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		Introduction

The authors prepared this document to give more details on Co-TDMA based on the agreed motions and IEEE contributions on Co-TDMA in text format.  The authors look forward to working with all interested participants to prepare an official proposal for specification text on Co-TDMA.










This document is based on the following SFD (11-24/0209r6) agreements related to the Co-TDMA topic:
· TGbn shall define a Coordinated TDMA (Co-TDMA) procedure for an AP to share its time resources of an obtained TXOP with a set of APs.
· Set of APs is TBD.
· The set can consist of one AP.
· A UHR AP shall indicate to another AP its capability to respond in a TB PPDU or not.
· As part of the Co-TDMA procedure, a sharing AP may solicit a poll response in a TB PPDU from another AP only if the other AP has indicated support for responding via a TB PPDU.
· A TXOP owner AP announces its intention of sharing a portion of the time resource of its TXOP for Co-TDMA operation, in an Initial Control frame (exact ICF and name TBD) sent at the beginning of the TXOP. The frame polls AP(s) with whom it may share the TXOP to determine their interest
· A TXOP owner AP that intends to share its TXOP is referred to as a sharing AP.
· A candidate AP identified (polled) in the ICF is referred to as a polled AP.
· The Duration field of the frame is set to the length of time required to transmit the solicited response frame plus one SIFS.
· Whether or not the sharing AP is mandated to send the ICF that announces that intention is TBD.
· As part of the Co-TDMA procedure, a candidate AP that is polled by the sharing AP shall provide, via a response,
· Its intention not to participate in TXOP sharing during the current TXOP.
· Note: If the sharing AP doesn’t receive a response from a polled AP, it assumes that the polled AP is not interested in TXOP sharing during the current TXOP.
· Its intention to participate in TXOP sharing during the current TXOP.
· Signaling details (including traffic indication) are TBD.
· As part of the Co-TDMA procedure, to share a time portion of its TXOP, a sharing AP shall send a MU-RTS TXS Trigger frame to another non-collocated AP.
· The Allocation Duration field of the frame indicates the duration of that time portion.
· The Duration field of the frame is set to the time required to transmit the solicited response frame plus one SIFS.
· As part of the Co-TDMA procedure, TGbn defines a mechanism for an AP, that received a time portion of a TXOP from a sharing AP, to return the remainder of the allocated time (if any) back to the sharing AP.
· Signaling details and the condition(s) for TXOP return are TBD.





This document is based on the following IEEE contributions:

· 11-23/0041r0:  11-23-0041-00-0uhr-considerations-on-coordinated-tdma
· 11-23/0249r1: 11-23-0249-01-0uhr-extended-txop-sharing
· 11-23/0261r0: 11-23-0261-00-0uhr-tdma-for-wifi-8
· 11-23/0739r1: 11-23-0739-01-0uhr-follow-up-on-coordinated-tdma-c-tdma
· 11-23/1085r0: 11-23-1085-00-0uhr-thoughts-on-coordinated-tdma
· 11-23/1895r2: 11-23-1895-02-00bn-c-tdma-frame-sequence
· 11-23/1910r1: 11-23-1910-01-00bn-coordinated-tdma-follow-up
· 11-23/1912r1: 11-23-1912-01-00bn-coordinated-tdma-procedure
· 11-24/0093r3: 11-24-0093-03-00bn-nav-setting-for-coordinated-tdma
· 11-24/0227r1: 11-24-0227-01-00bn-txop-protection-in-c-tdma
· 11-24/0382r0: 11-24-0382-00-00bn-further-considerations-on-coordinated-tdma
· 11-24/0411r0: 11-24-0411-00-00bn-txop-return-in-c-tdma
· 11-24/0423r0: 11-24-0423-00-00bn-nav-rules-in-c-tdma
· 11-24/0462r1: 11-24-0462-01-00bn-mapc-sps
· 11-24/0842r0: 11-24-0842-00-00bn-multi-ap-set-configuration-for-c-tdma
· 11-24/0843r0: 11-24-0843-00-00bn-some-details-on-txop-sharing-in-c-tdma
· 11-24/0866r1: 11-24-0866-01-00bn-preemption-for-c-tdma
· 11-24/0887r0: 11-24-0887-00-00bn-consideration-on-relay-operation-for-11bn
· 11-24/0941r0: 11-24-0941-00-00bn-txop-sharing-group-shared-ap-selection
· 11-24/1016r2: 11-24-1016-02-00bn-c-tdma-follow-up-additional-details-on-framing-sequence
· 11-24/1017r0: 11-24-1017-00-00bn-mechanism-for-txop-return-in-c-tdma
· 11-24/1225r0: 11-24-1225-00-00bn-initial-control-frames-in-c-tdma
· 11-24/1250r0: 11-24-1250-00-00bn-discussion-on-txop-allocation-in-c-tdma
· 11-23/1327r0: 11-23-1327-00-0uhr-considerations-on-return-txop-between-aps
· 11-23/1846r1: 11-23-1846-01-00bn-protection-of-extended-txop-sharing
· 11-24/1701r0: 11-24-1701-00-00bn-nav-protection-for-c-tdma-follow-up

