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Abstract

Mandatory and optional enhancements to the IEEE Std. 802.11-1999 (Reaff 2003) as amended by 802.11e (draft 9.0) are provided to describe 802.11n MAC operation in 5 key areas:
· Mandatory EDCA, with optional HCCA and DLP.
· Enhanced Block Acknowledgement (EBA) with reduced or zero IFS 
· MSDU frame aggregation
· TxOP Piggybacking

· Low-Collision EDCA (AP-coordinated “super-frame” mode and distributed “neighbor-list mode)
N.1 MAC Enhancements

N.1.1 802.11e Features

To meet the QOS requirements of the Usage Models [2] and to satisfy the 100Mbps minimal goodput at the MAC SAP in the Functional Requirements [3], we propose to use many 802.11e features in the 802.11n MAC.  The features which shall be mandatory are Enhanced Distributed Channel Access (EDCA) and Block Acknowledge. The Direct Link Protocol (DLP) and Hybrid Coordination Channel Access (HCCA) features shall be optional.  Reference [1] gives the definitions of these features.

N.1.1.1 EDCA

EDCA provides differentiated, distributed access to the Wireless Medium (WM) for STAs using 8 User Priorities (UPs) and four Access Categories (ACs). This differentiation is achieved through varying the amount of time a STA senses the channel to be idle before backoff or transmission, varying the length of the contention window (CW) to be used for the backoff, and/or varying the duration a station may transmit after it acquires channel access.

Reference [1] 7.3.2.14 gives the definitions of the EDCA Parameter Set element. Reference [1] 9.9.1 defines the EDCA operation procedure.  EDCA is mandatory.
N.1.1.2 Direct Link Protocol (DLP)

The DLP mechanism provides direct communication between two non-AP STAs in an infrastructure BSS without an AP’s relay. The DLP negotiation process is required to make sure the receiver is not in power saving mode and to exchange necessary information (rate etc.) between sender and receiver. Figure 28 and figure 29 illustrate the DLP set-up and teardown processes.  DLP is optional.
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Reference [1] 7.3.1.13 gives the definition of DLP Timeout Value. Reference [1] 7.4.3 gives the definitions of DLP action frames which include DLP request, DLP response and DLP Teardown.  Reference [1] 10.3.12 defines the DLP service provided by MLME to SME to manage DLP.  These include MLME-DLP.request, MLME-DLP.confirm, MLME-DLP.indication, MLME-DLP.teardown.request, MLME-DLP.teardown.confirm, and MLME-DLP.teardown.indication.  Reference [1] 11.7 defines the DLP operation procedure.

N.1.2 Enhanced Block Acknowledgement (EBA) (i.e. block ack with reduced or zero IFS)
Reference [1] 7.2.1.7 and 7.2.1.8 give the definitions of BlockAckReq and BlockAck frames. Reference [1] 7.3.1.14, 7.3.1.15 and 7.3.1.16 give the definitions of Block Ack Parameter Set field, Block Ack Timeout Value and DELBA Parameter Set field. Reference [1] 7.4.4 gives the definitions of Block Ack action frames which include ADDBA request, ADDBA response and DELBA. Reference [1] 9.10 defines the Block Ack MAC layer function. Reference [1] 10.3.14 defines the Block Ack service provided by the MAC sublayer management entity (MLME) to the STA management entity (SME) to manage Block Ack.  These include MLME-ADDBA.request, MLME-ADDBA.confirm, MLME-ADDBA.indication, MLME-ADDBA.response, MLME-DELBA.request, MLME-DELBA.confirm, and MLME-DELBA.indication.  Reference [1] 11.7 defines the DELBA operation procedure. 
Figure 24 illustrates the Block Ack set-up process. Figure 25 illustrates the Block Ack teardown process.
 



There are two kinds of Block Ack policies: Immediate Ack and Delayed Ack. 

N.1.2.1 Immediate ACK

Figure 26 illustrates a typical immediate Ack frame exchange sequence. The recipient shall respond to a BlockAckReq frame with a BlockAck frame if the immediate Block Ack policy is used.


[image: image3] 

N.1.2.2 Delayed ACK

Figure 27 illustrates a typical delayed Ack frame exchange sequence. If the delayed Block Ack policy is used, the recipient shall respond to a BlockAckReq frame with an Ack frame. The recipient shall then send its BlockAck frame in a subsequently obtained TXOP after this frame has been configured. The originator shall respond with an ACK frame upon receipt of the BlockAck frame.
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9.2.3 Interframe Space (IFS)

Change the text in clause 9.2.3(.11e) as follows

The time interval between frames is called the IFS. A STA shall determine that the medium is idle through the use of the carrier sense function for the interval specified. Two interframe spaces, ZIFS and RIFS, are defined for use between frames in a burst transmission, and another five IFSs are defined to provide priority levels for access to the wireless media. To obtain access to the medium, a STA shall determine that the medium is idle through the use of the carrier sense function for the interval specified. Five different IFSs are defined to provide priority levels for access to the wireless media; they The interframe spaces are listed in order, from the shortest to the longest except for AIFS. Figure 49 shows some of these relationships.

a) ZIFS Zero Interframe Space

b) RIFS Reduced Interframe Space

c) Short Interframe Space

d) PIFS Point Coordination Function (PCF) Interframe Space

e) DIFS Distributed Coordination Function (DCF) Interframe Space

f) AIFS Arbitration Interframe Space (used by the QoS facility)

g) EIFS Extended Interframe Space

Insert the following subclauses after clause 9.2.3(.11e) and renumber existing subclauses 9.2.3.1(.11e) through 9.2.3.5(.11e) to be subclauses 9.2.3.3 through 9.2.3.7.

9.2.3.1 ZIFS

The ZIFS may be used for the second or subsequent MPDU of a burst transmission if the frame will be transmitted at the same power as the immediately previous frame, and the ack policy is either block ack or no ack.

9.2.3.2 RIFS

The RIFS may be used for the second or subsequent MPDU of a burst transmission if the frame will be transmitted at a different power than the immediately previous frame, and the ack policy is either block ack or no ack.
9.10.1 Introduction (Informative)
Change the first paragraph of subclause 9.9.10.1(.11e) as follows

The Block Acknowledgement (Block Ack) mechanism allows a block of QoS Data MPDUs to be transmitted between two QSTAs without intervening ACK frames each separated by a SIFS period, between two QSTAs. The mechanism is for improving the channel efficiency by aggregating several acknowledgements into one frame. There are two types of Block Ack mechanisms: immediate and delayed. Immediate Block Ack is suitable for high-bandwidth, low latency traffic while the delayed Block Ack is suitable for applications that tolerate moderate latency. In this clause, the QSTA with data to send using the Block Ack mechanism is referred to as the originator and the receiver of that data as the recipient.
9.10.3 Data and acknowledgement transfer
Change the first paragraph of subclause 9.9.10.1(.11e) as follows

After setting up for the Block exchange following the procedure in 9.10.2, the originator may transmit a Block of QoS data type frames separated by SIFS ZIFS/RIFS/SIFS period, with the total number of frames not exceeding the Buffer Size subfield in the associated ADDBA response frame. Each of the frames shall have the Ack policy subfield in the QoS Control set to "Block Acknowledgement". The RA field of the frames shall be the recipient's unicast address. The originator requests acknowledgement of outstanding QoS Data type frames by sending a BlockAckReq frame. The recipient shall maintain a Block Ack record for the block.

