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Background

Normally when a wireless client wishes to send data to another wireless client that is associated with the same AP (i.e. is in the same BSS) then the first wireless client must send the data frame to the AP. The AP will then send the data frame on to the second wireless client.

In order to avoid this double transmission of the data the first client may negotiate with the AP, and open a direct link with the second client. With a direct link open the 2 clients may exchange data frames directly with each other.

The Problem

When a direct link is open between 2 clients either client must be ready at all times to receive a data frame from the other client. Since either client cannot know when the other may send some data it must be available all the time. This precludes shutting down the radio in order to save power, or operating on a different channel as part of scanning. This protocol allows the 2 clients to signal availability to each other, and efficiently solves the problem.

The Solution

Each client maintains its availability state. States can be:

1. Available

2. Unavailable

3. Periodically Available – with a particular schedule.

A DLS link setup between two clients shall indicate that both clients are in the Available state.

Availability Indications

A client indicates to another client that it’s availability state is changing by sending an Availability Indication action frame. The Availability Indication action frame may be sent directly to the peer client if it is known to be available to receive the action frame. If not it shall either be delayed until the peer client is available or sent via the AP. 

If a peer client is known to be currently available, the Availability Indication action frame may be sent directly to the peer, and the directed ACK is considered acknowledgement of receipt.

If the peer is not known to be currently available the Availability Indication action frame may either be buffered until the peer is available (in the case that the peer is known to be in the Periodically Available state) or it must be sent via the AP. If the Availability Indication is sent via the AP the client must wait until it receives a matching Availability Indication Acknowledgement action frame from the peer.

The AP shall forward Availability Indication and Availability Indication Acknowledgement action frames between clients that have DLS links established.

If no Acknowledgement is received within a reasonable time when an Availability Indication action frame is sent then the DLS link may be torn down.

Availability States

If a client has indicated that it is in the Available state then it must remain on channel and available to receive frames from its DLS peer at all times. If a peer wants to send data to a client known to be in the Available state then it may send the data directly using the DLS link (not via the AP).

If a client is in the Unavailable state then it does not have to be available to receive frames from its DLS peer. The client may put its radio into a low power mode to save power, or perform off channel operations such as scanning. If a peer wishes to send a frame to a client known to be in the Unavailable state, then the peer must send the data via the AP. The client will use pre existing 802.11 power save mechanisms to receive the data.

If a client is in the Periodically Available state then it must be available to receive frames as dictated by its schedule. If a peer wishes to send a frame to a client that it knows to be in the Periodically Available state then it shall buffer the frame and wait until the client is known to be available (according to its schedule) before sending the frame. If a client in the Periodically Available state receives an ATIM frame or a data frame with the EOSP bit clear it must remain available, until a frame with the EOSP bit set is received or an entire service period has passed without any data being received. (This allows extension of the available period in the schedule to account for high bandwidth flows). Note: The ATIM frame can be used to obtain priority access to the medium (It is sent with AC_VO) in the short window available when lower priority data is to be sent.

When transmitting a frame to a DLS peer known to be available (Available, or Periodically Available on a schedule) the sender must be available for long enough after the frame is transmitted to receive any layer 2 ACK from the peer. In the case of Block ACK this includes waiting for the Block ACK frame.

Availability State Transitions

If a client moves to a schedule where it will be unavailable for any time that it was available in the previous schedule it must send an Availability Indication to all clients it has DLS links established with, and wait for acknowledgement from all of them before giving up it’s availability according to the old schedule. This includes moving from the Available state to any state of lower availability, or moving from any Periodically Available state to the Unavailable state. In addition, before sending the indication of the new schedule the client must ensure it will be available for the new schedule. Hence during the transition the client must be available for both the old and the new schedule. Once acknowledgement has been received from all DLS peers the client may switch to the new schedule.

If a client moves to a state where it will be more available (i.e. the new schedule is a superset of the old schedule) – it may send an indication to other clients it has established DLS links with. There is no requirement to wait for acknowledgement before changing state when a client increases it’s availability to receive data.

Responsibility for changing availability state resides with the receiver. The receiver is responsible for monitoring the current bandwidth use with each peer where it has a DLS link, and changing its availability state or schedule accordingly to give a good application performance/battery life tradeoff.

2 types of schedule are supported.

1. ATIM style. This type of schedule indicates that a client will be awake for a fixed period after the BSS’s TBTT. The period is measured in TUs, and reported in an IBSS parameter IE.

2. Arbitrary. This schedule definition allows much more flexibility. The schedule is periodic, and defined in terms of 3 numbers. X = offset from TSF=0 to the start of the first available period. Y = duration of the available period, Z = duration from the start of the first available period until the start of the next available period. X, Y and Z are reported in microseconds as 32 bit values. A new IE is used to report the X,Y,Z figures.

Message definitions:

Availability Indications are sent as Management Action Frames (see 802.11REVma D7.0).

Availability Indication:

	
	
	
	
	

	Action Category
	Action Field
	Dialog Token
	Availability
	Optional Schedule

	2 - DLS
	3 – Availability Indication
	0-255
	0-2
	Schedule IE

	1 octet
	1 octet
	1 octet
	1 octet
	Variable length

	
	
	
	
	


Dialog Token:

This field is used to ensure an Availability Indication ACK can be accurately matched up with the correct availability indication. The transmitter will use a value of 0 for the first availability indication sent on a particular DLS link, and will increase the value by 1 for each subsequent availability indication.

Availability Field:

	Value
	Availability

	0
	Unavailable

	1
	Available

	2
	Periodically Available


Schedule IE:

This can either be an IBSS parameter set element (in case of an ATIM style schedule), or:

Arbitary Schedule IE:

	
	
	
	

	Element ID
	Offset from TSF=0
	Duration of Availability
	Duration of Whole Period

	TBD – Arbitary Schedule
	integer
	integer
	Integer

	1 octet
	4 octets
	4 octets
	4 octets

	
	
	
	


Availability ACK message:

	
	
	

	Action Category
	Action Field
	Dialog Token

	2 – DLS
	4 – Availability Acknowledgement
	0-255

	1 octet
	1 octet
	1 octet

	
	
	


The Dialog Token is copied from the Availability Indication message.
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Abstract


This document describes a protocol to allow client stations involved in direct link operations to save power or perform scanning operations.
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