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1. Overview
2. Normative references

3. Definitions, acronyms, abbreviations, and word usage
3.1 Definitions
3.1.8 cyclic-superframe: A periodic time interval comprised of active and inactive periods that are  repeated in a defined sequence.
3.2 Acronyms and abbreviations


DP
discovery period


PP
peering period
SP
synchronization period
4. Format conventions 
5. General description

5.1 General

5.2 Components of IEEE 802.15.8 PAC network
5.3 Network Topologies

5.4 Architecture

5.5 Functional Overview
5.5.1 Superframe structure
5.5.2 Cyclic-superframe 
The use of cyclic-superframes may reduce power consumption and may avoid interference in PAC networks. 

A cyclic-superframe enables a PAC network to set which periods in a superframe are active or inactive. During an inactive period, PDs are set to sleep.  The MAC sublayer conveys the cyclic-superframe structure information in the Header IE of Discovery/Peering Request command frame or data frame, such that neighboring PAC networks are aware of their cyclic-superframe structure.  A PAC network higher layer sets the configuration of the cyclic-superframe to suit the application needs.
For instance, in order to reduce interference among neighboring PAC networks, cyclic-superframes are selected with different patterns of active and inactive periods. 

6. MAC functional description
6.1 Channel access

6.1.1 Superframe
6.1.2 Cyclic-superframe
A cyclic-superframe is a periodic time interval comprised of superframes. A cyclic-superframe contains multiple superframes with active and inactive periods. During an inactive period, a PD may go to sleep mode in order to save power and reduce interference.
Each period of every superframe, except the synchronization period, is configured whether to be active or inactive state. A superframe of a cyclic-superframe shall use one of  sixteen possible combinations of active and inactive periods, which are illustrated in Figure 4. The state of each period of a superframe is indicated with the four-bit long period state indicator, as described in Figure 48.
A cyclic-superframe shall be formed with the superframes using two patterns of active and inactive periods: pattern A and pattern B, each of which can be one of sixteen types. The first superframe to appear in a cyclic-superframe shall be repetitions of pattern A superframe, followed by repetitions pattern B superframe, as shown in Figure 5. 
The cyclic-superframe structure shall be described by the cyclic-superframe size, the number of pattern A superframe, the number of pattern B superframe, the type of  pattern A superframe, and the type of pattern B superframe. The maximum cyclic-superframe size is 4096 superframes. If a cyclic-superframe size is one, the cyclic-superframe is formed only with the pattern A superframes.

[image: image3.wmf]
Figure 4—Combinations of active and inactive periods of a superframe
[image: image4.wmf]
Figure 5—The cyclic-superframe structure 
The actual configuration of a cyclic-superframe structure is selected by applications and out of the scope of the standard. 
Once the configuration of the cyclic-superframe structure is passed to the MAC from higher layers, the configuration of the cyclic-superframe is maintained by the initiator of discovery or peering, or data transmission. A PD shall be instructed to set the cyclic-superframe structure with the MLME-SETCYCLICSUPERFRAME.request primitive with the Cyclic-superframe Descriptor parameter defined in Table 33.
The cyclic-superframe shall be used and repeated for all communication sessions defined in the standard,  unless the configuration of the cyclic-superframe structure is changed by an application. The initiator of a communication session shall advertise the cyclic-superframe structure with the Cyclic-superframe descriptor IE, as defined in clause 6.9.4.3.1. 
The Cyclic-superframe descriptor IE shall be sent in a Discovery request command frame, Peering Request command frame, or Data frame. Neighboring PAC networks operating within communication range can collect the advertised cyclic-superframe structure by parsing the active periods of their cyclic-superframe and inform to an application via the next higher layer. Such applications will select the configuration of the cyclic-superframe that, for instance, minimizes interference, etc.  Annex F describes how an application may compute such selection. 
Upon reception of the Discovery/Peering Request command frame with the Cyclic-superframe descriptor IE, the MAC sublayer shall set the parameters of  the MLME-DISCOVERY/PEERING.indication primitive with the value of Cyclic-superframe size field, Number of pattern A superframe field, Type of pattern A superframe field,  and Type of  pattern B superframe field. The MAC sublayer calculates the start of a cyclic-superframe with the values of Sequence Number field and Cyclic-superframe size field. The MAC sublayer notifies the reception of the cyclic-superframe structure to the higher layer with the MLME-DISCOVERY/PEERING.indication primitive. Before responding the Discovery/Peering Request command, the next higher layer shall instruct to set the cyclic-superframe structure with the MLME-SETCYCLICSUPERFRAME.request primitive. Then, the MAC sublayer shall start to schedule the access to active periods in pattern A superframes and pattern B superframes of the cyclic-superframe. During inactive periods the PD may go to sleep mode. 

