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Abstract
This document contains a first cut draft of an ITU formatted contribution, that is a starting point for a contribution to ITU-R WP5D to announce to WP5D that IEEE 802.11 intends to provide an IMT-2020 RIT proposal based on 802.11 technology.  

r0 – This revision is simply a starting draft, providing a document in the ITU format that can be developed to create a contribution for WP5D.  The author is not submitting this version for consideration as a final document and has expectation that other contributors will complete or contribute to the compleation of the final ITU WP5D contribution.  Please see the proposed procedure for contributing to this document provided below. 

r1 – Added various sections.       
      


This document is simply a means of keeping track of the development of the embedded draft ITU contribution document, as it is developed in the AANI SC.  All changes to the embedded document should not change the format of the embedded document and should adhere to ITU document guidelines.  Note that the document number, document date and the received date, will be added prior to contribution being provided to the ITU by the IEEE-SA Liaison.


[bookmark: _MON_1576909537]The embedded document:    

Additional information on the IMT-2020 submission and evaluation process can be found:
https://www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/imt-2020/Pages/submission-eval.aspx

Please note that: the final RIT proposal must include completed templates that are provided in Report ITU-R M.[IMT-2020.SUBMISSION], together with any additional inputs which the proponent may consider relevant to the evaluation.

Also, please note that authors adding content to the embedded document should:
1. Feel free to contribute to the development of the embedded document. 
2. Maintain the format of the embedded document, so it stays in ITU format.
3. Update the name of the embedded document so that the revision number matches that of this document (e.g. r0)
4. Please add your name to authors list of this document.
5. Please update the document date of this document.
6. Please update the document revision number of this document, in the properties area of the “File” tab, and then update the field in the header.    
7. Please note in the abstract of this document a summary of changes they have made to the embedded document.  Also, please note which revision of the document you made your changes on.  Do to the nature of this work and the possibility of multiple authors working at the same time it is likely that document development process may not be linear, e.g. two different authors may make different changes to r0 which are orthogonal or conflicting and post them as r1 and r2.  This should not cause any problems if we keep track of what the changes are and what the base document is.
8. Provide a more detailed description of the changes made (if necessary for clarity) in the body of this document. 
9. Please use your name when posting your update of this document with the updated embedded document to Mentor.  DO NOT USE THE PREVIOUS AUTHORS NAME WHEN POSTING YOUR CHANGES.  

Detailed description of changes made to the embedded document:

	R
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	Author
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	0
	-
	J. Levy
	Initial draft – this draft is not complete or proposed as viable submission, additional work in necessary.
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This contribution was developed by IEEE 802.11 Wireless Local Area Networks Working Group (802.11) to provide a skeleton document for a candidate IMT-2020 RIT proposal based on IEEE 802.11 to inform WP5D that 802.11 intends to provide a complete IMT-2020 RIT Proposal based on 802.11 technology by the ITU proposed cut off for submissions of candidate RIT and SRIT proposals, July 2019 and that 802.11 plans to submit its proposal in accordance with the WP5D workplan. The proposal will address the requirements defined by WP5D in the Requirements related to technical performance for IMT-2020 radio interface(s) report [Report ITU-R M.2410], Requirements, evaluation criteria and submission templates for the development of IMT-2020 report [Report ITU-R M.2411], and the Guidelines for evaluation of radio interface technologies for IMT-2020 report [Report ITU-R M.2412].



Please note that this contribution also contains a PowerPoint summary of the 802.11 background and development plan that will yield the proposed IEEE 802.11 based IMT-2020 RIT proposal. 
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1. IEEE 802.11

[bookmark: _Toc498634071][bookmark: _Toc498639848]1.1 Introduction to 802.11

IEEE 802.11 is a working group, responsible for writing Wireless Local Area Network (LAN) standards. 802.11 operates under

· The “Sponsor”: IEEE LMSC “LAN / MAN Standards Committee” – aka “802”

· IEEE Computer Society

· IEEE-SA Standards Board

Work in 802.11 is divided into various activities

· Task groups – one per approved standard or amendment to be developed

· Study groups or topic interest groups – the precursor to a task group that investigates marketability, feasibility and determines initial requirements

· Various standing committee's responsible for ongoing work,  such as “Architecture”

The base version of the standard was released in 1997, and has had subsequent amendments. The standard and amendments provide the basis for wireless network products. While each amendment is officially revoked when it is incorporated in the latest version of the standard, in the marketplace, each revision tends to become its own standard.

