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1. Definitions

Aggregate PPDU: An aggregate PPDU consists of a number of aggregate PSDUs destined to multiple HT STAs. Each aggregate PSDU is transmitted at its optimal rate. 

Aggregate PSDU: An aggregate PSDU consists of a number of MPDUs destined to a single HT STA. 

Implicit acknowledgement: one of acknowledgement mechanisms described in 8.1.5
Pair acknowledgement: one of acknowledgement mechanisms described in 8.1.5

Phase acknowledgement: one of acknowledgement mechanisms described in 8.1.5
Abbreviations and acronyms

	Term
	Description

	AAI
	Aggregated ACK Indicator

	ACK
	Acknowledgement

	AID
	Association Identification

	AP
	Access Point

	BA
	Block ACK

	BAR
	Block ACK Request

	BSS
	Basic Service Set

	BSSID
	BSS Identification

	CF
	Contention Free

	CFP
	Contention Free Period

	CHDATA-1
	Compressed Header DATA – type 1

	CHDATA-2
	Compressed Header DATA – type 2

	CP
	Contention Period

	CRC
	Cyclic Redundancy Check

	CSMA/CA
	Carrier Sense Multiple Access/Collision Avoidance

	DIFS
	DCF inter-frame space

	D/L
	Downlink transmission

	EDCA
	Enhanced Distributed Channel Access

	EIFS
	Extended Inter-Frame Space

	FCS
	Frame Check Sequence

	HT AP
	High Throughput Access Point

	HC
	Hybrid Coordinator

	HT STA
	HT Station

	HT
	High Throughput

	MCS
	Modulation Coding Scheme 

	MD
	MPDU Delimiter

	MIMO
	Multiple Input Multiple Output antenna (HT STA has multiple antennas in both transmitter and receiver.)

	MP
	MultiPoll

	MSDU
	MAC Service Data Unit

	NAV
	Network Allocation Vector

	OFDM
	Orthogonal Frequency Division Multiplexing

	PD
	PSDU Delimiter

	PHY
	Physical Layer

	PIFS
	PCF Inter-Frame Space

	PLCP
	PHY Layer Convergence Protocol

	PPDU 
	PHY Protocol Data Unit

	PSDU
	PHY Service Data Unit

	QoS
	Quality of Service

	SBA
	Smart Block ACK

	SBAR
	Smart Block ACK Request

	SIFS
	Short Inter-Frame Space

	SSBAR
	Selective SBAR Indicator

	STA
	Station

	TDM
	Time Division Multiplexing

	TID
	Traffic Identifier

	TGe
	802.11 Task Group e

	TGn
	802.11 Task Group n

	TXOP
	Transmission Opportunity

	U/L
	Uplink transmission


Introduction

1.1 Purpose

This document defines MAC enhancements for high throughput within the scope of the Project Authorization Request (PAR) [3] for IEEE 802.11n.

1.2 General description

The proposed MAC enhancements are based on the specification defined by IEEE 802.11 standard [1] and its amendment draft, IEEE 802.11e amendment [2]. The purpose of the enhancements is to significantly improve throughput, providing a maximum throughput of at least 100Mbps, as measured at the MAC data service access point (SAP).

The features supported by this SAMSUNG MAC proposal are as follows:

· Two-level frame aggregation that supports multiple destinations and multiple rates for a PPDU.

· A service period for aggregation exchanges that is commenced by MP frame and is combined with dynamic TDM and CSMA/CA without collision and unnecessary backoff delay.
· Three acknowledgement mechanisms that are suitably selected in aggregation exchanges according to each HT STA or each HT STA’s TID. They are pair acknowledgement, phase acknowledgement, and implicit acknowledgement.
· Smart Block ACK that uses two-level bitmap with variable size instead of 128 octets in legacy Block ACK.
· MAC Header compression that allows more efficient medium usage when multiple MPDUs are aggregated in a PSDU. 
Frame Formats
This clause specifies the format of new HT frames. Table 1 summarizes the newly defined frames.

Table 1 – Valid type and subtype combinations

	Type value

b3 b2
	Type

description
	Subtype value

b7 b6 b5 b4
	Subtype description

	01
	Control
	0111
	MultiPoll (MP)

	01
	Control
	0110
	Smart  Block Acknowledgement Request (SBAR)

	01
	Control
	0101
	Smart Block Acknowledgement (SBA)


1.3 Control frames
1.3.1 MultiPoll (MP) frame

1.3.1.1 Introduction

This frame provides the control of flows for D/L and/or U/L transmission phases within a service period in order to commence a service period for HT STAs. It conveys the number of D/L MAPs and/or the number of U/L MAPs. It is sent by the HT AP containing HC to handle the aggregation exchanges.

1.3.1.2 Format of MultiPoll frame
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Figure 1 – Format of MultiPoll frame

This section defines the format of MultiPoll (MP) frame. MP frame has the subtype value of 0111 from b7 through b4 in the Frame Control field. Dur/ID field is used to set long NAV to protect the service period for D/L and U/L transmissions, in microseconds, immediately after the receipt of MP frame at the STAs associated to the HT AP containing HC. BSSID field indicates the MAC address of HT AP containing HC. The D/L Count field and the U/L Count field, respectively, indicate the number of PSDUs in D/L phase to be used by HT AP containing HC, and the number of HT STAs to have transmission opportunity in U/L phase. They shall be referenced by D/L MAP and U/L MAP fields which are successively repeated within the MP frame. The D/L MAP and U/L MAP fields, respectively, consist of 5 bytes and 4 bytes composed of the subfields defined as follows: 

Table 2 – Elements of D/L MAP and U/L MAP

	Field
	Size (bits)
	Purpose

	AID

(Association Identification)
	14
	Indicates the AID which can be used in both D/L MAP and U/L MAP field.

· In D/L MAP field 

It indicates the AID of the recipient STA from HT AP containing HC.

· In U/L MAP field 

It indicates the AID of HT STA to have transmission opportunity in U/L phase of a service period commenced by the MP frame.

	Length 
	16
	Indicates the length in bytes of the PSDU which will be transmitted to the STA with the corresponding AID in the AID subfield of D/L MAP.

