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Abstract

The changes necessary to add the CCC [Common Control Channel] enhancement to the 802.11n MAC protocol are presented in this document. Doc. IEEE 802.11-06-408r2 contains an overview of the CCC MAC as it applies to high throughput WLANs. 

The proposed changes are described relative to draft P802.11n/ D1.0. 



Add the following text at the end of Clause 5.2.8:

5.2.8 HT STA
In addition to the core HT capabilities, the HT facility provides the Common Control Channel (CCC) coordination function, the presence of which the presence is indicated by STAs separately from the core HT capabilities.

Insert the following text following Clause 7.2.1.8:

7.2.1.9 CC-RTS frame format

The frame format for the CC-RTS frame is as defined in Figure C1.


Figure C1— CC-RTS frame

The RA field of the CC-RTS frame is the address of the STA, on the WM, that is the intended immediate recipient of the TXOP.  

The TA field is the address of the STA transmitting the CC-RTS frame.  

The duration value is the time, in microseconds, required to transmit one CC-CTS frame, plus one SIFS interval.  If the calculated duration includes a fractional microsecond, that value is rounded up to the next higher integer. For a CC-RTS frame sent in response to a CC-CTS frame with Reservation Duration value equal to 0, the duration value is set to 0.  

The Channel ID is the channel number of the channel selected for transmission of the TXOP.

The Reservation Duration value is the time, in microseconds, required for the TXOP.  If the calculated duration includes a fractional microsecond, that value is rounded up to the next higher integer.  

For transmissions made under EDCA, the Reservation Duration is the time required to transmit the TXOP plus the AIFS value corresponding to the AC of the TXOP.   If transmission of the TXOP on the reserved channel is to be preceded by a RTS/CTS, the Reservation Duration will be set to the time required to transmit the TXOP, plus the AIFS value corresponding to the AC of the TXOP, plus the time required to transmit a RTS frame, plus the time required to transmit a CTS frame, plus two SIFS.

For transmissions made under HCCA, the Reservation Duration value is the time, in microseconds, required for the TXOP.

7.2.1.10 CC-CTS frame format

The frame format for the CC-CTS frame is as defined in Figure C2.


Figure C2—CC-CTS frame

When the CC-CTS frame follows a CC-RTS frame, the RA field of the CC-CTS frame is copied from the TA field of the immediately previous CC-RTS frame to which the CC-CTS is a response. When the CC-CTS is the first frame in a frame exchange, the RA field is set to the MAC address of the transmitter.

For all CC-CTS frames sent in response to CC-RTS frames, the value in the Duration field is the time required to complete the CC-RTS/CC-CTS handshake.  For a CC-CTS frame with a non-zero Reservation Duration value, the the value in the Duration field is 0.  For a CC-CTS frame with Reservation Duration value equal to 0, the duration value is the time, in microseconds, required to transmit one CC-RTS frame, plus one SIFS interval.  If the calculated duration includes a fractional microsecond, that value is rounded up to the next higher integer.

For all CC-CTS frames sent in response to CC-RTS frames, the Channel ID of the CC-CTS frame is copied from the Channel ID field of the immediately preceding CC-RTS frame to which the CC-CTS is a response.  If the CC-CTS frame is the first frame in the exchange to reserve a channel for transmission of a TXOP, the Channel ID is the channel number of the channel selected for the TXOP.

For all CC-CTS frames sent in response to CC-RTS frames, the Reservation Duration value is the value obtained from the Reservation Duration field of the immediately preceding CC-RTS frame if the reservation is accepted, and is set to 0 if the reservation is declined.  If the CC-CTS frame is the first frame in the exchange to reserve a channel for transmission of a TXOP, the Reservation Duration value is the time, in microseconds, required for the TXOP.  If the calculated duration includes a fractional microsecond, that value is rounded up to the next higher integer.

7.3.1.9 Status Code field

Add and modify the following rows to Table 23 – Status Codes:


7.3.1.11 Action field

Add the following row to Table 24 - Category values: 


Add the following text after subclause 7.3.1.16
7.3.2.47.1  HT Capability element
In Figure n14, length of Extended HT capabilities info corrected from 2 to 3 octets

7.3.2.47.2 HT Capabilities Info field

Modify text as follows:

The HT Capabilities Info field is 2 3 octets in length, and contains capability information bits  

In Figure n1 – HT Capabilities Info field, add the following column:


Add the following row to Table n1 - Subfields of the HT Capabilities Info field:

Add the following text after subclause 7.4.7.10
7.4.7.11 CC-Ack Action frame details

The ADDCA frames are used to set up CC-Ack for a specific source-destination pair. The Action field values associated with each frame format within the CC-Ack category are defined in Table C3.

Table C3—CC-Ack Action field values


7.4.7.11.1 ADDCA Request frame format

An ADDCA Request frame is sent by an originator of a TXOP transmission that requires C- Ack to another STA. The frame body of an ADDCA Request frame contains the information shown in Table C4

Table C4—ADDCA Request frame body

.

The Category field is set to 4 (representing CC-Ack).