Figure 1 below illustrates the IEEE 802.11 revisions. 

[image: ]

[bookmark: _Ref503109234]Figure 1: IEEE 802.11 MAC & PHY Standard revisions (Figure needs to be updated)

(Source:”What is IEEE 802.11 doing?”,IEEE 802.11 WG)
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Figure 2: IEEE 802.11 Standards Pipeline (Figure needs to be updated with the latest pipeline)

(Source: “What is IEEE 802.11 doing?”, IEEE 802.11 WG. (Better Source?))



1.2 Evolution of the 802.11 standard

The first 802.11b Wi-Fi standard (1999) provided PHY rates of up to 11 Mb/s.  A few years later the 802.11a/g revision (2003) provided increased PHY rates of up to 54 Mb/s with the introduction of Orthogonal Frequency Division Multiplexing (OFDM) technology. The next link speed improvement came with 802.11n (2009) presenting users with single stream links up to 150 Mb/s.  The 802.11ac revision of the standard (2013) brought with it the possibility of link speeds around 866 Mb/s on a single spatial stream with wider channels (160MHz) and higher modulation orders (256-QAM).  Using the specified maximum number of 8 spatial streams, PHY rates of up to 6.97 Gb/s could be achieved.

1.3 802.11ax – Latest 802.11 standard

A new revision of the IEEE 802.11 standard – 802.11ax is targeted at providing improved average throughput per user by a factor of at least 4X in dense user environments.  Looking beyond the raw link speeds of 802.11ac, this new standard implements several mechanisms to serve more users consistent and reliable data throughput in crowded wireless environments. 802.11ax is defined for both 2.4 GHz and 5 GHz operation, but the defined waveform can be used unchanged at other frequencies

This is what the IEEE 802 is proposing as candidate RIT for IMT-2020.

1.4 Key Features of 802.11ax

802.11ax includes the following key features:

· Backwards compatible with 802.11a/b/g/n/ac

· Increase 4X the average throughput per user in high-density scenarios, such as train stations, airports and stadiums.

· New Modulation and Coding Sets (MCS 10 and 11) with 1024-QAM.

· Specified for downlink and uplink multi-user operation by means of MU-MIMO and Orthogonal Frequency Division Multiple Access (OFDMA) technology.

· Larger OFDM FFT sizes (4x larger), narrower subcarrier spacing (4X closer), and longer symbol time (4X) for improved robustness and performance in multipath fading environments and outdoors.

· Improved traffic flow and channel access

· Better power management for longer battery life

802.11ax can serves the following target applications:

· Cellular data offloading: By 2020, 10s of exabytes Wi-Fi offload traffic will be generated each month, continuing to exceed mobile/cellular traffic.

· Environments with many access points and a high-concentration of users with heterogeneous devices.

· Outdoors/indoors mixed environments.

2. Key PHY (Physical Layer) Mechanisms

Table 1 highlights the most important changes to this revision of the standard, in contrast to the current 802.11ac implementation.

[bookmark: _Ref503126224]Table 1: Key numerology parameters for 802.11ac and 802.11ax





The 802.11ax specification defines an FFT size that is 4x larger compared to past versions, multiplying the number of subcarriers. The subcarrier spacing however, has been reduced to a quarter of the spacing of past 802.11 revisions, thereby preserving the existing channel bandwidths. The raw link data rate is the same as 802.11ac as the OFDM symbol duration and cyclic prefix have also been scaled by 4X, but efficiency and robustness in indoor/outdoor and mixed environments will improve significantly.  The standard also specifies advanced MCS (1024-QAM) and smaller cyclic prefix ratios for indoor environment, which will increase the maximum data rate.

