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3. Definitions

Insert the following new definitions:

3.xx Reliable multicast and broadcast service: a service in which an AP can transmit multicast/broadcast frames to the non-AP STAs with improved  link reliability. 
· Abbreviations and acronyms 
Insert the following new acronyms:

RMBS
Reliable Multicast and Broadcast Service
MBRTS
Multicast Broadcast RTS

MBCTS
Multicast Broadcast CTS

7. Frame formats
7.2 Format of individual frame types

7.2.1 Control frames
Insert the following subclauses (7.2.1.10 to 7.2.1.11) after 7.2.1.9:
7.2.1.10 MBRTS frame format
The frame format for the MBRTS frame is as defined in Figure 7-xx.
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The RA field of the MBRTS frame is the address of the intended receivers. It shall be a grouped address. 
The TA field of the MBRTS is the address of the STA transmitting the MBRTS frame. 
The duration/ID field is the time period for which the originating STA desires to reserve the medium. The duration value is set as defined in 7.1.4.
The Bitmap Control field and Partial Virtual Bitmap field specify a list of the reply-requested stations from which this MBRTS frame requests a MBCTS response. The bitmap control field is a single octet. Bit 0 of the field is reserved. The remaining 7 bits of the field (bits 1-7) form the bitmap offset. The bitmap offset subfield value contains the base AID divided by 16. If its value is N, the stations with AID less than 16 x N are not included in the list of the stations that are requested to respond to this MBRTS frame.
The length of the partial virtual bitmap field varies and is multiples of octets. Each bit in the partial virtual bitmap field corresponds to a specific station. Bit number i (
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 in the bitmap field where the low-order bit of each octet is bit number 0 and the high order bit is bit number 7, corresponds to the station with an AID of 16 x N + i. If bit i in the bitmap field is set to 1, then the station with AID 16 x N + i is in the list of the reply-requested stations that are requested to reply to this MBRTS frame, where N is the Bitmap Offset field value. If the length of partial virtual bitmap field is L octets, stations with AID equal to or greater than 16 x N + 8 x L are not in the list of reply-requested stations. 
In the event that all bits in the virtual bitmap are 0, the Partial Virtual Bitmap field is encoded as a single octet equal to 0, and the Bitmap Offset subfield is 0.
7.2.1.11 MBCTS frame format
The frame format for the MBCTS frame is as defined in Figure 7-xx.
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For the MBCTS frames sent in response to MBRTS frames, the RA field of the MBCTS frame is copied from the TA field of the previous MBRTS frame to which the MBCTS is a response. 
The TA field of the MBCTS frame is the address of the STA that is transmitting the frame.

The duration value is set as defined in 7.1.4.
7.3 Management frame body components

7.3.2 Information elements
· Extended capabilities information element

Insert the following rows into Table 35a:
	· Capabilities field

	Bit
	Information
	Notes

	<ANA>
	RMBS 
	The STA sets the RMBS field to 1 when dot11MgmtOptionRMBSEnabled is set to true and sets it to 0 otherwise. 



9. MAC sublayer functional description
9.2 DCF

9.2.7 Non-reliable broadcast and multicast MPDU transfer procedure
Insert the following text at the beginning of 9.2.7

This subclause describes non-RMBS MPDU transfer procedure. For the RMBS MPDU transfer procedure, see 9.9.1.8.

Change the first and second paragraphs of 9.2.7 as follows:
If dot11MgmtOptionRMBSEnabled is set to 0 in a RMBS AP, when broadcast or multicast MPDUs are transferred from a STA with the To DS field clear, only the basic access procedure shall be used. Regardless of the length of the frame, no RTS/CTS exchange shall be used. In addition, no ACK shall be transmitted by any of the recipients of the frame. Any broadcast or multicast MPDUs transferred from a STA with a To DS field set shall, in addition to conforming to the basic access procedure of CSMA/CA, obey the rules for RTS/CTS exchange and the ACK procedure because the MPDU is directed to the AP. The broadcast/multicast message shall be distributed into the BSS. The STA originating the message shall receive the message as a broadcast/multicast message. Therefore, all STAs shall filter out broadcast/multicast messages that contain their address as the source address. Broadcast and multicast MSDUs shall be propagated throughout the ESS.
There is no MAC-level recovery on broadcast or multicast frames in non-RMBS, except for those frames sent with the To DS field set. As a result, the reliability of this traffic is reduced, relative to the reliability of individually addressed traffic, due to the increased probability of lost frames from interference, collisions, or time-varying channel properties.
Insert the following paragraph at the end of 9.2.7

