November 2004

doc.: IEEE 802.11-04/1372r2

IEEE P802.11
Wireless LANs

Response to Call For Proposal for P802.11n 

- Detailed Technical Description -

Date:
November, 2004

Authors:
Hervé Bonneville, Bruno Jechoux,  Romain Rollet 

Mitsubishi ITE.

1, allee de Beaulieu, 35700 Rennes, France

Phone: +33-2 23 45 58 58

Fax: +33-2 23 45 58 59

e-Mail: {bonneville,jechoux,rollet}@tcl.ite.mee.com

Alexandre Ribeiro Dias, Stéphanie Rouquette-Léveil, Markus Muck, Marc de Courville, Sébastien Simoens, Jean-Noël Patillon, Karine Gosse 


Motorola Labs

Parc les Algorithmes – Saint Aubin – 91193 Gif sur Yvette Cedex - France

Phone: +33 1 69 35 77 00

Fax: +33 1 69 35 77 01

e-Mail: {ribeiro,rouquet,muck,courvill,simoens,patillon,gosse}@crm.mot.com

Brian Classon, Keith Blankenship
Motorola Labs
1301 E. Algonquin Rd, Schaumburg, IL  60196, USA
Phone : +1 847 576 5675
Fax : +1 847 538 4593
e-Mail: Brian.Classon@motorola.com, keithb@labs.mot.com

Contributors:

	Hervé Bonneville
	Mitsubishi

	Bruno Jechoux
	Mitsubishi

	Romain Rollet
	Mitsubishi

	Loic Brunel
	Mitsubishi

	Christophe Mangin
	Mitsubishi

	Alexandre Ribeiro Dias
	Motorola Labs

	Stéphanie Rouquette-Léveil
	Motorola Labs

	Markus Muck
	Motorola Labs

	Marc de Courville
	Motorola Labs

	Sébastien Simoens
	Motorola Labs

	Jean-Noël Patillon
	Motorola Labs

	Karine Gosse
	Motorola Labs

	Keith Blankenship
	Motorola Labs

	Brian Classon
	Motorola Labs


Abstract

This document is the detailed technical description of response to Call For Proposal for P802.11n standard ([1]). 

At MAC level the proposal defines a new access scheme called ECCF (Extended Centralised Coordination Function) allowing a great efficiency and a strong QoS support in all scenarios while keeping backward compatibility. It is based on a fast, dynamic and accurate resource allocation obtained by using a MAC time frame, a centralised allocation process and a resource request / grant scheme to perform allocation in uplink.

At PHY level several new features are defined including a multiple antenna extension based on combinations of Spatial Division Multiplexing and Space Time Block Coding. Two new OFDM modulators are defined using 104 data subcarriers among 128, one operating in the 20MHz bandwidth with a guard interval length of 1.6µs and the other one operating in the 40MHz bandwidth with a guard interval length of 0.8µs. An additional puncturing pattern introducing a 5/6 code rate and new frequency and spatial interleavers are also considered. Optionally, Turbo Codes are proposed as an advanced coding scheme. 

Presentation material is composed of the following elements:

· 11-04-1370-00-000n-mitmot-tgn-complete-proposal-response is the response to functional requirements, comparison criteria table. It includes also a technical overview,

· 11-04-1372-02-000n-mitmot-tgn-complete-proposal-detailed-description is the detailed technical description of the proposal (this document)

· 11-04-1371-00-000n-mitmot-tgn-complete-proposal-sim-resultsincludes all detailed simulation results in spread sheets format

· 11-04-1369-01-000n-mitmot-tgn-complete-proposal-presentation is the proposal presentation
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Presentation

Applications that are targeted in TGn's PAR include, in addition to typical data-oriented ones, high QoS demanding services like audio/video streaming, high definition video, or VoIP. Moreover, the CFP requires an aggregate throughput of 100 Mbit/s measured at top of the MAC Service Access Point, obtained in a 20 MHz radio bandwidth. These constraints clearly imply the definition of a new physical layer, but include also the MAC in the enhancement loop. 

Several MAC layer enhancements have been conceived and integrated in the ECCF (Extended Centralised Coordination Function ) MAC access scheme proposed hereafter. It was designed to fulfil several goals:

1. offer an effective QoS to various types of applications, in different types of environments,

2. relax the pressure on the PHY layer by improving MAC efficiency,

3. increase power saving capabilities,

4. keep backward compatibility,

5. keep complexity low.

The most efficient way for QoS delivery and optimisation of resource usage in a wireless LAN is obtained with a fast, dynamic ((ms) and accurate resource allocation obtained by using a MAC time frame, a centralised allocation process and a resource request / grant scheme to perform allocation in uplink. Indeed, the system is able to adapt to the application needs in the time. Inside a MAC frame, the available PHY resources are shared among the different services in order to respect the QoS constraints attached to each of them.

Aggregation at PHY level (several MPDUs in a single PPDU) coupled with short MAC-PDUs and an optimised fast selective repeat ARQ using low cost signalling allows a high MAC efficiency while ensuring robustness.

Thanks to a MAC access scheme based on an accurate centralised on-demand allocation scheme, the AP knows precisely the current resource needs of the STAs, which can then be fulfilled with a single scheduler without relying on any context dependent knob or tuning. It allows an easy deployment of 11n systems with a high level of QoS whatever the context is, in particular for home environment where the end user doesn’t necessarily have system administrator abilities.

Beyond CBR traffic this access scheme is able to handle all kind of bursty and elastic traffic flows. Its fast and flexible resource request and access grant mechanisms have been especially designed to support bursty and elastic traffics in a very efficient way.

The average power consumption of mobile stations is reduced compared to access schemes with collisions thanks to resource announcement and collision suppression. Power saving built-in features may also be used in station-to-station communication without extra signaling.

Finally, including the enhanced MAC access scheme inside the legacy superframe ensures a full compatibility with legacy 802.11 systems.

Similarly several PHY layer enhancements were designed: In order to achieve higher data rates than IEEE802.11a, this proposal uses multiple antennas, enabling the transmission of 1, 2 or 3 parallel spatial streams, depending on the transceiver configuration and capabilities (number of transmit and receive antennas at the AP and STA). 

In this proposal, it is mandatory that the transmitter has a minimum of 2 antennas scaling up for the optional modes to 4 antennas, and the receiver has a minimum of two antennas (possibly more). An important feature of this proposal is that the multiple antenna transmit schemes recommended are designed for supporting asymmetric antenna configurations between the transmitter and receiver in order to accommodate various classes of devices (possibly discriminated by complexity/size/power consumption criteria) such as access point, laptop, PDA, phone in order to cope with various constraints possibly limiting the number of antenna supported. For that purpose, several schemes are detailed combining Spatial Division Multiplexing (SDM) and Space Time Block Coding (STBC).  The emphasis is given on simple (e.g. limited arithmetical complexity) open loop modulation techniques that target either an increase of peak data rate (SDM) or enhancement of the robustness of the link (STBC) or a mix of the two using a hybrid approach. In that way, this proposal achieves four major goals: 

1. provide new OFDM PHY modes for delivering higher data rates

2. improve also support of lower data rate modes for enhancing range or link quality of IEEE802.11a modes but also supporting services requiring small packet size such as VoIP

3. allow short term implementation and deployment for mandatory modes

4. focus on open loop solution to avoid protocol overhead consumed in feedback signalization

Two new optional OFDM modulators are defined using 104 data subcarriers among 128:

1. One operating with 20MHz bandwidth (corresponding to a subcarrier frequency spacing of 156,25kHz) with a guard interval length of 1.6µs. Since the guard time is doubled, it is enabling to absorb larger multipath delays to cope both with long channels common in large environments (open space, limited outdoor) and also to better account for the transmit and receive filters inherently present in the WLAN devices.

2. The other one operating in the 40MHz bandwid th with a guard interval length of 0.8µs. In both cases 8 pilot subcarriers are defined for a total number of 112 used subcarriers. Doubling the guard interval duration to 1.6µs compared to the standard mode enables to absorb larger multipath delays to cope both with long channels common in large environments (open space, limited outdoor) and also to better account for the transmit and receive filters inherently present in the WLAN devices.

Note that since the number of useful carriers is more than doubled and the guard time duration doubled, this enables an enhancement of the total PHY rate of 8% compared to 64 carrier modes.

With 48 data subcarriers, the minimum and maximum data rates achievable are 6Mbps (BPSK constellations) and 216Mbps (256QAM constellations) respectively. With 104 data subcarriers, the minimum and maximum data rates achievable are 6.5Mbps (BPSK constellations) and 234Mbps (256QAM constellations) respectively in the 20MHz bandwidth mode and 13Mbps (BPSK constellations) and 468Mbps (256QAM constellations) respectively in the 40MHz bandwidth mode. Note that the highest achievable data rate modes are obtained by exploiting the optional 256-QAM symbol constellation.

Note that other functional blocks such as scrambler, convolutional encoder and mapping are unchanged with respect to IEEE 802.11a-1999. 

MAC Specifications

1.1 MAC Functional Description

1.1.1 MAC Architecture
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Figure 3‑1: MAC Protocol Stack Comparison

The new MAC access scheme described hereafter enhances the current 802.11 MAC. The MAC SAP is kept identical while the PHY SAP may be modified according to the capabilities of the PHY layer. As shown in Figure 3‑1, the enhanced MAC layer is constituted of two Convergence sub-layers, LLC Convergence Sub-Layer (LLCCS) and Segmentation and Re-assembly (SAR), and two transfer sub-layers, MAC Intermediate Sub-Layer (MIS) and MAC Lower Sub-layer (MLS).

The MAC SAP consistency is maintained by the LLCCS sub-layer. The MIS embeds the core transfer function of the MAC layer and is based on short fixed-size transfer units. The MIS also integrates the Error and Flow Control functions. The SAR sub-layer performs the adaptation between the variable size packet provided by the LLCCS and the transfer units managed by the MIS. The MLS sub-layer is in charge of building 802.11 compatible MPDUs from MIS transfer unit and signalling information, and delivers them to the PHY layer. In addition, it can implement the encryption support functions.

1.1.1.1 Beacon and N-beacon

A new beacon, so-called N-Beacon, is introduced. It contains all the legacy system information (defined in the current 802.11 beacon). In addition, it contains also the ECCF information element. 

The N-Beacon is transmitted with a more robust mode than the legacy beacon, using a MIMO, 2 Tx antenna, 1 flow, BPSK ½, STBC mode (6 Mbps).

Thanks to this new PHY mode, The N-beacon allows to increase the range of a BSS or an IBSS.

Mixed-mode operation

A legacy beacon is transmitted in the 20MHz channel with BPSK ½ PHY modulation so that all STAs including 802.11n STAs can receive and decode it.

When legacy operation is enabled an N-beacon will immediately follow the legacy beacon.  The periodicity of the N-beacon is signaled in the N-beacon.  802.11n STAs shall listen to the N-beacons to identify a BSS or an IBSS operating .11n. 

Due to the extended range of the N-beacon, it may happen that some 11n stations located at the edge of a N-BSS or N-IBSS be co-located with legacy STA associated to a neighboring co-channel BSS or IBSS. Those legacy STAs may be unaware of superframe structure or medium occupancy inside the N-BSS and could potentially interfere with the 11n stations. DFS as defined in 802.11h will be used to avoid overlapping BSS.  

Green-field operation

In the absence of legacy stations, legacy beacon doesn’t need to be present.  The N-Beacon operates as the only beacon in the system.
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Figure 3‑2: N-Beacon in mixed-mode operation

1.1.1.2 Extended Centralised Coordination Function (ECCF)

The proposed MAC extension defines a centralised access method that is designed to efficiently support QoS applications in hotspots and home environments. This access method relies on a Radio Resource Manager (RRM) function that manages the radio resource in the cell and shares it between the different associated STA (association has the same meaning as in legacy 802.11). The ECCF implements a dynamic on-demand resource allocation with a contention-free access method . A priority scheme is implemented to guaranty resource allocation to specific data flows that have strong QoS constraints. Data exchanges are connection-less and therefore do not require any specific set-up procedure. 

1.1.1.3 Error and Flow Control overview

In order to improve the error resilience of the MAC protocol, ECCF defines an Error and Flow Control mechanism (EFC) that is included in the MAC Intermediate Sub-layer (MIS). It is based on a selective ARQ scheme applied to the short fixed size MIS data units. Selective ARQ allows fast and efficient retransmissions while short data units increase robustness by reducing data unit error rate. 

EFC is applied to all data flows except the broadcast ones.

1.1.1.4 Convergence sub-layers overview

In order to reduce protocol overhead, ECCF defines Short STA Identifier (SID) used in ECCF MAC protocol messages. However, for compatibility reasons, i.e. to keep the 802.11 MAC-SAP unchanged, ECCF integrates an LLC Convergence SubLayer (LLCCS) that maintains the consistency between SIDs and IEEE 802.2 addresses. The LLCCS allows the exchange of data between STAs belonging to the same ECCF cell as well as between an ECCF STA and any network device located outside the ECCF cell. The LLCCS is also in charge of passing QoS information between the MIS and the upper layers including the application layer.