	MCS 

(Modulation Coding Scheme)
	6
	Indicates the transmission rate of the PSDU which will be transmitted to the STA with the corresponding AID in the AID subfield of D/L MAP.

	Antenna Config


	4
	Indicates the antenna configuration of the PSDU which will be transmitted to the STA with the corresponding AID in the AID subfield of D/L MAP. 

	QoS Control
	14
	Consists of 4 subfields which are TID, NoTID, AAI and TXOP Limit fields respectively. 

Indicates the allowed TID, the ACK policy and the TXOP limit in the unit of 32 microseconds that is available for a U/L transmission of the STA with corresponding AID in the AID subfield of U/L MAP. 

	TID (Traffic Identifier)
	3
	Indicates the traffic ID allowed to be transmitted within the U/L controlled access phase by the STA with corresponding AID in the AID subfield of U/L MAP... 

HT STA, which has received the MP frame, shall be just allowed to transmit the traffic with the designated TID.

	NoTID (No Traffic Identifier)
	1
	Indicates that there shall be no specific TID to be designated to transmit from the STA with corresponding AID in the AID subfield of U/L MAP. 

HT STA, which has received the NoTID field set to 1 within the MultiPoll frame, is allowed to transmit traffic with any type of TID.

	AAI  

(Aggregated ACK Indicator)
	1
	If this bit is set to 1, the acknowledgements, to the U/L MPDUs from the HT STA with corresponding AID in the AID subfield of U/L MAP, shall be transmitted at the end of the service period (before CF-END) by HT AP. HT AP should transmit the aggregate of acknowledgements at the end of the service period (before CF-END).  

If this bit is set to 0, the acknowledgement policy for each U/L MPDU from the HT STA with the corresponding AID in the AID subfield of U/L MAP, shall be determined by the policy set in the QoS control field of the MPDU.

	TXOP Limit
	8
	TXOP limit in microseconds that is available for a U/L transmission to the HT STA with corresponding AID in the AID subfield of U/L MAP.
If the time to be used to transmit traffic is estimated to be excess the designated TXOP limit, the HT STA cannot transmit it.

	Recommended Rate
	4
	Indicates the recommended rate for the next U/L transmission of the HT STA with corresponding AID in the AID subfield of U/L MAP. 

Can be used for the feedback information of link adaptation.


1.3.2 Smart Block Acknowledgement Request (SBAR) frame

1.3.2.1 Introduction

This section defines the format of Smart Block ACK Request (SBAR). Basically, this frame follows the format of Block ACK Request (BAR) frame as defined in the clause 7.2.1.7, IEEE P802.11e/D8.0, February 2004 [2].

1.3.2.2 Format of Smart Block Acknowledgement Request (SBAR) frame
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Figure 2 - Format of SBAR frame

The frame format of the Smart Block Acknowledgement Request (SBAR) frame is defined in Figure 2. The subtype, in the Frame Control field of this frame, is defined as 0110 from b7 through b4.The duration value is larger than or equal to the time, in microseconds, required to transmit, one ACK or Smart BlockAck frame, as applicable, plus one SIFS interval. 

The RA field of the SBAR is the address of the recipient HT STA. The TA field is the address of the HT STA transmitting the SBAR frame. The BAR control field has the size of 2 octets, where the bit positions from B0 through B10 are reserved for the future use. However, B11 in the BAR Control field, which is reserved for the future use in the clause 7.2.1.7, IEEE P802.11e/D8.0, February 2004 [2], is defined as SSBAR (Selective Smart BAR). If SSBAR field is set to 1, SBA should be transmitted by recipient only when any MPDU has been corrupted or lost. When all the MPDUs have been successfully received, SBA should not be transmitted by recipient (refer to 8.1.5). If SSBAR field is set to 0, SBA should be transmitted regardless of the status of received MPDUs. 
1.3.3 Smart Block Acknowledgement (SBA) frame
1.3.3.1 Introduction

This section defines the format of Smart Block ACK (SBA) frame. Basically, this frame follows the format of Block ACK (BA) frame as defined in the clause 7.2.1.8, IEEE P802.11e/D8.0, February 2004 [2].  However, the SBA frame is changed in the length according to the number of the acknowledged MPDUs in the SBA frame, whereas the BA frame has the fixed size of 152 octets containing the 128 octets for Block ACK Bitmap field regardless of the number of acknowledged MPDUs in the BA frame. This is to minimize its size to reduce the overhead due to huge size of Bitmap field in the BA frame. The format of SBA frame is shown in Figure 3.

1.3.3.2 Format of Smart Block Acknowledgement frame

The subtype, in the Frame Control field of this frame, is defined as 0101 from b7 through b4.

The value of Duration field is the value obtained from the Duration field of the immediate SBAR, minus the time, in microseconds, required to transmit the BA frame and its SIFS interval. The RA field of the SBA is the address of the recipient HT STA. The TA field is the address of the HT STA transmitting this SBA frame. 

1.3.3.2.1 Format of Smart Block Acknowledgement (SBA) frame 
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Figure 3 - Format of SBA frame

B0 bit in the BA control field indicates whether all MSDUs have been successfully received, up to the MSDU with 6 bits of a sequence number in the Last SN subfield. TID field indicates the traffic ID of received frames to which this frame acknowledges. If B0 bit in the BA Control field is set to 1, it indicates that all MSDUs have been successfully received, up to the MSDU with sequence number in the Last SN subfield. In this case, the following BA NSDU Bitmap and BA Erroneous Bitmap fields need not exist. BA MSDU If B0 bit in the BA Control field is set to 0, it indicates that some MSDUs have been corrupted or lost. In this case, the following field, BA MSDUs’ Bitmap, should be checked.