2.1 Beamforming

802.11ax will employ an explicit beamforming procedure, similar to that of 802.11ac. Under this procedure, the beamformer initiates a channel sounding procedure with a Null Data Packet. The beamformee measures the channel and responds with a beamforming feedback frame, containing a compressed feedback matrix. The beamformer uses this information to compute the channel matrix, H. The beamformer can then use this channel matrix to focus the RF energy toward each user. 
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Figure 3: Implicit and Explicit Beamforming Support

(Source: White paper”802.11ac In-Depth”, Aruba Networks)



802.11ax supports two basic modes of operation:



1. Single User: in this sequential mode the wireless STAs send and receive data one at a time.

2. Multi-User: this mode allows for simultaneous operation of multiple STAs. The standard divides this mode further into Downlink and Uplink Multi-user.



2.2 Multi user (MU) Transmissions

Downlink multi-user refers to data that the AP serves to multiple associated wireless STAs at the same time. The existing 802.11ac standard already specifies this feature.

Uplink multi-user involves simultaneous transmission of data from multiple STAs to the AP. 



Under the Multi-User mode of operation, the standard specifies two different ways of multiplexing more users within a certain area: Multi-User MIMO and Orthogonal Frequency Division Multiple Access (OFDMA). For both of these methods, the AP acts as the central controller of all aspects of multi-user operation, similar to how an LTE cellular base station controls the multiplexing of many users. An 802.11ax AP can also combine MU-MIMO with OFDMA operation. The MU transmissions include downlink (DL) MU transmissions and uplink (UL) MU transmissions. The DL MU transmission allows an AP to simultaneously transmit frames to more than one station. For the DL MU transmission, the AP employs either DL OFDMA, DLMU-MIMO, or a mixture of both. The UL MU transmission allows an AP to receive simultaneous frames from more than one station. Stations transmit their frames using either UL OFDMA, UL MU-MIMO, or a mixture of both. 







2.3 Multi user OFDMA

The PHY supports OFDMA transmissions, both in the DL and the UL where different users can occupy different RUs of a single physical protocol data unit (PPDU). On an RU in a PPDU, single stream transmissions to one user or spatial multiplexing to one user (SU-MIMO) or spatial multiplexing to multiple users (MU-MIMO) is permitted. PHY specifications support DL MU-MIMO and UL MU-MIMO, for the full bandwidth case as well as for the case where they are being used on only certain RUs in the PPDU. The combination of SU transmissions and MU-MIMO transmissions on different RUs in one PPDU is also supported.



Building on the existing orthogonal frequency-division multiplexing (OFDM) digital modulation scheme that 802.11ac already uses, the 802.11ax standard further defines Orthogonal Frequency Division Multiple Access (OFDMA) - an OFDM-based multiple access scheme where different subsets of subcarriers are allocated to different users, allowing simultaneous data transmission to or from several users. In OFDMA, in general, users are allocated different subsets of subcarriers which can change from one packet to the next. Similar to OFDM, OFDMA employs multiple subcarriers, but the subcarriers are divided into several groups of subcarriers where each group is denoted as a resource unit (RU). The grouping of subcarriers into groups of resource units is referred to as subchannelization. That is, it divides the existing 802.11 channels (20, 40, 80 and 160 MHz wide) into smaller sub-channels with a predefined number of subcarriers, calling the the smallest subchannel a Resource Unit (RU), with a minimum size of 26 subcarriers. The time region covers the entire data portion of a packet, and the frequency region includes a number of contiguous subcarriers with the exception of the RUs which straddle DC where nulls are placed in the middle of the band.

[image: ]



Figure 4: Illustration of OFDM and OFDMA support in 802.11ax 

(Source: http://www.ni.com/white-paper/53150/en/)

Subchannelization defines subchannels that can be allocated to stations depending on their channel conditions and service requirements. An OFDMA system may allocate different transmit powers to different sub-channels. There are several subcarrier types: 

· Data subcarriers which are used for data transmission; 

· Pilot subcarriers which are utilized for phase information and parameter tracking, and 

· Unused subcarriers which are not used for data/pilot transmission. The unused subcarriers are the DC subcarrier, the Guard band subcarriers at the band edges, and the Null subcarriers

[image: ]

