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1
Scope

This proposal is the specification of the PicoCast MAC design for the Wireless Body Area Networks (WBAN) in IEEE P801.15.

2
Overview

WBAN’s requirements can be classified according to the data rate and applications. Generally, in wearable PC, high speed data rate is required to send voices and images, and in medical appliance, low data rate and efficient power consumption is required to deliver the signals of human body.

In order to satisfy the various requirements of WBAN, one single PHY cannot be used but Multi-PHY of 400MHz, 2.4GHz and UWB must be used to satisfy the entire requirement and Single-MAC method is desirable way to process Multi-PHY. The Single-MAC must support Multi-PHY, resolve the problems of Near/Far interference, support both low power consumption and high speed delivery, and support both medical and Non-Medical applications.

PicoCast MAC satisfies these requirements of Single MAC. PicoCast MAC is a synchronized container structure which supports scalable data. Because it uses synchronized same size container, it can avoid Near/Far interference between users. Within the size of container, any size or shape of boxes can be loaded. Therefore, low data and low power consumption sensor and high multimedia information can be delivered in same structure and method.

In order to sustain this container structure synchronization, preamble size has been changed from 64 bit to 128bit. PicoCast MAC with 128bit preamble has superior performance compare to 64 bit preamble. Therefore, it can be used for the synchronization between devices and to use as a multi preamble functions to deliver 127 kinds information. These structures are suitable for Emergency application in WBAN and in Multi-PHY structure, it’s possible to assign each RF to use different preamble. All these makes it possible to apply in many various cases.

Because PicoCast MAC has container structure, it does not depend on PHY except the RF ramp up/down time. Therefore, any PHY which can satisfy the container requirement can work with PicoCast MAC. PicoCast MAC inside Box supports scalable data to provide various speeds according to the application and when 128bit preamble is used for information delivery purpose, 20db process gain will be obtained. Therefore, it can be applied to all applications if it’s medical or nonmedical applications.
3
Definitions 
	Pico-net
	A small operational range for wireless transmissions within about 10 meters in radius from the user or his/her devices.

	Group
	Devices interoperable within a Pico-net, with their usage of the same group code separating them from other devices in different groups.

	Master/slave
	All devices within a group use the same group code and remain synchronized with each other centring on the master. Except for the master, all the devices within the given group serve as slaves; any slaves may take the role of master if the master disappears.

	Scan
	The master within a group regularly transmits synchronising signals; slaves are operated in accordance with synchronizing signals sent by the master. Therefore, the slaves need to search for their master, and this searching process is called 'scan.'

	Container

(Middleframe)
	A container is the basic unit of box (frame) operation, consisting of one control box (frame) and one or more payload boxs (frames); sixteen container constitute a vessel.

	Box (frame)
	A basic frame structure loaded within container

	Vessel

(Superframe)
	Sixteen containers constitute a vessel. The vessel is the overall operational unit of pico-net MAC operations.


4
Interlayer service specification
This clause defines the interface between the MAC and PHY layers, and between the MAC layer and the upper layer.

4.1
Overview 

The reference model used for this standard is the following:

[image: image1.png]MAC_SAP

Data Link
MAC
Layer MAC

Manage-

Sublayer ment

PLCP

PHY Layer Sublayer

PHY
Manage-
ment

PMD
Sublayer





Figure 1 — The protocol model used in this standard

4.2
General format of management primitives

Each sublayer's specific management information is organized into the relevant Management information base (MIB).

4.3
MLME

In this subclause, the services that MLME provides are defined. These definitions are conceptual and do not specify a certain implementation or external interface.

4.4
MAC-SAP

The MAC SAP is the logical interface between the MAC and the higher adaptation layer. This logical interface incorporates a set of primitives and their definitions. 

4.5
PLME

The PHY layer management performs management of PHY functions in conjunction with the MAC management entity.

4.6
PHY-SAP

The physical layer convergence protocol (PLCP) supports the PHY service interface to the MAC services.

4.7
PMD-SAP

The PMD-SAP supports the transmission of PPDUs between peer PLCP sublayer entities.

1 5
MAC Functional Description

This clause describes the functions of the MAC layer.

5.1
General description

In communications in a pico-net, it is required to keep the devices within the pico-net synchronized. For this purpose, in a pico-net, one device must operate as a mater, which sends synchronizing signals periodically, and the other devices operate as slaves in accordance with the synchronizing signals from the master.

Figure 2 shows a pico-net with only two terminals. One terminal must serve as a master while the other as a slave. The master regularly transmits synchronizing signals to which the slave is synchronized. Communications between the two terminals are based on this synchronization.

