure descriptor
	As defined in Table 36
	Indicates the structure of cyclic-superframe


When receiving the MCPS-DATA.request primitive with the CyclicSuperfreamStructure parameter, the MAC sublayer checks whether the cyclic-superframe structure descriptor is equal to the MIB or not. If not, the MAC sublayer sets the MIB with the value of the cyclic-superframe structure descriptor and selects the start time of a cyclic-superframe. After starting a cyclic-superframe, the MAC sublayer inserts the Cyclic-superframe descriptor IE to the MAC header of the Data frame. The MAC sublayer schedules to access a period of a superframe of a cyclic-superframe. If yes, the MAC sublayer inserts the Cyclic-superframe descriptor IE to the MAC header of the Data frame.
6.2.2 MCPS-DATA.confirm

6.2.3 MCPS-DATA.indication

The primitive indicates the reception of data from another PD. The properties of this primitive are:

MCPS-DATA.indication{

phyModeSelection;

SourceAddress;

DestinationAddress;

MulticastGroupId;
EtherType;

MsduLength;
Msdu;

CQI;

DataSequenceNumber;
DataRate; 

TxRangingCounter;

RxRangingCounter;

IeList;

AoaAzimuth;

AoaElevation;

AoaPresent;

Rssi;
CyclicSuperframeStructure;

}

The primitive parameters are defined in Table 66.

6.2.3.1.1.1.1.1.1 Table 66—MCPS-DATA.indication parameters

	Property
	Type
	Valid range
	Description

	SourceAddress
	MAC address
	PD specific
	The address of the PD from which the frame originated.

	DestinationAddress 
	MAC address 
	PD specific
	Address of the PD for which the frame is intended.



	MulticastGroupId
	Integer
	 
	Group ID.

	EtherType
	Unsigned
	0 to 216-1
	The EtherType value from the received data frame.

	MsduLength
	Integer
	TBD
	MDSU length in octets. 

	Msdu
	array of octets
	-
	The octets from the Data payload field of the received data frame.

	CQI
	Integer
	0 – 4
	CQI value measured during reception of the PSDU. TBD

	DataSequenceNumber
	Integer
	TBD
	Data number sequence of the received data frame.

	DataRate
	Integer
	TBD
	Indicates the data rate.

	RxRangingCounter
	Unsigned Integer
	0 to (232 −1)


	This parameter is present only when phyModeSelection is UWB.

The timestamp of the received data frame

	 TxRangingCounter
	Unsigned Integer
	to (232 −1)


	This parameter is present only when phyModeSelection is UWB.

If the received frame had the AR bit set, then this is the timestamp of the transmitted acknowledgement frame, otherwise this parameter is invalid.

	 IeList
	Set if IEs as described in 

Table 16
	As described in

tTable 16
	This parameter is present only when phyModeSelection is UWB.

Reports the IEs received including: 

RRRT IE, RRTD IE, RRTI IE, RPRT IE, RRTM IE, RCDT IE and RTOF IE

	 AoaAzimuth
	Float
	-π  to +π
	This parameter is present only when phyModeSelection is UWB.

AOA of the received signal in azimuth measured in radians, relative to some PD specific axis defined by its antenna arrangement or orientation. This parameter is valid only when the AoaPresent parameter is either AZIMUTH or BOTH.  

	 AoaElevation
	Float
	-π  to +π
	This parameter is present only when phyModeSelection is UWB.

AOA of the received signal in elevation measured in radians. This parameter is valid only when the AoaPresent parameter is either ELEVATION or BOTH.  

	AoaPresent
	Enumeration


	NONE,

BOTH,

AZIMUTH,

ELEVATION
	This parameter is present only when phyModeSelection is UWB.

Indicates validity of AoaAzimuth and AoaElevation parameter. Where AOA is not supported this parameter value shall be NONE.

	Rssi
	Integer

 
	0 to 255
	This parameter is present only when phyModeSelection is UWB.