B(n - 1) bit, in 8 octet BA MSDUs’ Bitmap field, indicates whether all the fragmented MPDUs with SN = (BA Starting Sequence Control + n) have been successfully received or not. An MSDU can be fragmented to 16 fragment frames with the same frame sequence number. If B(n – 1) bit in the BA MSDUs’ Bitmap is set to 1, it indicates that all the fragmented MPDUs with SN = (BA Starting Sequence Control + n) have been successfully received. Otherwise, it indicates that some of fragmented MPDUs with SN = (BA Starting Sequence Control + n) have been corrupted or lost. In this case, the related BA erroneous MSDUs’ Bitmap field should be checked. The total number of following BA erroneous MSDUs’ Bitmap equals to the number of zero bits in BA MSDUs’ Bitmap field. The order of subsequent BA erroneous MSDUs’ Bitmap follows the order of zero bits in the BA MSDUs’ Bitmap. For example, if BA Starting Sequence number is 5 and BA MSDUs’ Bitmap is 10101, the first BA erroneous MSDUs’ Bitmap is related with MSDU having SN = 6 and the second is with SN = 8.

B(m - 1) bit, in 2 octet BA erroneous MSDUs’ Bitmap field, indicates which fragment of an MSDU has been corrupted or lost. If B(m – 1) bit in BA erroneous MSDUs’ Bitmap is set to 1, it indicates that m-th fragment of an MSDU has been successfully received. Otherwise, it indicates that the m-th fragment of an MSDU should be retransmitted.

For unused fragment numbers of an MSDU, the corresponding bits in the bitmap are set to 0.

1.4 Data frames

There are no changes at the clause 7.2.2 Data frames in IEEE P802.11e/D8.0, February 2004 (Draft Amendment to IEEE Std 802.11, 1999 Edition (Reaff 2003)) [2], 

1.5 Management frame formats
1.5.1 Information elements

1.5.1.1 HT capability 

HT capability information element in Figure 4 includes a number of fields in order to advertise HT capability of either HT AP or HT STA. It includes PHY capabilities such as the number of antennas in use, MCS and channel width that the STA can handle. HT supported rate field that specifies the rates in the OperationalRateSet as described in the MLME_JOIN.request and MLME_START.request primitives contains a bitmap of size 64 bits. Stream field indicates the maximum number of spatial streams the STA can handle. The information element is included within Beacon, Association Request and Response, Probe Request and Response, Reassociation Request and Response management frames.
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Figure 4 - HT Capability Information element
1.5.1.2 BSS  status set
BSS status set information element in Figure 5 contains information on the status and operation policies of a BSS. . The information element is included in beacon, probe response.
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Figure 5 – BSS status set element

Table 3 - BSS status set fields
	Field
	Value
	Usage

	MinAntenna
	Number of antenna  
	The minimum number of antennas of STA which can be supported in this BSS. Single antenna with 20MHz channel width could mean that the BSS can support legacy STAs

	MinMCS
	MCS value
	Basic MCS supported in the BSS

	Channel Width
	20, 40
	Minimum channel width which can be used in the BSS

	Operating Mode
	Pure: No legacy STAs are present.

Mixed: Legacy and HT STAs are coexistent in the BSS.

Managed: Legacy and HT STAs are coexistent in the BSS and AP controls the channel access. 
	Define the type of operating mode for coexistence with legacy STAs and HT STAs

	Protection control
	Don’t care: AP doesn’t care which type of protection mechanisms to be used at a STA,

Force : AP forces STAs to use the specific mechanism defined in the protection mechanism field 

Recommend: AP recommend STAs to use the coexistence mechanism specified in the protection mechanism
	Provides the STAs with flexibility in choosing the protection mechanism  



	Protection Mechanism in CP
	CTS-to-self, RTS/CTS
	Protection mechanism that can be used in CP of the BSS

	HT CP duration
	The time of CP duration
	The duration of CP only for HT STAs.


1.6 Frame aggregation format

1.6.1 Introduction

In this clause, we define the frame aggregation rule and the format of aggregation. A number of data units to be transmitted with multiple destined addresses and multiple rates can be aggregated into a PPDU through two-level aggregation of which the first level is for single destination and the second level is for multiple destinations and multiple rates. Figure 6 shows an example of aggregation of data units.

1.6.2 Frame Aggregation Rule

1.6.2.1 Aggregation for single destination
All types of MPDUs with the same destined address can be aggregated in a PSDU.

If there are buffered data MPDUs with the same destined address and the same TID, they can be aggregated into a PSDU. The first data MPDU has the legacy MAC header, and the subsequent MPDUs follows the format of CHDATA-1 MPDU which shall be described in clause 7.4.3.1. The CHDATA-1 MPDU’s header should be rebuilt based on the first MPDU’s MAC header by receiver. 

If there are buffered data MPDUs with the same destined address but different TID, they can be aggregated into a PSDU. The first data MPDU has the legacy MAC header, and the subsequent MPDUs follows the format of CHDATA-2 MPDU which shall be described in clause 7.4.3.2. The CHDATA-2 MPDU’s header should be rebuilt based on the first MPDU’s MAC header by receiver.

If there are buffered data MPDUs with the same destined address, CHDATA-1 MPDUs and CHDATA-2 MPDUs can be aggregated into a PSDU. In this case, the first MPDU should have the legacy MAC header and it should be referenced for rebuilding the MAC header of CHDATA-1 and CHDATA- 2 MPDUs. 

If there are buffered management MPDUs and/or control frames with the same destined address, they can be aggregated into a PSDU. Besides, it can be aggregated with the aggregated data MPDUs with the same destined address.

1.6.2.2 Aggregation for multiple destinations and multiple rates
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Figure 6 - Example of data unit aggregations
If there are buffered PSDUs with the different destined addresses, they can be aggregated into a PPDU without additional preamble. It is permitted only if all destined HT STAs in each aggregate PSDU has the identical antenna configuration.

If a number of PSDUs are aggregated into a PPDU, PSDU delimiters with unique patterns (TBD), which occupy one OFDM symbol time respectively, precede each aggregate PSDU, which helps to transmit each PSDU at different rate according to the optimal rate of the destined HT STA. 