Fragmentation of a LLCCS-PDU into smaller data units is performed by the Segmentation And Re-assembly Sub-layer (SAR). It produces SAR-PDUs that are then encapsulated into MAC Intermediate Sub-layer PDUs (MIS-PDU). The MIS-PDUs are the basic data unit transmitted by the MAC, of which two types are defined: Long MIS-PDU (L-MIS-PDU) and Short MIS-PDU (S-MIS-PDU). An L-MIS-PDU is twice as long as a S-MIS-PDU. 

The process of recombining a series of x-MIS-SDUs into a single LLCCS-PDU is defined as re-assembly. Re-assembly is accomplished upon reception of error-free x-MIS-SDU. 

1.1.2 Extended Centralised Coordination Function

1.1.2.1 Frame structure and timing

The ECCF provides contention-free data transfers managed by a centralised RRM function that may reside in any STA. When one of the STA provides an interconnection service with another network (bridge, access point), it may be profitable that this STA hosts the RRM function. In this case, the RRM STA is equivalent to the AP in the 802.11 acceptance. 

As ECCF defines some new MAC frame formats, only ECCF compatible STAs are able to communicate with the RRM function. In the following, the term RRM will refer to the STA embedding the RRM function or the RRM function itself.

In order to operate with stations implementing DCF, PCF or HCF functions, the RRM broadcasts a 802.11 beacon that defines two parts: CFP and CP. The time interval between two consecutive beacons is fixed and defines the MAC Super-Frame (MSF). However, because of the inherent jitter introduced by the CSMA/CA access method at the end of the CP, the MSF duration slightly varies. The N-Beacon (Cf. 3.1.1.1) duplicates information included in the legacy beacon, and in addition it indicates the duration of time intervals controlled by either ECCF or PCF/HCCA functions as shown in Figure 3‑3. It includes also ECCF specific global information which is used by new non-associated terminals.

ECCF periods may also be inserted into CAPs (Figure 3‑4). They are generated by the HC using mechanisms defined in the 802.11e extension. The RRM reserves a CAP by contending for the medium with its high priority and then by sending a CF-Poll data frame for itself. CAP is split by the RRM into successive Mac Time Frames (MTF) dedicated to ECCF, each being described by a PGPM broadcast at the beginning of the MTF.
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Figure 3‑3: Frame Structure and Timing
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Figure 3‑4: ECCF insertion in a CAP

1.1.2.1.1 MAC Time Frame (MTF) description

Within the CFP period or a CAP for ECCF, the RRM schedules several MAC Time Frames (MTF) of equal duration. Each MTF contains several Transmission Intervals (TI) allocated by the RRM to the different STAs. The first TI in the MTF is used by the RRM to broadcast the frame description information. Each subsequent TI is allocated to a unique STA to transmit its data toward one or several destination STA. The source STA is in charge of distributing its TI resource among its different data flows. 

1.1.2.1.2 Transmission Interval (TI) description

Each TI contains one MAC PDU (MPDU) that is the data unit exchanged with the PHY layer. An MPDU is constituted of two parts of variable lengths: the signalling and data parts. The data part may possibly be empty. Different PHY modes may be independently selected for the signalling part and the data part.

The first TI of the MTF has to be listen by all STAs and contains a specific MPDU composed of signalling information only. It is notably describing the TIs granted in the current MTF and is called Periodic Grouped Polling MPDU (PGPM) in the following.

In addition, the RRM may include some TIs shared by sets of STA, on a contention access basis, to transmit signalling information. These TIs are called Contention TIs (CTI) in the following. The CTIs have a fixed length that is selected by the RRM and announced in the N-beacon and are only listen by the RRM. Successful accesses to CTIs are acknowledged by the RRM in the next PGPM.

1.1.2.1.3 MPDU description

1.1.2.1.3.1 MPDU header

The MPDU header contains information fields required for 802.11 compatibility, and the length of the following signalling part.

1.1.2.1.3.2 Signalling part 

The signalling part is constituted of Signalling Information Elements (SIE). Each SIE is encoded on a TLV basis and may belong to several classes corresponding to the different control and data planes functions of the ECCF MAC. Each SIE indicates, explicitly or implicitly (according to their type), their destination STA. The MPDU header and the whole signalling part is protected by a unique Cyclic Redundancy Code (CRC) located at the end of the signalling part. The MPDU header and the signalling part use the same PHY mode that is retrieved from PHY layer information. 

1.1.2.1.3.3 Data part

The data part is divided into one or more MLS Data Block(s) (MDB). Each MDB is described by an associated MAC-SIE located in the signalling part that specifies the destination STA, the MDB size and the PHY mode selected for this MDB. 

Each MDB contains one or more MIS-PDU(s) intended for the same STA. An MIS-PDU contains a payload provided by the SAR sub-layer to which is pre-pended a header. A CRC is appended to the MIS-PDU to protect the header and payload.

1.1.2.2 Medium access and transfer procedures
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Figure 3‑5: User Data Encapsulation in the Transmitter

1.1.2.2.1 Resource characterisation

The PHY resource is shared between all STAs by the RRM depending on the STA requirements and the PHY features.

PHY resources are managed according to priority levels attributed to the different MAC data flows. A MAC data flow is defined as the data exchanged between a given pair of source and destination STAs with a specific priority level. Priority levels are defined so that the QoS required by the applications can be provided. Resource allocation is then performed by the RRM according to the relative priorities of the different data flows. Priority levels are defined as per IEEE 802.1D standard (Annex H). 

1.1.2.2.2 Resource Management

1.1.2.2.2.1 Overview

Prior to any signalling or data transmission, each STA has to request some PHY resource to the RRM. For that purpose a MAC-SIE-RR message is sent to the RRM using either a CTI or space in the signalling part within a TI already granted to the STA. The MAC-SIE-RR message includes the following information: the SID of the destination STA, the number of MIS-PDUs the source STA needs to transmit, and the priority level of the data to be transmitted. In addition, the requesting STA specifies in this message the PHY parameter set that will be used to transmit further data. One MAC-SIE-RR message has to be sent for each destination-STA / priority-level pair. Since the resource granularity used in the MAC-SIE-RR is too coarse for signalling message, a specific Resource Request for Signalling SIE (MAC-SIE-RRS) is provided that allows the request of resource for signalling usage only.

In response, the RRM grants TIs to the requesting STAs according to the available PHY resource and the contents of the RRs. The RRM dynamically determines the frame composition, i.e. the organisation of the granted TIs, which is announced through specific TI Descriptor SIEs (MAC-SIE-TID) in the PGPM. The RRM shall set the LastGr bit in a MAC-SIE-TID in order to indicate the source STA that the whole requested resource has been allocated, i.e. no more TI will be granted in subsequent MTF. From that information, the STA is able to determine whether a new MAC-SIE-RR shall be sent to the RRM. Use of the granted TI resource and MPDU contents is determined by the sole source STA.

1.1.2.2.3 Transmitter operation

For each granted TI, the source STA organises the contents of the transmitted MPDU payload. As illustrated by Figure 3‑5, SIEs are inserted first, followed by the MDBs sent to one or several destination STAs. Each MDB contains data intended for the same destination STA. MIS-PDUs of different priorities and different sizes may be inserted in any order within the same MDB. When the data part is not empty, the first SIE must be a Data Part Descriptor SIE (MAC-SIE-DPD) that describes the MDB format.

Order of SIEs within the signalling part, except for the MAC-SIE-DPD, obeys to no particular rule.

1.1.2.2.4 Receiver operation

1.1.2.2.4.1 Signalling decoding

As shown by Figure 3‑6, each STA shall decode the MAC-SIE-TIDs contained in the PGPM and listen to the TIs it is the destination. Within each received MPDU, the destination STA shall decode the MPDU header in order to retrieve the signalling part length. It then interprets the MAC-SIE-DPD to extract the MDBs it is the destination. An STA shall decode all SIEs but interprets only the SIEs it is dedicated.
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Figure 3‑6: PGPM and MPDUs structure sample

1.1.2.2.5 Resource usage

As mentioned in section 3.1.2.2.2.1, the source STA is in charge of determining the composition of the MPDU inserted in its allocated TI. The length and the composition of the MPDU shall be determined so that its duration on the PHY medium is equal or shorter to the TI duration. Furthermore, the source STA shall take into account possible Radio Turn-Around times (RTA) required by the PHY layer (i.e. time required by the PHY layer to switch between receiving and transmitting states). The RTA shall be inserted at the end of the MPDU when the last MDB of the MPDU is intended for a given STA that is the transmitter STA in the next TI. It shall also be inserted when the MPDU contains only a signalling part intended for a given STA that is the transmitter STA in the next TI. In any case, every source STA shall be ready to transmit at the beginning of the TI, which induces it shall respect the RTA and leave the receiving state before the TI starts. Consequently, data transmitted by a non-RTA aware STA during the RTA may be lost.

Furthermore, as the RRM is not always able to precisely determine the TI length according to the source STA requirement, it can result that the allocated resource is not fully used (i.e. the MPDU size does not exactly match the TI duration) due to the MIS-PDU’s size granularity. However, the resource left unused can be exploited for other purposes such as PHY layer information insertions used for measurements, synchronisation and channel estimation, or redundancy information insertion.

1.1.2.3 Broadcast function

An STA is able to broadcast a data flow by using the specific destination SID 255. The mechanism used for resource request and data transfer is similar to unicast data flows. The broadcast SID is used in the MAC-SIE-RR sent to the RRM and in the returned MAC-SIE-TID. It is also indicated in the MAC-SIE-DPD located in the MPDU containing the broadcast data. Any associated STA of the cell shall decode the broadcast MDBs. No ARQ mechanism is used to control errors affecting the broadcast data flows. 

1.1.2.4 Contention access procedure

In an MTF, the RRM can schedule some fixed length Contention TIs (CTIs) that can be used by STAs without any granted resource, to send signalling information to the RRM. Access protocol to this resource is based on a slotted ALOHA scheme. Each CTI contains a specific MPDU that includes a signalling part only. In the MPDU header, the Frame Control field indicates the type of the MPDU and the SigLen field is replaced by a SID field that contains the SID of the emitting STA. The length of the signalling and the PHY mode used are deduced from information given by the PHY layer.

As shown in Figure 3‑7, the CTIs allocated by the RRM are described in the PGPM via a CTI Block SIE (MAC-SIE-CTB). Contention accesses are acknowledged by the RRM via a CTI Acknowledgement (MAC-SIE-CTA) located in the next emitted PGPM. When collision occurs, the STA can re-transmit the MPDU after a random backoff period as defined by the slotted ALOHA scheme.

CTIs are mainly used by STAs to trigger an ECCF association procedure, to request resource after a long idle or sleeping period, or to send short ARQ feedback message when unexpected error occurs. The type of signalling message can be introduced in the computation of the backoff period in order to accelerate re-transmission of critical messages and to increase the probability of a successful transmission.
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Figure 3‑7: Structure of MPDUs emitted inside CTI

1.1.3 Coexistence with legacy 802.11

DCF STAs are supposed to set their NAV to the value specified in the beacon so that they remains in a listening only state until the end of the CFP period. PCF compatible devices expect a CF-Poll message in the CFP period. The RRM might implement functions to schedule PCF devices after the MTF.

We consider that the beacon is sufficient to prevent non ECCF STAs from accessing the CFP, only the first byte (Protocol Version, Type, Subtype fields) of the Frame Control field is actually required. It is the later option that is considered in the current proposition.

The legacy 802.11 beacon is kept unchanged. The whole information carried by the legacy beacon is duplicated in the N-beacon, and a specific IE called “ECCF Parameter Set”, defined in Table 3‑1, is added. Greyed rows in the table indicate fields required by the legacy IEEE 802.11 standard.

	Length (octets)
	Field Name

	1
	ElementID

	1
	Length

	2
	MTF duration (µs)

	1
	Number of MTFs in the current Super Frame.

	6
	Super-frame counter (used by CCM encryption)

	1
	CTI length


Table 3‑1: ECCF Parameter Set Field List

Nevertheless, in order to protect the ECCF protocol against possible DCF accesses performed by any legacy STA that did not correctly decode the legacy beacon, a CTS frame can be inserted by the RRM before the CTI block. This CTS control frame shall respect the legacy MAC standard and contains the 802.2 address of the RRM in the RA field and the CTI block duration in the Duration/ID field. Such a mechanism prevents a DCF STA to gain access to the medium during an apparent idle time period within a MTF frame and to interfere with another STA at the RRM antenna.

In the same way, every granted TI shall be protected by the source STA so that any DCF STA cannot gain access to the medium during a partially used TI. If the source STA has neither signalling nor data to send in the granted TI, a CTS frame can be inserted instead of the expected MPDU described above. In this case, the CTS frame contains the TI block duration in the Duration/ID field. If the emitted MPDU is shorter than the TI, a padding Data Block can be added at the end of the MPDU. In any cases, the remaining idle period shall remain lower than the DIFS (or AIFS for 802.11e). This padding part is indicated through the MAC-SIE-PADDING located in the MPDU signalling part.
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Figure 3‑8: MAC Time Frame.

1.1.4 Convergence Sub-layers

1.1.4.1 LLCCS (LLC Convergence SubLayer)

The LLC Convergence Sub-layer plays three roles: it maintains addressing compatibility with IEEE 802.2, provides a mean to map application QoS requirements onto services provided by the MIS sub-layer and finally, performs a subset of the LLCCS-PDU buffer management function (each LLCCS PDU is associated a LSN).