The Action field is set to 0 (representing ADDCA request).

7.4.7.11.2 ADDCA Response frame format

An ADDCA Response frame is sent on the control channel in response to an ADDCA Request frame. The frame body of an ADDCA Response frame contains the information shown in Table C5

Table C5—ADDCA Response frame body


.

The Category field is set to 4 (representing CC-Ack).

The Action field is set to 1 (representing ADDCA response).

The Status Code field is specified in Table 23.

7.4.7.11.3 DELCA frame format

An DELCA frame is sent on the control channel in order to end the CC-Ack agreement between a source-destination pair.  Either member of the pair can send a DELCA frame.  The frame body of a DELCA frame contains the information shown in Table C6

Table C6— DELCA frame body


.

The Category field is set to 4 (representing CC-Ack).

The Action field is set to 2 (representing DELCA).

Insert the following text following Clause 9.1.3:
9.1.4 Common Control Channel (CCC) Access

The HT facility includes the Common Control Channel (CCC) access mechanism, an optional mechanism that enables a HT STA, known as a STA, to transmit a TXOP on a wireless channel other than the BSS channel.   The channel of transmission of the TXOP is called the ‘data channel’.  The BSS channel is referred to as the ‘control channel’.   A STA that intends to use the CCC access mechanism for the transmission of a TXOP to a peer should first check whether the intended peer STA is capable of participating in the CCC access mechanism by discovering and examining its CCC access capability bits. If the intended peer STA is not capable of participating, the originator shall not use the CCC access mechanism to transmit to such peer but shall transmit on the BSS channel.

If the intended peer STA is capable of participating in the CCC access mechanism, a data channel is reserved for the transmission of a TXOP through the exchange of a CC-RTS/CC-CTS frame pair on the control channel. [See Subclauses 7.2.1.9 and 7.2.1.10.] The CC-RTS frame contains the channel selected for transmission of the TXOP in the Channel ID field and its length in the Reservation Duration field.  The CC-CTS frame must be returned by the destination of the CC-RTS frame within SIFS time and indicates acceptance or denial of the reservation.  The Reservation Duration provides LongNAV protection for the entire TXOP.  If the TXOP is completed before the reservation expires the remainder of the reservation can be cancelled by sending a CC-RTS frame with zero value in the Reservation Duration field to the TXOP’s destination.

A STA maintains a CC-NAV for each of the channels considered for use as data channels.  A NAV is maintained for the control channel.

A STA shall monitor the BSS channel continually.  The CC-NAV of a channel shall be updated according to the value in the Reservation Duration field of the CC-RTS/CC-CTS frames that contain the channel’s number in the frames’ Channel ID field.  

A STA shall monitor a data channel for a time interval MTI (TBD) prior to sending a CC-RTS frame to reserve the channel.  The CC-NAV of a data channel shall be updated from the value in the Duration field of data, and management frames, and Acks transmitted on the channel.  This will enable virtual carrier sense of data channels users not following CCC access.

9.1.4.1 Behavior of station originating a CCC reservation
A STA wishing to reserve a data channel for a TXOP shall send a CC-RTS frame to its intended recipient.  The CC-RTS shall be transmitted on the control channel using EDCA with the same access priority as the TXOP.  If a STA cannot suppress adjacent channel interference from its own transmissions, it shall select as the data channel a channel that is not adjacent to the control channel in order to avoid adjacent channel interference.
The selected channel’s CC-NAV shall not be longer than the time interval IFR (Interval for Reservation).  IFR is less than or equal to the time required to transmit a CC-RTS and CC-CTS, plus one SIFS.  The channel number of the channel selected for reservation is indicated in the Channel ID field, and the length of the reservation is indicated in the Reservation Duration field of the CC-RTS.  

If the value in the Reservation Duration field of the CC-CTS received by a STA in response to a CC-RTS is non-zero, the reservation has been accepted.  The STA shall initiate transmission of the TXOP while sensing CCA on the reserved data channel.  Before initiating transmission of the TXOP, the STA ascertains that the data channel is idle for the AIFS corresponding to the AC of the TXOP.  If the data channel is busy, the STA shall engage in backoff.  The TXOP may include the exchange of RTS/CTS frames.  If, due to activity on the data channel, the initially reserved time period is insufficient for the TXOP, the reservation can be extended by sending a CC-RTS on the control channel with Reservation Duration the time remaining in the reservation plus the time waited until the channel became idle, minus AIFS. 

If the value in the Reservation Duration field of the CC-CTS received by a STA in response to a CC-RTS is zero, the reservation has been declined.  The STA shall send within SIFS time a second CC-RTS frame, identical to the one to which the received CC-CTS frame responded except for the Reservation Duration field, which shall be set to 0.   This frame serves notice to other STAs that the reservation has been cancelled, so that they can adjust their CC-NAVs for the data channel. [This is equivalent to sending a CF-End frame to shorten LongNAV protection.]

A STA that has sent a CC-RTS frame and has not received a CC-CTS frame in response may retransmit the same CC-RTS frame within SIFS from the time the CC-CTS was due.