(Informative): The PLCP in a PPDU has the Length (12 bits) and Rate (4 bits) field in the legacy SIGNAL field. The Length and Rate fields are virtually set in order to cover the duration of the PPDU. The length of an aggregate PPDU is limited so that its duration may not exceed 5.46 milliseconds, because the maximum duration of the PPDU in 802.11a is about 5.46 millisecond, which can be derived from the maximum length (4096 bytes) divided by the lowest rate (6 Mbps),

1.6.3 Aggregate PSDU (Aggregated MPDUs) 

1.6.3.1 MPDU Delimiter (MD)

An aggregate PSDU consists of a number of MPDU delimiters each followed by an MPDU. Except when it is the last MPDU, padding octets are appended (if needed) to make it a multiple of 4 octets in length. The purpose of the MPDU delimiter is to robustly delimit the MPDUs within the aggregate. The recipient HT STA checks the MPDU delimiter for validity based on the CRC. If the MPDU delimiter is not valid it skips forward 4 octets and checks to see if the new location contains a valid MPDU delimiter. The MPDU delimiter is 4 octets in length and contains the fields defined below:
	MPDU delimiter Field
	Size (bits)
	Description

	Reserved
	4
	

	MPDU length
	12
	Length of the MPDU in octets

	CRC
	8
	8-bit CRC of the preceding 16-bits.

	Unique pattern
	8
	Unique pattern that may be used to validate an MPDU delimiter. (Pattern is TBD)


1.6.3.2 Format of CHDATA - 1
If there are buffered MSDUs with the same destined address and the same TID, they can be aggregated into a PSDU. The first data MPDU has the legacy MAC header, and the subsequent MPDUs follows the format of CHDATA-1 MPDU as shown in Figure 7. The CHDATA-1 MPDU’s header should be rebuilt based on the first MPDU’s MAC header by receiver. 

CHDATA-1 MPDU consists of Frame Control, Address 3, Sequence Control, Address 4, and FCS fields which have been extracted from its legacy MAC header. 
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Figure 7 - Format of CHDATA - 1

1.6.3.3 Format of CHDATA – 2

If there are buffered MSDUs with the same destination address but a different TID, they can be aggregated into a PSDU. The first data MPDU has the legacy MAC header, and the subsequent MPDUs follows the format of CHDATA-2 MPDU as shown in Figure 8. The CHDATA-2 MPDU’s header should be rebuilt based on the first MPDU’s MAC header by receiver.

CHDATA-2 MPDU consists of Frame Control, Address 3, Sequence Control, Address 4, QoS Control and FCS fields which have been extracted from its legacy MAC header. QoS Control field is needed since the MSDU contained in this MPDU has the different TID from that of first MPDU in the head of aggregated MPDUs.
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Figure 8 - Format of CHDATA - 2
1.6.4 Aggregate PPDU (Aggregated PSDUs)

If there are buffered PSDUs with the different destination addresses, they can be aggregated into a PPDU without additional preamble. It is permitted only if all destination HT STAs in each aggregated PSDU have the identical antenna configuration. In this case, an aggregate PPDU consists of a number of PDs (PSDU Delimiters) each followed by a PSDU, except when it is the last PSDU. The purpose of the PD with unique pattern is to robustly delimit the PSDUs within the aggregate, which gives capability to support multi-rate transmission at transmitting HT STA. The PD occupies one OFDM symbol in duration and the detailed contents are TBD. 

The aggregate PSDUs should be transmitted in order of decreasing robustness to allow HT STAs to receive their PSDUs before being presented with a burst profile that could cause them to lose synchronization with the D/L transmission.

MAC Sublayer Functional Description
1.7 Aggregation Exchange Sequences and Related Rules

1.7.1 MultiPoll contents 
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Figure 9 - Contents of MP frame
An MP frame is a collective schedule map which describes how the aggregated D/L and U/L MPDUs will be exchanged in the subsequent Service Period. It is sent by an HT AP and contains the information such as the number of the STAs participating in each of D/L and U/L phases so that HC may handle the aggregation exchange. A full description of an MP frame format can be found in Section 7.1.1.

An HC transmits PPDUs to STAs based on the D/L MAP which determines the transmission start time and duration of each PPDU. In this way, dynamic TDM operation can be used in the D/L. After the scheduled D/L phase is completed, each STA that has a matching AID in the U/L MAP transmits its PPDU to the AP based on the order of the elements in which corresponding 4-byte subfields appear in the U/L MAP. The order implicitly determines the backoff counter for each STA entering the Service Period. With this mechanism implemented, the U/L phase behaves just like a collision-free CSMA/CA access period without invoking unnecessary backoff delays among STAs. 

An MP MPDU commences a Service Period in which aggregations are exchanged. Legacy devices that can not understand MP MPDU are not allowed to access the wireless channel within the service period by setting Dur/ID field of the MAC header of an MP MPDU to be the sum of D/L duration and all U/L TXOP limits. In order to indicate the end of the service period, the CF-End frame is used.

The D/L MAP enables HT STAs to identify the destination STAs from AIDs field, the transmission start time of each PSDU within a D/L PPDU from Length and MCS field, and finally the antenna configuration from Antenna Config field. The U/L MAP informs the STAs registered on the map of what value of the backoff counter each STA uses when transmitting a frame and which MCS is recommended for the next U/L transmission (refer to 7.1.1.1). Each STA indicated in the U/L MAP should set its backoff counter to the position number of its corresponding 4-byte subfield in the U/L MAP. For example, when the U/L Count value is 3, the STA whose AID appears in the first subfield sets its backoff value to 1 and the STA whose AID appears in the third subfield sets it to 3.
1.7.2 MultiPoll operation

This section describes the overall access mechanism based on MP. Whenever an HC requires MP, it issues a Service Period. The HC gains access to the channel by transmitting an MP frame after waiting for a PIFS idle period which is shorter than DIFS and any AIFS. Each STA sets its backoff counter to the value that is implicitly assigned by HC in the MP frame when it receives it. Then, the MP operation is completely compatible with EDCA. While HT STAs work within a Service Period, legacy STAs can not access the channel because their NAVs are set as indicated by the MP frame. Figure 10 shows how the STAs operate after receiving an MP frame. During a Service Period, AIFS is set to DIFS irrespective of the TID of the frames being transmitted.
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Figure 10 - MultiPoll Operation
An MP frame informs all HT STAs of the aggregation information in D/L phase, and both the implicit backoff counters and TXOPs of STAs to be used in U/L phase. An HT AP containing HC transmits an aggregate PPDU for the D/L after waiting for PIFS. A D/L aggregated PPDU may contain a number of PSDUs. 