1.1.4.1.1 IEEE 802.2 addressing compatibility 

MAC-SAP primitives use IEEE 802.2 addresses. When a cell is attached to another network through an Access Point, the later shall act as a level 2 bridge (i.e. a switch/hub in the Ethernet terminology) and shall remain transparent for the LLC layer. Consequently, each STA shall have a 802.2 MAC address that is visible from all STAs whatever the network they belong to.

1.1.4.1.2  QoS information 

QoS information is handled by the LLCCS: a set of priority levels that are common to all data flows transiting in the cell. This indication is associated with every LLCCS-PDU. It is assumed that the applications with QoS constraints are able to provide this information through the LLC layer (802.2q for example). Alternatively, the priority can be set automatically by each station based on flow information such as the protocol (UDP, TCP), or any other relevant parameter.

Priority information is passed to the MIS through the SAR sub-layer.

1.1.4.2 SAR (Segmentation And Re-assembly)

In the transmit direction the SAR sub-layer fragments LLCCS-PDUs into segments of fixed length. Each segment is associated a Segment Sequence Number (SSN) that is passed to the MIS sub-layer.

In the receive direction, the SAR sub-layer uses the LSN and SSN information passed by the MIS sub-layer to reconstruct LLCCS-PDUs.

The SAR may handle SAR-PDUs of two different lengths depending on the chosen segmentation scheme:

· only short SAR-PDUs fitting into S-MIS-PDUs

· only long SAR-PDUs fitting into L-MIS-PDUs

· long SAR-PDUs for all but the last segment when the remaining LLCCS-PDU part is shorter than the length of a short SAR-PDU. 

The usage of long SAR-PDUs decreases the overall MAC protocol overhead since SAR-PDUs are further encapsulated in MIS-PDUs. In addition, the last strategy reduces the ratio of unused resource that would be otherwise due to the use of long MIS-PDUs only.

1.1.5 Error and Flow Control

1.1.5.1 General

The MIS sub-layer implements the Error and Flow Control (EFC) functions. The Error Control (EC) is based on a selective repeat ARQ scheme. The EC function is responsible for:

· generating and checking of the CRC for MIS-PDUs

· detecting of missing MIS-PDUs

· re-transmitting of missing and corrupted MIS-PDUs so that the SAR can deliver complete LLCCS-PDUs. 

· generating and analysing ARQ feedback messages.

· discarding LLCCS-PDUs

The Flow Control (FC) function is in charge of:

· generating flow control messages

· stopping/restarting the traffic emission

The EFC functions are performed on a per priority and per STA basis. In the following, a MAC data flow is identified by the source STA, the destination STA and a priority level. EFC is implicitly enabled on all MAC data flows except the broadcast ones.

1.1.5.2 Sequence numbers

The sequence numbers are independently assigned for each MAC data flow.

Each MIS-PDU has an assigned LLCCS-PDU Sequence Number (LSN) and a Segment Sequence Number (SSN), both attributed by the Convergence sub-layers. The LSN is incremented by 1 each time an LLCCS-PDU is emitted and is calculated modulo 210. Within each LLCCS-PDU, the SSN of the first MIS-PDU is equal to 0 and then incremented by 1 for the subsequent MIS-PDUs. SSN is 5-bits long allowing LLCCS-PDU of length up to 4096 bytes.

1.1.5.3 ARQ window

ARQ is not responsible for the buffer management. However, buffers used by the MIS and SAR sub-layers are shared for retransmission and can be controlled by using the Flow Control function.

In the transmitter and the receiver, a pool of buffers, called ARQ window, is used for each MAC data flow. In the transmitter, the ARQ window contains a copy of the transmitted LLCCS-PDUs so that they can be repeated upon error detection in the receiver. The size of this pool of buffers is dynamically evaluated and depends on the throughput of the data flow, the granted amount of resource, the error rate and the amount of available buffers in the transmitter. 

In the receiver, this ARQ window contains the LLCCS-PDUs that have not been delivered to the LLCCS sub-layer by the SAR sub-layer (i.e. any LLCCS-PDU with missing MIS-PDU). The Flow Control function can be used to avoid an ARQ buffer starvation in the receiver.

For QoS data flows, an RLC procedure can be engaged between the transmitter and the receiver that reserves a minimum ARQ window in the receiver in order to guarantee a required data rate.

The maximum size of an ARQ window used by a MAC data flow is half the size of the LSN space (29) to prevent ambiguities in the interpretation of the sequence numbers.

1.1.5.4 ARQ protocol messages

The received MIS-PDUs are cumulatively or selectively acknowledged by the ARQ receiver by using EC-SIE-FB messages. Cumulative acknowledgement is used to positively acknowledge consecutive correctly received LLCCS-PDUs. It indicates the lowest LSN among the remaining incomplete LLCCS-PDUs set. When no error occurs on received MIS-PDU, this mechanism is sufficient to fulfil the EC function. 

Selective acknowledgement is introduced when corrupted or missing MIS-PDUs are detected within LLCCS-PDUs. For that purpose, the EC-SIE-FB message contains a Bit Map (BM) associated to a particular LLCCS-PDU that indicates the reception status of its constituting MIS-PDUs. A bit of rank n in the BM reflects the reception status of the MIS-PDU which SSN equals n in the given LLCCS-PDU. When a bit is set, the corresponding MIS-PDU is positively acknowledged. Otherwise, it is negatively acknowledged, that is the corresponding MIS-PDU is corrupted or missing.

LSN and associated BM are encapsulated into an Acknowledgement Vector (AKV).

A Request For Feedback SIE (EC-SIE-RFB) can be sent by the transmitter to request the reception status of given LLCCS-PDUs. 

The transmitter can discard all LLCCS-PDUs up to a given LSN value by sending an EC-SIE-DCD signalling message to the ARQ receiver.
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Figure 3‑9: Flows of signalling messages between STAs.

1.1.5.5 Resource allocation

The ARQ transmitter shall request resource for MIS-PDU transmission and retransmission by sending MAC-SIE-RR message to the RRM. 

The ARQ receiver shall use any further allocated resource to send an EC-SIE-FB to the ARQ transmitter. As shown in Figure 3‑9, for each MAC data flow characterised by the triplet (source STA, destination STA, priority), the RRM shall schedule a minimum resource for signalling usage: RR in forward direction and EC-SIE-FB in backward direction. STAs that do not have sufficient resource to send feedback messages may request more resource by sending a MAC-SIE-RR or a specific RR for Signalling (MAC-SIE-RRS) to the RRM.

1.1.5.6 Transmitter operations

For each MIS-SDU provided by the SAR sub-layer, the LSN, SSN and priority level are inserted in the MIS-PDU header. A CRC-24 is calculated over the entire MIS-PDU header and payload and is appended to the packet in the MISCS field.

The transmitter can send a maximum number of consecutive LLCCS-PDUs without receiving any acknowledgement. This number is equal to half the LSN upper bound (29) for all data flows. 

Upon reception of a MAC-SIE-FB with the FlowControl bit set, the transmitter, for the considered Data Flow, can continue emitting MIS-PDUs that belong to LLCCS-PDUs which transmissions is in progress. Once in this state, the ARQ transmitter stops emitting MIS-PDUs belonging to further LLCS-PDUs but can perform retransmission of MIS-PDUs. The transmitter resumes new LLCS-PDUs transmission upon reception of a MAC-SIE-FB message with the FlowControl bit cleared.

No particular rule is applied in the ARQ transmitter to choose the next MIS-PDU to be transmitted.

The transmitter can request the reception status of particular LLCCS-PDUs by sending an EC-SIE-RFB message to the receiver. This procedure is useful when the transmitter is lacking feedback information.

When the transmitter triggers a discard procedure, it shall first emit an EC-SIE-DCD discard message to the ARQ receiver. Then, it shall wait for a feedback message that acknowledges at least the LLCCS-PDU specified in the discard message. Once the feedback message received, the transmitter can release the corresponding ARQ buffers.

1.1.5.7 Receiver operations

The receiver shall decode and check each received MIS-PDU by using the MISCS field. If the control  fails, the MIS-PDU is rejected and considered as corrupted. Otherwise, the receiver checks the LSN and priority consistency, discards the MIS-PDU if invalid or delivers it to the SAR sub-layer. 

The receiver indicates the status of its ARQ window by sending EC-SIE-FB message to the transmitter. It informs the transmitter of missing or corrupted MIS-PDUs by adding Acknowledgement Vectors (AKV), each of which containing the LSN of an incomplete LLCCS-PDU and optionally, the BM that describes the reception status of that LLCCS-PDU’s constituting MIS-PDUs. Particular LLCCS-PDUs can be signalled by setting flags so that feedback information can be compacted. The LLCCS-PDU of lowest LSN that contains at least one missing MIS-PDU (bottom of ARQ window) is identified by the FIRST_CORRUPTED flag. The FIRST_RECEIVED flag indicates that the signalled LLCCS-PDU is the LLCCS-PDU of lowest LSN that contains at least one correct MIS-PDU. The LAST_RECEIVED flag indicates that the signalled LLCCS-PDU is the LLCCS-PDU of highest LSN that contains at least one correct MIS-PDU.

If the allocated resource does not allow sending all the required AKVs, an arbitration between data flows has to be performed by the receiver.

If the number of receive ARQ buffers becomes insufficient, the receiver can set the FlowControl bit in the EC-SIE-FB message so that the transmitter stops emitting MIS-PDU that belongs to new LLCCS-PDUs. 

On reception of an EC-SIE-RFB message, the receiver shall send an EC-SIE-FB including the AKVs corresponding to the requested LLCCS-PDU status.

On reception of a discard message, the ARQ receiver shall deliver to the LLCCS sub-layer all complete LLCCS-PDUs which LSN is strictly lower than the LSN specified in the discard message. It shall send a cumulative acknowledgement that at least includes this LSN. Incomplete LLCCS-PDUs covered by the cumulative acknowledgement are discarded.

1.1.6 QoS Support

QoS support is provided through several mechanisms distributed over the different MAC sub-layers: PHY resource and  a variable EFC effort based on priorities.

LLCCS enables QoS by associating a priority level to each received LLC-PDU according to the application data flow it belongs to.

1.1.7 Power Saving

STA with power saving constraints (PS-STA) shall indicate their capabilities to the RRM during the association procedure. In particular, they indicate the duration of their sleeping period as a number of MSFs. The RRM schedules their data flows in the earliest possible MTF of the MSF.

When no more traffic is scheduled for a PS-STA (source or destination STA), the RRM gives to it the authorisation to sleep by sending a MAC-SIE-SLP message in the PGPM. During the sleeping period, the RRM does not schedule any TI for the sleeping STAs. Consequently, all traffic intended for a sleeping STA shall be buffered in the source STAs. MAC-SIE-RRs are sent by source STAs to the RRM using the usual procedure (source STAs does not necessarily know that the destination STA is sleeping) but the RRM delays the resource grants until the end of the sleeping period.

A sleeping STA must wake up so that it is able to receive and decode the beacon that follows the end of the sleeping period. However, a STA that needs to wake up before the end of the sleeping period can communicate with the RRM by attempting access to a CTI. On reception of the message, the RRM considers the STA as active and can schedule some TIs.

In the example described by Figure 3‑10, the RRM manages four PS-STAs with a sleeping period of one MSF. The traffic of these PS-STAs is scheduled in the first MTFs of the MSF. PS-STA #2 can sleep from MTF#1 while other PS-STAs have traffic scheduled in the MTF#1. RRM indicates in the next MTF that PS-STA#1, #3 and #4 can sleep.
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Figure 3‑10: Power Saving procedure example

1.1.8 Association

The ECCF association procedure is used by new STAs to gain access to the MTF. A non- associated STA shall generate an Association Request SIE (RLC-SIE-ASR), that contains its 802.2 MAC address, via a CTI. Upon reception of this message, the RRM acknowledges the CTI through a MAC-SIE-CTA in the next PGPM. If the association is accepted, the RRM inserts an Association Acknowledgement SIE (RLC-SIE-ASA) in a later PGPM that indicates the 802.2 MAC address and the SID allocated to the STA. If the association is denied, the SID field of the RLC-SIE-ASA is forced to 0.

Once associated, the STA is able to request resources to the RRM and perform data transfers with other STAs. 

An STA can disassociate by sending a Disassociation Request SIE (RLC-SIE-DSR) to the RRM it is associated to. The RRM acknowledges this request by emitting a Disassociation Acknowledgement SIE (RLC-SIE-DSA) in a next PGPM. Furthermore, the RRM can unilaterally initiate an STA disassociation by sending the RLC-SIE-DSA message.

1.1.9 Security

1.1.9.1 Authentication

Authentication is based on the procedure described in the 802.11i extension. Authentication messages are exchanged by using either the CP or the ECCF period. When ECCF is chosen, prior to any authentication message transfer, the STA must be associated so that the RRM can grant some resources. To avoid malicious resource usage, the RRM may limit the resource allocated for authentication until the procedure succeeds. 

1.1.9.2 Encryption

Encryption is performed in the MLS sub-layer on a per MDB basis. 

The Data Block Vector located in the MAC-SIE-DPD of the signalling part indicates the encryption method used to encode the associated MDB. Encryption information specific to the encryption method is pre-pended and appended to the Secure Data Block (SDB).

For the CCM encryption method (also defined in 802.11i and 802.15.3), the SDB implementation described in Table 3‑2is realised. 