9.12 Frame exchange sequences
Edit Table 22.1(.11e)  <HCF sequence> and replace all “=” with”-“.

Remove definiton 36 from the end of Table 22.4(.11e) (no PIFS spacing defined anymore).
Replace the last sentence of the text in subclause 9.12 as follows(.11e) with:

Individual frames within each of these sequences are separated by a SIFS are separated by a ZIFS/RIFS, according to the rules in sections 9.2.3.1 and 9.2.3.2, if they are part of a burst transmission and they originate from the same transmitter, otherwise a SIFS separation is used, unless an “=” sign appears between frames in the table, in which case, PIFS is used.

























N.1.3 Piggybacking

In general, STAs are allowed to send QoS Data frames either using the contention-based channel access (i.e. obtaining an EDCA TXOP, as defined in Reference [1] 9.9.1.3), or using the controlled channel access (i.e. HCCA TXOP). If an HCCA TXOP is obtained due to a QoS (+)CF-Poll from the HC, the TXOP is defined as a polled TXOP.

Piggybacking allows the possibility to overload a frame of type QoS Data with an acknowledgement of a previously received Mac Protocol Data Unit (MPDU) to the station to which the frame is directed. 

Piggybacked frames are allowed in the CP, only in the case where the received frame is of type either QoS Data or DataAck and the ack policy is set to normal ack.

Piggybacked frames shall not be allowed after receiving any control frames, management frames, and data frames with the ack policy set to block ack or no ack.

In this clause, the QSTA which wins the TXOP and that starts the first transmission is referred to as the originator. Each QSTA receiving a piggybackable QoS Data or DataAck frame from the originator is referred as the recipient. 

N.1.3.1 Modifications to [1]
3. Definitions

Insert the following new definition at the indicated location:

3.81 TXOP owner: it indicates the last QSTAs (including the HC) obtaining either an EDCA or an HCCA TXOP.
7.1.3.1.2 Type and Subtype fields

Change Table 1 – “Valid type and subtype combinations”, to include the CTSn and DataAck types, as follows:

	Type value b3 b2
	Type description
	Subtype value b7 b6 b5 b4
	Subtype description

	01
	Control
	0001
	CTSn

	11
	Reserved
	0000-1111
	Reserved

	11
	Data
	1001
	DataAck

	11
	Reserved
	0000-1000
	Reserved

	11
	Reserved
	1010-1111
	Reserved


7.1.3.5 QoS Control field

Change Table 3.1: An entry defining the usage of the previously reserved bit 7 and the usage of bits 8-15 will be added -“QoS Control Field”:
	Applicable Frame (sub) Types
	Bits 0-3
	Bit 4
	Bits 5-6
	Bit 7
	Bits 8-15

	QoS (+)CF-Poll frames sent by HC
	TID
	EOSP
	Ack Policy
	Reserved 0
	TXOP limit

	QoS Data, QoS Null, QoS CF-Ack and QoS Data+CF-Ack frames sent by HC
	TID
	EOSP
	Ack Policy
	Reserved 0
	QAP PS Buffer State

	QoS Data type frames sent by non-AP QSTA
	TID
	0
	Ack Policy
	Reserved 0
	TXOP duration requested

	
	TID
	1
	Ack Policy
	Reserved 0
	Queue size

	DataAck and QoS data type frames sent by the TXOP owner with ack policy set to normal ack
	TID
	either 0 or 1
	00 (Normal Ack)
	PB Policy
	PB Duration

	DataAck frames sent by a non-TXOP owner
	TID
	either 0 or 1
	Ack Policy
	1
	PB request


7.1.3.5.7 PB Policy field
If the PB Policy field (bit 7 in the QoS Control field) is set to 1, it indicates that Bits 8-15 will be interpreted as PB Duration field. A value of zero in the PB policy field indicates that the piggybacking mechanism is not allowed at the recipeint side. Legacy stations will ignore this field.

7.1.3.5.8 PB Duration field

The PB Duration field is an 8-bit field that indicates the time limit granted to the recipient to send a DataAck type frame, including any resulting acknowledgement frame from the transmitter (if expected).

This value is set by the originator, sending either a Data or DataAck type frame, in a way to not exceed the TXOP limit (see section 5.5.3).

The granted time begins one SIFS period after this frame is received and lasts no longer than the number of 32-microsecond periods specified in the PB Duration field.  For the values 1 to 255, the range of time values is 32 to 8160 microseconds.  A value of zero indicates that the piggyback mechanism is disallowed for the recipient, but in this case the PB policy bit shouldn’t be set to one either. The PB duration shall include PHY overhead.
7.1.3.5.9 PB request field
The PB request field is an 8-bit field set by the recipient. It indicates the duration, in units of 32-microseconds, which the sending station desires for the next PB opportunity. The range of time values is 32 to 8160 microseconds. A value of zero in the PB request field indicates that the sending station has no further pending frame to piggyback for the destination of this frame. PB request fields values are not cumulative. The PB request field value is inclusive of the PHY and IFS overhead. 
7.3.1.4 Capability information field
Change the Capability information field format adding the PB information field: 
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AP sets to 1 the PB information field in the Probe and Association response management frames to indicate that piggybacking is supported in the current BSS, 0 otherwise.

AP sets to 1 the PB information field in the Beacon management frame to indicate that piggybacking is allowed in the next beacon interval, 0 otherwise.