Each HT STA receives a PSDU destined to itself at its receiving time which is calculated from all the Length and MCS subfields in the elements of D/L MAP. After the end of the D/L phase, U/L transmission opportunity is handed over to HT STA whose backoff counter becomes zero. In this U/L phase, each HT STA follows EDCA rule except that its backoff number is assigned from HC in advance with AIFS value set to DIFS in all occasions. The acknowledgement and retransmission rules in the Service Period are defined in 8.1.5.

Within a TXOP of each HT STA scheduled via the U/L MAP, an HT STA can transmit multiple frames including one or more aggregate PSDUs consecutively with the upper limit determined by the TXOP Limit. The operation is basically the same as the TXOP operation defined by 802.11e. An HT STA scheduled via the U/L MAP may not transmit any frame. In such a case, the HT STA, which is scheduled next via the U/L/ MAP, can transmit after a Backoff slot time according to the EDCA channel access rule.

An HC shall know the decrease of the backoff counters while the STAs transmit their data according to the position number of the elements in the U/L MAP. The backoff counter of the last STA decreases from U/L Count value to zero eventually at the end of the Service Period. If the U/L transmission finishes and the Service Period remains enough to transmit the CF-End frame, then the HC sends the CF-End frame to inform both HT STAs and legacy STAs of the end of the MP operation before the originally-scheduled end of the Service Period.

1.7.3 Downlink aggregation rule
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Figure 11 - Multi-level aggregation in D/L phase
This section describes how multi-layered aggregation is used in D/L phase of a Service Period. In order to accommodate the efficient transmission of the multiple frames destined to the multiple HT STAs with various TID parameters, aggregation in D/L phase is accomplished in two levels as follows (refer to Figure 11):

· Aggregation for single destination

· When MPDUs share a common DA, these MPDUs can be aggregated to comprise a single aggregate PSDU. The first MPDU with legacy MAC header is followed by a series of CHDATA-1 and CHDATA-2 MPDU’s. Those MPDUs whose TID is the same as that of the leading MPDU shall be delivered using CHDATA-1 frame format and those MPDUs that have different TIDs from the leading MPDU shall be delivered using CHDATA-2 frame format. Each MPDU in the aggregated PSDU shall be separated by MD(refer to 7.4.2.1). MD consists of Length, CRC, and Unique pattern to provide robustness (refer to 7.4.3). All the MAC headers except that of the leading MPDU must be rebuilt at the receiving STA because original MAC headers were changed into new compact MAC headers.

· Management MPDUs and/or control MPDUs with the same DA can be also aggregated into a PSDU. Besides, they can be simultaneously aggregated with the aggregated data MPDUs with the same DA.

· Aggregation for multi-destination and multi-rate

· When MPDUs’ DAs are different and their antenna configurations are identical, their PSDUs can be aggregated to comprise a single aggregate PPDU. Aggregate PPDUs with different antenna configuration are transmitted with SIFS intervals apart. An aggregate PPDU consists of a Preamble, PDs (PSDU Delimiters), and aggregates of PSDUs. Each PSDU in the aggregate PPDU can be transmitted at a different rate. When creating an aggregate PPDU, an HC arranges the PSDUs in the increasing order of rates. For example, if there are two rates of 24Mbps and 54Mbps, the PSDU with 24Mbps is followed by that of 54Mbps. Note that corresponding rate for each PSDU is known in advance by both Length and Rate value of the D/L MAP in an MP frame.

In a D/L phase, an HC transmits one or more PPDUs. There is no limit on the size of an aggregate PPDU because consecutive aggregated PSDUs are divided by a delimiter. Note that the MPDUs are protected separately by the CRC in MD. Loss of an individual MPDU does not imply loss of all MPDUs in a PPDU.

Aggregated MPDUs must be acknowledged by their corresponding receiving STAs. SBA is requested to the destination STAs by adding SBAR MPDU to the end of an aggregated PSDU. 

1.7.4 Uplink aggregation rule

This section describes the aggregation rule used in U/L phase of a Service Period. In U/L phase of a Service Period, HT STA gaining access to the channel can transmit a PPDU containing an aggregate PSDU destined to HT AP. HT STAs may transmit more than one aggregate PSDUs after SIFS if the transmission is finished within the TXOP limit. An aggregate PSDU contains an SBA MPDU, aggregated MPDUs, and an SBAR MPDU. The U/L aggregation rule is similar to the D/L aggregation rule except that the destination of all U/L STAs is HT AP. In order to transmit multiple frames destined to HT AP efficiently, aggregation in U/L phase is used as follows (refer to figure 12):

· Aggregation 

· When MPDUs’ TIDs are the same, these MPDUs are aggregated into a PSDU. The first MPDU with legacy MAC header and the other CHDATA-1 MPDUs with new compact header are separated by MD (refer to 7.4.2.1). MD consists of Length, CRC, and Unique pattern to provide robustness, refer to 7.4.3. All the MAC headers except that of the first MPDU must be rebuilt at the receiver because original MAC headers were changed into new compact MAC headers.

· When MPDUs’ TIDs are different, these MPDUs are also aggregated into a PSDU. The first MPDU with legacy MAC header and the other CHDATA-2 MPDUs with new compact header are separated by MD (refer to 7.4.2.1). MD consists of Length, CRC, and Unique pattern to provide robustness, refer to 7.4.3. All the MAC header except that of the first MPDU must be rebuilt at the receiver because original MAC headers are changed into new compact MAC headers. This PSDU is transmitted to the DA at a single rate.

· When MPDUs’ DAs are the same, the first MPDU, CHDATA-1 MPDUs and CHDATA-2 MPDUs were aggregated to comprise a PSDU. 

· Management MPDUs and/or control frames destined to HT AP can be aggregated into a PSDU. Besides, it can be aggregated with the aggregated data MPDUs destined to HT AP.

