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5.5.3 Stream establishment

A DEV wishing to establish an isochronous stream, or temporary channel time for asynchronous data, will request channel time from the PNC during the MTS or CAP. In the case of an isochronous stream, the PNC will assign a stream index to the requesting DEV. The stream data is then communicated between the DEVs in a peer-to-peer manner.

7.4 Information elements

<add to table>

Table 63-Information elements

	Element ID
hex value
	Element
	Sub-clause

	0x0F
	New association
	7.4.15

	0x10
	New stream
	7.4.16


7.4.2 Piconet synchronization parameters
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Figure 19-Piconet synchronization parameters element

The beacon number is incremented in every beacon. 

The PNC may select any beacon 0 cycle as a multiple of 2. The definition of the beacon 0 cycle is with how many beacons interval the beacon 0 powersave beacon is repeated, when all associated devices must be awake.

The beacon 0 cycle is encoded in b0-b3 of the Beacon cycle octet. The encoded value indicates how many of the beacon number bits should be used in the cycle count, counted from LSb.

Example: If the beacon 0 cycle field is set to 0101b, it means that the beacon 0 cycle is the 5 LSb of the beacon number, meaning that beacon 0 is every 32nd beacon, when b0-b4 of the beacon number is 00000b. 

To calculate how many beacons there are until the next beacon number 0, if the beacon 0 cycle field is set to n:

Next-bcn0 = 2n – beacon number MOD n.

 Beacon number 0 is of significance for DEVs operating in ultra-low power mode, since they may choose to only wake up for beacon 0.

The beacon number cycle may be set to 0 <= 2n <= 65535.

7.4.3 Capability information
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Figure 22-Capability field format

<add>

The asynchronous data support field is two bits in length and is encoded as follows:

00 – no ATS or MTS based asynchronous data support

01 – only listens to short asynchronous data frames sent in MTS

10 – only listens to MTS and long asynchronous data frames in ATS that has been announced in superframe #0

11 – listens to all MTS and ATS that has been announced in any beacon.

7.4.10 Channel time allocation

Each CTA element consists of multiple variable size CTA blocks, which shall be formatted as in figure 30.
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Figure 30-Channel Time allocation block
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Figure 31-Destination list

The destination list is 2-128 octets in length. The first octet contains the length of the list. Valid lengths are 1-127. The following octets contains the destination DEV-ID for traffic during this CT. For isochronous data, length is always 1. For asynchronous data, length indicates how many possible receivers there are of data frames stored in the source DEV’s asynchronous transmit queue.

7.5.10.1 Channel Time request command
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The destination list lists the possible destination DEVs of an asynchronous channel time slot (ATS) or the target DEV of an isochronous stream. It shall be formatted as in Figure 31.

The stream Index field shall be set to 0 for request of ATS. All GTS shall have a stream index 1-255.

The desired CTR Time units field shall be set to the amount of queued asynchronous data frames at the source DEV when requesting asynchronous data frames, since channel time requirements may change between request and allocation in beacon. 

The CTR Control field shall be formatted as illustrated in Figure 2

[image: image6.wmf]Priority

Bits:b0-b2

GTS Type

b6

CTR-SPS

Type

b5

CTR

Interval

Type

b7

CTA type

b3-b4


Figure 2 CTR Control field

Excerpt from document 02/100r4: 

“…The CTR Control field contains information about the CTR.    

The 3-bit Priority field in Figure 2 is defined in A.3.

The CTA Type field is two bits and is encoded as follows:

00 – reserved

01 – ATS in superframe 0 only.

10 – ATS in any superframe.

11 – GTS.

The CTR-SPS Type field is set to 1 for an SPS CTR and to 0 for an Active CTR.

This field is only interpreted when the CTA type field is set to GTS.

The GTS Type field is set to 1 for a pseudostatic GTS and to 0 for a dynamic GTS.

This field is only interpreted when the CTA type field is set to GTS.

The CTR interval type…

This field is only interpreted when the CTA type field is set to GTS.

8.4.3.3 Management Time Slots

Management time slots are identical to GTS, with the exception that the destination address is broadcast and that the frame body length is limited to 255 octets excluding FCS. The PNC may choose to use MTSs instead of the CAP for command frames. There are uplink MTS for traffic from a DEV and downlink MTS for traffic from the PNC. The uplink  MTS serves two purposes. It can be used for sending command frames to the PNC and for sending short asynchronous data frames (see 8.X.2) to any destination that listens to MTS (See capability 7.4.3).

// A new subclause to 8 is needed, with an overview of data transfer services.

// I will in this text call it 8.X, since I otherwise would have to reshuffle all existing clauses and thereby confuse the 

// reader.

8.X MAC data transfer services overview.

The MAC can handle five data transfer modes:

· Asynchronous or isochronous data in pre-allocated GTS (streams).

· Long asynchronous data frames in common asynchronous time slots (ATS)

· Long asynchronous data frames in power-save asynchronous time slots (ATS)

· Short asynchronous data frames in management time slots (MTS)

· Short/Long asynchronous data frames sent in CAP

8.X.1 asynchronous data, overview

Asynchronous data is by nature connection-less and unpredictable. In the case where it is known that a large amount of data is going to be transferred between a station pair, DME has always the option to open a stream. In most implementations there is no way to predict how much asynchronous traffic there will be to a certain destination. Allocating a stream would most likely in this case be very inefficient, since it would have to be freed and reopened as new data frames arrives on the MAC SAP.