The received signal strength for received frame. This is a measure of the RF power level at the antenna based on the gain setting in the RX chain and the measured signal level in the channel. For the UWB PHY the RSSI value is measured during the frame Preamble and locked when a valid SFD is detected. A value of zero indicates that RSSI measurement is not supported or was not measured for this frame.  

	CyclicSuperframeStructure
	Cyclic-superframe structure descriptor
	As defined in Table 36
	Indicates the structure of cyclic-superframe


When receiving the Data frame with the Cyclic-superframe descriptor IE, the MAC sublayer checks whether the cyclic-superframe structure descriptor is equal to the MIB or not. If yes, the MAC sublayer ignores the Cyclic-superframe descriptor IE. If not, the MAC sublayer sets the MIB with the value of Cyclic-superframe Duration field, Primary superframe Number field, Primary superframe Type field, and Secondary superframe Type field. The MAC sublayer notifies the receiving the cyclic-superframe structure to the higher layer with MCPS-DATA.indication primitive. The MAC sublayer calculates the next start of a cyclic-superframe structure with the value of Serial Number field and of Cyclic-superframe Duration field, and starts to schedule to access a period of a superframe of a cyclic-superframe. 

6.3 PAC information base (PIB)

The PIB comprises the fields required to manage the MAC sublayer and PHY layer of a PD, and presented in Table 67.

The fields associate to the PHY layer and MAC sublayer use the prefix phy and mac, respectively. Constants are READ_ONLY.
Table 67—PIB fields

	Field
	Type
	Range
	Default
	Description

	PD_ID
	IEEE EUI-48 
	READ_ONLY
	Implementation specific
	PD MAC address

	phyMaxPacketSize
	Integer
	READ_ONLY
	 TBD
	Maximum PSDU size in octets

	phyCurrentChannel
	Integer
	As defined in table Table 69
	Implementation specific
	The RF channel number used for Tx and Rx    

	phyCurrentPage
	Integer
	As defined in table Table 69
	Implementation specific
	The RF channel page used for Tx and Rx   

	phyTurnaroundTime
	Integer
	READ_ONLY
	TBD
	RX-to-TX or TX-to-RX turnaround time (in symbol periods), as defined in 

	phyTXPower
	Integer
	TBD
	Implementation specific
	The transmit power of the PD in dBm

	phyCCAMode
	Integer
	TBD
	Implementation specific
	The CCA mode as defined in 

	phySHRduration
	Integer
	TBD
	TBD
	The duration of the synchronization period in symbols

	phyDiscoveryDuration
	Integer
	TBD
	TBD
	The duration of the discovery period in symbols

	phyPeeringDuration
	Integer
	TBD
	TBD
	The duration of the peering period in symbols

	phySymbolsperOctect
	Float
	TBD
	Implementation specific
	Number of symbols per octet

	phyModeSelection
	Enumeration
	LOW_MOBILITY, HIGH_MOBILITY, GFSK, UWB_BPMBPSK, UWB_OOK.
	Implementation specific
	PHY selection

	phyUWBPreambleCode
	Unsigned Integer
	For UWB PHY: 
1 to 48 for the BPM-BPSK modulation mode; and, 1 to 33 for the OOK modulation mode.
	Implementation specific
	For the UWB PHY the value here shall select the preamble code to employ. The value selects the code as per the “Preamble Sequence ID” column of Table 114 for the BPM-BPSK modulation mode, and as per parameter i of Table 118 for the OOK modulation mode, (actually the phyPreambleCode value specified here is i+1).  