Non-AP QSTAs set to 1 the PB information field in the Association and Reassociation request frames to indicate that they support piggybacking capability, 0 otherwise.
9.12 Frame exchange sequences

Change Table 22.3 – “TXOP sequence”, to include the “CTSn to self” frame exchange sequences:
	TXOP frame Sequence
	Frames in Sequence
	Usage

	CTSn - QoS Data(dir, normal ack)
	2
	QoS Data frames sent after using CTSn 

	CTSn – RTS - CTS - QoS Data(block ack)
	4
	Directed MPDUs with block ack policy after using CTSn (to protect from legacy stations) and RTS/CTS (to protect from other .11n stations)


Annex D

In “SMT Station Config Table” of Annex D, insert the following text to the end of dot11StationConfigEntry sequence list:

dot11PiggybackingImplemented

TruthValue
Insert the following element to the end of dot11ConfigEntry element definition behind dot11CountryString:

dot11PiggybackingImplemented OBJECT-TYPE


SYNTAX TruthValue


MAX-ACCESS read-only


STATUS current


DESCRIPTION

“This attribute indicates the capability of QSTA to support Piggybacking. The default value for this element is FALSE”. 
N.1.3.2 Obtaining a PB opportunity

An opportunity to piggyback is granted to the originator only if all these statements are true at the same time:

1. the originator has just received a frame of type DataAck with ack policy set to normal ack, and
2. the originator has a pending frame to be transmitted in its MAC queue, belonging to the same Access Category (AC) as the last received frame, and the time needed to transmit this pending frame plus a SIFS plus any acknowledgement frame (if expected) does not exceed the TXOP limit.
An opportunity to piggyback is granted to the recipient only if all these statements are true at the same time:

3. the recipient has just received a frame of type either DataAck or QoS Data with ack policy set to normal ack, 

4. the PB Policy bit in the QoS control field of the received data type frame (bit 7 reserved in [1] 7.1.3.5) is set to 1,

5. the recipient has a pending frame to be transmitted in its MAC queue, belonging to the same Access Category (AC) as the last received frame, and  

6. the PB Duration field in the QoS Control field of the received Data or DataAck type frame (bits 8-15 in [1] 7.1.3.5) is greater or equal to the time needed to transmit the piggybacked frame itself plus a SIFS plus any acknowledgement frame (if expected).  
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N.1.3.3 How to set PB Policy and PB Duration fields

The PB Duration fields shall be set according to the following rules:

1. either equal to zero or not grater than the number of 32-microseconds remaining periods rounded down to the end of the current TXOP, for the originator which is transmitting either a DataAck or a QoS Data type frame with normal ack policy, depending on any transmitting station’s policy or algorithm (e.g. an originator which has enough pending frames to exhaust an entire TXOP, could decide to set the PB policy field to zero, thus not allowing any PB opportunity to the recipient) 

2. equal to zero (the same for the PB policy field), for the originator which is transmitting  a data type frame with ack policy of type either block ack or no ack.

N.1.3.4 Error recovery upon a transmission failure

Each station sending either a Qos Data or a DataAck type frame and not receiving the expected acknowledgement (either ACK or DataAck) will perform the appropriate retransmit procedure as defined in [1] section 9.9.1.6.

N.1.3.5 Setting the NAV during PB operations

DataAck type frames contain the same information as data type frames, so they set the Duration/ID value in the Frame Control field of the MAC header according to the rules in [1] section 7.1.3.2. These frames cannot be understood by .11n devices that do not support Piggybacking since they use reserved values in the type and subtype fields and so they will be discarded by those stations. In these cases, those stations will update their NAV according to the Duration/ID field in the DataAck type frame, and thus not causing a failure in the protocol.  

N.1.3.6 Piggybacking while working in mixed mode
While working in mixed mode, the originator needs to protect all its transmissions from legacy devices by using some mechanism, in order to allow the use of piggybacking.
Suppose the originator would like to permit the recipient the possibility to do piggybacking.

Since it does not know the quantity and the duration of the packets that the recipient has to piggyback, it pratically does not know how many time to protect. It could decide to protect the entire TXOP, but this could be inefficient in the case where the recipient has no or few packets to piggyback.

A different solution could be for the originator to use a “CTSn to self” protection mechanism with the Duration/ID field in a way to protect the entire TXOP. 

Even not understanding the CTSn frame (since it uses reserved bits in the subtype field), the legacy stations will update their NAV to the entire TXOP duration interval, while .11n stations will not update their NAV. 

NAV values at the .11n stations will be updated only according to the Duration/ID field of the last received frame (either QoS Data or DataAck).

At this point, the originator may start its frame exchange sequence while preventing legacy stations to interfere, eventually using another protection mechanism like RTS/CTS to protect its transmissions from other .11n devices (in case it wants to start a Block Acknowledgement frame exchange sequence) or from hidden nodes.
Even not causing a failure in the protocol, this approach could cause the .11n stations to get a certain priority boost relative to legacy stations, thus causing unfairness.

In order to avoid this situation, at any time, in an infrastructure BSS, the HC may decide to disallowe the associated .11n stations to use piggybacking by setting to zero the PB field (bit 15) in the Capability Information field in the beacon frame.
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N.1.4 Low Collision Enhanced Distributed Channel Access (LC-EDCA)

In WLANs not using the HCCA function, the 802.11e standard gives all the stations (STAs) implementing EDCA the same priority to access the wireless medium so that collisions are unavoidable. Here, two medium access methods are proposed which are based on EDCA, but with lower collision probability: neighbor-list low collision EDCA, super-frame low collision EDCA. Neighbor-list low collision EDCA is used in an IBSS. Super-frame low collision EDCA is used in a BSS. Through giving STAs the different priorities (one STA in highest priority, the other STAs in low priority), the collision chance can be decreased.

N.1.4.1 Modifications to Reference [1]

The Modifications to the Definitions, Abbreviations and Acronyms of Reference [1]  are the following:

3 Definitions

Insert the following new definitions at the indicated locations:

3.88 null neighbor: In the neighbor-list LC-EDCA mode, each STA has a single entry in its neighbor-list for all STAs who have data in ACs with priority lower than LCLAC.
3.89 LC-EDCA: A medium access mechanism differentiating the medium access right of highest priority STA and low priority STAs. The low priority STAs use EDCA access method. The highest priority STA uses backoff procedure with short IFS, CWmin, CWmax to access the medium. 

3.90 LC-EDCA lowest AC (LCLAC): The LCLAC specifies the AC with the lowest priority that each highest priority STA with  LC-EDCA capability gives services to in its highest priority state. By this it is meant that the data frames belonging to the ACs with priority higher than or equal to LCLAC can be transmitted by the highest priority LC-EDCA medium access method. 

3.91 LC-EDCA load estimation interval (LCLEI): The LCLEI specifies interval between two load estimation. It shall be submultiple of the beacon interval.
3.92 LC-EDCA service interval (LCSI): The LCSI specifies the service interval between two successive service periods of one LC-EDCA STA in the super-frame LC-EDCA mode. 
3.93 LCIFSN: the inter frame space used by the highest priority STA which is smaller than AIFSN.

3.94 LC-EDCA service period information broadcast interval (LCSPBI): the LCSPBI specifies the interval between two successive Super-Frame management frames.