Reliable multicast and broadcast service (subclause 9.9.1.8) specifies the RMBS MPDU transfer procedure in EDCA.
9.9 HCF

9.9.1 HCF contention-based channel access (EDCA)

Insert the following subclauses (9.9.1.8, 9.9.1.9, and 9.10) after the end of 9.9.1.7:

9.9.1.8 Reliable broadcast and multicast MPDU transfer procedure
An AP may use a MBRTS/MBCTS exchange or multiple RTS/CTS to distribute NAV information, for instance, to reserve the medium and protect the following transmission of multicast and broadcast frames, only when dot11MgmtOptionRMBSEnabled is set to 1. The dot11MgmtOptionRMBSEnabled attribute shall be a managed object within the MAC MIB, and its value may be set and retrieved by the MLME. 

When a MBRTS/MBCTS exchange is used, the frames shall be transmitted following subclause 9.9.1.9. When multiple RTS/CTS are used, the frames shall be transmitted following subclause 9.9.1.10.  Otherwise, the multicast or broadcast frames shall be transmitted following the success of the basic access procedure as defined in 9.2.7 (DCF), or 9.9.1.3 (EDCA) or other access procedures (such as HCCA and PSMP). With or without the use of the MBRTS/MBCTS exchange procedure, the non-AP non-RMBS-enabled STA that is a receiver of the multicast/broadcast frames shall follow subclause 9.2.7 or 9.9.1.3, and shall not use the ACK procedure. The non-AP RMBS-enabled STA that is a receiver of the group addressed frame shall follow the ACK procedure in subclause xxx.
9.9.1.9 MBRTS/MBCTS procedure
An AP may transmit a MBRTS frame to reserve the medium prior to the transmission of actual multicast or broadcast frames after it obtain a TXOP with EDCA following the rule in 9.9.1.3. The value of the duration/ID field in the MBRTS frame shall be set to be the remaining duration of the period in the TXOP that the AP desires to reserve the medium and protect. It includes the time required to transmit the MBCTS frames (MCP period), plus the time reserved for transmitting the pending multicast or broadcast  frames and the response frames (if there are response frames such as acknowledgement frames) that the AP desires for NAV protection, and inter-frame guard time intervals.
Figure 9-xx shows an example of the frame exchange sequence between the AP and the recipient STAs to reserve the WM for an EDCA TXOP to transmit multicast/broadcast frames.
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A STA that is a multicast/broadcast receiver addressed by a MBRTS shall determine whether it is in the list of stations requested to reply to the MBRTS frame. A STA that has determined that it is in the list of reply requested stations shall send a MBCTS frame to respond to the MBRTS frame if the receiving station determines that the medium is idle through physical carrier sensing and virtual carrier sensing. A STA shall not respond to the MBRTS frame if it is not in the list of reply-requested stations of the MBRTS frame or if the STA determines that the medium is not idle. The RA field of the MBCTS frame shall be the address of the MBRTS originator that is the value obtained from the TA field of the MBRTS frame to which this MBCTS frame is a response. The TA field of the MBCTS frame is the address of the STA that is transmitting the frame. The DA field of the MBCTS frame shall be the multicast/broadcast address that is the value obtained from the RA field of the MBRTS frame to which the MBCTS is a response. The duration field of the MBCTS frame shall be the remaining duration of the TXOP protected period that has a value obtained from the duration field of the MBRTS frame to which this MBCTS is a response, minus the time that has elapsed when this MBCTS is transmitted and the time required to transmit this MBCTS frame and the inter-frame guard time interval.
Following the MBRTS frame transmission, there is a MBCTS transmission period (MCP). The MCP includes an integral number of transmission intervals, each interval is the time required to transmit the MBCTS frame at a data rate determined by the rules in 9.6, plus its SIFS interval. The number of intervals is the number of reply-requested stations in the MBRTS frame. A reply-requested station that intends to send a MBCTS frame transmits its MBCTS in the order listed in the partial virtual bitmap field of the MBRTS frame. If a reply-requested station does not send the MBCTS due to determining that the medium is not idle or incorrect reception of the MBRTS frame, the particular MBCTS interval for this STA in the MCP is idle.
After transmitting an MBRTS frame, the AP shall wait for a MCP period plus aSIFSTime, starting at the PHY-TXEND.confirm. The AP may receive multiple MBCTS frames from the multicast/broadcast recipients in the reply-requested list of the MBRTS frame. At the end of MCP period, the AP shall determine whether the transmission of the MBRTS was successful and it continues using the remaining duration of the TXOP to transmit the pending multicast/broadcast data or management frames or initiate the pending frame exchanges. The frame exchanges include the AP sending multicast/broadcast frames and the multicast/broadcast recipients sending responses (if there is any response, e.g. acknowledgement).  If the AP determines not to use the remaining duration of the TXOP, the AP shall invoke its backoff procedure upon expiration of the MCP period.
When not all MBCTSes are received correctly, the AP may decide if it starts the following multicast broadcast transmission. The decision rules are outside the scope of this standard. Informatively, the AP may determine whether to continue using the remaining duration of the TXOP based on the number of received MBCTS responses. K is the number of the reply-requested stations specified in the bitmap control and the partial virtual bitmap of the MBRTS frame.  M is the number of MBCTS frames that the AP receives during the MCP period.  If 
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, the AP concludes that the transmission of the MBRTS was successful and may use the remaining duration of the TXOP to transmit the pending multicast/broadcast data or management frames or initiate the pending frame exchanges. Otherwise, the AP determines that the MBRTS transmission has failed, and this AP shall invoke its backoff procedure upon expiration of the MCP period. The MBCTSThreshold attribute shall be a managed object within the MAC MIB, and its value may be set and retrieved by the MLME. The value of MBCTSThreshold has an impact on the tradeoff of multicast/broadcast reliability and medium utilization. 
A STA that used information from an MBRTS frame as the most recent basis to update its NAV setting is permitted to reset its NAV if no PHY-RXSTART.indication is detected from the PHY during a time period T starting at the time T1 and ending at the time T2 (T=T2-T1). T1 is calculated as the time that the PHY-RXEND.indication corresponding to the detection of the MBRTS frame + aSIFSTime + (K x MBCTS_Time) + (K x aSIFSTime). T2 is equal to T1+ aPHY-RX-START-Delay + (2 × aSlotTime). The MBCTS_Time is calculated using the size of the MBCTS frame and the data rate at which the MBRTS frame used for the most recent NAV update was received.
9.9.1.10 Multiple RTS/CTS procedure
An AP may transmit one pair or multiple pair RTS/CTS frames to reserve the medium prior to the transmission of actual multicast or broadcast frames after it obtains a TXOP with EDCA following the rule in 9.9.1.3. This reservation can protect the group transmission from the OBSS interference.
The duration/ID field of the RTS shall be long enough to cover the end of the group transmission. When the AP receives the CTS and not all RTS/CTS pairs are transmitted, the AP shall transmit the next RTS a SIFS after PHY-RXEND.indication corresponding to the CTS. 
When not all CTSes are received correctly, the AP may decide if it starts the following multicast broadcast transmission. The decision rules are outside the scope of this standard.
Insert the following subclause (9.16.a) after the end of 9.16:

9.16a PSMP Protection

In a PSMP burst, the first PSMP sequence (PSMP protection sequence) may be used to protect the following PSMP group transmission from the OBSS interference.
Only the uplink phase should be included in a PSMP protection sequence. Multiple PSMP-UTTs may be included in a PSMP protection sequence. Each allocated uplink TXOP for a STA should only allow a Null frame transmission. If the allocated PSMP-UTT Duration is not long enough for its queued data, the STA transmits only the Null frame or the part of the queued data that fits within the allocated PSMP-UTT Duration and may transmit a resource request to the AP within that PSMP-UTT.
If not all STAs reply with Null or other frames in their PSMP-UTT, the AP may decide if it starts the following PSMP sequences. The decision rules are outside the scope of this standard.
Abstract


This submission contains the normative text for EDCA enhancements to improve link reliability for multicast/broadcast transmissions which allows an AP to reserve the wireless medium for transmitting group addressed frames to STAs using multicast/broadcast RTS/CTS or multiple RTS/CTS exchanges, as well as PSMP protection.  The proposed text is aligned with P802.11-2007 and P802.11n-D7.0.
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Fig. 7-xx – MBCTS frame
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Fig. 7-xx – MBRTS frame
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Fig. 9-xx – MBRTS/MBCTS/multicast/broadcast frame exchange
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