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	Abstract
	This document proposes a simplified and unified method for CTA relinquish and implied ACK for use by 802.15.3b.
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	This document is provided in support of 802.15.3b activities.
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Motivation

The current 802.15.3b draft proposes methods for relinquishing CTA and for sending a data frame with implied acknowledgement. The author of this proposal recognizes the value of both the methods. The existing proposal however makes implementation rather complicated. For instance:

· Relinquish sent as a frame. While this is implementation specific, one can safely assume that the interpretation of a command frame body operates on a slower time base than decoding bits in a header. It is very unlikely that any implementation can switch TDMA state machines within a deadline time given by a frame.

· Implied ACK sent to third party forces complete change of the receive filter and also makes the negative acknowledgement very complicated.

The proposal below will enable most of the proposed functionality by adding only two bits in a new field to the header.

Implied ACK and CTA relinquish are both in this text referred to as CTA sharing.

Frame formats

Delete the relinquish command.

Replace the extended ACK field from the header with a CTA sharing field.

000 – No CTA sharing. Conforms with 802.15.3-2003

Bit 11 - Implied ACK request

Bit 12 - NAK and Implied ACK request

Bit 13 – Relinquish rest of CTA

Uses of existing header bits:

All the existing header bits will be used in a fashion so that a non 802.15.3b capable DEV can respond to a frame appropriately.

In a Data frame or SNAP data frame, the ACK policy shall be set to Imm-ACK

In an Imm-ACK frame, the ACK policy shall be set to No-ACK, while some of the new bits may be used, see below.

In Dly-ACK, Command and beacon frames, the shared CTA field shall be set to 0b000 and shall be ignored on reception.

The more data bit may be used in an Imm-ACK frame, see below.

Basic Rules
Relinquish of CTA always implies to the end of the current CTA.

Stream originator may only relinquish CTA to stream destination

Stream destination may only relinquish CTA back to stream originator

Stream destination may only send data to a third party DEV if all of the following conditions are true:

· Stream originator has relinquished CTA

· Stream destination has sent an Imm-ACK frame directed to Stream Originator

· Stream destination has waited mCtaSharingTimeout to make sure that Stream Originator has received the Imm-ACK.

The Stream destination, upon taking ownership of the CTA, may initiate an implied ACK sequence with DEV3. DEV3 is only allowed to send back to the Stream Destination, since the CTA has not, and cannot, been relinquished to DEV3.

Any recipient of a frame with the CTA sharing utility bit set used may respond with Imm-ACK. The source of the frame may choose to interpret this as that the destination is not supporting any of the CTA sharing features.

The NAK bit shall be used if the destination did not correctly receive a data frame from the source, while it still desires to continue the use of implied ACK. The destination may also choose not to send any acknowledgement to an incorrectly received frame.
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This MSC shows a typical “ping-pong” scenario. When there is not enough time left in the CTA to send another data frame, the last DEV in the sequence shall use an Imm-ACK frame.
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This MSC shows a scenario where FCS check failed on the first data frame.
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This MSC shows two valid relinquish scenarios. The exchange between Stream Destination and DEV3 shall be ended with an Imm-ACK by either party before the CTA may be relinquished back to the originator (not shown). Note: 3*SIFS is a recommended mCtaSharingTimeout value. The MSC should refer to the mCtaSharingTimeout, which is TBD

As in current rules, that source of a data frame is responsible for making sure that there is at least enough time in the CTA for an Imm-ACK before transmitting.

Other “more advanced” rules and notes

Any party involved in CTA sharing may set the more-data bit in the header of an Imm-ACK frame or data frame to indicate to the CTA owner that they would like to get a transmission opportunity. The current owner of the CTA may choose to relinquish the CTA, send a frame with an Implied ACK request, or to ignore the request.

If the current owner of the CTA wishes to relinquish the CTA and have no data to send, it may set the relinquish bit combination in an Imm-ACK frame. The same rules apply as when used in a data frame.