3.95 neighbor-list LC-EDCA: this specifies LC-EDCA mode in an IBSS with a neighbor-list in each STA. The neighor list gives the weight of each neighor which shows the neighbor’s probability being selected as NHPS. The TXOP owner selects the next highest priority STA.
3.96 super-frame LC-EDCA: this specifies LC-EDCA mode in a BSS. The HC allocates a service period to each STA and distributes the service period information to each STA. In its own service period, a STA becomes highest priority STA. In other STA’s service period, a STA becomes low priority STA.
4 Abbreviations and acronyms

Insert the following new acronyms:

LC-EDCA
low collision EDCA

LCIFS

LC-EDCA inter frame space

LCIFSN

LC-EDCA inter frame space number

LCTXOP
LC-EDCA TXOP

LCLEI

LC-EDCA load estimation interval
LCSI

super-frame LC-EDCA service interval

LCSPBI

super-frame LC-EDCA service period broadcast interval 

NHPS

next highest priority STA

7.1.3.1.2 Types and Subtype fields

Insert the following entries into Table 1:

Table 1 – Valid type and subtype combinations

(numeric values in  Table1 are shown in binary)

	Type value b3 b2
	Type description
	Subtype value b7 b6 b5 b4
	Subtype description

	00
	Management
	0110
	Super-Frame

	01
	Control
	0000
	Block Acknowledgement Request with NHPS information (BlockAckReqNHPS)

	11
	Data
	1000
	Qos Data with NHPS information

	11
	Data
	0000-0111
	Reserved

	11
	Data
	1001-1111
	Reserved


7.2.2 Data frames

Change Table 4 as follows:

Table 4 – Address Field Contents

	To DS
	From DS
	Address 1
	Address 2
	Address 3
	Address 4
	Usage

	0
	0
	DA
	SA
	BSSID
	
N/A or NHPS
	STA to STA traffic in an IBSS and QSTA-to-QSTA traffic in a QBSS


Insert the following text:

A station uses the Address 4 field of the data frames with the value 11 in the frame control field to indicate the next highest priority STA. The Address 4 field of the data frames with the type value 01 in the frame control field is set to not applicable (N/A).

7.2.3.4 Beacon frame format

Insert the following row at the appropriate location in Table 5:

	Order
	Information
	Notes

	24
	LC-EDCA Parameter Set
	The LC-EDCA parameter set information is only present within Beacon frames generated by APs if they support super-frame LC-EDCA


7.2.3.5 Association Response frame format

Insert the following row at the appropriate location in Table 8:

	Order
	Information
	Notes

	8
	LC-EDCA Parameter Set
	The LC-EDCA parameter set information is only present within Association Response frames generated by APs if they support super-frame LC-EDCA


7.2.3.7 Reassociation Response frame format

Insert the following row at the appropriate location in Table 10:

	Order
	Information
	Notes

	12
	LC-EDCA Parameter Set
	The LC-EDCA parameter set information is only present within Reassociation Response frames generated by APs if they support super-frame LC-EDCA


7.2.3.9 Probe Response frame format

Insert the following row at the appropriate location in Table 12:

	Order
	Information
	Notes

	15
	LC-EDCA Parameter Set
	The LC-EDCA parameter set information is only present within Probe Response frames generated by APs if they support super-frame LC-EDCA


7.2.3.10 Super-frame format

The frame body of a management frame of subtype super-frame contains the information shown in the following table.

	Order
	Information

	1
	SSID

	2
	Service period information


7.3.1.4 Capability Information

Change Figure 27 as follows:

Figure – 27 Capability Information fixed fields

	ESS
	IBSS
	CF-pollable
	CF-poll request
	Privacy
	Short preamble
	PBCC
	Channel aglity
	Spectrum Mgmt
	QOS
	Short Slot Time
	APSD
	rsrv 
	DSSS-OFDM
	Block Ack
	
LC-EDCA


Insert the following text:

STA shall set LC-EDCA subfield to 1 if it supports low collision EDCA. Otherwise LC-EDCA  shall be set to 0.

7.3.2 Information elements

Insert the element IDs shown in the following table into Table 20:

	Information Element
	Element ID

	Service period information
	47

	LC-EDCA Parameter Set
	48


7.3.2.22 Service period information

The service period (SP) information element contains the service period information allocated to each high priority STA by the AP. The element information field is defined in the following figure. 

 Octets:   1           1                  2                      2             6                 6               6                6                               6         

	Element ID 

(47)
	rsrv 
	Length 

(6* STA Num+6)
	LC-EDCA

SI
	High Priority STA SP
	High Priority 

STA SP
	High Priority STA SP
	High Priority STA SP
	……


	High Priority STA SP


The LC-EDCA SI service interval field indicates the interval in units of 32 microseconds between two successive high priority SPs of each STA.   This value is a submultiple of the beacon interval.

The structure of the high priority STA SP field is defined in the following figure.

                                                                 Octets:   2           2                 2

	AID
	start time
	stop time


The association identifier subfield (AID) is the STA’s identifier allocated by the AP to the STA owning this SP. The start time indicates the start time of the SP relative to the start time of the LC-EDA SI in units of 32 microseconds. The end time indicates the end time of the SP relative to the start time of the LC-EDA SI in units of 32 microseconds. 

7.3.2.23 LC-EDCA Parameter Set element

The LC-EDCA Parameter Set element provides information needed by the STAs which support the super-frame LC-EDCA function for proper operation during their high priority service period. The format of the LC-EDCA Parameter Set element is defined in the following figure.

                                                                 Octets: 1            1                 2  

	Element ID (48)
	Length
	LC-EDCA Parameters Record


The format of the LC-EDCA Parameter record is defined in the following figure.

                                                                       Octets: 1                 1              

	LCIFSN/LCLAC
	LCCWmin/LCCWmax


The format of the LCIFSN/LCLAC field is defined in the following figure. The LCIFSN subfield indicates the number of slots after a SIFS duration a high priority STA should defer before either invoking a backoff or starting a transmission. The LCLAC subfield indicates the lowest priority AC that LC-EDCA gives services to. That means the data frames belonging to the ACs with priority higher than or equal to LCLAC can be transmitted by LC-EDCA medium access method.

                                                                          B0           B3     B4        B7

	LCIFSN
	LCLAC


The format of the LCCWmin/LCCWmax field is defined in the following figure.

                                                                        B0           B3     B4        B7

	LCCWmin
	LCCWmax


The fields LCCWmin and LCCWmax have the same meanings as the corresponding LCCWmin and LCCWmax fields of the EDCA Parameter Set element. These parameters are used only in super-frame LC-EDCA.

The default values used by high priority STAs for the parameters in LC-EDCA Parameter set are defined in the following table.