In U/L phase, a STA transmits a PPDU which consists of an aggregate PSDU,  a Preamble, and a PLCP header. The size of a PPDU is not limited because every aggregated MPDUs are separated by MD in a similar way to D/L aggregation. Note that MPDUs are separately protected by CRC in the MD. Loss of an individual MPDU does not imply loss of all MPDUs in a PPDU.
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Figure 12 - Multi-level aggregation in U/L phase
1.7.5 Acknowledgement and retransmission rule
After an HT AP or HT STAs transmit an aggregate PSDU (i.e., aggregated MPDUs), unsuccessful transmission of MPDUs is followed by retransmissions by senders.

The following two techniques may be used to inform the status of received MPDUs by recipient and retransmit the failed MPDUs by sender.

· Pair acknowledgement in the case of AAI = 0 in the U/L MAP field: HT STA transmits an SBA, the result of the received aggregated MPDUs from HT AP, and its own aggregated MPDUs at its U/L transmission opportunity. If there exists any indication of erroneous MPDU in the SBA from the HT STA, HT AP immediately aggregates and transmits the failed MPDUs and an SBA, the result of the received aggregated MPDUs from HT STA, after SIFS. If there exists any indication of erroneous MPDU in the SBA from HT AP, HT STA immediately aggregates and transmits the failed MPDUs and an SBA, the result of the received aggregated MPDUs from HT AP, after SIFS. These exchanges continue if all the MPDUs are successfully transmitted and TXOP limit assigned for the HT STA remains.

· Phase Acknowledgement in the case of AAI = 1 in the U/L MAP field: HT STA transmits an SBA, the result of the received aggregated MPDUs from HT AP, and its own aggregated MPDUs at its U/L transmission opportunity. HT AP checks all the SBA MPDUs from the recipient HT STAs and lists up the HT STAs to which some MPDUs should be retransmitted. HT AP also checks all the MPDUs from HT STAs, makes SBA MPDUs for the HT STAs, and then lists up the HT STAs from which some MPDUs should be retransmitted. If there is any HT STA which is listed up and maximum service period remains, HT AP broadcast an additional MP frame within PIFS after all the aggregation exchanges. The MP frame includes D/L MAPs and U/L MAPs only for retransmission. This additional period is called “error recovery phase.”
· Implicit Acknowledgement in the case of SSBAR = 1 in a SBAR MPDU field from HT AP: HT STA should transmit the related SBA MPDU only if any MPDU has been corrupted or lost. HT STA should not transmit the SBA MPDU if all the MPDUs destined to itself have been successfully received. If the HT STA has no MPDUs to be transmitted and has successfully received all the MPDUs from HT AP, its own transmission opportunity is handed over to the other HT STA with next order in U/L MAP by CSMA/CA access technique using backoff counter. This implicit acknowledgement is useful to one way traffic services from HT AP to HT STA, such as file down loads, video streaming service and so on.
1.7.5.1  Pair acknowledgement

An HT AP containing HC commences a service period for aggregation exchanges by transmitting an MP frame, After PIFS, the HT AP transmits aggregated PSDUs destined to multiple HTA STAs including an SBAR MPDU to each HT STA (Refer to 8.1.3).

After DIFS, according to the order of the elements in the U/L MAP, each HT STAs obtaining their own transmission opportunities without collision and unnecessary backoff delay because the order implicitly determines the backoff counter of the HT STAs scheduled via the U/L MAP. By this U/L transmission rule, the first HT STA transmits its own aggregated MPDUs to the HT AP including an SBA MPDUs for the aggregated MPDUs from HT AP and an SBAR MPDU. After SIFS, HT AP shall respond with an SBA, the response to the SBAR from the HT STA. If all the MPDUs are successfully received within an TXOP limit assigned to the HT STA, the next HT STA whose the backoff counter is decreased to zero after DIFS has its own transmission opportunity.
Figure 14 illustrates an example of retransmissions in aggregation exchanges using pair acknowledgement.
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Figure 13 - Aggregation frame transfer using pair acknowledgement
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Figure 14 - Example of retransmissions in aggregation exchanges using pair acknowledgement

An HT AP containing HC commences a service period for aggregation exchanges by transmitting an MP frame specifying the D/L aggregation information and U/L transmission opportunities of HT STA1 and HT STA2. HT STA1 sets its backoff counter to 1 and HT STA2 sets to 2. After that, the U/L access mechanism is based on EDCA. 

After PIFS, the HT AP transmits two aggregated PSDUs destined to HT STA1 and HT STA2 including an SBAR MPDU to each HT STA. The first MPDU destined to HT STA1 is shown to be corrupted or lost in Figure 14.

After DIFS, HT STA1 transmits its own aggregated MPDUs to the HT AP following an SBA MPDU which indicates corruption or loss of a MPDU destined to itself. It also requests an acknowledgement of its own aggregated MPDUs by transmitting an SBAR MPDU. After SIFS, the HT AP retransmits the failed MPDU following an SBA MPDU which indicates the successful reception of all the MPDUs from HT STA1. It also requests an acknowledgement of the retransmitted MPDUs by SBAR MPDU. After SIFS, HT STA1 transmits an SBA MPDU which indicates the successful reception of all the MPDUs from the HT AP. Because all the MPDUs have been successfully transmitted, the next U/L transmission opportunity is handed over to HT STA2 after DIFS when the backoff counter is decreased to zero.

HT STA2 transmits its own aggregated MPDUs to the HT AP following an SBA MPDU which indicates the successful reception of all the MPDUs destined to itself. It also requests an acknowledgement of its own aggregated MPDUs by transmitting an SBAR MPDU. The first MPDU from HT STA2 is shown to be corrupted or lost in Figure 14. After SIFS, the HT AP transmits an SBA MPDU which indicates the corruption or loss of a MPDU from HT STA2. After SIFS, HT STA2 retransmits the failed MPDU followed by an SBAR MPDU. After SIFS, the HT AP transmits an SBA MPDU which indicates the successful reception of the retransmitted MPDU. Because all the MPDUs have been successfully transmitted, the HT AP broadcasts CF-END to reset long NAV, after PIFS.