Several examples of a cyclic-superframe structure are shown in Figure 6 for illustration. Figure 6 a) shows a cyclic-superframe with two pattern A superframes each with the SP active (b4’0000), followed by two pattern B superframes, each with the SP active (b4’0000).  This example cyclic-superframe could be used during synchronization.

Figure 6 b) shows a cyclic-superframe with three pattern A superframes each with the SP active (b4’0000), followed by one pattern B superframe with SP, DP, PP and CAP active (b4’1110). This example cyclic-superframe could be used for supporting discovery every four superframes.

Figure 6 c) shows a cyclic-superframe with five pattern A superframes, each with SP and DP active (b4’1000), followed by one pattern B superframe with SP, DP and CAP active (b4’1011).  This example cyclic-superframe could be used for supporting energy efficient data transmission by transmitting a data frame over the CAP every six superframes.

Figure 6 d) shows a cyclic-superframe with three pattern A superframes each with SP, DP, PP and CFP active (b4’1101), followed by six pattern B superframes with SP active (b4’0000).  This example cyclic-superframe could be used for supporting burst reliable data transmission by using three consecutive data frames transmissions over the CFP, before sleeping for the duration of six superframes.
 
[image: image6.wmf]
Figure 6—Example cyclic-superframe structures

6.2 Starting and maintaining PAC networks
6.3 Transmission, reception, and acknowledgment

6.4 Synchronization procedure

6.5 Discovery procedure
6.6 Peering procedure
6.7 De-peering procedure

6.8 Communication period

6.9 MAC frame formats
6.9.1 PD addresses

6.9.2 General MAC frame format

6.9.3 Format of individual frame types

6.9.4 Information Elements (IEs)

6.9.4.1 General IE format

6.9.4.2 IE list termination
6.9.4.3 Header IEs

6.9.4.3.1 Cyclic-superframe descriptor IE

The Cyclic-superframe descriptor IE Content field shall be formatted as illustrated in Figure 47.

	Octets: 2
	2
	2
	Bits: 0-3
	4-7

	Sequence Number
	Cyclic-superframe Size
	Number of 
Pattern A Superframe
	
Type of Pattern A Superframe 
	
Type of Pattern B Superframe 


Figure 47—The Cyclic-superframe descriptor IE Content field format
The Sequence Number field contains the sequence number of the superframe sending Cyclic-superframe descriptor IE counting from the start of a cyclic-superframe.

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

The Number of Pattern A Superframe field contains the number of pattern A superframes  in a cyclic-superframe.

The Type of Pattern A Superframe field contains which period in the pattern A superframe is active or inactive, as indicated in Figure 48.

The Type of Pattern B Superframe field contains which period in the superframe with pattern B is active or inactive, as indicated in Figure 48.

	Bit : 0
	1
	2
	3
	4 - 7

	Discovery 
Period State
	Peering Period State
	CAP State
	CFP State
	Reserved


Figure 48—Period state indicator
The Discovery Period State field shall be set to 1 if the discovery period is active, and to 0 if inactive. 
The Peering Period State field shall be set to 1 if the peering period is active, and to 0 if inactive.
The CAP State field shall be set to 1 if the contention period is active, and to 0 if inactive.
The CFP State field shall be set to 1 if the contention free period is active, and to 0 if inactive.
During an active period, the PD is turned on for either transmission or reception, the amount of time indicated from higher layers, and after which the PD is turned off. During an inactive period, the PD remains turned off.
6.10 MAC commands