Figure 3 shows a pico-net with more than two devices. One device must serve as a master while the others as slaves. All the devices must be synchronized to the master’s synchronizing signals. Communications between any two or more devices are carried out based on this synchronization with no further master’s intervention. The master transmits synchronizing signals only to maintain the synchronization within the network. Communications between slaves are practiced directly without the master’s relaying the communications.
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Figure 2 — A pico-net with only two devices.
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Figure 3 — A pico-net with more than two terminals

5.2
System state diagram

The master/slave operations can be expressed as a finite state machine with 10-phase states. Any device is in one of the ten states. The description of the ten states is summarised in Table 1.

Table 1 — Description of states

	State
	Description

	Not initialized
	A state before initialization.

	Initialized
	A state after initialization is completed; the master and slaves are determined.

	Normal master sync.
	A state where the device is serving as the master of the normal network cycle.

	Fast master sync.
	A state where the device is serving as the master of the fast synchronization network cycle.

	Scanning
	A state where the device is under synchronization with the master.

	Normal slave sync.
	A state where the device is serving as a slave in the normal vessel (superframe) after synchronization with the master.

	Fast slave sync.
	A state where the device is serving as a slave in the fast synchronization vessel (superframe) after synchronization with the master.

	Passive sounding
	A state where the master conducts passive sounding.

	Master static sounding
	A state where the master conducts static sounding.

	Slave static sounding
	A state where the slave conducts static sounding


Figure 4 shows the state-transition diagram. The solid line and the dotted line represent the paths of the state changes of the master and the slaves, respectively.

The network operation begins with initialisation. The initialisation starts when more than two devices within the communication range are first turned on.

When the initialisation starts, the master performs the initialisation process, regardless of whatever state it has been in. After initialization is completed, the master stays in the ‘initialised’ state. The master in the ‘initialised’ state can shift into the ‘passive sounding’ or ‘normal/fast master sync’ state.

Passive Sounding is a state where frequencies are selected by measuring the signal level at each frequency. The master may choose to put itself into the ‘passive sounding’ state if needed.

After shifting into the ‘normal/fast master sync’ state, the master sends synchronising signals. In these states, the master can communicate with the slaves synchronised with the synchronising. In the ‘master sync’ states, the master can shift into the ‘static sounding’ state where frequencies can be selected via special communication between the master and the slaves. In the ‘static sounding’ state, normal communications between the master and the slaves cannot be practiced. The ‘static sounding’ state can be selected by the user whenever needed.

After initialization with the master, the slaves are forced into the ‘initialised’ state. The slaves are forced into initialisation process once initialisation process is initiated, regardless of whatever state they have been in. The slaves synchronises with the master in the ‘scanning’ state after initialization. With the synchronisation information from the master, the slaves synchronise with the master and shift into the ‘normal/fast slave sync’ state. When the synchronisation information is not obtained, the slaves are again put into the ‘initialized’ state. After the slaves are synchronised with the master and put into the ‘normal/fast slave sync’ state, the slaves can communicate with the master. When a static sounding is requested from the master, the slaves shift into the ‘static sounding’ state to conduct static sounding.
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Figure 4 — State transition diagram

5.3
Protocol structure

Figure 5 shows the hierarchical structure of the protocol. The protocol is structured based on the vessels (superframes) of 256 msec each, which again consists of 16 containers (middleframes) of 16msec each. A container (middleframe) consists of one control box (frame) and one or more payload boxs (frames).

The container (middleframe) is the most basic unit structure. The state of each container (middleframe) can be set independently of the others. 

The number of payload boxs (frames) is determined based on the communication type (data, voice, control, etc). However, it is required to maintain the length of vessels (superframes) equal for synchronised communication. The synchronisation between devices is possible only if the lengths of all vessels (superframes) are equal. The synchronised communications minimize the frequency interference between devices of different services by controlling the transmission and reception based on time slots.
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Figure 5 — The protocol structure

5.3.1
Container (Middleframe) structure
Figure 6 shows the structure of the container (middleframe). A container (middleframe) consists of one control box (frame) and one or more payload boxs (frames). The length of the control box (frame) is fixed at 880 μsec. The number and length of payload box (frame) within a container (middleframe) can be set as needed. The upper layers may have various data rates depending on the number and length of the payload boxs (frames). When high data rate is needed, the number of payload boxs (frames) can be reduced to lower overhead. However, transmission delay due to buffering increases in proportion to the length of container (middleframe). The number of payload boxs (frames) must be between 1 and 18. The total length of all payload boxs (frames) should be 15.12 msec.
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Figure 6 — Container (Middleframe) structure

5.3.2 Vessel (Superframe) structure

The length of a single vessel (superframe) is 256 msec; the vessel (superframe) consists of 16 containers (middleframes). Within a vessel (superframe) are 16 control boxs (frames) with a length of 0.88 msec. Overall, 14.08 msec is assigned to control boxs (frames) and the rest 241.92 msec to payload boxs (frames). Each control box (frame) has its own unique function as described in section 6. There are two types of vessel (superframe): a normal vessel (superframe) and a fast synchronization vessel (superframe).