Note: Just like with dly-ACK, it is likely that a stream destination will have to set up certain features to take advantage of the CTA sharing utility. One example is that it needs to set up its transmit queues to the stream originator to operate with a reception CTA. It is therefore a recommended practice to initiate CTA sharing with a null data frame with the implied ACK request value set in the CTA sharing field. The participants may also make an FCSL level contract to use this feature, which would be out-of-scope of this standard. 

Optionality

All the described features shall be considered optional. The usage of existing fields in the header is backwards compatible with IEEE Std. 802.15.3-2003.

Detailed changes to P802-15-3-D00_Draft_Ammendment.pdf
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7.2.1.4 ACK policy and CTA sharing fields

The ACK Policy field is and the ACK Policy Extension Implied ACK request fields are used to indicate the type of acknowledgement procedure that the addressed recipient is required or allowed to perform. The use of the ACK Policy

field ACK procedures is described in 8.8. The allowed values of the ACK Policy field and the ACK Policy

Extension Implied ACK request bit are defined Table40.

Change Table 40, column 1, row 1 to :

Implied ACK request

7.2.1.8 Implied ACK device to device (DTD)

The Implied ACK DTD field shall be set to zero if the ACK Policy is Implied-ACK and the source DEV is

requiring the destination DEV only respond with either a directed frame to the source DEV or an Imm-ACK,

as described in 8.8.4. The Implied ACK DTD field shall be set to one when the ACK policy for the frame is

Implied-ACK and the source DEV is allowing the destination DEV to respond with a frame to a another

DEV. It shall be set to zero otherwise.
7.2.1.8 CTA Relinquish

The CTA Relinquish bit shall be set to one when a DEV relinquishes CTA ownership to its peer DEV of the stream. CTA relinquish is described in [NEW CLAUSE].

7.5.9.5 Relinquish CTA

Delete this subclause

8.8.4 Implied acknowledgement

Implied ACK is one method that allows a CTA to be used for bi-directional data transfer. Instead of using a

special frame to acknowledge the successful receipt of a frame, with implied acknowledgement, the ACK is

implied when the target DEV sends any frame, called the response frame, in response to a frame that has an

ACK policy of implied ACK request.

The originating DEV sets the ACK policy to implied ACK Implied ACK request bit to one in a frame to begin the implied ACK process procedure.

Only the DEV that is the source of a CTA shall initiate the implied ACK process procedure. When the target DEV successfully

receives a frame with the ACK policy set to implied ACK Implied ACK request. the DEV shall respond with either an

Imm-ACK frame or with a command or data frame. If the Implied ACK DTD field is set to one and the

ACK policy is implied ACK, the target may send a frame to any other DEV in the piconet. Otherwise, tThe

target DEV shall only send a frame to the originating DEV, unless the CTA has been relinquished, see [NEW CLAUSE].

If the target DEV sends a frame to the originating DEV in response to a frame with ACK policy of implied

ACK, the target DEV shall set the ACK policy of the response frame to one the following; no-ACK, Imm

ACK or implied-ACK. If the target DEV sends a frame to another DEV in response to a frame with ACK

policy of implied ACK, the target DEV shall set the ACK policy of the response frame to either no-ACK or

Imm-ACK shall respond with an immediate ACK to the originating DEV and initiate the Implied ACK destination switch procedure.

If there is not sufficient time in the CTA for the response frame and any required acknowledgements before

the end of the CTA, the target DEV shall respond with an Imm-ACK. If the target DEV does not know the

end time of the current CTA, it shall only send an Imm-ACK frame as the response frame. The target DEV

shall only send one frame in response to a frame with the ACK policy set to implied ACK. The response

frame may be of any length as long as the frame and any required ACKs do not exceed the end of the current

CTA.

If the target DEV successfully receives a MAC header for a frame with the ACK policy set to implied ACK

but does not successfully receive the frame body, i.e., the FCS check fails, it may still send a data or command

frame in response. In this case, the target DEV shall set the Implied ACK NAK field , 7.2.1.7, to indicate that it did not successfully receive the frame from the originating DEV in the response frame.