	LCIFSN
	LCLAC
	LCCWmin
	LCCWmax
	LCTXOP Limit

	1
	1
	1
	(aCWmin+1)/4-1
	TXOP Limit[AC_VO]+TXOP Limit[AC_VI]


9.12 Frame exchange sequence

Insert the following entries into table 22.1:

	HCF frame Sequence
	Frame in Sequence
	Usage

	{CTS-}[QoS Data(bc/mc)]QoS Data(bc/mc, NHPS)
	1 or more
	Broadcast or multicast MSDU set by a STA in LC-EDCA mode

	{CTS-}<TXOP-Sequence>[<TXOP Sequence>]-Data(dir, normal ack, NHPS)-ACK
	1 or more
	Start a txop sequence using continuation

	{CTS-}<TXOP-Sequence>[<TXOP Sequence>]-BAR(NHPS)-ACK|BA
	1 or more
	Start a txop sequence using continuation

	{RTS-CTS-}-}<TXOP-Sequence>[<TXOP Sequence>]-Data(dir, normal ack, NHPS)-ACK
	2 or more
	Start a txop sequence using continuation

	{RTS-CTS-}-}<TXOP-Sequence>[<TXOP Sequence>]-BAR(NHPS)-ACK|BA
	2 or more
	Start a txop sequence using continuation


Insert the following definitions at the end of the legend:

34- “Data(bc/mc, NHPS)” represents a broadcast/multicast frame with the next highest STA information

35- “Data(dir, normal ack, NHPS)” represents a unicast data frame with normal ack and the next highest STA information

36- “BAR(NHPS)” represents a block ack request frame with the next highest STA information
10.3.2 Scan

10.3.2.2 MLME-SCAN.confirm

10.3.2.2.2 Semantics of the service primitive

Insert the following entry into the table consisting BSSDescription in the subclause as shown:

	Name
	Type
	Valid Range
	Description

	LC-EDCA Parameter Set
	As defined in Frame Format
	As defined in Frame Format
	The value from the LC-EDCA Parameter Set if such an element was present in the probe response or beacon, else null


10.3.6 Associate

10.3.6.2 MLME-ASSOCIATE.confirm

10.3.6.2.2 Semantics of the service primitive

Insert “LC-EDCA Parameter Set” as parameter to the end of the primitive MLME-ASSOCIATE.indication. Insert the following entry into the table in the subclause:

	Name
	Type
	Valid Range
	Description

	LC-EDCA Parameter Set
	As defined in Frame Format
	As defined in Frame Format
	Specifies the LC-EDCA Parameter Set that the STA should use. The parameter shall be present only if the MIB attribute dot11LcEdcfOptionImplemented is true and the STA is in a BSS.


10.3.7 Reassociate

10.3.7.2 MLME-REASSOCIATE.confirm

10.3.7.2.2 Semantics of the service primitive

Insert “LC-EDCA Parameter Set” as parameter to the end of the primitive MLME-REASSOCIATE.indication. Insert the following entry into the table in the subclause:

	Name
	Type
	Valid Range
	Description

	LC-EDCA Parameter Set
	As defined in Frame Format
	As defined in Frame Format
	Specifies the LC-EDCA Parameter Set that the STA should use. The parameter shall be present only if the MIB attribute dot11LcEdcfOptionImplemented is true and the STA is in a BSS.


10.3.10 Associate

10.3.10.1 MLME-START.request

10.3.10.1.2 Semantics of the service primitive

Insert “LC-EDCA Parameter Set” as parameter to the end of the primitive MLME-START.request. Insert the following entry into the table in the subclause:

	Name
	Type
	Valid Range
	Description

	LC-EDCA Parameter Set (LC-EDCA only)
	As defined in Frame Format
	As defined in Frame Format
	Specifies the LC-EDCA Parameter Set that the STA should use. The parameter shall be present only if the MIB attribute dot11LcEdcfOptionImplemented is true and the STA is in a BSS.


Annex D

In “Major Sections” of Annex D, insert the following text to the end of MAC attributes:

dot11LCEDCATable
::= {dot11mac 7}

In “SMT Station Config Table” of Annex D, insert the following text to the end of Dot11StationConfigEntry:

dot11LcEdcfOptionImplemented
TruthValue

Insert the following element to the end of dot11StationConfigEntry element definitions:

dot11LcEdcfOptionImplemented  OBJECT-TYPE  


SYNTAX TruthValue


MAX-ACCESS read-only


STATUS current


DESCRIPTION

“This attribute, when TRUE, indicate that the station implementation is capable of supporting LC-EDCA. The capability is disabled otherwise. The default value of this attribute is FALSE”   

In “dot11OperationTable” of Annex D, insert the following text to the end of dot11OperationEntry:


dot11LCCACWmin

Integer,


dot11LCCACWmax

Integer,


dot11LCIFSN

Integer,

dot11LCLAC

Integer,
dot11LCTXOPLimit

Integer,

dot11LCTotalWeight
Integer,

dot11LCTotalProb

Integer,

dot11LCMovingAver
Integer,

dot11LCSPBI

Integer,

dot11LCSI

Integer,

Insert the following elements to the end of dot11OperationEntry element definitions:

dot11LCCACWmin  OBJECT-TYPE  


SYNTAX Integer (0..aCWmin)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

“This attribute shall specify the value of the minimum size of the window that shall be used by high priority STA in super-frame LC-EDCA mode for generating a random number for the backoff. The value of this attribute shall be such that it could always be expressed in the form 2x-1, where X is an integer.  The default value of this attribute shall be 1.”   

dot11LCCACWmax  OBJECT-TYPE  


SYNTAX Integer (0..aCWmax)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

“This attribute shall specify the value of the maximum size of the window that shall be used by high priority STA in super-frame LC-EDCA mode for generating a random number for the backoff. The value of this attribute shall be such that it could always be expressed in the form 2x-1, where X is an integer. The default value of this attribute shall be 7.”   

dot11LCIFSN  OBJECT-TYPE  


SYNTAX Integer (1..15)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

“This attribute shall specify the number of the slots, after a SIFS duration, which the high priority STA shall sense the medium idle either before transmitting of executing a backoff. The default value of this attribute shall be 1.”   

dot11LCLAC  OBJECT-TYPE  


SYNTAX Integer (0..3)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

“This attribute shall indicate the lowest priority AC that LC-EDCA gives services to. That means the data frames belonging to the ACs with priority higher than or equal to LCLAC can be transmitted by LC-EDCA medium access method. The default value of this attribute shall be 1.”   

dot11LCTXOPLimit  OBJECT-TYPE  


SYNTAX Integer (0..65535)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

“This attribute shall specify the maximum number of microseconds of a high priority STA in neighbor-list LC-EDCA mode of a TXOP for the high priority STA. the default value of this attribute shall be dot11EDCATXOPLimit[AC-VO]+ dot11EDCATXOPLimit[AC-VI].”   