1.7.5.2 Phase acknowledgement
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Figure 15 - Aggregation frame transfer using phase acknowledgement

An HT AP containing HC commences a service period for aggregation exchanges by transmitting an MP frame. After PIFS, the HT AP transmits aggregated PSDUs destined to multiple HT STAs including SBAR MPDUs to each HT STA (Refer to 8.1.3).

After DIFS, according to the order of the elements in the U/L MAP, each HT STAs start obtaining their own transmission opportunities without collision and unnecessary backoff delay because the order implicitly determines the backoff counter of the HT STAs scheduled via the U/L MAP. By this U/L transmission rule, the first HT STA transmits its own aggregated MPDUs to the HT AP including an SBA MPDU for the aggregated MPDUs from HT AP and an SBAR MPDU. After DIFS, the next HT STA whose the backoff counter is decreased to zero obtains its own transmission opportunity. In this way, all the HT STAs whose AID are included in the elements of U/L MAP transmit their own aggregated MPDUs to the HT AP including an SBA MPDU for the aggregated MPDUs from the HT AP and an SBAR MPDU, without collision and unnecessary backoff delay. 

The HT AP checks all the SBA MPDUs from the recipient HT STAs and lists up the HT STAs to which some MPDUs should be retransmitted. The HT AP also checks all the MPDUs from HT STAs, makes SBA MPDUs for the HT STAs, and then lists up the HT STAs from which some MPDUs should be retransmitted.

If there is no HT STA which is listed up, HT AP transmits the aggregated SBA MPDUs to the HT STAs. If there is any HT STA which is listed up and the maximum service period remains, The HT AP broadcast an additional MP frame after PIFS. The MP frame includes D/L MAPs and U/L MAPs in order to commence an error recovery phase. In the error recovery phase, the provided SBA MPDUs and the erroneous MPDUs are (re-)transmitted according to the scheduled map in the MP frame. 

The error recovery phase follows the same rules explained above. The error recovery phase may be repeated if all the MPDUs have not been successfully received and the maximum service period remains.
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Figure 16 - Example of retransmissions in aggregation exchanges using phase acknowledgement

Figure 16 illustrates an example of retransmissions in aggregation exchanges using phase acknowledgement.

An HT AP containing HC commences a service period for aggregation exchanges by transmitting an MP frame which specifies the D/L aggregation information and U/L transmission opportunities of HT STA1 and HT STA2. HT STA1 sets its backoff counter to 1 and HT STA2 sets to 2. Note that the U/L access mechanism is based on EDCA. 

 After PIFS, the HT AP transmits two aggregated PSDUs destined to HTA STA1 and HTA STA2 including an SBAR MPDU to each HT STA. The second MPDU destined to HT STA1 is shown to be corrupted or lost in Figure 16.

After DIFS, HT STA1 transmits its own aggregated MPDUs to the HT AP following an SBA MPDU which indicates corruption or loss of an MPDU destined to itself. It also requests an acknowledgement of its own aggregated MPDUs by transmitting an SBAR MPDU.

After DIFS, HT STA2 whose the backoff counter is decreased to zero obtains its own transmission opportunity. HT STA2 transmits its own aggregated MPDUs to the HT AP following an SBA MPDU which indicates successful reception of all the MPDUs destined to itself. It also requests an acknowledgement of its own aggregated MPDUs by transmitting an SBAR MPDU. The first MPDU from HT STA2 is shown to be corrupted or lost in Figure 16.

The HT AP checks the SBA MPDUs from HT STA1 and HT STA2. HT STA1 is listed up because the erroneous MPDU should be retransmitted to HT STA1. 

The HT AP also checks all the MPDUs from HT STA1 and HT STA2, makes SBA MPDUs for the HT STAs, and then lists up HT STA2 because an erroneous MPDU should be received again from HT STA2.

The HT AP extends the service period by transmitting an additional MP frame which specifies the D/L aggregation information and U/L transmission opportunities of HT STA1 and HT STA2. This MP frame commences an error recovery phase. HT STA1 sets its backoff counter to 1 and HT STA2 sets to 2.

After PIFS, the HT AP transmits the failed MPDU, an SBA MPDU and an SBAR MPDU destined to HTA STA1 and also an SBAR MPDU to HT STA2.

After DIFS, HT STA1 transmits an SBA MPDU which indicates successful reception of the MPDU destined to itself. After DIFS, HT STA2 whose the backoff counter is decreased to zero obtains its own transmission opportunity. HT STA2 transmits the failed MPDUs to the HT AP followed by an SBAR MPDU.

The HT AP checks the SBA MPDU and the retransmitted MPDU from HT STA1 and HT STA2. Because all the MPDUs are successfully retransmitted, the HT AP transmits an SBR MPDU after PIFS. Then, the HT AP broadcasts CF-END to reset long NAV, after PIFS.

1.7.5.3 Mixed acknowledgement
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Figure 17 - Aggregation frame transfer using pair and phase acknowledgements

Both pair acknowledgement and phase acknowledgement can be used in a service period because the acknowledgement method is selected by AAI value in the element of U/L MAP field. The HT AP decides which acknowledgement method is suitable for each HT STA or each HT STA’s TID, through exchanging QoS Action frames defined in IEEE 802.11e.
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Figure 18 - Example of retransmissions in aggregation exchanges using phase acknowledgement

1.7.5.4 Implicit acknowledgement
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Figure 19 - Example of retransmissions in aggregation exchanges using implicit and phase acknowledgements
The implicit acknowledgement is useful to one way traffic services from HT AP to HT STA, such as file down loads, video streaming service and so on.
An HT AP containing HC commences a service period for aggregation exchanges by transmitting an MP frame, After PIFS, the HT AP transmits aggregated PSDUs destined to multiple HTA STAs including an SBAR MPDU to each HT STA (Refer to 8.1.3). The SSBAR bit is set to 1 in each SBR MPDUs.

Each HT STA can calculates its receiving start time and duration for aggregated MPDUs destined to itself, because the D/L MAP includes the length, MCS and antennas configuration for each HT STA. Therefore, HT STAs can recognize whether aggregated MPDUs are lost or not.

After DIFS, HT AP, HT STA should transmit the related SBA MPDU only if any MPDU has been corrupted or lost. HT STA should not transmit the SBA MPDU if all the MPDUs destined to itself have been successfully received.