3.2 Definitions specific to IEEE Std 802.11

TXOP owner AP: [TXOP owner AP] An AP that has obtained a TXOP by following the procedure described in 10.23.2.4 (Obtaining an EDCA TXOP).

9.4.2 Elements
9.4.2.1 General


Table 9-128—Element IDs
	Element
	Element ID
	Element ID Extension
	Extensible
	Fragmentable

	…
	
	
	
	

	MAPC Operation (see 9.4.2.x (MAPC  Operation element))
	TBD
	TBD
	Yes
	Yes









9.4.2.X Multi-Access Point Coordination (MAPC) Operation Element

	
Element ID
	
Length
	Element ID Extension
	MAPC Support
	MAPC Operation Parameters


Octets:	1	1	1	1	TBD

Figure 9-X—MAPC Operation element format

The Element ID, Length, and Element ID Extension fields are defined in 9.4.2.1 (General).

The format of the MAPC Support field is defined in Figure 9-Y (MAPC Support field format).

	
	B0
	B1	B7

	
	Co-TDMA Enabled
	
Reserved

	Bits:
	1
	7



Figure 9-Y—MAPC Support field format

The Co-TDMA Enabled field is set to 1 if the AP supports Co-TDMA procedure (as described in 37.X.X.X.) and set is to 0 otherwise. 

The format of the MAPC Operation Parameters field is defined in Figure 9-Z (MAPC Operation Parameters field format).


	
	B0
	B1	BX

	
	TB PPDU Response Enabled
	
Reserved

	Bits:
	1
	TBD



Figure 9-Z—MAPC Operation Parameters field format

The TB PPDU Response Enabled parameter is set to 1 if the AP supports responding in a TB PPDU as a response to the ICF from another AP (see 37.X.X.X.1 (Polling Phase)). Otherwise, the TB PPDU Response Enabled subfield is set to 0.


37.X.X.X Coordinated Time Division Multiple Access (Co-TDMA) procedure
The Co-TDMA procedure allows a TXOP owner AP to share a portion of time resource of an obtained TXOP to another AP. 
A TXOP owner AP that intends to share its TXOP is referred to as a sharing AP. An AP with which the sharing AP shares time resources of its obtained TXOP is referred to as a shared AP.
Figure 37.X (Example of a Co-TDMA operation between two APs) shows an example of Co-TDMA procedure that consists of a Polling phase, a TXOP Allocation phase, and a TXOP Return phase.




37.X--Example of a Co-TDMA operation between two APs

37.X.X.X.1 Polling phase (Name TBD)

The sharing AP announces its intention of sharing a portion of the time resource of its TXOP for Co-TDMA procedure, in an initial control frame (ICF) sent at the beginning of the TXOP. The ICF polls one or more APs with whom the sharing AP may share the TXOP to solicit a response to determine their interest in participating in the Co-TDMA procedure within the TXOP.

An AP identified (polled) in the ICF is referred to as a polled AP. 

The Duration field of the ICF is set to a value that indicates the ending time of the PPDU[+SigExt] carrying the solicited response from a polled AP plus one SIFS.