dot11LCTotalWeight OBJECT-TYPE  


SYNTAX Integer (0..65535)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

“This attribute shall specify the maximum TXOP number of transmission of a high priority STA in neighbor-list LC-EDCA mode with weight-based low collision algorithm that a STA can allocate to its one hop neighbors. The default value of this attribute shall be 256.”   

dot11LCTotalProb OBJECT-TYPE  


SYNTAX Integer (1..100)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

“This attribute shall specify the total probability allocated to the ACs whose priorities are higher than or equal to LCLAC of the neighbor STAs with LC-EDCA capability in the neighbor-list LC-EDCA mode and the super-frame LC-EDCA mode. LCTotalProb equals dot11LCTotalProb divided by 100. The default value of this attribute shall be 100.”   

dot11LCMovingAver OBJECT-TYPE  


SYNTAX Integer (1..100)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

“This attribute shall specify the moving average parameter (LCMovingAver) for the estimation of neighbor’s load in the neighbor-list LC-EDCA mode and super-frame LC-EDCA mode. LCMovingAver equals dot11LCMovingAver divided by 100. The default value of this attribute shall be 90.”   

dot11LCSPBI OBJECT-TYPE  


SYNTAX Integer (1..255)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

“This attribute shall specify specifies the interval (LCSPBI) between two successive Super-Frame management frame in the super-frame LC-EDCA mode. The multiple of the beacon interval shall be used. LCSPBI equals (beacon interval)*dot11LCLEI. The default value of this attribute shall be 4.” 

dot11LCSI OBJECT-TYPE  


SYNTAX Integer (1..100)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

“This attribute shall specify LCSI in super-frame LC-EDCA mode. LCSI equals the integer value that is smaller than the value of the beacon interval divided by dot11LCSI. The default value of this attribute shall be 4.”
Insert the following changes to the end of the 802.11 MIB in Annex D:

Dot11LCEDCATable OBJECT-TYPE


SYNTAX SEQUENCE OF Dot11LCEDCAEntry


MAX-ACCESS not-accessible


STATUS current


DESCRIPTION

“Conceptual table for LC EDCA default parameter values at a STA that support LC-EDCA. Only one entry is included in the table.” 

Dot11LCEDCAEntry ::=

SEQUENCE {

dot11LCIFSN

Integer,

dot11LCLAC

Integer,

dot11LCMovingAver
Integer,

dot11LCSPBI

Integer,
dot11LCTotalProb

Integer,



dot11LCCACWmin

Integer,



dot11LCCACWmax

Integer,


dot11LCSI

Integer,

dot11LCTXOPLimit

Integer,
dot11LCTotalWeight
Integer,

}
N.1.4.2 Superframe LC-EDCA

The super-frame LC-EDCA is an AP-coordination based medium access method. In super-frame LC-EDCA mode, the LCSI is a submultiple of the beacon interval. The AP allocates the service period to each STA in the LCSI according to each STA’s load estimation. Figure N.1.4.1 gives a typical super-frame LC-EDCA SP allocation with 4 LC-EDCA STAs in a BSS. In the figure, AP’s start time equals 0, AP’s stop time equals 
[image: image13.wmf]k

SP

1

. STA2’s start time equals 
[image: image14.wmf]k

SP

1

, STA2’s stop time equals 
[image: image15.wmf]k

k

SP

SP

2

1

+

.

[image: image156.wmf]k

SP

1

[image: image157.wmf]k

SP

4

[image: image158.emf] 

AIFS[i] 

[image: image159.wmf]k

SP

1

[image: image160.wmf]k

SP

2

[image: image161.wmf]k

SP

3

[image: image162.wmf]k

SP

4


[image: image163.png]sitne

' o s s B ' e E
o cr ol Short
ess 1853 poimie | s | P | paen, | eeec
o o o1 2 e B s
Spectum Stor: St o | mmmedte rom |_Dsiavsd
wansgoment | 252 Time aes0. DSSSOMDM | glockAck





 



                  Figure N.1.4.1 The Super-Frame LC-EDCA SP allocation
There are two different transmit priorities in each STA in the super-frame LC-EDCA: low priority and highest priority. In a STA’s own service period, the STA itself has the highest priority to access the wireless medium. In another STA’s service period, a STA has the low priority to access the wireless medium. If one STA is in the low priority transmit state, it uses the EDCA medium access method to access the medium with a larger contention window (AIFS, a larger CWmin, a larger CWmax). If the STA is in the highest priority transmit state, it uses the high priority back-off timer to access the wireless medium with a smaller contention window (LCIFS, a smaller CWmin, a smaller CWmax). It is clear that the highest priority STA will get the medium access right with higher probability. 
In super-frame LC-EDCA mode, we can use a more effective power saving mode. If a STA is in power saving mode, it becomes active only in its own SP and the AP’s SP. At the other time, it is in sleep state. If a STA is in power saving mode, the other STAs can’t send the frames to it directly. All the frames with the STA in power saving mode as the destination must be sent to the AP. The AP forwards these frames to the STAs in its service period. 
N.1.4.2.1 The Calculation and Broadcast of the Service Periods
At the end of LCSPBI, the AP estimates the load of each STA and allocates the service period to each STA according to the estimated load. Then the AP creates the super-frame broadcast management frame and sends this frame which includes the service period information (the service start time and the service end time relative to the LCSI start time) for each STA. Annex I.1 gives an informative algorithm for the AP to assign the service period for each STA in the BSS.

After receiving the Super-Frame broadcast management frame, each non-AP STA sets its super-frame parameters. 

N.1.4.2.2 Actions of the Highest Priority STA
The LC-EDCA STA decides if it is in highest priority state according to its SP start time and its SP stop time which defines its service period.  After a STA becomes the highest priority STA, it stops the EDCA procedure. It resets the contention window (to LCCACWmin), the short retry count (to 0) and long retry count (to 0). The highest priority STA obtains the first TXOP if its carrier sense mechanism determines that the medium has stayed idle for a LCIFS slot. 

If the highest priority STA has an additional frame of the transmitting AC, and the duration of the transmission of that frame plus any expected acknowledge for that frame is less than the remaining service period, then the highest priority STA may commence transmission of that frame at SIFS after the completion of the immediately preceding frame exchange sequence. If the highest priority STA has no additional frame of the transmitting AC, but has an available frame whose AC is lower than the transmitting AC and is higher than or equal to LCLAC and the duration of the transmission of that frame plus any expected acknowledge for that frame is less than the remaining service period, then the highest priority STA may commence transmission of that frame at SIFS after the completion of the immediately preceding frame exchange sequence.

