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Introduction

Several interesting papers have been submitted to TG3b on the topic of bi-directional CTAs. This paper reintroduces a method of ACK that allows for the bi-directional use of a CTA. Implied-ACK was present in early drafts of IEEE standard 802.15.3: 2003. It was removed in d11 in response  to a letter ballot comment. Now that the need for bi-directional CTAs has been quantified, it makes sense to reintroduce the Implied-ACK method. 

Implied-ACK as documented in this paper provides:
· Normal use of CTAs and the ACK methods without impact to existing implementations of the 802.15.3: 2003 standard. 
· Use of reserved MAC header bit for Implied-ACK request.
· Destination DEV use of CTA to return a data frame as an implied Imm-ACK of a sent frame if traffic to send is available.
· Destination DEV use of CTA to send a data frame to an alternate “listening” DEV if traffic to send is available.
· The addition of a NAK bit in the header to allow a device that is the target of a frame with Implied ACK policy to send a data frame and simultaneously signal that the FCS failed on the frame that was sent with Implied ACK policy.  
· The addition of an Implied ACK P2P (point to point) bit that limits a DEV responding to Implied ACK to only send a frame to the DEV that sent the Implied ACK frame.

Summary of impacted sections of 802.15.3:2003

Clause 6 changes TBD
Clause 7 changes include:

· Changes in 7.2.1 figure 9 Frame control field format to take one bit from the reserved pool. 

· Changes in 7.2.1.4 ACK policy to add additional bit and describe it.  Add to table 40 Valid ACK policy field and ACK policy extension allowed type values
Clause 8 changes include:

· Introduction to acknowledgement  section to mention Implied-ACK
· Description of Implied-ACK added including MSC
New or changed text
7.2.1 Frame control (changes)

{Replace existing Figure 9 with new one as follows}
	Bits: b15-b14
	b13
	b12
	b11
	b10 
	b9
	b8-b7
	b6
	b5-b3
	b2-b0

	Reserved
	Implied ACK P2P
	Implied ACK-NAK
	ACK policy extension
	More data
	Retry
	ACK policy
	SEC
	Frame type
	Protocol version


Figure 9 – Frame control field format
7.2.1.4 ACK policy and ACK policy extension (changes)
The ACK Policy field and the ACK Policy extension field are used to indicate the type of acknowledgement procedure that the addressed recipient is required or allowed to perform. The acknowledgement procedures are described in 8.8. The allowed values for the ACK Policy and ACK Policy extension fields are defined in Table 40.
{There is intent with this proposal that the meaning of the existing ACK policy field does not change. This allows backward compatibility with the published standard. As such, when the ACK Policy extension field is set (value of “1”) to permit Implied-ACK, the ACK Policy field is set to Imm-ACK (value of “01” binary) by the initiating DEV. }

Table 40 – Valid ACK policy and ACK policy extension allowed field type values

(numeric values in this table are shown in binary)

	Type value b11
	Type value b8 b7
	ACK policy type and ACK policy extension type
	Description

	0
	00
	No ACK
	The recipient(s) does not acknowledge the transmission, and the sender treats the transmission as successful without regard for the actual result. The use of this policy is defined in 8.8.1.



	0
	01
	Immediate ACK (Imm-ACK)
	The addressed recipient returns an Imm-ACK frame after successful reception, according to the procedures defined in 8.8.2.



	0
	10
	Delayed ACK (Dly-ACK)
	The addressed recipient keeps track of the frames received with this policy until requested to respond with a Dly-ACK frame, according to the procedures defined in 8.8.3.



	0
	11
	Dly-ACK Request
	The addressed recipient returns either an Imm-ACK or a Dly-ACK frame after successful reception, according to the procedures defined in 8.8.3.



	1
	01
	Implied-ACK request  
	The addressed recipient returns either an Imm-ACK frame after successful reception or directed data or control frame according to the procedures defined in 8.8.4


The NAK bit can only be set by a device responding to a frame with ACK policy of Implied ACK.  Setting the NAK bit to “1” indicates that the FCS failed on the frame that was sent with implied ACK policy.  This allows the responding DEV to send a frame in response to a frame with implied ACK policy even when the FCS fails.  
If the P2P bit is set to a “1” a DEV responding to an Implied ACK request can only send a frame to the DEV that sent the frame with the ACK policy set to Imllied ACK.  

8.8 Acknowledgement and retransmission (changed)
There are four acknowledgement types defined for this standard; no acknowledgement (no-ACK), immediate acknowledgement (Imm-ACK), delayed acknowledgement (Dly-ACK), and implied-acknowledgement (Implied-ACK).
8.8.4 Implied acknowledgement (8.8.4 through 8.8.5 are bumped to have all of the ACK things together)

Implied acknowledgement permits a CTA to be used bi-directionally within a limited scope. A specific implied-ACK frame type for the acknowledgement frame in response to a data frame containing an Implied-ACK request is not defined. In this text, Implied-ACK is the process rather than a frame type.
Implied acknowledgement may be used for directed data or command frames. When a directed frame has the ACK Policy extension field set to implied-ACK request, the target DEV may respond with a command frame or data frame that has the ACK request field set to either Imm-ACK or no-ACK.  In addition, if the target of the responding frame is the sender of the frame with implied ACK policy, the ACK policy for the responding frame may be set to implied ACK. Since the ACK Policy extension field in the response data frame shall not be set to implied-ACK request when the destID of the response data frame does not match the SrcID of the preceeding frame, the chaining of implied-ACKs among 3 or more DEVs is not permitted. However, ping ponging of Implied ACK data frames between two DEVs, where one DEV is the owner of the CTA, is possible.  

If the responding DEV is not able to fit its SIFS + response frame + SIFS (+ Imm-ACK + SIFS, if Imm-ACK is expected) within the CTA, then the responding DEV shall simply send an Imm-ACK in response. The target DEV shall send only one frame in response to a received frame soliciting an implied-ACK. The target DEV may transmit its response-data-frame for any length of time without exceeding the current CTA. If the responding DEV does not know the end of current CTA, it shall send an Imm-ACK in response to an implied-ACK solicitation. The target DEV shall make sure that there is enough time remaining in the current CTA for the Imm-ACK from the originator, if required, for the frame sent as response to an implied-ACK solicitation.
When the owner of a CTA sends a frame with ACK Policy of Implied ACK, it shall not retransmit that frame or transmit a new frame until a timeout interval has expired.  The timeout duration shall be a minimium of RIFS.  
DEVs responding to a frame with Implied ACK policy shall not transmit a new frame or retransmit a frame that is not successfully ACKed in that CTA unless it receives another frame with Implied ACK policy.   

Frame exchange sequences involving implied-ACK are shown in Figures xxx, and yyy. Figure xxx depicts a pair of Source and Destination devices where the responding data frame uses no-ACK policy. Figure yyy depicts a third device, with an alternative destination, and uses the Imm-ACK policy for the data or command frame sent from the destination device to the alternative device. 
Implied ACK policy shall not be used in the CAP or a contention CTA to avoid ambiguities between a frame that is transmitted in response to a frame with an implied ACK request and a frame that is transmitted independently when the original frame was missed.  

Implied ACK shall not be used for frames with DestID of BcstID, McstID or a McstGrpID.
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Figure xxx- Message sequence chart for Implied-ACK with frame to Source DEV
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Figure yyy- Message sequence chart for Implied-ACK with frame to Alternative DEV
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