	2 octets
	N octets
	8 octets

	SecurityID
	Data Block payload
	Message Integrity Code (MIC)


Table 3‑2: Secure Data Block Encapsulation

The nonce value used for CCM encryption shall be a 13-octets parameter calculated by concatenating the values listed in Table 3‑3.

	Length
	6 octets
	1 octets
	1 octets
	2 octets
	3 octets

	Location
	Beacon
	MAC-SIE-TID
	MAC-SIE-DPD
	MAC-SIE-TID
	MPDU Signalling part

	Description
	A Super-frame counter.
	Source SID.
	Destination SID
	TI position in the MAC frame.
	HSCS field (CRC-24).


Table 3‑3: Parameters Used for the Nonce Value Calculation

Key exchanges required by the encryption method are performed by using dedicated SIEs (TBD).

Packet formats

1.1.10 LLCCS-PDU

	
	LLCCS-PDU Header
	Payload

	Length (bits)
	2
	48
	48
	48
	12
	2
	8*Length

	Field name
	NoA
	Address1

(optional)
	Address2 

(optional)
	Address3

(optional)
	Length
	ToP
	Data Payload


The Length field contains the length of the Data Payload expressed in bytes. The NoA field (Number of Addresses) determines the number of subsequent address fields located in the LLCCS-PDU header. At last, the ToP field encodes the Type of Payload as mentioned below:

Type 0: data payload contains an LLC packet.

Type 1: data payload contains an IP packet: the Ethernet and LLC-SNAP headers are removed.

Type 2: data payload contains an Ethernet II packet (no LLC-SNAP header)

Type 3: reserved .

The NoA and ToP fields can be advantageously combined to limit the overhead added by LLC-SNAP layer.

IP packets can be directly embedded into the LLCCS-PDU (ToP=1). For packets emitted from or toward a device located outside the cell, only Address1 is required. It contains the 802.2 MAC address of the external device. For packets that are transmitted between two stations associated to a single RRM, no address is required. In this case, the Length field contains the length of IP packet.

ToP 0 is provided in order to support LLC-SNAP capabilities (tunnelling) and network layer protocols different from IP. The same rules shall be applied concerning the usage of Address fields. ToP 0 is the only one that allows to strictly respect the IEEE 802 protocol stack.

Top 2 is provided in order to support simple bridging between Ethernet and 802.11. In this case, no address is required in the LLCCS-PDU header.

The following table summarises the total overhead generated by LLCCS and LLC-SNAP/Ethernet II for the different ToP.

	ToP
	Through Gateway
	Direct

	0 (LLC)
	8+8(LLC-SNAP)
	2+8(LLC-SNAP)

	1 (IP)
	8
	2

	2 (Ethernet II)
	2+14(Ethernet II)
	2+14(Ethernet II)


1.1.11 MIS-PDU

Two types of MIS-PDU are defined that share the same structure as described below. 

	Length (octets)
	3
	nP
	3

	Fields
	MIS-PDU Header
	Data Payload
	MISCS


The format of the MIS-PDU header is the following.

	
	MIS-PDU Header

	Length (bits)
	10
	6
	8

	Fields
	LCP-SN
	MP-SN
	PRIORITY
	ECINFO


In the MIS-PDU header, the LCP-SN field contains the LSN of the LLCCS-PDU while the MP-SN field contains the SSN of the MIS-PDU within the LLCCS-PDU. The PRIORITY field indicates the priority level of the data flow the MIS-PDU belongs to. ECINFO contains information relative to EC. 

PRIORITY and ECINFO data types are detailed in section 3.2.5.4.

The size nP (in octets) of the Data Payload depends on the type of the MIS-PDU. Whatever the type of the MIS-PDU is, the MIS-PDU is protected by a CRC-24 embedded in the MIS-PDU Check Sequence (MISCS) field located at the end of the MIS-PDU.

1.1.11.1 Long MIS-PDU

The Data Payload part has a length of 128 octets and the size of the Long MIS-PDU is 134 octets.

1.1.11.2 Short MIS-PDU

The Data Payload part has a length of 61 octets and the size of the Short MIS-PDU is 67 octets.

1.1.11.3 Segmentation samples

Table 3‑4 summarises the size of protocol headers for the IEEE 802.2/802.3 encapsulation (RFC 1042) and the Ethernet encapsulation (RFC 894).

	Header size
	802.2/802.3
	Ethernet

	TCP Header (no data)
	20
	20

	IP Header
	20
	20

	802.2 LLC+SNAP
	8
	_

	802.3 MAC
	14+4
	14+4

	Total
	66
	58 (64)


Table 3‑4: Header size of common protocols

1.1.11.3.1 TCP Acknowledgement

An IP packet carrying a TCP acknowledgement has a 40-byte length. Next table gives the segmentation results.

	LLCCS-PDU ToP
	Header Size
	LLCCS-PDU Size
	#Short MIS-PDU
	#Long MIS-PDU

	0 (LLC)
	2(8)+8
	50(56)
	1
	0

	1 (IP)
	2(8)
	42(48)
	1
	0

	2 (EthII)
	2+14
	56
	1
	0


1.1.11.3.2 ARP/RARP message

A LLC-PDU carrying a ARP/RARP message has a 46-byte length since the 802.3 MAC header and trailer are removed. Next table gives the segmentation results.

	LLCCS-PDU Type
	Header Size
	LLCCS-PDU Size
	#Short MIS-PDU
	#Long MIS-PDU

	0 (LLC)
	2(8)+8
	48(54)
	1
	0

	1
	_
	_
	_
	_

	2
	2+14
	62
	0
	1


1.1.11.3.3 Ethernet Data Frame of maximum size

A LLC-PDU carrying an Ethernet (resp. 802.2) Data Frame with a 1500-byte (resp. 1492-byte with 802.2 LLC-SNAP) payload has a 1514-byte maximum length. Whatever the LLCCS-PDU ToP is, the segmentation generates 12 Long-MIS-PDUs.

1.1.11.3.4 VoIP packet (as defined in IEEE usage models)

IP packet conveying VoIP has a 120-octet length.

	LLCCS-PDU ToP
	Header Size
	LLCCS-PDU Size
	#Short MIS-PDU
	#Long MIS-PDU

	0 (LLC)
	2(8)+8
	130(136)
	1
	1

	1 (IP)
	2(8)
	122(128)
	0
	1

	2 (EthII)
	2+14
	136
	1
	1


1.1.12 MPDU

	Length

(octets)
	2
	nS
	3
	nDB1
	nDB2
	nDBn

	Part
	MPDU Header
	Signalling
	User Data

	Fields
	Frame Control
	SigLen/
SID
	SIE #1
	SIE #2
	SIE #m
	HSCS
	MDB #1
	MDB #2
	MDB #n


The MPDU header contains a Frame Control field kept for compatibility with the legacy 802.11 (see table below), and the SigLen field that defines the length of the following Signalling part of the MPDU. The unit used for SigLen depends on the PHY layer and is similar to the unit used for the ResNum field in the MAC-SIE-TID. For an OFDM TDMA PHY layer, the unit can be the OFDM symbol.

For an MPDU inserted in a CTI, the SigLen field is replaced by the SID of the source STA.

	
	Frame Control

	Length (bits)
	2
	2
	4

	Fields
	Protocol Version
	Frame Type
	Frame Sub-Type


The Signalling part of the MPDU includes one or more SIEs and the HSCS (Header and Signalling Check Sequence) field containing a CRC-24 which protects both the MPDU header and the Signalling part. This part of the MPDU is encoded with the same PHY mode. Protocol information relative to the PHY mode used for signalling is managed by the PHY layer. For the 802.11a PHY layer, the RATE field of the PLCP header may be used to indicate to the receiver the PHY mode used for the encoding of the signalling part.

The User Data part of the MPDU contains MDBs. Each MDB is destined to a particular STA and is encoded with a specific and constant PHY mode. The User Data part may eventually be empty. The composition of the User Data part is defined by the first SIE of the Signalling part, in the form of a MAC-SIE-TID. MDB are replaced by Secure Data Blocks (SDB) when encryption is enabled.

1.1.13 SIE (Signalling Information Element)

Signalling information is transported into variable length entities named Signalling Information Elements (SIE).

1.1.13.1 General Format

	Field name
	Length
	Description

	SIE_Type
	8 bits
	Type of SIE.

	SIE-Length
	8 bits
	Length of the SIE Data Part in octets.

	SIE Data
	1-256 octets
	Data part


1.1.13.2 MAC SIEs

1.1.13.2.1 MAC-SIE-TID (TI Descriptor)

Grants to a transmitter STA some resources (TI) in the current frame that are used to transmit user data towards one or more specified receiver STAs.

	Field name
	Field Type
	Number of occurrences
	Description

	STA_Tx
	SID
	1
	SID of the source STA.

	ResLoc
	RESOURCE_LOCATION
	1
	Location of the resource in the frame

	ResNum
	RESOURCE_NUMBER
	1
	Amount of allocated resource

	LastGr
	BIT_1
	1
	Flag indicating that all requested resource has been granted by the RRM.

	PHYType
	BIT_4
	1
	Indicate for this PHY burst:

· the nb of antenna used by the transmitter (2 bits): 00=1; 01=2; 10=3; 11=4

· the number of  sub-carriers and the chanelisation (2 bits) :


00: 20 MHz / 52 subcarriers


01: 20 MHz / 112 subcarriers


10: Reserved


11: 40 MHz / 108 subcarriers

	STA_Rx
	SID
	1-n
	SID of the destination STAs.


1.1.13.2.2 MAC-SIE-CTB (CTI Block)

	Field name
	Field Type
	Number of occurrences
	Description

	ResLoc
	RESOURCE_LOCATION
	1
	Location of the resource in the frame.

	ResNum
	BIT_4
	1
	Number of CTIs.


By sending this SIE in the PGPM, the RRM allocates a block of consecutive CTI in the current MAC time frame. The maximum number of CTIs in a block is 16. Only one block can be allocated by the RRM in one MAC time frame.

1.1.13.2.3 MAC-SIE-CTA (CTI block Acknowledgement)

	Field name
	Field Type
	Number of occurrences
	Description

	BMB
	BIT_16
	1
	Bitmap block


By sending this SIE in the PGPM, the RRM acknowledges the MPDUs emitted in the CTI block that was allocated in the previous MAC time frame.

1.1.13.2.4 MAC-SIE-DPD (Data Part Descriptor)

Describe the composition of the user data part of the MPDU.

	Field name
	Field Type
	Number of occurrences
	Description

	DBV
	DBV
	1-n
	Data Block Vector

	Padding
	
	1
	Padding to reach an octet boundary


Data Block Vector

	Field name
	Field Type
	Number of occurrences
	Description

	STA_Rx
	SID
	1
	SID of the destination STAs.

	SMPNum
	BIT_9
	1
	Number of Short MIS-PDU in the MDB

	PhyMode
	PHY_MODE
	1
	Physical Mode used to encode the MDB.

	Security
	BIT_2
	1
	Specify the encryption mode used for the MDB.


1.1.13.2.5 MAC-SIE-RR (Resource Request)

	Field name
	Field Type
	Number of occurrences
	Description

	RR
	MAC_SIE_RRV
	1-n
	Resource Request Vector

	Padding
	
	1
	Padding to reach an octet boundary


The MAC-SIE-RR is sent to the RRM by an STA that needs to emit data and or signalling toward one or several destination STAs including the RRM. A separate RR Vector is used per destination STA and data flow priority.

RR Vector (MAC_SIE_RRV)

	Field name
	Field Type
	Number of occurrences
	Description

	STA_Rx
	SID
	1
	SID of the destination STA.

	Priority
	PRIORITY
	1
	Priority associated to the requested MIS-PDUs.

	PhyParam
	PHY_PARAM_SET
	1
	Required PHY parameters deduced from information returned by the receiver through the RRC_SIE_PHYPARAMREPORT message.

	SMPReqNum
	BIT_9
	1
	Number of requested resources expressed as a number of Short MIS-PDU.


1.1.13.2.6 MAC-SIE-RRS (Resource Request for Signalling)

	Field name
	Field Type
	Number of occurrences
	Description

	RRS
	MAC_SIE_RRSV
	1-n
	Resource Request for Signalling Vector

	Padding
	
	1
	Padding to reach an octet boundary


The MAC-SIE-RRS is sent to the RRM by an STA that needs to emit signalling toward one or several destination STAs including the RRM. A separate RRS Vector is sent for each destination STA.

RR For Signalling Vector (MAC_SIE_RRSV)

	Field name
	Field Type
	Number of occurrences
	Description

	STA_Rx
	SID
	1
	SID of the STA that requires some resource. It can be different from the STA that emits the MAC-SIE-RSS.

	ResNum
	BIT_8
	1
	Number of requested resource (unit is identical to the RESOURCE_NUMBER data type).


This message is useful to get a finer granularity than the one providing by the MAC-SIE-RR message.

1.1.13.2.7 MAC-SIE-SLP (Sleep)

	Field name
	Field Type
	Number of occurrences
	Description

	STA_Slp
	SID
	1-n
	SID of the STAs to be put to sleep.


By emitting this SIE, the RRM indicates to the STAs listed in the message that they can enter a sleeping period until the next beacon. During this period, the RRM does not schedule any TI for these STAs.