The continuation frame transmission in a STA’s own service period shall be indicated by the STA through the setting of the duration/ID values in one of the following two ways:

· long enough to cover the response frame, the next frame, and its response frame.

· long enough to cover the transmission of a burst of MPDUs subject to the limit set by its service period.  

If the highest priority STA loses the medium access right because there is no frame that can be transmitted or the peer fails to respond with a correct frame, the highest priority STA obtains another TXOP through the highest priority backoff timer with LCCACWmin, LCCACWmax, LCIFSN as its parameters. 
N.1.4.2.3 Actions of the Low Priority STA
After the highest priority STA becomes a low priority STA, it resumes its EDCA procedure. After that, the normal EDCA access procedure is used to access the medium.

N.1.4.3 Neighbor-List LC-EDCA

Neighor-list low collision EDCA is a distributed low collision medium access method. In the neighbor-list LC-EDCA, there are two kinds of STA transmit priorities: the low priority and the highest priority. If one STA is in low priority transmit state, it uses the EDCA backoff procedure to access the medium which means a larger contention windows and IFS. If the STA is in high priority transmit state, it delays a shorter IFS (LCIFS) than AIFS. Then, if the medium is still idle, it will start the packet transmission without the backoff procedure. Thus, the high priority STA gets the medium access right with higher probability.
Each STA maintains its own one hop neighbor-list. When the STA with the medium access right decides to release the medium access right, the STA selects the next high priority STA according to the high priority STA selection algorithm (N.1.4.3.3 Selecting NHPS). The following transmitted data frame or BlockAck request frame carries the next highest priority STA identifier. After receiving a data frame or BlockAck request frame carrying the next highest priority STA identifier, each STA resolves the next highest priority STA identifier to see if it is the next highest priority STA. If it is the next highest priority STA and the expected responsing frame is received correctly, it uses the short IFS without the backoff procedure to contend for the medium access right. Otherwise it uses the low priority back-off timer to contend for the medium access right. If the next highest priority STA information is lost because of the collision or the packet transmission error, all the STAs use the low priority back-off timer to contend for the medium access right.
Figure N.1.4.2 gives a typical neighor list LC-EDCA access procedure. The STA_i gets the medium access right through EDCA access mechanism. After its TXOP, it selects STA_k as the next highest priority STA. The STA_k receive the next highest priority information correctly and becomes the highest priority STA. After its LCTXOP, it selects STA_x as the next highest priority STA. Since this information is lost, STA_n gets medium access right through EDCA medium access mechanism.


[image: image16]
Figure N.1.4.2 The typical neighor list LC-EDCA access procedure
N.1.4.3.1  Actions of the Highest Priority STA

After a STA becomes the highest priority STA, it stops the EDCA medium access procedure and obtains a TXOP for the ACs whose priority is higher than or equal to LCLAC, if data frames waiting for transmission belonging to these ACs whose priority is higher than or equal to LCLAC remain, if the highest priority STA’s carrier sense mechanism determines that the medium is idle at the LCIFS slot boundary.  After the highest priority STA becomes a low priority STA, it shall resumes the EDCA medium access procedure.

After a STA becomes the highest priority STA, it switches back to low priority STA mode if it has no data frames waiting for transmission belonging to these ACs whose priority is higher than or equal to LCLAC.

The continuation of LCTXOP is granted to a STA for the ACs whose priority is higher than or equal to LCLAC at a SIFS period following the successful transmission of a frame, if there is a frame available for transmission that fits in the remaining LCTXOP duration. If the highest priority STA has an additional frame of the transmitting AC, and the duration of the transmission of that frame plus any expected acknowledge for that frame is less than the remaining LCTXOP duration, then the highest priority STA may commence transmission of that frame at SIFS after the completion of the immediately preceding frame exchange sequence. If the highest priority STA has no additional frame of the transmitting AC, but has an available frame whose AC is lower than the transmitting AC and is higher than or equal to LCLAC and the duration of the transmission of that frame plus any expected acknowledge for that frame is less than the remaining LCTXOP duration, then the highest priority STA may commence transmission of that frame at SIFS after the completion of the immediately preceding frame exchange sequence.

 The intention of using the continuation LCTXOP shall be indicated by the STA through the setting of the duration/ID values in one of the following two ways:

· long enough to cover the response frame, the next frame, and its response frame.

· long enough to cover the transmission of a burst of MPDUs subject to the limit set by dot11LCEDCATableLCTXOPlimit.  

Before sending the last frame of a LCTXOP, the algorithm defined in N.1.4.3.3 is used to select a NHPS. The last frame of a LCTXOP that the highest priority STA transmits shall be the QoS Data with Next Highest Priority Station (NHPS) information or the BlockAckReq with the NHPS information in a block ack frame transfer process if the destination STA supports the LC-EDCA mode and the returned neighbor is not the null neighbor.  Otherwise, the QoS Data frame or the BlockAckReq in a block ack frame transfer process shall be used. 

N.1.4.3.2  Actions of the Low Priority STAs

When a STA becomes a low priority STA, it resumes its EDCA  medium access process. Also the following actions should be done by the low priority STA. Before sending the last frame of a TXOP, the algorithm defined in N.1.4.3.3 is used to select a NHPS. The last frame that the low priority STA transmits shall be the QoS Data with NHPS information or the Block Acknowledgement Request with NHPS information in a block ack frame transfer process if the destination STA supports the LC-EDCA mode and the returned neighbor is not the null neighor. Otherwise, the QoS Data frame or the BlockAckReq in a block ack frame transfer process shall be used.

A low priority STA will become a highest priority STA candidate,

· when it  receives a QoS Data with NHPS information matching it and the acknowledge policy being set to normal ack, 
· When it receives a BlockAckReq with NHPS information matching it
After it receives the following response frame correctly, the highest priority STA candidate becomes the highest priority STA. 
When a low priority STA receives the QoS Data with NHPS information matching it, individual address in the address1 field and the acknowledge policy set to no ack, it becomes the highest priority STA immediately.

When a low priority STA receives the QoS Data with NHPS information matching it, broadcast/multicast address in the address1 field and the acknowledge policy set to no ack, it becomes the highest priority STA immediately.

N.1.4.3.3  Selecting NHPS
Each LC-EDCA STA allocates a weight to each of its one-hop neighbors. Also each LC-EDCA STA allocates one weight to the traffic streams whose priorities are smaller than LCLAC of all the neighbors, and this weight corresponds to a null neighor. The STA can use any weight allocation method. Annex I.2 gives an informative weight allocation algorithm. 