The ICF that polls an AP to determine its interest in participating in the Co-TDMA procedure within the TXOP is a TBD Trigger frame. The sharing AP identifies an AP that is to be polled via the AID12 field carried in the User Info field of the Trigger frame. 

NOTE—Whether or not the sharing AP is mandated to send the ICF that announces the intention of sharing a portion of the time resource of its TXOP for Co-TDMA procedure is TBD.

A polled AP shall indicate, via a response, to a received ICF transmitted from the sharing AP whether or not it intends to participate in the time shared during the current TXOP. The signaling details of the response (including traffic indication) are TBD.

NOTE—If the sharing AP doesn’t receive a response from a polled AP, it assumes that the polled AP is not interested in TXOP sharing during the current TXOP.

An AP shall indicate to another AP whether it is capable of responding in a TB PPDU to an ICF transmitted by the sharing AP. An AP with dot11TBResponseSupported equal to true shall set the TB PPDU Response Enabled subfield to 1 in the MAPC Operation Parameters field that it transmits. 

[bookmark: _bookmark127][bookmark: _bookmark128]A sharing AP may solicit a poll response in a TB PPDU from another AP only if the other AP has indicated support for responding in a TB PPDU by setting the TB PPDU Response Enabled subfield in the MAPC Operation Parameters field to 1. 
37.X.X.X.2 TXOP allocation phase (Name TBD)

The sharing AP may allocate time within the obtained TXOP (see 10.23.2.4 (Obtaining an EDCA TXOP)) to a polled AP. To share a time portion of its TXOP, the sharing AP shall transmit a TXOP Allocation trigger (exact name TBD) to a single polled AP. The TXOP Allocation trigger shall be an MU-RTS TXS Trigger frame as defined in 9.3.1.22.9 (MU-RTS Trigger frame format) with the TBD modifications within 9.3.1.22.9 for Co-TDMA.

The Duration field of the TXOP Allocation trigger is set to a value that indicates the ending time of the PPDU carrying the solicited CTS response frame plus one SIFS.

The sharing AP identifies an AP with whom the TXOP is to be shared via the AID12 field carried in the User Info field of the MU-RTS TXS Trigger frame.

The time allocated to the shared AP is specified in the Allocation Duration subfield in the MU-RTS TXS Trigger frame.

The portion of time of the obtained TXOP that is shared by a sharing AP with a shared AP is referred to as a Shared TXOP.
37.X.X.X.3 TXOP return phase (Name TBD)

A shared AP may return the remainder of a shared TXOP (if any) to the sharing AP. The condition(s) for TXOP return and signaling details on how to return the TXOP are TBD.

37.X.X.X.4 Fairness considerations
The Co-TDMA procedure also defines a mechanism to support fairness to neighboring STAs (APs and non-APs). The exact mechanism is TBD.

37.X.X.X.5 Pre-negotiations (Name TBD)	Comment by Sanket Kalamkar: This subsection is temporarily placed here and can be moved to the common framework of M-AP coordination schemes once those discussions take place.

37.X.X.X.5.1 Common MAPC framework

[bookmark: OLE_LINK4]37.X.X.X.5.1.1 General

An AP discovers a neighboring AP that supports Co-TDMA operation based on the MAPC Operation element that it advertises. The AP may initiate a request to negotiate with the discovered APs for enabling coordinated transmission. Only mutually discovered Co-TDMA capable APs may negotiate with each other an agreement on feature parameters. APs can use individually addressed management frames to establish a coordination agreement. 
 
37.X.X.X.5.1.2 Assignment of AP identifiers

During the negotiation phase and upon successful completion of a coordination agreement between a pair of APs, the APs may assign an AP Identifier (ID) to each other. The AP ID is a number that is assigned by each AP in a coordination pair to the other AP of the pair. While an AP may be a member of more than one coordination pairs, all the AP IDs assigned by the AP shall be unique. Additionally, an AP shall ensure that the AP IDs are not assigned to non-AP STAs associated with this AP. The AP IDs shall be maintained by an AP for a coordination pair lifetime.
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