5.3.3
Box (Frame) Format

Figure 7 shows the structure of a box (frame) which consists of lock time, preamble, header, message and EoB. The box (frame) starts with lock time, which is necessary for the stabilisation of the frequency synthesiser. The lock time is followed by preamble, which is for synchronization, and then header and message. The header field is used for discrimination of boxs (frames) and the message field is where data are loaded. At the end of the box (frame) comes the ‘end of box (frame)’ (EoB) field which indicates the end of the box (frame) and spares time to prepare for next box (frame). Table 12 summarises the use of each field in the box (frame). Detailed description is given below.
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Figure 7 — PHY Protocol Data Unit (PPDU) format

Table 2 — The use of the fields in a box (frame).

	Field
	Use

	Lock time
	Time for stabilisation of RF frequency synthesiser.

	Preamble
	Coded symbols for synchronization

	Header
	Designation of box (frame) types (e.g. emergency communications); special control signals

	Message
	Data

	EoB
	Indication of the end of a box (frame); RF circuit stabilisation


5.3.3.1
Lock time

Since shifting of frequencies and transmission/reception modes are practiced by the unit of box (frame), ‘lock time’ is required for the RF circuit to stabilise from box (frame) to box (frame). Data transmission and reception are forbidden during lock time. When in the transmission mode, modem sends the alternating bits of 0 and 1 to the RF circuit during lock time; when in the reception mode, modem ignores the data.

5.3.3.2
Preamble (128 bits)

Preamble is a field for transmitting symbols for synchronization. The length of the preamble is 128 µsec. The 128-bit preamble is formed by adding "0" to a 127-bit gold code which is generated by a 7-bit scan code. Figure 8 shows one example of a gold-code generator.

[image: image8.png]



Figure 8 — An example of Gold code generators

5.3.3.3

Header (48 bits)

Header is a field to indicate the use of the box (frame). This field clarifies the use of the box (frame), which cannot be identified only with the preamble. It can also be used for open broadcasting channels or auxiliary signals. The length of a header is fixed to 32 bits; the CRC (cyclic redundancy code) of 16 bits is applied to the header.
 For scalable data support, header is divided into tag and ‘AA’. ‘AA’ is hexadecimal representation of 8 bits pattern ‘10101010’. 

5.3.3.4
Message

Message is a field where user data are loaded. CRC may be applied if needed. The length of the message field is fixed for control boxs (frames), but variable for payload boxs (frames). For payload boxs (frames), the length can be set by the unit of 8 μsec, up to 18 units.

5.3.3.5
EoB delimiter

EoF is a field to indicate the end of a box (frame). It is also used for stabilisation of the RF circuit and the modem which alternate transmission and reception modes from box (frame) to box (frame). The duration of EoB may be set by the unit of 1 μsec.

5.4
Codes

5.4.1
Scan code

A scan code is 7-bit seed to generate a preamble for synchronisation. The 128-bit gold code (127 gold code with one 0 padded) generated by a scan code used as a preamble of the container (middleframe). Communications are possible only when the scan codes of the receiver and the transmitter are identical. A scan code has a value between 1 and 127.
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Figure 9 — Scan code

5.4.2
Security code

A security code is used for data transmission/reception. The security code is 216 bits long and multiplied to the message field. Communications are possible only when the phases of the security codes of the receiver and the transmitter are identical.
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Figure 10 — Security code

5.4.3
Group code

A group code is used for data transmission/reception for group communications. It is 264 bits long and multiplied to the message field. Communications are possible only when the group codes of the receivers and the transmitters in a group are identical.
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Figure 11 — Group code

6
MAC PDU format

This clause specifies the formats of the MAC PDU (MPDU). 

MAC box (frame) is consists of one control box (frame) and more than one payload box (frame). Control box (frame) is categorized into one of the six kinds depending on its use: (1) beacon box (BB), (2) fast beacon box (FBB), (3) request control box (RCB), (4) master control box (MCB), (5) RCB acknowledge control box (RACB), and (6) MCB acknowledge control box (MACB). 