9.1.4.2 Behavior of station receiving a CCC reservation request
A STA receiving a CC-RTS frame with its own address in the RA field and a non-zero value in the Reservation Duration field shall respond within SIFS by sending a CC-CTS frame to the STA that initiated the reservation.  The CC-CTS shall be transmitted on the control channel using EDCA with the same access priority as the TXOP. The Channel ID field of the CC-CTS shall contain the channel number in the Channel ID field of the received CC-RTS.  The value of the Reservation Duration field indicates acceptance or denial of the reservation.   Acceptance of the reservation is indicated by a non-zero value in the Reservation Duration field of the CC-RTS frame.  A declined reservation is indicated by a zero value in the Reservation Duration field of the CC-RTS frame.   

A STA shall not accept a reservation if any of the following occurs: 

a. the CC-NAV setting of the requested data channel is longer than the time required to transmit a CC-CTS plus one SIFS

b. the STA has no radio available to receive the TXOP

c. the STA cannot suppress adjacent channel interference from its own transmissions and the requested data channel is adjacent to the control channel 

d. the STA cannot suppress adjacent channel interference from its own transmissions and the requested data channel is adjacent to a channel on which the STA is transmitting
A STA that has declined a reservation, and within the time required to transmit a CC-RTS and a CC-CTS frame, plus SIFS receives another CC-RTS frame with the same RA and TA addresses, and Channel ID field value as the last CC-RTS frame, but a 0 value in the Reservation Duration field, shall not respond to the last CC-RTS frame.

A STA that has responded to a CC-RTS frame and within the time required to transmit a CC-RTS and a CC-CTS frame, plus SIFS receives another CC-RTS frame with the same RA and TA addresses, and Channel ID and Reservation Duration field values as the last CC-RTS frame shall respond by sending the same CC-CTS frame as before. 

If the reservation is accepted, the STA shall tune a radio to the reserved data channel (if not already so) ready to receive the TXOP transmission.

Acknowledgement of receipt of data channel transmissions shall occur on the reserved data channel unless it is agreed by the source and destination STAs that acknowledgements will be sent on the control channel.  An acknowledgement on the control channel, that is a CC-Ack, may take the form of any of the acknowledgements specified so far, provided that a single acknowledgement is used for a TXOP.  The CC-Ack is sent on the control channel, by contention, following the transmission of the TXOP.  

9.1.4.3 Setting and Resetting the CC-NAV

A STA receiving a CC-RTS/CC-CTS frame indicating the number of a channel in the Channel ID field shall update its CC-NAV for the channel with the information received in the Reservation Duration field, for all such frames where the new CC-NAV value for the channel is greater than its current value, except those where the RA is equal to the receiving STA's MAC address. 

The CC-NAV maintained by a STA for a channel shall also be updated according to the rules for setting the NAV with information contained in the Duration field of frames received on the channel.  

A STA that used information from a CC-RTS frame as the most recent basis to update its CC-NAV setting for a channel is permitted to reset its CC-NAV for the channel if it receives a CC-RTS for the channel with the value 0 in the Reservation Duration field. [This is equivalent to receiving a CF-End for the control channel.]

9.1.4.4 Acknowledgement on the Control Channel 

A STA that intends to use the CC-Ack mechanism for transmissions to a peer should first check whether the intended peer STA is capable of participating in the CC-Ack mechanism by discovering and examining its CCC-Access capability bits. If the intended peer STA is capable of participating, the originator sends on the control channel an ADDCCA Request frame to the peer STA from a CC-Ack is required. The receiving STA shall respond by an ADDCCA Response frame sent on the control channel. The receiving STA has the option of accepting or rejecting the request. When the STA accepts, then a CC-Ack agreement exists between the originator and recipient of the CC-Ack request until a DELCA frame is sent by either of them and acknowledged on the control channel. Both participants of a CC-Ack agreement shall use a CC-Ack to acknowledge receipt of a TXOP from the other party to the agreement.

When the STA accepts a CC-Ack agreement, it should indicate the type of Block Ack to be used for a TXOP and the number of buffers that it shall allocate for the support of this block.

A STA that has the capability to receive/transmit on multiple data channels simultaneously but cannot suppress adjacent channel interference from its own transmissions may not transmit and receive at the same time on data channels that  are adjacent in order to avoid adjacent channel interference. For such a STA to be able to transmit on adjacent data channels simultaneously it must receive acknowledgements on the control channel,  If the intended recipient STA is not capable of participating in the CC-Ack mechanism, or rejected the request for a CC-Ack, the source STA should not transmit to such peer on a data channel adjacent to a data channel used by the STA for other transmissions.  For a STA that cannot suppress adjacent channel interference from its own transmissions to be able to receive on adjacent data channels simultaneously it must send acknowledgements on the control channel, in order to avoid adjacent channel interference.  If the intended destination STA is not capable of participating in the CC-Ack mechanism, or rejects the request for a CC-Ack, the STA should not accept a reservation from such peer to receive a TXOP on a data channel adjacent to a data channel used by the STA to receive another transmission.  
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