When the originating DEV sends a frame with an ACK policy of implied ACK, the originating DEV shall

not retransmit the frame or transmit a new frame until after a minimum timeout of a three times a SIFS plus

the duration of an Imm-ACK plus the duration of the longest possible frame at the lowest data rate. mCtaSharingTimeout This is to ensure that the next transmission attempt by the originating DEV does not interfere with a frame sent by the

target DEV to a another DEV in the piconet. If the Implied ACK DTD bit is set such that the DEV is

required to respond with a frame directed only to the originator, the retransmission time shall be no less than

two times a SIFS plus the duration of the longest possible frame at the lowest data rate.

The target DEV is only allowed to transmit command or data frames in the CTA in response to a frame sent

to that DEV with an ACK policy of implied ACK.

When the ACK policy is set to Implied ACK and the Implied ACK DTD bit is set to allow the target DEV to

send the response frame to any DEV in the piconet, the originating DEV will need to set its receiver so that

it is be able to receive the MAC header of a frame for which it is not the DestID. This is to enable the originating

DEV to determine if its frame was ACK’ed as well as the time when the target DEV will be finished

with its frame exchange with the other DEV.

As in any CTA, a DEV should only transmit to a DEV that it knows is listening to the CTA

Implied ACK shall not be used for broadcast or multicast frames, i.e., frames with the DestID set to BcstID,

McstID or a McstGrpID. Implied ACK shall not be used in the CAP or a contention CTA.

The use of implied ACK to make enable bi-directional communication in a CTA does not imply that the

stream is bi-directional as well. All streams in IEEE Std 802.15.3 are unidirectional. Only the originating

DEV is allowed to send frames using the stream index assigned by the PNC. Frames transmitted in the

opposite direction in the CTA shall either use the asynchronous stream index or a stream index that has been

assigned to that DEV.

If the current owner of a stream receives an imm-ACK frame with the more data bit set, it may relinquish the CTA (see x.x.x) or initiate an implied ACK sequence.

Implied ACK destination switch procedure

Only the owner of a CTA may switch destination. The default owner is the DEV that originated the CTA. Other DEV may get ownership by the previous owner relinquishing the CTA [NEW CLAUSE].

A DEV that is the current owner of a CTA may switch destination by transmitting an immediate-ACK frame in response to any frame by the previous owner of the CTA, and then waiting mCtaSharingTimeout to make sure that it will receive no further frames from its previous peer. After the timeout has expired, it may initiate a new imp-ACK sequence to a 3rd party DEV.

[NEW CLAUSE] This would optimally replace 8.4.3.8

CTA Relinquish

The originator of a CTA may relinquish the remaining time in the CTA to a destination DEV by setting the CTA relinquish bit in the header. CTA can only be relinquished between the originator and target of a stream. If the stream has multiple destinations, the originator may relinquish the CTA to any individual DEV that is a possible destination of the CTA.

Any party involved in CTA sharing may set the more-data bit in the header of an Imm-ACK frame or data frame to indicate to the CTA owner that they would like to get a transmission opportunity. The current owner of the CTA may choose to relinquish the CTA, send a frame with an Implied ACK request, or to ignore the request.

If the current owner of the CTA wishes to relinquish the CTA and have no data to send, it may set the relinquish bit combination in an Imm-ACK frame. The same rules apply as when used in a data frame.

The owner of the CTA shall always initiate a frame interchange. 

CTA relinquish is normally used together with the implied ACK procedure, see 8.8.4. 

To ensure that the CTA has been successfully relinquished, the DEV giving up the CTA shall wait mCtaSharingTimeout before initiating any new frame exchanges, in case it does not receive a frame from the new owner. The new owner shall wait mCtaSharingTimeout before initiating a frame exchange to any other DEV than the previous owner of the CTA. See also Implied ACK destination switch procedure, 8.8.4.

Note: Just like with dly-ACK, it is likely that a stream destination will have to set up certain features to take advantage of the CTA sharing utility. One example is that it needs to set up its transmit queues to the stream originator to operate with a reception CTA. It is therefore a recommended practice to initiate CTA sharing with a null data frame with the implied ACK request value set in the CTA sharing field. The participants may also make an FCSL level contract to use this feature, which would be out-of-scope of this standard.

Note. It would be possible to let the stream originator become poll master in a multicast group by committing appropriate CTA relinquish sequences.
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