1.1.13.2.8 MAC-SIE-PAD

	Field name
	Field Type
	Number of occurrences
	Description

	PadLen
	BIT_9
	1
	Padding length (unit is identical to the RESOURCE_NUMBER data type).


This SIE indicates that a padding pattern has been added at the end of the MPDU by the MAC layer so that the duration of the MPDU inserted in the TI is at least greater than TI – DIFS (or AIFS).

1.1.13.3 EC SIEs

1.1.13.3.1 EC-SIE-FB (ARQ Feedback)

EC-SIE-FB is sent by the ARQ receiver STA to the ARQ transmitter STA to acknowledge the received packets. When error occurs, the ARQ receiver STA may request the retransmission of corrupted MIS-PDU by using one or several AcKnowledgment Vector (AKV) appended to the EC-SIE-FB. The receiver is able to indicate to the transmitter the number of AKV that remains to be emitted in further EC-SIE-FB by filling the ReqMoreAKV field. By using this information, the transmitter can perform some resource requests to the RRM instead of the receiver so that this latter can emit EC-SIE-FB messages.

Furthermore, this SIE can be used by the ARQ receiver STA to perform a Flow Control procedure when there is a lack of reception buffer.

	Field name
	Field Type
	Number of occurrences
	Description

	STA_Tx
	SID
	1
	SID of the ARQ transmitter STA.

	Priority
	PRIORITY
	1
	Priority associated to the acknowledged MIS-PDUs

	FlowControl
	BIT_1
	1
	Flow Control Bit; when set, the ARQ transmitter can only retransmit some previously sent MIS-PDUs.

	ReqMoreAKV
	BIT_6
	1
	Number of additional AKV required to describe the whole receiver ARQ window.

	LCP-AKV
	EC_SIE_AKV
	0-n
	List of Acknowledgement Vectors.


For each LLCCS PDU that contains at least one corrupted MIS-PDU, an Acknowledgement Vector is appended to the EC-SIE-FB. It contains a bitmap block that describes which MIS-PDUs are corrupted. 

Acknowledgement Vector (EC_SIE_AKV)

	Field name
	Field Type
	Number of occurrences
	Description

	SN
	LCP-SN
	1
	Sequence number of the LLCCS-PDU described by the BMB.

	BMB_PROVIDED
	BIT_1
	1
	Indicates if the associated Bitmap Block (BMB) is appended at the end of the vector.

	FIRST_CORRUPTED
	BIT_1
	1
	Indicates if the LLCCS-PDU is the first received packet that contains corrupted MIS-PDUs.

	FIRST_RECEIVED
	BIT_1
	1
	Indicates if the LLCCS-PDU is the first correctly received packet.

	LAST_RECEIVED
	BIT_1
	1
	Indicates if the LLCCS-PDU is the last correctly received packet. 

	BMB
	LCP-BMB
	1
	BitMap block that indicates which MIS-PDUs are corrupted within the LLCCS-PDU.


To perform a simple cumulative acknowledgement (( indicate the Bottom Of Window), only one AKV is required: the FIRST_CORRUPTED bit is set and the Sequence Number of the first corrupted LLCCS-PDU is specified in the SN field. Other bits (BMB_PROVIDED and LAST_RECEIVED) are reset and the BMB is not provided.

To perform a simple flow control operation, the collection of AKV may be empty.

When some errors occur on the received MIS-PDUs, an AKV is appended to the EC-SIE-FB for each LLCCS-PDU that contains at least one corrupted MIS-PDU. It shall contain a bitmap block that describes which MIS-PDUs are corrupted (BMB_ PROVIDED bit is set).

When the FIRST_RECEIVED bit is set, it indicates that all MIS-PDUs belonging to LLCCS-PDUs between the Bottom of Window and the specified LLCCS-PDU are corrupted or missing.

When the LAST_RECEIVED bit is set, it indicates that all MIS-PDUs belonging to LLCCS-PDUs after the specified LLCCS-PDU are missing.

These bits can be combined to efficiently signal the receiver window status.

When the FIRST_CORRUPTED and LAST_RECEIVED bits are both set, it indicates that no packets were received after the specified LLCCS-PDU at Bottom of window. That infers that the receiver ARQ window contains only one or more MIS-PDUs of the specified LLCCS-PDU, or is empty.

1.1.13.3.2 EC-SIE-RFB (ARQ Request for FeedBack)

By sending this message, the ARQ transmitter requests an ARQ FeedBack message (EC-SIE-FB) to the ARQ receiver. It can explicitly ask for the status of particular LLCCS-PDUs.

	Field name
	Field Type
	Number of occurrences
	Description

	STA_Rx
	SID
	1
	SID of the ARQ receiver STA.

	Priority
	PRIORITY
	1
	Priority associated to the acknowledged MIS-PDUs

	HLCP
	LCP-SN
	1
	Highest LLCCS-PDU sequence number sent by the ARQ transmitter in the current MTF. 

	LSN
	LCP-SN
	0-n
	Sequence number of the LLCCS-PDU which reception status is required by the transmitter.


1.1.13.3.3 EC-SIE-DCD (Discard)

	Field name
	Field Type
	Number of occurrences
	Description

	STA_Tx
	SID
	1
	SID of the ARQ transmitter STA.

	Priority
	PRIORITY
	1
	Priority associated to the discarded MIS-PDUs

	LSN
	LCP-SN
	1
	Sequence number of the highest discarded LLCCS-PDU.


By sending this message, the ARQ transmitter requests for discard of some LLCCS-PDU up to a given LLCCS-PDU sequence number included.

1.1.13.4 RRC SIEs

1.1.13.4.1 RRC-SIE-PHYPARAMREPORT

	Field name
	Field Type
	Number of occurrences
	Description

	PPRV
	RRC_SIE_PPRV
	1-n
	Phy Parameter Report Vector.


Physical Parameter Report Vector (RRC_PPRV)

	Field name
	Field Type
	Number of occurrences
	Description

	STA_Tx
	SID
	1
	SID of the source STA.

	PhyParam
	PHY_PARAM_SET
	1
	Proposed PHY parameters.


The RRC-SIE-PHYPARAMREPORT is sent to the specified STA (STA_Tx) by a destination STA to indicate which PHY Parameter Set should be used by the specified source STA (STA_Tx). The proposed PHY mode is reflected in further MAC-SIE-RR, emitted by the source STA, that conveys a resource request for data flows intended for the destination STA.

1.1.13.5 RLC SIEs

1.1.13.5.1 RLC-SIE-ASR (AsSociation Request)

A new STA shall send this request to the RRM so that it can access the ECCF functions provided by the RRM. By doing this request, the STA implicitly indicates that it supports ECCF functions.

	Field name
	Field Type
	Number of occurrences
	Description

	Address
	IEEE8022_ADDR
	1
	802.2 address of the STA.

	PowerSaving
	BIT_1
	1
	Indicates that the terminal requires power saving.

	PSPeriod
	BIT_4
	1
	Indicates the sleeping period duration required by the terminal expressed as a fixed number of super-frame.

	NbTxAntenna
	BIT_2
	1
	Number of antenna usable for transmission

00=1;11=2;10=3;11=4

	NbRxAntenna
	BIT_2
	1
	Number of antenna usable for reception

00=1;11=2;10=3;11=4

	
	
	
	


1.1.13.5.2 RLC-SIE-ASA (AsSociation Acknowledgment)

	Field name
	Field Type
	Number of occurrences
	Description

	Address
	IEEE8022_ADDR
	1
	802.2 address of the STA.

	SID
	SID
	1
	STA ID dedicated to the STA.

	PowerSaving
	BIT_1
	1
	RRM indicates to the terminal that power saving procedure will be applied to schedule its data flows.


The SID 0 is reserved for the RRM. However, the RRM can return this value to indicate to the STA that the association has been rejected.

1.1.13.5.3 RLC-SIE-DSR (Dissociation Request)

	Field name
	Field Type
	Number of occurrences
	Description

	SID
	SID
	1
	SID of the STA.


1.1.13.5.4 RLC-SIE-DSA (Dissociation Acknowledgment)

	Field name
	Field Type
	Number of occurrences
	Description

	SID
	SID
	1
	SID of the STA.


1.1.14 Data Type

In this section, we detail the data types of the fields previously described. For some fields, they depend on the PHY layer and their length and meanings are listed for each PHY layer.

1.1.14.1 RESOURCE_LOCATION

	PHY layer
	Length (bits)
	Description

	802.11a
	13
	Time unit expressed as a multiple of 400ns

	MIMO
	13
	Time unit expressed as a multiple of 400ns


1.1.14.2 RESOURCE_NUMBER

	PHY layer
	Length (bits)
	Description

	802.11a
	9
	Number of OFDM symbols

	MIMO
	9
	Number of OFDM symbols


1.1.14.3 PHY_PARAM_SET

	PHY layer
	Length (bits)
	Description

	802.11a
	3
	PHY mode

	MIMO
	5
	PHY mode


1.1.14.4 Other Data Type

	Data Type
	Length (bits)
	Description

	BIT_n
	n
	Field encoded on n bits.

	SID
	8
	STAtion Identifier

	PRIORITY
	3 
	Data flow priority

	ECINFO
	5 
	Specific information reserved for EC usage (Hybrid ARQ support, variable CRC coverage...).

	LSN
	10
	LLCCS-PDU Sequence Number

	SSN
	6
	Segment Sequence Number

	LCP-BMB
	32
	LLCCS-PDU BitMap Block

	IEEE8022_ADDRESS
	48
	IEEE 802.2 Address


MIMO-OFDM nPLCP sublayer

This section defines the convergence procedure to be applied in order to convert nPSDUs to (from) nPPDUs at the transmitter (receiver). In the transmitter the nPSDU shall be appended to a specific MIMO nPLCP preamble and eventually PLCP header depending on the chosen number of antennas. The resulting structure is an nPPDU frame. The nPLCP header is omitted in the context of a centralized scheme.

1.2 nPLCP frame structure

The nPPDU frame structures (compared to legacy systems IEEE802.11a/g) are given in Figure 4‑1. The definitions comprise transmission modes with NTX=2, NTX=3 and NTX=4 transmit antennas.  

The MIMO nPLCP preamble consists of a combination of nSTS and nLTS symbols as defined in sections 4.4.1 and 4.4.2. Additionally, some nLTS field are multiplied by a factor (-1) in order to assure orthogonality in the receiver.  

The nD1 field shall be defined corresponding to the definitions of the D1 field in the IEEE802.11a PHY sub-layer definition. 
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Figure 4‑1- Frame structure

RATE-dependent parameters

The RATE-dependent parameters for 2 transmit antennas shall be set according to Table 3‑1 for 48 data subcarriers and according respectively to Table 6 and Table 7 for 104 data subcarriers using 20MHz and 40MHz bandwidths. Contellations BPSK, QPSK, 16QAM and 64QAM are mandatory, 256QAM is optional. The 104 data subcarrier modes are optional as well.

Note that: 

· these modes support asymetric antenna configurations: the number of received antennas has to be greater or equal than the number of spatial streans (Ns) and determines the modes supported by the device
· the specific space time coding schemes used for the modes displayed are detailed section 4.5.6.

· optional modes are grey highlighted in the following tables

· all the devices have to be able to decode all the modes where the number of spatial streams is lower or equal than the number of receive antennas in the device. For example a device with two receive antennas has to be able to decode all 2 transmit antenna modes as well as 3 and 4 transmit antenna modes with 2 spatial streams.

· It is required for a device to exploit all its antennas in transmission even for optional modes.