7. MAC services
7.1 Overview

7.2 Generic service primitives

7.3 MLME-SAP interface

7.3.1 PIB access

7.3.2 Cyclic superframe configuration 

These primitives set the cyclic-superframe configuration in a PD. 
7.3.2.1 MLME-SETCYCLICSUPERFRAME.request

This primitive requests the MLME to set the cyclic-superframe configuration. The parameters of this primitive are: 
MLME-SETCYCLICSUPERFRAME.request{ 
Cyclic-Superframe Descriptor; 
Group ID; 
} 
Table 32—MLME-SETCYCLICSUPERFRAME.request parameters

	Property
	Type
	Valid range
	Description

	Cyclic-Superframe Descriptor
	As defined in Table 33
	As defined in Table 33
	Indicates the structure of cyclic-superframe for a PAC group.

	Group ID
	As defined in Table 3
	As defined in Table 3
	The Group ID of a PAC group.


Table 33—Cyclic-superframe Descriptor parameters 

	Property
	Type
	Valid range
	Description

	Cyclic-superframe ID
	List of octets
	PD’s MAC address, Multicast Address of PAC group with identifier Group ID 
	Identifier of cyclic-superframe.

	Cyclic-superframe size
	Octet
	2 octets
	Number of superframes in a cyclic-superframe.

	Number of pattern A superframes
	Octet
	2 octets
	Number of superframes pattern A 

	Type of pattern A superframe
	Octet
	As defined in Figure 48

	Active periods of pattern A superframe

	Type of pattern B superframe
	Octet
	As defined in Figure 48

	Active periods of pattern B superframe

	Start time of cyclic-superframe
	Octet
	2 octets
	Index of the first superframe of a cyclic-superframe.


7.3.2.1.1 When generated 
This primitive is generated by the next higher layer to request the MLME to set a cyclic superframe configuration in the local PD. 
7.3.2.1.2 Effect on receipt 
The MLME sets the PIB with the value of the cyclic-superframe descriptor for a PAC group with identifier  in the Group ID parameter. 
7.3.2.2 MLME-SETCYCLICSUPERFRAME.confirm 
This primitive reports the setting of a new cyclic superframe configuration in the local MAC and PHY  requested by MLME-SETCYCLICSUPERFRAME.request primitive. The parameter of this primitive is: 
MLME-SETCYCLICSUPERFRAME.confirm{ 

Group ID; 
}
7.3.2.2.1 When generated 
This primitive is generated by the MLME in response to MLME-SETCYCLICSUPERFRAME.request primitive.
7.3.2.2.2 Effect on receipt 

The MLME confirms the setting of the cyclic superframe configuration for PAC group with identifier in the Group ID parameter. 
7.3.3 Discovery 

7.3.4 Peering primitives

7.3.5 De-peering primitives

7.3.6 RE primitives

7.3.7 Communication status
7.3.8 Reset MAC sublayer

7.3.9 Receiver enable

7.3.10 Channel scanning

7.3.11 Start PAC network

7.3.12 Synchronization

7.3.13 Dynamic preamble selection

7.3.14 Ranging calibration

7.4 MLDE-SAP interface

7.5 PAC information base (PIB)

Table 75—PIB fields

	Field
	Type
	Range
	Default
	Description

	macCyclicSuperframeStructureList
	List of cyclic-superframe descriptors
	As defined in Table 33
	Implementation specific
	The list of the cyclic-superframe descriptors per PAC group.


(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
(informative)


Use of a cyclic-superframe



· 
· 
· 
· 
· 
C.1.1 General
The PAC MAC link resource is shared with adjacent multiple PAC groups. For efficient synchronized group communication, the PAC MAC superframe is defined. Since the PAC MAC superframe uses a period of fixed length for each use, it is difficult to satisfy the following requirements.

· reserve some number of superframe periods for guaranteeing the quality of transmission for an application service.