There are two main options to support asynchronous data.

· contention based, using CAP, as described in 8.4.2

· contention free, overlaying asynchronous traffic on TDMA. Overview in 8.X.2.  See also 8.6.2.

8.X.2 asynchronous data on TDMA

The 802.15.3 MAC defines two forms of asynchronous data when used without a CAP.

Short asynchronous data is frames with a payload of maximum 255 bytes, excluding FCS. Short asynchronous data frames may be sent in the MTS of a DEV. In this case the priority field shall be set to 111.
The MTS is the only way of sending streamless asynchronous data to DEVs that do not listen to ATS.

Short asynchronous data frames can always be sent using ATS.

Long asynchronous data consists of all other asynchronous data frames.  These frames are put in a common queue for its type (any beacon ATS or beacon 0 ATS). It is the responsibility of the source to obtain necessary capability information about the intended destination DEV before attempting ATS CT reservation.

The two ATS procedures are identical, with the difference that powersave ATS is only allocated in beacon number 0 (see 7.4.2).

8.X.3 Power save options with asynchronous data

By its sporadic and unpredictable nature, asynchronous data is a challenge to power save. PNC allocation comes after an unknown delay. The allocated time needs to be fairly distributed among all requesting DEVs. All this means that it’s not possible to know exactly which frames and in which order they will be sent, since the queue may have been rearranged in the mean time due to aging functions, retransmissions, new MAC SAP requests or, if used, prioritization schemes.

It is hence not possible to guarantee which DEVs will get a data frame in a particular ATS, however it is possible to tell which ones will not get one, since the destination list in the channel time request will provide this information to PNC. This will limit unnecessary listening among non receiving DEVs.

A device may choose one out of four different options to handle asynchronous data in TDMA. The option is set in the capability field of the association frame (see 7.4.3) and of the DEV association information element (see 7.4.15) in the beacon.

The source DEV must first obtain the capability of an intended destination to find a possible transfer mode. According to frame size and priority, and the destination DEV’s capability, it shall select to send the frame in an MTS, any ATS or beacon 0 ATS, listed in increasing order of average delay time.

Devices supporting CAP shall select option “no ATS or MTS based asynchronous data support”.

If a destination device has capability “no ATS or MTS based asynchronous data support”, and CAP is not supported, the convergence layer may select to open a stream only for the current frame, or to deny service to upper layers.

If no power-save features are required, using CAP is the most efficient option.

8.X.4 PNC handling of asynchronous data in TDMA.

If the PNC does not support CAP it shall support MTS and ATS. The PNC shall proportionally allocate its available ATS time using a fair distribution algorithm out of the scope of this standard. The total ATS time in one superframe shall be limited by mATS_MIN and mATS_MAX. mATS_MAX is a fraction of the super frame not larger than that the piconet’s power-save objectives can be met. mATS_MAX is limited by the size of the superframe reduced by allocated MTS and GTS. mATS_MIN is the minimum ATS allocated in a superframe. If no ATS requests exist the PNC may set mATS_MIN to 0. If speed rather than power saving is the primary objective in the piconet, the PNC may allocate a default ATS to every associated DEV. Default ATS CTA shall be set with the destination list set to the BROADCAST DEVID. 

No ATS shall ever be smaller than mMIN_ATSCTA. This value is set to enable transmission of one maximum length asynchronous frame (mASYNC_MAXFRAMESIZE) at minimum rate, and to send one immediate ack frame.

The PNC may decide to do its fair allocation over one or several superframes.

The PNC shall handle modifications or de-allocations of requests from a DEV. Regardless of if a DEV de-allocates its requested ATS after all data has been sent, the PNC shall free up allocated ATS, if a fair chance of sending all buffered data has been provided and no further requests have been received within a implementation specified time. The de-allocation algorithm is out of the scope of this standard. The PNC may follow all ATS traffic and de-allocate ATS resources after the corresponding data frames have been successfully sent.

Only one ATS is allocated per requesting DEV.

8.X.5 DEV handling of asynchronous data in TDMA.

If the piconet does not support CAP, the action upon reception of a MAC_UNITDATA.request primitive shall be as follows (note that CL has previously confirmed that the destination DEV can receive asynchronous data):

If the destination DEVcapability allows transmission in MTS, and the data frame qualifies as a short asynchronous data frame (see 8.X.2), use MTS for transmission.

If the destination DEV capability allows ATS in any superframe, use the common ATS mode.

If the destination DEV capability only allows ATS in superframe 0, use power-save ATS mode.

If the frame has not been sent within mASYNC_MAXTXTIME_COMMON, or mASYNC_MAXTXTIME_PS, respectively, report transmission failure to CL using MAC_UNITDATA.confirm with result set to TX_TIMEOUT.

When the ATS CTA arrives in the beacon, the DEV may transmit any buffered data frame that fits in the ATS.

If the current superframe is announced in beacon number 0, and the DEV has requested power-save ATS, it shall first send all power-save ATS data frames. If additional ATS exists after all power-save ATS data frames have been sent, it may continue with common ATS frames.

8.16 MAC layer parameters

	Parameter
	value

	mASYNC_MAXFRAMESIZE
	2048
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