Table 5 - Rate-dependent parameters for 2 transmit antennas and 48 data subcarriers in 20MHz bandwidth

	Data rate (Mbits/s)
	Number of spatial streams (NS)
	Modulation
	Coding rate (R)
	Coded bits per subcarrier per stream (NBPSC)
	Coded bits per OFDM symbol (NCBPS)
	Data bits per OFDM symbol (NDBPS)
	Number of data subcarriers (NSD)

	6Mbps
	1
	BPSK
	1/2
	1
	48
	24
	48

	12Mbps
	1
	QPSK
	1/2
	2
	96
	48
	48

	18Mbps
	1
	QPSK
	3/4
	2
	96
	72
	48

	24Mbps
	1
	16QAM
	1/2
	4
	192
	96
	48

	36Mbps
	1
	16QAM
	3/4
	4
	192
	144
	48

	48Mbps
	1
	64QAM
	2/3
	6
	288
	192
	48

	60Mbps
	1
	64QAM
	5/6
	6
	288
	240
	48

	72Mbps
	2
	16QAM
	3/4
	4
	192
	144
	48

	96Mbps
	2
	64QAM
	2/3
	6
	288
	192
	48

	108Mbps
	2
	64QAM
	3/4
	6
	288
	216
	48

	120Mbps
	2
	64QAM
	5/6
	6
	288
	240
	48

	144Mbps
	2
	256QAM
	3/4
	8
	384
	288
	48


Table 6 - Rate-dependent parameters for 2 transmit antennas and 104 data subcarriers in 20MHz bandwidth

	Data rate (Mbits/s)
	Number of spatial streams

(NS)
	Modulation
	Coding rate (R)
	Coded bits per subcarrier per stream (NBPSC)
	Coded bits per OFDM symbol (NCBPS)
	Data bits per OFDM symbol (NDBPS)
	Number of data subcarriers (NSD)

	6.5Mbps
	1
	BPSK
	1/2
	1
	104
	52
	104

	13Mbps
	1
	QPSK
	1/2
	2
	208
	104
	104

	19.5Mbps
	1
	QPSK
	3/4
	2
	208
	156
	104

	26Mbps
	1
	16QAM
	1/2
	4
	416
	208
	104

	39Mbps
	1
	16QAM
	3/4
	4
	416
	312
	104

	52Mbps
	1
	64QAM
	2/3
	6
	624
	416
	104

	65Mbps
	1
	64QAM
	5/6
	6
	624
	520
	104

	78Mbps
	2
	16QAM
	3/4
	4
	416
	312
	104

	104Mbps
	2
	64QAM
	2/3
	6
	624
	416
	104

	117Mbps
	2
	64QAM
	3/4
	6
	624
	468
	104

	130Mbps
	2
	64QAM
	5/6
	6
	624
	520
	104

	156Mbps
	2
	256QAM
	3/4
	8
	832
	624
	104


Table 7 - Rate-dependent parameters for 2 transmit antennas and 104 data subcarriers in 40MHz bandwidth

	Data rate (Mbits/s)
	Number of spatial streams

(NS)
	Modulation
	Coding rate (R)
	Coded bits per subcarrier per stream (NBPSC)
	Coded bits per OFDM symbol (NCBPS)
	Data bits per OFDM symbol (NDBPS)
	Number of data subcarriers (NSD)

	13Mbps
	1
	BPSK
	1/2
	1
	104
	52
	104

	26Mbps
	1
	QPSK
	1/2
	2
	208
	104
	104

	39Mbps
	1
	QPSK
	3/4
	2
	208
	156
	104

	52Mbps
	1
	16QAM
	1/2
	4
	416
	208
	104

	78Mbps
	1
	16QAM
	3/4
	4
	416
	312
	104

	104Mbps
	1
	64QAM
	2/3
	6
	624
	416
	104

	130Mbps
	1
	64QAM
	5/6
	6
	624
	520
	104

	156Mbps
	2
	16QAM
	3/4
	4
	416
	312
	104

	208Mbps
	2
	64QAM
	2/3
	6
	624
	416
	104

	234Mbps
	2
	64QAM
	3/4
	6
	624
	468
	104

	260Mbps
	2
	64QAM
	5/6
	6
	624
	520
	104

	312Mbps
	2
	256QAM
	3/4
	8
	832
	624
	104


The RATE-dependent parameters for 3 or 4 transmit antennas shall be set according to Table 8 for 48 data subcarriers, Table 9 for 104 data subcarriers in 20MHz and Table 10 for 104 data subcarriers in 40MHz.
Table 8 - Rate-dependent parameters for 3 or 4 transmit antennas and 48 data subcarriers in 20MHz bandwidth

	Data rate (Mbits/s)
	Number of spatial streams

(NS)
	Modulation
	Coding rate (R)
	Coded bits per subcarrier per stream (NBPSC)
	Coded bits per OFDM symbol (NCBPS)
	Data bits per OFDM symbol (NDBPS)
	Number of data subcarriers (NSD)

	12Mbps
	2
	BPSK
	1/2
	1
	48
	24
	48

	24Mbps
	2
	QPSK
	1/2
	2
	96
	48
	48

	36Mbps
	2
	QPSK
	3/4
	2
	96
	72
	48

	48Mbps
	2
	16QAM
	1/2
	4
	192
	96
	48

	72Mbps
	2
	16QAM
	3/4
	4
	192
	144
	48

	96Mbps
	2
	64QAM
	2/3
	6
	288
	192
	48

	120Mbps
	2
	64QAM
	5/6
	6
	288
	240
	48

	144Mbps
	3
	64QAM
	2/3
	6
	288
	192
	48

	162Mbps
	3
	64QAM
	3/4
	6
	288
	216
	48

	180Mbps
	3
	64QAM
	5/6
	6
	288
	240
	48

	216Mbps
	3
	256QAM
	3/4
	8
	384
	288
	48


Table 9 - Rate-dependent parameters for 3 or 4 transmit antennas and 104 data subcarriers in 20MHz bandwidth

	Data rate (Mbits/s)
	Number of spatial streams

(NS)
	Modulation
	Coding rate (R)
	Coded bits per subcarrier per stream (NBPSC)
	Coded bits per OFDM symbol (NCBPS)
	Data bits per OFDM symbol (NDBPS)
	Number of data subcarriers (NSD)

	13Mbps
	2
	BPSK
	1/2
	1
	104
	52
	104

	26Mbps
	2
	QPSK
	1/2
	2
	208
	104
	104

	39Mbps
	2
	QPSK
	3/4
	2
	208
	156
	104

	52Mbps
	2
	16QAM
	1/2
	4
	416
	208
	104

	78Mbps
	2
	16QAM
	3/4
	4
	416
	312
	104

	104Mbps
	2
	64QAM
	2/3
	6
	624
	416
	104

	130Mbps
	2
	64QAM
	5/6
	6
	624
	520
	104

	156Mbps
	3
	64QAM
	2/3
	6
	624
	416
	104

	175.5Mbps
	3
	64QAM
	3/4
	6
	624
	468
	104

	195Mbps
	3
	64QAM
	5/6
	6
	624
	520
	104

	234Mbps
	3
	256QAM
	3/4
	8
	832
	624
	104


Table 10 - Rate-dependent parameters for 3 or 4 transmit antennas and 104 data subcarriers in 40MHz bandwidth

	Data rate (Mbits/s)
	Number of spatial streams

(NS)
	Modulation
	Coding rate (R)
	Coded bits per subcarrier per stream (NBPSC)
	Coded bits per OFDM symbol (NCBPS)
	Data bits per OFDM symbol (NDBPS)
	Number of data subcarriers (NSD)

	26Mbps
	2
	BPSK
	1/2
	1
	104
	52
	104

	52Mbps
	2
	QPSK
	1/2
	2
	208
	104
	104

	78Mbps
	2
	QPSK
	3/4
	2
	208
	156
	104

	104Mbps
	2
	16QAM
	1/2
	4
	416
	208
	104

	156Mbps
	2
	16QAM
	3/4
	4
	416
	312
	104

	208Mbps
	2
	64QAM
	2/3
	6
	624
	416
	104

	260Mbps
	2
	64QAM
	5/6
	6
	624
	520
	104

	312Mbps
	3
	64QAM
	2/3
	6
	624
	416
	104

	351Mbps
	3
	64QAM
	3/4
	6
	624
	468
	104

	390Mbps
	3
	64QAM
	5/6
	6
	624
	520
	104

	468Mbps
	3
	256QAM
	3/4
	8
	832
	624
	104


Note that the data rates given in Table 5 through Table 10 are the largest integer values not exceeding the exact data rates.
Timing related parameters

Table 11, Table 12 and Table 13 are the lists of timing parameters associated with the 2 OFDM modulations covering the two bandwidths of interest: 20MHz and 40MHz. 

Table 11 - Timing-related parameters if 48 data subcarriers in 20MHz bandwidth

	Parameter
	Value

	NSD: Number of data subcarriers
	48

	NSP: Number of pilot subcarriers
	4

	NST: Number of subcarriers, total
	52 (NSD+NSP)

	(F: Subcarrier frequency spacing
	0.3125MHz (=20MHz/64)

	TFFT: IFFT/FFT period
	3.2(s (1/(F)

	TGI: GI duration
	0.8(s

	TSYM: Symbol interval
	4(s (TGI +TFFT)


Table 12 - Timing-related parameters if 104 data subcarriers in 20MHz bandwidth

	Parameter
	Value

	NSD: Number of data subcarriers
	104

	NSP: Number of pilot subcarriers
	8

	NST: Number of subcarriers, total
	112 (NSD+NSP)

	(F: Subcarrier frequency spacing
	0.15625MHz (=20MHz/128)

	TFFT: IFFT/FFT period
	6.4(s (1/(F)

	TGI: GI duration
	1.6(s

	TSYM: Symbol interval
	8.0(s (TGI +TFFT)


Table 13 - Timing-related parameters if 104 data subcarriers in 40MHz bandwidth

	Parameter
	Value

	NSD: Number of data subcarriers
	104

	NSP: Number of pilot subcarriers
	8

	NST: Number of subcarriers, total
	112 (NSD+NSP)

	(F: Subcarrier frequency spacing
	0.3125MHz (=40MHz/128)

	TFFT: IFFT/FFT period
	3.2(s (1/(F)

	TGI: GI duration
	0.8(s

	TSYM: Symbol interval
	4.0(s (TGI +TFFT)


Table 14 details the timing parameters associated with the 20MHz bandwidth preamble, for 2, 3 and 4 transmit antennas.

Table 14 - Timing-related parameters for the preamble using 20MHz bandwidth

	Parameter
	Value

	NST: Number of subcarriers, total
	56

	(F: Subcarrier frequency spacing
	0.3125MHz (=20MHz/64)

	TFFT: IFFT/FFT period
	3.2(s (1/(F)

	TPREAMBLE: nPLCP preamble duration
	24(s (TSHORT+2×TLONG)

	TGI2: Training symbol GI duration
	1.6(s (TFFT/2)

	TSYM: Symbol interval
	4(s (TGI +TFFT)

	TSHORT: nSTS short training sequence duration
	8(s (10×TFFT/4)

	TLONG: nLTS long training sequence duration
	8(s (TGI2+2×TFFT)


Note that the same preamble is used for both OFDM modulations considered, i.e. with 64 and 128 subcarriers in 20MHz bandwidth. Note also that the preamble is defined with the TFFT corresponding to 64 subcarriers in 20MHz, and uses 56 subcarriers in order to have the same signal bandwidth as with 112 subcarriers among 128 in 20MHz.

In the case of 40MHz bandwidth modes, a new preamble needs to be defined.

1.3 nPLCP preamble definitions for 20MHz and 40MHz bandwidth modes

The nPLCP (TGn Physical Layer Convergence Procedure) preamble transmitted from all antennas is composed of short training sequences (nSTSx) and long training sequences (nLTS),both weighted by ±1. All definitions required are given in the following sections, as well as the nPLCP preamble structure used for 2, 3 and 4 transmit antennas.

1.3.1 nSTS for 20MHz bandwidth modes

In the definition of the nPLCP preamble, an nSTS short training sequence is used. The nSTS short training sequence is composed of 10 weighted repetitions of the short symbols nSTS1 for antenna 1, nSTS2 for antenna 2, nSTS3 for antenna 3 and nSTS4 for antenna 4. the weighting factors are chosen from the alphabet {+1,-1} as indicated in Figure 4‑3. If less than four TX antennas are used, the nSTSx sequences of the missing antennas are omitted. The sub-sequences nSTSx are defined as time domain sequences as given by Table 15 for the 20MHz bandwidth modes; for the 40MHz bandwidth modes, each sequence given by Table 15 is doubled to 32 samples.
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Figure 4‑2 – nSTS short training sequence structure

Table 15 – Definition of time domain short-training-symbol sequences for 20MHz bandwidth

	Sequence #
	Time Domain Sequence

	nSTS1
	 1  1 -1  1 -1 -1  1 -1 -1  0  1 -1 -1 –1  1  1

	nSTS2
	 0 -1 -1  1 -1 -1  1 -1  1  1  1  1 -1 -1 -1  1

	nSTS3
	 j  j  j  j  j -j  1 -1 -1  1  0  1 -1 -1  1 -j

	nSTS4
	-j -j -j -j -j  j  1 -1 -1  1  0  1 -1 -1  1  j


Each nSTS1, …, nSTS4 (doubled for the 40MHz mode) lasts 0.8µs, implying the duration of the nSTS short training sequence to be equal to TSHORT=10×0.8=8µs.

1.3.2 nLTS for 20MHz bandwidth modes

In the definition of the nPLCP preamble, a nLTS long training sequence is used. The nLTS long training sequence consists in a weighted repetition of the nLTS subsequence S of 64 samples, preceded by a guard GI2 of duration 1.6µs. The weighting factor are chosen corresponding to the coefficients of a 4x4 Walsh-Hadamard matrix. The nLTS structure is indicated in Figure 4‑3. 
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Figure 4‑3 – nLTS long training structure

The duration of the nLTS to be equal to TLONG=4*1.6+4×3.2=16µs. Contrarily to the previously presented nSTS sequences, the S sequences are defined in frequency domain: Each carrier is taken from the alphabet {0,±1} including a zero value at DC. 56 carriers are modulated instead of 53 (according to IEEE 802.11a-1999 subclause 17.3.3). The resulting sequence is given by:

L-28,28 = {1, 1, 1, 1, -1, -1, 1, 1, -1, 1, -1, 1, 1, 1, 1, 1, 1, -1, -1, 1, 1, -1, 1, -1, 1, 1, 1, 1, 0, 

          1, -1, -1, 1, 1, -1, 1, -1, 1, -1, -1, -1, -1, -1, 1, 1, -1, -1, 1, -1, 1, -1, 1, 1, 1, 1, -1, -1}

1.3.3 nLTS for 40MHz bandwidth modes

Identical structure as in previous section, but sequence S is generated based on a 128-point IFFT with the following carrier amplitudes:

L-56,56={
1, -1, -1, -1,  1, -1,  1,  1,  1, -1,  1,  1, -1, -1,  1, -1,  1, -1, -1, -1,  

1, -1,  1,  1, -1,  1, -1, -1,  1,  1, -1,  1, -1, -1,  1, -1, -1,  1, -1,  1, 

1,  1,  1, -1,  1,  1, -1,  1, -1,  1,  1, -1, -1,  1,  1,  1, 0, -1, -1,  1, 

-1,  1,  1, -1, -1, -1,  1,  1,  1,  1,  1, -1,  1, -1,  1, -1,  1, -1, -1, 

1,  1,  1, -1,  1,  1,  1, -1, -1,  1,  1,  1,  1,  1,  1, -1,  1, -1, -1, -1, 

-1, -1,  1,  1, -1,  1, -1,  1, -1,  1, -1,  1,  1,  1}

1.4 DATA field

This section defines the generation of the data bits contained in the nD1 and nD2 data fields.