Before transmitting the last frame in a TXOP, the highest priority STA or low priority STA owning the current TXOP shall select the NHPS as follows:

1. If the neighbor-list is null, the current neighbor is set to ineffective value, the null neighbor is the NHPS.

2. else if the current neighbor is an ineffective value, 

· the current neighbor becomes the first STA in the neighbor-list,

· the remaining weight is set to the allocated weight of the current neighbor,

· the remaining weight is decreased by 1,

· the current neighbor is the NHPS.

3. else if the remaining weight does not equal to 0, 

· the remaining weight is decreased by 1,

· the current neighbor is the NHPS.  

4. else if the remaining weight equals 0, 

· the next neighbor in the neighbor-list becomes the current neighbor,

· the remaining weight is set to the allocated weight of the current neighbor,

· the remaining weight is decreased by 1,

· the current neighbor is the NHPS.

N.1.4.3.4  Failure Recovery upon an error
The STA should use the failure recovery described in 9.9.1.6 and 9.10.6 of Reference [1].  Additionally, the high priority STA becomes a low priority STA if the required response frame is not received correctly.
Annex I

Insert the following text after Annex I:

I.1 Guidelines and reference design for example service period calculation of super-frame LC-EDCA

The AP is the central control point in the super-frame LC-EDCA mode. It maintains a list of the members in its own BSS which support LC-EDCA mode. The information of a member includes: 

· the LCSPBI being added to this list, 
· the load of the former LCSPBI, 
· the load of this LCSPBI,
· the Service Period.
Suppose the current LCSPBI is the n_th LCSPBI. The AP resolves each transmitted data frame belonging to its BSS if the priority of the frame is higher than or equal to LCLAC. If the source is not in the member list, it is put in the member list and the number of the new added neighbors (
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) increases by one. If the source is in the member list, the medium time (
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) of this STA in n_th LCSPBI is increased based on the data frame’s medium time, the response frame’s medium time and required IFS.

 At the end of n_th LCSPBI, the AP estimates the load of each STA and allocates the service period to each STA according to its load. For the newly added STA in n_th LCSPBI, the AP allocates the service period as follows:
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 is the service period allocated to each newly added STA in (n+1)_th LCSPBI.
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 means the total number of newly added STAs in n_th LCSPBI, 
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 means the total number of STAs added before the end of (n-1)_th LCSPBI. 

For each STA added to the list before the end of (n-2)_th LCSPBI, its load in the (n+1)_th LCSPBI is estimated as follows: 
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For each STA added to the list in the (n-1)_th LCSPBI, its load in the (n+1)_th LCSPBI is estimated as follows: 
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 is the load of the STA j in the n_th LCSPBI.

If the estimated load of STA j in the (n+1)_th LCSPBI is lower than the mean load, the AP allocates the service period of STA j as follows: 
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 is the service period allocated to the STA j in the n+1_th LCSPBI. The factor is a constant that is larger than 1.  This factor can make a STA with a load lower than the mean load get relatively more medium access time.

If the estimated load of STA j in the next LCSPBI is larger than mean load, the AP allocates the service period of STA j as follows:
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 is the service period of all the newly added STAs in the n_th LCSPBI. 
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 is the service period of all the low load STAs.


I.2 Guidelines and reference design for example weight-based low collision algorithm of neighbor-list LC-EDCA

Each STA maintains a neighbor-list of its one-hop neighbors which support LC-EDCA mode. The information of a one-hop neighbor includes: 

· the LCLEI being added to this list, 
· the load of the former LCLEI, 
· the load of this LCLEI,
· the weight.
The load of a neighbor in one LCLEI is estimated by the TXOP numb
er (the TXOP number is defined as how many QoS Data with NHPS frames or BlockAckReq with NHPS frames does the STA transmit in a LCLEI) of this neighbor in this LCLEI. After each LCLEI, the weight of each STA in the neighbor-list is calculated based on each STA’s estimated load of the next LELCI. 
Suppose the current LCLEI is n_th LCLEI. If a STA receives a QoS Data with NHPS frame or a BlockAckReq with NHPS frame whose priority is higher than or equal to LCLAC, it decides if the source STA (STAj) is in the neighbor-list.  If the source STA is not in the neighbor-list, it is put it in the neighbor-list, and the number of the new added neighbors (
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) increases by one. If the source STA is in the neighbor-list, the txop number (
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At the end of n_th LCLEI, each neighbor added to the neighbor-list in n_th LCLEI will get the weight as follows:
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 means the weight allocated to a newly added neighbors in n_th LCLEI. 
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 means the total number of newly added neighbors in n_th LCLEI, 
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 means the total number of neighbors added before the end of (n-1)_th LCLEI. 

For each neighbor added to the neighbor-list before the end of (n-2)_th LCLEI, its load in the (n+1)_th LCLEI is estimated as follows: 
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For each neighbor added to the list in the (n-1)_th LCLEI, its load in the (n+1)_th LCLEI is estimated as follows: 
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 is the load of the neighbor j in n_th LCLEI. 

The weight of each neighbor added to the list before the end of (n-1)_th LCLEI is allocated according to:
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  is the weight allocated to neighbor j in the n+1_th LCLEI. 
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 means the total weight allocated to the added neighbors in (n+1)_th LCLEI. 
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 means the total load in the (n+1)_th LCLEI of the neighbors added to the neighbor-list before the end of (n-1)_th LCLEI.
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 is the weight allocated to the null STA.
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Figure23  Direct Link Protocol  set-up  message flow
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Figure24  Direct Link Protocol tear down message flow
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Figure 24 -  Block Ack  set-up  message flow
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Figure 25  Block Ack Teardown  message flow
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Figure26  Block Ack Data Transmission with Immediate ACK
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Figure27  Block Ack  Data Transmission with Delayed ACK
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Figure28  Direct Link Protocol set-up message flow
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Figure29  Direct Link Protocol tear down message flow
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Figure N.2 - Piggibacking not admittallowed at the rRecipient side
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Figure N.3 – “CTSn to self” protection mechanism





Figure N.12 - Piggibacking not admittallowed at the rRecipient side
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Figure28  Direct Link Protocol set-up message flow
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Figure29  Direct Link Protocol tear down message flow
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Figure 24 -  Block Ack  set-up  message flow





MLME-DELBA.request





MAC





SME





MAC





SME





Initiator of deletion





Responder





DELBA.request





MLME-


DELBA.indication





MLME-DELBA.confirm





Figure 25  Block Ack Teardown  message flow
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Figure26  Block Ack Data Transmission with Immediate ACK





Data Frame





Data Frame





Data Frame





BlockAckReq





BlockAck





Originator


     MAC





Recipient


MAC





Data Frame





Figure27  Block Ack  Data Transmission with Delayed ACK
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Figure 27 – Capability Information fixed fields 
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