If the HT STA has no MPDUs to be transmitted and has successfully received all the MPDUs from HT AP, its own transmission opportunity is handed over to the next HT STA whose the backoff counter is decreased to zero.
Figure 19 illustrates an example of retransmissions in aggregation exchanges using implicit acknowledgement and phase acknowledgement.

An HT AP containing HC commences a service period for aggregation exchanges by transmitting an MP frame which has D/L aggregation information and U/L transmission opportunities of HT STA1, HT STA2, and HT STA3. HT STA1 sets its backoff counter to 0, HT STA2 sets to 1, and HT STA3 sets to 2. Note that the U/L access mechanism is based on EDCA.

After PIFS, the HT AP transmits three aggregated PSDUs destined to HTA STA1, HTA STA2 and HT STA3 including an SBAR MPDU to each HT STA. The SSBAR bit is set to 1 in each SBR MPDUs. The second MPDU destined to HT STA2 is shown to be corrupted or lost in Figure 19.

After DIFS, HT STA1 keeps silence because it has successfully received the aggregated MPDUs destined to itself.

After one slot time, HT STA2 whose backoff counter decreases to zero has the next U/L transmission opportunity. HT STA2 transmits an SBA MPDU to indicate whether MPDU is corrupted or lost.  In SIFS, HT AP retransmits the erroneous MPDU followed by an SBAR with SSBAR=1 to HT STA2. In SIFS, HT STA2 transmits SBA MPDU to indicate successful reception of the retransmitted MPDU. 

After DIFS + one slot time, HT STA3 whose backoff counter decreases to zero has the next U/L transmission opportunity. HT STA3 keeps silence because it has successfully received the aggregated MPDUs destined to itself.

In this way, all the MPDUs can be successfully transmitted from HT AP. And then HT AP broadcasts CF-END to reset long NAV, after PIFS.
1.7.6 Protection mechanisms for aggregation exchanges

1.7.6.1 MAC layer protection

[image: image20.emf]
Figure 20 - Example of protection mechanisms
A Service Period for aggregation exchanges is protected by broadcasting an MP frame with long NAV in the Duration field. Legacy STAs and HT STAs whose AID is not included in D/L MAP or U/L MAP is setting their NAV to this value using one of the MAC protection techniques. In this way, the service period is protected from legacy STAs and HT STAs whose AID is not included in D/L MAP or U/L MAP. 

When the HT AP or HT STAs have completed scheduled transmissions and there is remaining duration within the Service Period, the HC may transmit a CF-End MPDU to finish the Service Period earlier. 

The transmission of a CF-End MPDU by the HT AP resets the long NAV of legacy STAs and HT STAs whose AID is not included in D/L MAP or U/L MAP. 
MAC Sublayer Management

1.8 Coexistence

The purpose of coexistence is to ensure that HT STAs be backward compatible and coexistent with legacy STA such as 802.11a/g at the link level. To accomplish this, any legacy system that is not capable of handling HT data must not attempt to transmit during HT transmission. Legacy STA shall not transmit within an EIFS after it determines that the medium is idle following reception of HT frame with error. It may cause the unfairness to the legacy STA when trying access to the medium.

1.8.1 Unfairness 
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Figure 21 - Example of HT data and HT ACK frame transfer
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Figure 22 - Example of HT data and legacy ACK frame transfer
In the presence of HT and legacy STAs together in a BSS, legacy STAs are unable to decode a complete HT frame,  However, legacy STAs defers by retrieving the LEGNTH in SIGNAL field (in PLCP header) of the HT frame, because the detection of the preamble and interpretation of the LENGTH field is available to all STAs. Even though preamble and SIGNAL Field are recognizable, the rest are still not readable to legacy STAs. Hence, MAC decides that the STA loses frame synchronization, and backs off EIFS after receiving HT frame in error (Figure 21). It may cause the unfairness to the legacy STA when trying access to the medium. If ACK frame is transmitted with legacy rate, the unfairness problem can be solved (Figure 22). Also, additional preamble and SIGNAL field in PLCP header in HT STA is not efficient for small size frame.

An HT STA may have difficulty in decoding MAC frame destined to other HT STA with higher capability and therefore may not be able to properly set its NAV (Figure 23). It increases the collision probability and unfairness. To overcome this shortcoming, the Duration value of MAC header can be copied to the HT SIGNAL field of PLCP header and virtually be used for NAV. 
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Figure 23 – In case that HT STA is not able to set its NAV properly
It helps on setting NAV for the STA so that a sequence of frames (that is, Data and ACK) can be protected and the STA participates in the fair contention.

1.8.2 Protection mechanisms in contention period 
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Figure 24 – Example of CTS-to-self protection mechanism
To avoid collision, an HT STA advertises the NAV value to reserve the medium before the HT data transmission. MAC level protection mechanisms such as RTS/CTS and CTS-to-self (Refer to Figure 24) will be used. As shown in the figure, HT STA, before frame transmission, sends CTS destined to itself  to set NAV. Also, RTS and CTS frame exchange can be applied at the expense of throughput. These control frames should be transmitted at legacy rate for legacy STAs. 

1.8.3 Operating modes 

Operating mode is used to advertise the capability of a BSS for access control with HT STAs and legacy STAs. The types of operating mode are Pure mode, Mixed mode, and Managed mode.

Pure mode is set when there are HT STAs without any legacy STAs. Mixed mode is set when there are legacy STAs and HT STAs together. In Mixed mode, the protection mechanisms (Refer to 9.1.2) are used in contention manner. Managed mode is set when HT AP can manage the access control between HT STAs and legacy STAs. In this mode, CP for HT STAs is assigned in CFP in Figure 25. In CFP with MaxCFPDuration  the CP for HT STAs begins after the time, MaxCFPDuration – HTCPDuration. At the end of HT data transmission, CF-end frame transmitted by HT AP ends the CFP duration and starts the normal CP.
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Figure 25 – Example of Managed mode operation
PHY-SAP Service Specification
TBD.

This section defines the MAC-PHY interface.  It needs to be part of the PHY section in the complete proposal.
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