For other PHY the value here is ignored.

	phyUWBTxRmarkerOffset
	Unsigned Integer
	0 to (232 −1)


	Implementation specific
	The propagation time from the internal transmit timestamp to the transmit antenna. The units of this are defined in 10.4.1.  The PD adds this offset to its internal transmit timestamp to get the reported TxRangingCounter value.

	phyUWBRxRmarkerOffset
	Unsigned Integer
	0 to (232 −1)


	Implementation specific
	The propagation time from the receive antenna to the internal receiver timestamp. The units of this are defined in 10.4.1.  The PD subtracts this offset from its internal receive timestamp to get the reported RxRangingCounter value.

	macUWBRngAckRrtiSupport
	Boolean
	READ_ONLY
	TBD
	Read only value indicating whether the PD is able to generate an RRTI IE within the standard ACK response time 
and insert it into a ranging ACK frame.

	macUWBRngAckRrtiEnable
	Boolean
	TRUE, FALSE
	TBD
	When set the PD MAC shall automatically generate and insert an RRTI IE in a ranging ACK frame, where the RFRAME being acknowledged carried an RRRT IE and where macRngAckRrtiSupport indicates that the PD is capable of doing this.

	macUWBRngMinRrtiTime
	Unsigned Integer
	READ ONLY
	TBD
	This is a read only value reporting the minimum RX to TX response time that the PD supports for inserting an RRTI IE into a MAC data frame. The units of this are defined in 10.4.1.  A value of zero shall indicate that the PD cannot support RRTI insertion, i.e. so the upper layers know to employ an RRTD IE in the ranging exchanges.

	macUWBRngRrtiTime
	Unsigned Integer
	TBD
	TBD
	This sets the desired RX-to-TX response time for the PD to use when inserting an RRTI IE into a MAC data frame. The units of this are defined in 10.4.1.  The value set should take account of the macRngMinRrtiTime and any upper layer delays in initiating transmission, be reflected in the preferred response time indicated via RPRT IE exchanges.

	macGroupIdList
	Array of integers
	0 – 255 per element in the array
	Implementation specific
	List if Group IDs

	macPDIdList
	Array of MAC addresses 
	PD specific 
	Implementation specific 
	List of PD IDs per Group ID

	macAddress
	IEEE EUI-48
	READ_ONLY
	Implementation specific
	PD MAC address

	macPeeringPermit
	Boolean
	TRUE, FALSE
	FALSE
	Indication of whether a PD is currently allowing peering. A value of TRUE indicates that peering is permitted.

	macSyncOrder
	Integer
	TBD
	TBD
	Indicates the frequency with which the sync period is transmitted, as defined in TBD

	macDSN
	Integer
	0 ─ 255
	─
	The sequence number added to the transmitted Data frame or MAC command.

	macREpermit
	Boolean
	TRUE, FALSE
	TRUE
	TRUE if the PD accepts RE requests. FALSE otherwise.

	macMaxBE
	Integer
	TBD
	TBD
	The maximum value of the back-off exponent, BE, in the CSMA-CA algorithm,

as defined in TBD

	macMinBE
	Integer
	0 ─ macMaxBE
	TBD
	The minimum value of the back-off exponent, BE, in the CSMA-CA algorithm,

as defined in TBD

	macMaxBackoffs
	Integer
	TBD
	TBD
	The maximum number of backoffs the

CSMA-CA algorithm will attempt before declaring a channel access failure.

	macMaxFrameRetries
	Integer
	TBD
	TBD
	The maximum number of retries allowed after a transmission failure.

	macLIFSperiod
	Integer
	TBD
	Implementation dependent
	The minimum time forming a LIFS period.

	macSIFSperiod
	Integer
	TBD
	Implementation dependent
	The minimum time forming a SIFS period.

	macPromiscuousMode
	Boolean
	TRUE, FALSE
	FALSE
	A TRUE value indicates that the MAC sublayer accepts all frames received from the PHY. FALSE otherwise.

	macRangingSupport
	Boolean
	TRUE, FALSE
	FALSE
	This indicates whether the MAC sublayer supports ranging features.

	macResponseWaitTime
	Integer
	TBD
	TBD
	The maximum time, in multiples of

aBaseSuperframeDuration, a PD  shall wait for a response command to be available following a request command.

	macRxOnWhenIdle
	Boolean
	TRUE, FALSE
	FALSE
	Indication of whether the MAC sublayer enables its receiver during idle periods.