1.4.1 Pad bits

The number of bits in the DATA field shall be a multiple of NSPTB x NCBPS, where NSPTB is the number of symbols per multi-antenna transmit block, and NCBPS the number of coded bits in an OFDM symbol. To achieve that, the length of the message is extended so that it becomes a multiple of NSPTB x NDBPS, where NDBPS is the number of data bits per OFDM symbol. At least 6 bits are appended to the message, in order to accommodate the tail bits. 

1.4.2 Convolutional encoder and puncturing

The data symbols are encoded with a convolutional encoder that conforms to IEEE 802.11a-1999 subclause 17.3.5.5 for code rates of R = 1/2, 2/3, and 3/4. Additionally, the code rate of R = 5/6 shall be implemented according to the puncturing pattern illustrated in Figure 4‑4.
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Figure 4‑4 – Bit-stealing and bit-insertion procedure for R=5/6

1.4.3 Optional: Turbo Code and inherent puncturing

The turbo code proposed is in most respects identical to the turbo code already adopted in 3GPP/UMTS.  This is a well-studied and understood rate 1/3 code that has been extensively discussed in the research and engineering literature.  The most significant change from the 3GPP/UMTS system is that new turbo interleavers are used as defined in section 4.5.3.2.  These are designed to avoid memory contention in the iterative decoding process, and thus aid receiver implementation while not sacrificing performance.

In order to prepare for the turbo encoding process, the incoming data shall be padded and divided into sections as follows.

1.  The service field at the beginning of the sequence is used to initialize a scrambler, which is then used to scramble the payload sequence (i.e., the string resulting from appending the PSDU to the SERVICE field).

2.  After scrambling, the sequence is extended by padding with 0’s until it is a multiple of 512 bits in length to match the turbo interleaver sizes. The padding bits are distributed uniformly within the payload sequence, with padding placed at the end of sections of length 256. Let the total target number of length 256 sections be MT=(payload_size+padding_size)/256. Then the first (padding_size mod MT) sections have ceiling(padding_size/MT) padding bits, and the remaining MT–(padding_bits mod MT) sections have floor(padding_bits mod MT). The amount of padding is constrained such that the padded payload sequence is no more than half padding.

3.  The resulting sequence is split, from beginning to end, into a series of sections of length 2048 bits plus at most one section of length 512, 1024, or 1536 bits.

All padding will be removed (as described in Section 4.5.3.4) before transmission. To ensure that the receiver knows the values of the padding removed at the transmitter (which is required to be able to insert large LLRs for the padding in the receiver), the padding is added after the scrambling operation.

1.4.3.1 Turbo Encoder

The incoming data is as framed by the procedure in Section 4.5.3.1.  Each section generated via the procedure of Section 4.5.3.1 is encoded into a separate turbo code block.  If the total number of incoming data bits to a given turbo code block is Nturbo, the turbo encoder generates Nturbo/R encoded data output bits, where R is the code rate after factoring in puncturing.   The turbo encoder employs two systematic, recursive convolutional encoders connected in parallel, with a permuter (the turbo code “interleaver”) preceding the second recursive convolutional encoder.
Each of the two constituent encoders has transfer function Gi(D) = [ 1 n(D)/d(D) ], where n(D) = 1 + D + D3 and d(D) = 1 + D2 + D3.  Constituent encoder 1 has as input the uninterleaved input data stream.  Constituent encoder 2 has as input the interleaved input data stream.  

Each constituent encoder is initialized with to the all‑zero state and the constituent codes are left unterminated.

The encoded data output bits are generated by clocking the constituent encoders Nturbo and puncturing the outputs as specified in Section 4.5.3.4.  Within a puncturing pattern, a ‘0’ means that the bit shall be deleted and a ‘1’ means that the symbol shall be retained.  The constituent encoder outputs for each input bit period shall be output in the sequence X, Y1, Y2, X’, Y1’, Y2’ with the X output first, where X denotes the systematic bit, Y1 denotes the parity bit computed by constituent encoder 1, and Y2 denotes the parity bit computed by constituent encoder 2. The X’ output is always punctured.
1.4.3.2 Turbo Encoder interleaver

The turbo interleaver, which is part of the turbo encoder, shall block interleave the turbo encoder input sequence. The formula relating interleaver output position (i) to input position i = 0, …, Nturbo1, where Nturbo is the block size, is



[image: image15.wmf](

)

(

)

ë

û

(

)

256

mod

256

256

mod

ρ

256

i

i

i

i

j

+

=

p

,


where (j), j = 0,…,255, is a permutation of the set {0,1,…,255}, (j) = {0(j),1(j),(,M1(j)}, j = 0,…,255, is the j‑th permutation of the set {0,1,(,M1}, and M = Nturbo/256 is the number of windows.

Turbo interleaving shall be functionally equivalent to an approach where input sequence written in according to (() and read out sequentially.

Let the sequence of input addressed be i = 0, …, Nturbo 1.  Then the sequence of output addresses shall be equivalent to those generated according to the procedure illustrated in Figure 4-5.

.

1. Determine the turbo interleaver parameter n, where n = log2(Nturbo)/8.

2. Initialize an (n+8)‑bit counter to 0.

3. Extract the 8 least significant bits (LSBs) of the counter.

4. Use the 8 LSBs of the counter as the address into a read‑only memory (ROM), the output of which is M n‑bit values.

5. Extract the n MSBs of the counter and use them to select the p‑th of the M n‑bit ROM values, where p is the decimal value of the n MSBs of the counter.  Left shift the result by 8 places to form the n MSBs of the output address.

6. Bit reverse the 8 LSBs of the counter to form the 8 LSBs of the output address.

7. Increment the counter and repeat steps 3 through 6 until all Nturbo turbo interleaver output addresses are obtained.
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Figure 4-5 - Turbo interleaver output address computation

The function (j) is periodic with period P = 13 for block size Nturbo = 512, and P = 15 for block size Nturbo = 1024, 1536, and 2048.  The permutations (j) are given in Table 16 for N = 512, Table 17 for  Nturbo = 1024, Table 18 for Nturbo = 1536, and in Table 19 for N = 2048.

Table 16 - ( (j), j = 0,…,255, for Nturbo = 512

	(j)
	jmod13

	{0,1}
	0

	{0,1}
	1

	{0,1}
	2

	{1,0}
	3

	{0,1}
	4

	{1,0}
	5

	{1,0}
	6

	{0,1}
	7

	{1,0}
	8

	{1,0}
	9

	{0,1}
	10

	{0,1}
	11

	{1,0}
	12


Table 17 - ( (j), j = 0,…,255, for Nturbo = 1024

	(j)
	jmod15

	{1,2,3,0},
	0

	{2,0,1,3},
	1

	{2,3,1,0},
	2

	{3,2,0,1},
	3

	{0,1,2,3},
	4

	{3,2,1,0},
	5

	{0,1,3,2},
	6

	{1,0,2,3},
	7

	{1,3,2,0},
	8

	{0,1,3,2},
	9

	{1,0,2,3},
	10

	{2,3,1,0},
	11

	{3,1,0,2},
	12

	{1,0,2,3},
	13

	{3,2,0,1}
	14


Table 18 - ( (j), j = 0,…,255, for Nturbo = 1536

	(j)
	jmod15

	{3,5,0,2,4,1},
	0

	{0,4,3,1,2,5},
	1

	{1,5,3,4,2,0},
	2

	{3,0,1,5,2,4},
	3

	{1,3,4,2,0,5},
	4

	{3,1,2,4,0,5},
	5

	{2,3,5,0,4,1},
	6

	{0,4,3,5,1,2},
	7

	{4,3,1,5,2,0},
	8

	{4,5,0,1,3,2},
	9

	{3,2,1,0,4,5},
	10

	{5,4,2,3,0,1},
	11

	{0,3,4,1,5,2},
	12

	{2,4,0,5,3,1},
	13

	{0,1,5,2,4,3},
	14


Table 19 -  (j), j = 0,…,255, for Nturbo = 2048

	(j)
	jmod15

	{0,1,5,2,3,4,7,6}
	0

	{2,5,7,6,1,0,4,3}
	1

	{5,4,0,7,6,1,3,2}
	2

	{6,7,4,5,2,3,0,1}
	3

	{7,0,3,4,5,2,1,6}
	4

	{3,2,6,1,0,7,5,4}
	5

	{7,0,1,4,5,6,3,2}
	6

	{6,5,4,0,7,2,1,3}
	7

	{5,2,0,7,3,6,4,1}
	8

	{0,6,5,3,4,1,2,7}
	9

	{5,2,7,6,3,4,1,0}
	10

	{4,3,6,0,1,5,2,7}
	11

	{5,4,3,1,2,7,0,6}
	12

	{4,6,0,2,7,1,3,5}
	13

	{7,0,6,3,5,1,4,2}
	14


1.4.3.3 Code termination for the Turbo Encoder

The constituent encoders of the turbo encoder are left unterminated.

1.4.3.4 Puncturing for the Turbo Encoder

The puncturing pattern for each stream of bits is applied starting at the beginning of the stream of bits and continuing cyclically until the end of the stream.  

The puncturing patterns for each stream are determined from Table 20 as follows.

Systematic bits:  Any pad bits added (see start of section 4.5.3) shall be punctured.  The other systematic bits shall not be punctured.  All parity bits in both constituent encoders associated with the punctured pad bits (i.e., belonging to the same trellis step) are also punctured.

Parity bits from the two constituent encoders are determined according to Table 20, where 1 denotes a retained bit and 0 denotes a punctured bit.  The leftmost bit is first in time and the pattern repeats until the end of the codeword.

Table 20 - Parity puncturing patterns for constituent encoders

	Code rate R
	Puncturing pattern for constituent encoder 1
	Puncturing pattern for constituent encoder 2

	1/2
	01
	10

	2/3
	1000
	0010

	3/4
	010000
	000010

	5/6
	0000000100
	0010000000


1.4.4 Interleaving

Two interleaving steps shall be performed: Interleaving on encoded and punctured bit-stream prior to mapping and interleaving of mapped symbols prior to STC. 

1.4.4.1 Interleaving prior to mapping

This interleaver is applied for the mandatory CC. All encoded data bits shall be interleaved by a block interleaver with a block size corresponding to the number of bits in a single OFDM symbol, NCBPS. This block-interleaver is defined by a two-step permutation. 

We shall denote by k the index of the coded bit before the first permutation; i shall be the index after the first and before the second permutation, and j shall be the index after the second permutation, just prior to modulation mapping.

The two permutations are defined by the following rules:


i = (NCBPS/I) (k mod I) + floor(k/I) 



k = 0, 1, …, NCBPS-1

j = s x floor(i/s) + (i+ NCBPS-floor(Ixi/ NCBPS)) mod s

i = 0, 1, …, NCBPS-1

where I=8 and s = max(NCBPS/2,1).

1.4.4.2 Interleaving prior to STC

After subcarrier modulation mapping, all symbols shall be allocated to the NS streams to be interleaved in space, prior to be transmitted to the multiple antenna transmit block, as illustrated in Figure 4‑6.
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Figure 4‑6 - Symbol division and spatial-symbol interleaving

The spatial symbol interleaver processes the NS input streams as follows. If we denote X(s, n) the nth symbol belonging to the stream s, s = 0, 1, …, NS-1, then Y(s, n) i.e. the nth symbol belonging to the interleaved stream s, s = 0, 1, …, NS-1 is obtained as follows:


Y(s, n) = X(s + (n mod NS), n)



if (J mod NS) = 0


Y(s, n) = X(s + ((n – (floor(n/J))) mod NS), n)

if (J mod NS) ≠ 0

The value of the parameter J is given by the equation J = NSD/I; NSD is the number of data subcarriers, and I=8 is the bit interleaver parameter. The distinction between the cases (J mod NS) = 0 and (J mod NS) ≠ 0 is introduced in order to ensure that adjacent bits (separated by J symbols) are transmitted on different streams, i.e. different antenna sets.

1.4.5 Pilot insertion

Pilot tones are defined separately for the 64-subcarriers and 128-subcarriers modes.

1.4.5.1 64 subcarriers

In each OFDM symbol, for each transmit antenna, four of the subcarriers are dedicated to pilot signals in order to make the coherent detection robust against frequency offsets and phase noise. These pilot signals shall be put in subcarriers -21, -7, 7 and 21 (same subcarriers for all transmit antennas). The pilots shall be BPSK modulated by a pseudo binary sequence to prevent the generation of spectral lines. The contribution of the pilot subcarriers to each OFDM symbol is described in 4.5.7.1.