Figure 12 shows the relationship between MPDU and PPDU in a box (frame) structure.
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Figure 12 — MPDU in Box (Frame) structure

The format of each control box (frame) is described in 6.1 through 6.6. The format of payload box (frame) is described in 6.7.

6.1
MPDU of Beacon Box (BB)

BBs are used to maintain synchronization. There are two BBs during a single normal vessel (superframe). The master sends information used for synchronization, and the slave adjusts synchronization for BBs.

6.2
MPDU of Fast Beacon Box (FBB)
This field is used for initial fast synchronization. There are 16 FBBs in a single fast synchronization vessel (superframe). The master sends information for synchronization in the FBBs, and the slaves are synchronised using these FBBs. 
6.3
MPDU of Request Control Box (RCB)
RCBs are used to exchange control information between devices. In response to RCB, Acknowledge Control Box of RCB (RACB) is issued. The RCB is used for multiple simultaneous communications among devices in a group. When two or more devices initiate communications at the same time, there may be collision. To ensure reliability of control information, the random back off must be implemented when collision occurs. All the handsets must be able to send and receive information. When not sending information, handsets must be able to receive information.

6.4
MPDU of Master Control Box (MCB)
MCBs are used by the master in a group to send control information to slaves. The master can send control information up to 8 devices by using a single MCB. Slave devices may respond to MCB using the boxs (frames) called MACB (MCB acknowledgement control box). MACBs are issued by the responding slaves as controlled by MCBs in a manner to avoid collision. Each responding slave takes up a different MACB slot.

6.5 
MPDU of RCB Acknowledge Control Box (RACB)
A device receiving RCBs sends RACBs in response. The device that sent RCBs receives RACBs as an acknowledgement. RACBs are control boxs (frames) that can be sent to both the master and the slave devices. After sending RCB, when a RACB response is not received as is necessary, RCB may be resent after backing off in random vessel (superframe) units.

6.6
MPDU of MCB Acknowledge Control Box (MACB)
MACBs are issued by the slaves that need to acknowledge the reception of MCBs. The master checks MACBs to verify responses from the slaves with respect to MCBs.

6.7
MPDU of Payload Box (PB)
Payload boxs (frames) are used to transmit data from upper layers. The number of payload boxs (frames) may vary depending on the requirement of upper layers. The number may be from one to eighteen. 

7 
MAC-PHY Interface 

The PicoCast MAC is ready to adapt any kinds of PHY layer. This clause describes the requirement of PHY for PicoCast MAC.

7.1
PHY requirements for PicoCast MAC

· Any PHY shall satisfy WBAN Requirement(TG6 Technical Requirements Document)

· Support the operation of Box (frame) structure

· Box Size                  : 400 μsec ~ 15.2msec

· Basic Data Rate      : 1Mbps

· Scalable Data Rate : 250K,500K,1M, 2M,4M,8M,16Mbps  (option)

· Lock Time               :  Less than 500μsec (230μsec recommended)

· End of Box (EOB)   :  Less than 300μsec (40μsec recommended)

· Operation Mode      : Tx / Rx / Idle / Sleep / Power-off 

· Write Parameters    :  Frequency, Power

· Read Parameters    :  RSSI, Frequency Drift 

· Clock Stability         :  Less than 20ppm

· Special Requirements for low speed MICS Frequency

· Basic Data Rate      : 125Kbps

· Minimum Box Size  :  1.3msec (single Command Box)

· Linear Modulation to achieve spread spectrum process gain 

· Control Box slot would be reserved for future usage

Appendix

A. Example usage of multiple preambles

This table is an example of the scan code list.
	C1
	Remarks

	1 ~ 8 (8)
	 General Box purpose (Control, Payload)

	9 ~ 12 (4)
	 Hierarchy Beacon Box for synchronization

	13 ~ 16 (4)
	 Pairing (Grouping) Box  

	17 ~ 18 (2)
	 Sounding Box

	19
	 Reliable Medical 1bit/symbol data transmit  

	20 ~ 35 (16)
	 Reliable Medical 4bit/symbol data transmit

※ would be substituted by the best code set after simulation study.

	36 ~ 41 (16)
	Hands over for the local broadcasting

	42 ~ 49 (8)
	Define Multi-RF to indicate sequence order

	50 ~ 127 (except 119)
	TBD ; waiting for MICS or special PHY applications

	119
	Emergency


�Detailed description needed.
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