	macSecurityEnabled
	Boolean
	TRUE, FALSE
	FALSE
	A value of TRUE indicates that security is enabled in the MAC sublayer. FALSE otherwise.

	macSuperFrameOrder
	Integer
	TBD
	TBD
	The length of the active portion of the outgoing superframe as defined in TBD.

	macPriorityChannelAccess
	Boolean
	TRUE, FALSE
	FALSE
	A value of TRUE indicates that PCA is enabled. FALSE otherwise.

	macCyclicSuperframeStructure
	List of Cyclic-superframe Structure Descriptor
	Set as defined in Table 36
	Default Cyclic-superframe Structure Descriptor
	The list of the cyclic-superframe structure of PAC groups operating within communication range


(Normative)
QC-LDPC prototype matrices

(Normative)
Modulation mapping

Annex A 
(informative)
Annex B 
(informative)
B.1 The mathematics of two-way ranging

Annex C 
(informative)

C.1 Design procedure of a primitive (n,k,t) BCH code
Annex D 
(informative)

D.1 Use of a cyclic-superframe

The IEEE 802.15.8 capable device will contain the IEEE 802.15.8 PHY and MAC sublayer, the PAC adaptation layer, and application services. The PAC adaptation layer performs as a higher layer of the IEEE 802.15.8 MAC sublayer and provides the PAC management service to application services.
The PAC adaptation layer interprets an application service request, selects a cyclic-superframe structure, and calls an appropriate PAC primitive with CyclicSuperframeStrcture parameter. The PAC adaptation layer receives a discovery request and a peering request from other PAC capable device, and filters off a request or adapts request message to notify the application service. 
A sequential flow for supporting an application service in PAC adaptation layer is as follows:
· when an application is installed on a PAC capable device, PAC adaptation layer provides an interface for selecting the use of IEEE 802.15.8 as for communication and the discovery mode, and an interface for setting a peer or a peer group information
· PAC adaptation layer lets application service select a required communication quality by suggesting several typical profiles of peer aware communication or expects a communication situation with information gathered from the application service, such as required bandwidth, tolerable delay, and etc. 
· PAC adaptation layer selects the type of primary superframe and the type of secondary superframe, and calculates the duration of cyclic-superframe and the number of primary superframe, as described in 5.1.1.2 according to which communication phase is in
· when receiving CyclicSuperframeStrcture parameter from the PAC adaptation layer, IEEE 802.15.8 MAC sublayer selects the time to start discovery phase or peering phase, or data transmission phase considering the cyclic-superframe structure of neighbor PAC groups stored in the MIB
· PAC adaptation layer schedules the procedure for synchronization, discovery of peers, and peering to peers, and after completing procedures notifies the application service that communication is ready 
· PAC adaptation layer advertises the cyclic-superframe structure of a PAC group periodically by inserting CyclicSuperframeStrcture parameter to MCPS-DATA.request primitive
· IEEE 802.15.8 MAC sublayer scans access periods of superframes of a cyclic-superframe and collects the cyclic-superframe structure of PAC groups operating within communication range
�Rename the term ‘Superframe’ referred by Motion 2 in document 15-14-0689-02-0008.


�Explain how to use this cycle-superframe. 


�Add acronyms DCS, NPS, and NSS into the acronym section. 


�Revise the cyclic-superframe. Consider to add some motivation of cyclic-superframe after 4.5.1.


�Group ID or multicast group ID is generated by the application layer. 


TBD the text about hasing the source address to generate the multicast group address.


�Group ID and multicast group ID are the same thing.


�Editor/Group to consider, changing the gold sequence table numbering range to “1 to 33” to avoid this difference. Because zero has a special meaning in the DPS control MAC primitives.


Also Editor/Group to consider


�When there is a defined name for this then the highlighted phrase can be replaced by that. 





This is currently t_ack but as noted elsewhere I would rather we use the name macImmAckTime or similar.
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