1.4.5.2 128 subcarriers

In each OFDM symbol, for each transmit antenna, eight of the subcarriers are dedicated to pilot signals in order to make the coherent detection robust against frequency offsets and phase noise. These pilot signals shall be put in subcarriers -49, -35, -21, -7, 7, 21, 35 and 49 (same subcarriers for all transmit antennas). The pilots shall be BPSK modulated by a pseudo binary sequence to prevent the generation of spectral lines. The contribution of the pilot subcarriers to each OFDM symbol is described in 4.5.7.2.

1.4.6 Space-Time Coding (STC) 

The multiple antenna schemes that are used to transmit the symbols from 2, 3 or 4 antennas rely on Spatial Division Multiplexing (SDM) or on Space-Time Block Coding (STBC). Each multiple antenna scheme is characterized by NS, the number of spatial streams transmitted in parallel, and by NSPTB, the number of symbols per multiple antenna transmit block. The number of receive antennas determines the maximum number of spatial streams that can be transmitted.

Recall that:

· all the devices have to be able to decode all the modes where the number of spatial streams is lower or equal than the number of receive antennas in the device. For example a device with two receive antennas has to be able to decode all 2 transmit antenna modes as well as 3 and 4 transmit antenna modes with 2 spatial streams.

· It is required for a device to exploit all its antennas in transmission even for optional modes.

Table 21 - Parameters of the multiple antenna transmit schemes

	Number of transmit antennas (NTX)
	Multiple antenna scheme
	Number of spatial streams (NS)
	Number of symbols per transmit block (NSPTB)

	2
	STBC
	1
	2

	2
	SDM
	2
	2

	3
	STBC
	2
	4

	3
	SDM
	3
	3

	4
	STBC
	2
	4

	4
	STBC
	3
	6


The space-time block codes are illustrated in Figure 4‑7, Figure 4‑8, Figure 4‑9 and Figure 4‑10. These space-time block codes are applied on each data subcarrier. On these figures, the right column is first transmitted on the channel, and then the left column is transmitted.
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Figure 4‑7 - Transmission of 1 spatial stream on 2 antennas
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Figure 4‑8 - Transmission of 2 spatial streams on 3 antennas
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Figure 4‑9 - Transmission of 2 spatial streams on 4 antennas
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Figure 4‑10 - Transmission of 3 spatial streams on 4 antennas

1.4.7 OFDM modulation 

As defined in section 4.3: Timing related parameters, the following OFDM parameter sets are available:

· 20MHz bandwidth, 64-carriers, guard interval of duration 0.8(s (see Table 11)

· 20MHz bandwidth, 128-carriers, guard interval of duration 1.6(s (see Table 12)

· 40MHz bandwidth, 128-carriers, guard interval of duration 0.8(s (see Table 13)

The data- and pilot-carrier allocation is identical for both 128-carriers modes. The 40MHz carrier allocation allows the use of low-path filters in the RF front-end which are identical to the ones used for the 20MHz mode with 64 carriers if considered over the frequency normalized by the system bandwidth. This simplifies hardware implementation.

1.4.7.1 64 subcarriers OFDM modulation (20MHz bandwidth)

The OFDM modulation for each transmit antenna conforms to IEEE 802.11a-1999 subclause 17.3.5.9.

Additionally, the polarity of the pilot subcarriers is controlled by the same sequence pn modulated according to a pattern depending on the transmit antenna considered. The modulating patterns mn,1, mn,2, mn,3 and mn,4, corresponding to the transmit antennas 1, 2, 3 and 4 are the cyclic extensions of the 4 element sequences below:


m0…3,1 = {1, 1, 1, 1}


m0…3,2 = {1, -1, 1, -1}


m0…3,3 = {1, 1, -1, -1}


m0…3,4 = {1, -1, -1, 1}

The polarity of the pilot subcarriers on the transmit antennas 1, 2, 3 and 4 is then controlled by the same sequence pn,1, pn,2, pn,3 and pn,4 respectively. These sequences are obtained as follows:


pn,1 = pn × mn,1


pn,2 = pn × mn,2

pn,3 = pn × mn,3

pn,4 = pn × mn,4
1.4.7.2 128 subcarriers OFDM modulation (20MHz and 40MHz bandwidth)

For each transmit antenna, the stream of complex symbols is divided into groups of NSD=104 complex numbers. We shall denote this by writing the complex number dk,n, which corresponds to subcarrier k of OFDM symbol n, as in IEEE 802.11a-1999 subclause 17.3.5.9, NSYM being now the number of OFDM symbols to be transmitted per antenna. The function M(k), defining the mapping from the logical subcarrier number 0 to 103 into frequency offset index -56 to 56, while skipping the pilot subcarrier locations and the 0th (dc) subcarrier.




k-56, 0≤k≤6




k-55, 7≤k≤19




k-54, 20≤k≤32




k-53, 33≤k≤45


M(k) = 

k-52, 46≤k≤51




k-51, 52≤k≤57




k-50, 58≤k≤70




k-49, 71≤k≤83




k-48, 84≤k≤96




k-47, 97≤k≤103


The contribution of the pilot subcarriers for the nth OFDM symbol is produced by Fourier transform of sequence P, given by

P-56,56 = {0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1

          0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, -1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,  

          0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, -1, 0, 0, 0, 0, 0, 0, 0}

As in 4.5.7.1, the polarity of the pilot subcarriers is controlled by the sequence pn (defined in IEEE 802.11a-1999 subclause 17.3.5.9) modulated according to a pattern depending on the transmit antenna considered. The modulating patterns mn,1, mn,2, mn,3 and mn,4, corresponding to the transmit antennas 1, 2, 3 and 4 are the cyclic extensions of the 4 element sequences below:


m0…3,1 = {1, 1, 1, 1}


m0…3,2 = {1, -1, 1, -1}


m0…3,3 = {1, 1, -1, -1}


m0…3,4 = {1, -1, -1, 1}

The polarity of the pilot subcarriers on the transmit antennas 1, 2, 3 and 4 is then controlled by the same sequence pn,1, pn,2, pn,3 and pn,4 respectively. These sequences are obtained as follows:


pn,1 = pn × mn,1


pn,2 = pn × mn,2

pn,3 = pn × mn,3

pn,4 = pn × mn,47
The subcarrier frequency allocation is shown in Figure 4‑11. To avoid difficulties in D/A and A/D converter offsets and carrier feedthrough in the RF system, the subcarrier falling at DC (0th subcarrier) is not used.

[image: image22.emf]-56 -49 -35 -21 -7 0 7

21 35 49

d

0

d

6

d

7

d

19

d

20

d

32

d

33

d

45

d

46

d

51

d

52

d

57

d

58

d

70

d

71

d

83

d

84

d

103

d

96

d

97

P

-49

P

-35

P

-21

P

-7

P

7

P

21

P

35

P

49

DC

-56 -49 -35 -21 -7 0 7

21 35 49

d

0

d

6

d

7

d

19

d

20

d

32

d

33

d

45

d

46

d

51

d

52

d

57

d

58

d

70

d

71

d

83

d

84

d

103

d

96

d

97

d

0

d

6

d

7

d

19

d

20

d

32

d

33

d

45

d

46

d

51

d

52

d

57

d

58

d

70

d

71

d

83

d

84

d

103

d

96

d

97

P

-49

P

-35

P

-21

P

-7

P

-49

P

-35

P

-21

P

-7

P

7

P

21

P

35

P

49

DC


Figure 4‑11 - Subcarrier frequency allocation with 128 subcarriers

1.5 TX block diagram

The general diagram of the TX for the OFDM PHY is shown in Figure 4‑12.


[image: image23.emf]Puncturing

Frequency

Interleaving

Mapping

Serial/Parallel

IFFT

IFFT

N

TX

  transmit antennas

GI

GI

CC

data

Space/

Time

Interleaver

Memory

Depth/bits:

N

S

 x N

BPSC

Space-Time

Encoding


Figure 4‑12 - Transmission Scheme

All incoming data is encoded by the CC (see section 4.5.2), punctured (see section 4.5.2), interleaved (see section 4.5.4) and mapped onto the chosen constellation. The outputs of the mapper are serial/parallel converted, interleaved over one OFDM symbol time and the space-time encoding is performed as defined in section 4.5. The IFFT and GI insertion finalizes the encoding step. 

1.6 Enhanced Link Adaptation (optional)

In order to achieve a high-performance link adaptation in multi-vendor environments, it is important that the destination STA feedbacks some information on the current link quality to the source. Today, only the destination STA knows the exact processing it applies to the received signal and potential interferers, and can predict the PDU error rate for each PHY mode.

This feedback can consist in directly advising a PHY parameters set, as described in 3.2.5.3. The source will later request resources with the advised PHY mode.

In addition to this feature, we propose to enable the feedback of various link quality indicators to the source. Below we describe a general signaling and illustrate it in the specific case of the receiver output Shannon capacity indicator, but other indicators can be enabled (e.g. effective SNR).

A link quality indication shall contain: 

· The link quality indicator type

· The list of PHY modes for which the link quality indicator is valid

· The link quality indicator current value

With the previously described PHY layer, if the link quality indicator type is the receiver output Shannon capacity, a single indicator value is fed back per multiple antenna scheme. Therefore, with 2 transmit antennas in 48 subcarriers, only two indicator values are required: one for the 6 STBC modes, and 1 for the 4 SDM modes. We propose that the Shannon capacity value be quantized on no more than 1 byte.

Some initial calibration must be performed only once between the source and the destination, preferably before they start exchanging payload. A link adaptation calibration PDU shall contain:

· The link quality indicator type

· A list of link quality indicator calibration elements

The structure of the calibration element shall depend on the link quality indicator type. If the link quality indicator type is the receiver output Shannon capacity, a link quality indicator calibration element shall contain:

· The PHY mode

· The link quality indicator reference value

· The associated PDU error rate

The above described calibration procedure allows the source STA to build a table associating for each PHY mode the target PDU error rate with a link quality indicator value, and later to perform adequate dynamic link adaptation based on link quality indication messages.

Annex A: Abbreviations and acronyms and definitions

	AKV
	 Acknowledgement Vector

	AP
	Access Point

	ARQ
	 Automatic Repeat request

	BM
	 Bit Map

	BPSK
	Binary Phase-Shift Keying

	CBC
	 Cipher-Block Chaining

	CBC-MAC
	 CBC Message Authentication Code. 

	CC
	Convolutional Encoder

	CCM
	 Counter mode with CBC-MAC

	CFP
	 Contention Free Period

	CP
	 Contention Period

	CS
	Cyclic Shift

	CTI
	 Contention Time Interval

	DC
	Direct Current

	DCF
	 Distributed Coordination Function

	Dx
	Data Field x

	EC
	 Error Control

	ECCF
	 Extended Centralised Coordination Function

	EFC
	 Error and Flow Control

	MTF
	 MAC Time Frame

	FFT
	Fast Fourier Transform

	GI
	Guard Interval

	IFFT
	Inverse Fast Fourier Transform

	LDPC
	Low-Density-Parity Check Code

	LLCCS
	 Logical Layer Control Convergence Sub-layer

	LSN
	 LLCCS Sequence Number

	LTS
	Long Training Sequence

	LTT
	 LLCCS Translation Table

	MAC
	Medium Access Control Layer

	Mbps
	Millions of bits per second

	MDB
	 MLS Data Block

	MIMO
	Multiple Input Multiple Output

	MIS
	 MAC Intermediate Sub-layer

	MLS
	 MAC Lower Sub-layer

	MPDU
	 MAC Packet Data Unit

	MSF
	 MAC Super Frame

	MT
	Mobile Terminal

	NAV
	 Network Allocation Vector

	nDx
	Data Field x, IEEE802.11n specific

	nLTS
	Long Training Sequence, IEEE802.11n specific

	nPLCP
	Physical Layer Convergence Procedure, IEEE802.11n specific

	nPPDU
	PLCP Protocol Data Unit, IEEE802.11n specific

	nSIG
	Signal Field, IEEE802.11n specific

	nSTS
	Short Training Sequence, IEEE802.11n specific

	OFDM
	Orthogonal Frequency Division Multiplexing

	PDU
	 Protocol Data Unit

	PGPM
	 Periodic Grouped Polling MPDU

	PHY
	 PHYsical Layer

	PLCP
	Physical Layer Convergence Procedure

	PPDU
	PLCP Protocol Data Unit

	PS-STA
	 Power Saving Station

	QAM
	Quadrature Amplitude Modulation

	QoS
	 Quality of Service

	QPSK
	Quadrature Phase-Shift Keying

	RLC
	 Radio Link Control

	RRC
	 Radio Resource Control

	RRM
	 Radio Resource Manager

	SAR
	 Segmentation and Re-Assembly

	SDM
	Spatial Division Multiplexing

	SDU
	 Service Data Unit

	SID
	 Short STA Identifier

	SIG
	Signal Field

	SSN
	 Segment Sequence Number

	STA
	 Station

	STBC
	Space Time Block Code

	STS
	Short Training Sequence

	TI
	 Time Interval

	TLV
	 Type-Length Value

	WLAN
	Wireless Local Area Network


Definitions

Adaptation of IEEE802.11 abbreviations to IEEE802.11n context: Common IEEE802.11 abbreviations are preceded by a ‘n’, e.g. nPLCP is the Physical Layer Convergence Procedure, IEEE802.11n specific.
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