· configure the number of superframe and on/off of each superframe period adequate for communication phase, discovery phase, peering phase, and data transmission phase of an application service.
· select combination of superframe periods on/off that can minimize interference between adjacent PDs or PAC groups
To specify the on/off state of each period of multiple superframes, the cyclic-superframe structure is proposed. 
C.1.2 Application usage
To show how cyclic-superframe structure is operated on peer services, we consider that three different peer service groups are operating within communication range as shown in Figure 128. 

The service of peer group A is on-line game;

· initiator invites on-line gamers and waits for 10 minutes
· initiator forms a peer group and starts a game
· game control messages are exchanged among gamers every 500 ms
The service of peer group B is advertisement;

· advertiser sends advertisement to customers in the shopping mall every 1 sec

· customer starts to search advertisement for 30 minutes while locating in the mall

The service of peer group C is equipment control;

· equipment controller discovers sensing and actuation devices all the times

· sensing device sends data every 10 sec

· equipment controller sends control data every 10 sec

· sensing device should send urgent signal no later than 100 ms
[image: image7.wmf]
Figure 128—Scenario illustrating multiple peer group services.
Each peer group has different discovery procedure and data transmission pattern, as shown in Figure 129. The peer group A starts data transmission phase after discovering game partners and peering with all participants. Any participating device can leave from the game PAC group, but no new device is expected to join the PAC group after commencing the game. For the peer group B, advertiser continues to discover a peer. Any peer device can join a peer group by responding to an advertiser. After transmitting advertisement data, peering between the advertiser and the customer is released. For the peer group C, equipment controller continues to discover a peer device. After peering, the device will remain in data transmission phase. 
Those requirements on discovery, peering and data transmission phase of each service are considered in usage of the cyclic-superframe; selecting the start and stop time of discovery phase, the frequency of discovery request, the duration of peering phase, and the duration of data transmission phase. Each peer group can select the cyclic-superframe structure adequate for the traffic characteristics of the application at each communication phase; active periods of pattern A and B superframe, the size of the cyclic-superframe, and ratio of pattern A superframes and pattern B superframes.
[image: image8.wmf]
Figure 129— Cyclic-superframe structures for variety of PAC group services.
If a peer device joins multiple peer groups, the device manages the access to the MAC link according to the active periods combined multiple cyclic-superframe of peer groups, as shown in Figure 130. The peer device can identify in which period of the superframe contention will be high. The peer device can increase the transmission success rate of a high priority device by regulating the low priority devices access. 

The newly formed peer group listens discovery request messages or peering messages broadcasting from the neighbor peer groups and collects information of cyclic-superframe structure. In order to avoid the interference among the neighbor PAC groups implicitly, the peer group calculates the contention probability of each period of a superframe by projecting new cyclic-superframe structure over combined multiple cyclic-superframe of peer groups. The peer group selects the start time of peer group communication to let newly joined cyclic-superframe induce the lowest contention.
[image: image9.wmf]
Figure 130— Combined multiple cyclic-superframes for a PD joined multiple peerg groups 
C.1.3 Operation of cyclic-superframe 
A PD starts with the default cyclic-superframe structure, which sets discovery period of a superframe to be active:  the cyclic-superframe size is one and the type of pattern A superframe is b4’1000. After synchronization, the MAC sublayer starts to count a superframe with modulo 4096. The combined multiple cyclic-superframe configuration map, which is 4,096 bits, is initialized with the default cyclic-superframe configuration. The MAC sublayer activates the transceiver for a period set to be active of the combined multiple cyclic-superframe configuration map. 
The combined multiple cyclic-superframe configuration map is updated when receiving the MLME-SETCYCLICSUPERFRAME.request from the next higher layer. The next higher layer requests the MAC sublayer to start a new cyclic-superframe when receiving the discovery request or peering request from an application service, or when responding to a Discovery Request command or Peering Request command received from a PD.  
The cyclic-superframe structure is set according to an application service. The application service can have single cyclic-superframe configuration for the whole communication phases or two different configurations for the discovery/peering phase and the data phase. The cyclic-superframe configuration of an application service can be predetermined and shared among the peer groups before starting a service.
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