Figure 5: RU allocation for 20 MHz physical protocol data unit

(Source: IEEE P802.11ax™/D1.3, June 2017)
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Figure 6: RU allocation for 80 MHz physical protocol data unit

(Source: IEEE P802.11ax™/D1.3, June 2017)





2.4 Multi user MIMO (MU MIMO)

802.11ax devices will use beamforming techniques to direct packets simultaneously to spatially diverse users. That is, the AP will calculate a channel matrix for each user and steer simultaneous beams to different users, each beam containing specific packets for its target user. 802.11ax supports sending up to eight multi-user MIMO transmissions at a time. Each MU-MIMO transmission may have its own Modulation and Coding Set (MCS) and a different number of spatial streams. 

[image: ]

Figure 7: Downlink Multi-User MIMO (DL-MU-MIMO, SDMA) 

(Source: White paper”802.11ac In-Depth”, Aruba Networks)

An example of sounding protocol with more than one STA (beamformee) is shown in Figure 6. A beamformee that receives an NDP Announcement (NDPA) frame from a beamformer computes the beamforming feedback after receiving the Null Data Packet (NDP). The STA transmits the beamforming feedback as a response to a Beamforming Report Poll Trigger frame.



[image: ]

[bookmark: _Ref503107651]Figure 8: AP (Beamformer) requesting feedback from multiple STAs

(Source: http://www.ni.com/white-paper/53150/en/)

Figure 7 shows the transmitter blocks used to generate the Data field of an DL MU-MIMO with LDPC encoding.

[image: ]

[bookmark: _Ref503107957]Figure 9: Transmitter block diagram for the Data field of DL MU-MIMO transmission with LDPC encoding

(Source: IEEE P802.11ax™/D1.3, June 2017)



2.5 Multi user Uplink 

The basic Multi user uplink operation (uplink MU-MIMO or uplink OFDMA transmissions) is orchestrated by an AP. The AP sends a trigger frame to all users, which indicates the the OFDMA allocations (frequency and RU sizes) as well as the number of spatial streams of each user. As Figure 10 depicts, the AP sends a multi-user uplink trigger frame that indicates to all users the exact moment at which they all start transmitting, and the exact duration of their frame, to ensure that they all finish transmitting simultaneously as well. Once the AP receives the frames from all users, it sends them back a block ACK to finish the operation. 







[image: ]

Figure 10: An example UL MU transmission

(Source: Submissions to IEEE P802.11ax Working Group. Need source here)

As a new feature in the MU-MIMO Uplink direction, the AP will initiate a simultaneous uplink transmission from each of the STAs by means of a trigger frame. When the multiple users respond in unison with their own packets, the AP applies the channel matrix to the received beams and separates the information that each uplink beam contains

3. Key MAC Mechanisms

High level access mechanism needs to be defined here.



3.1 Spatial reuse 

Summarize the color based spatial reuse scheme with a figure. 



3.2 Power Saving mechanisms with Target Wake Time (TWT) 

Summarize (high level) power saving mechanism. It would be good to link this to mMTC requirements of IMT-2020.




4. Test Environments

The IEEE 802.11 based RIT, which is partially summarized in this document, will be able to support a range of services across the different usage scenarios:

· Enhanced Mobile Broadband (eMBB)

· Ultra Reliable Low Latency Communications

·  Massive Machine Type Communications

The proposal will be able to utilize more than one frequency band identified for IMT in the ITU Radio regulations. Depending on the scenario and the test environment, the proposed RIT can be readily deployed in the 4 GHz band.

The proposal will be able to utilize the higher frequency range/bands above 24.25 GHz.



The IEEE 802.11 RIT is being prepared to be tested in each of the five test environments:

1. Indoor Hotspot-eMBB,

2. Dense Urban-eMBB,

3. Rural-eMBB,

4. Urban Macro-mMTC, and

5. Urban Macro-URLLC

in accordance with the requirements related to technical performance for IMT-2020 radio interface(s) report [Report ITU-R M.2410], Requirements, evaluation criteria and submission templates for the development of IMT-2020 report [Report ITU-R M.2411], and the Guidelines for evaluation of radio interface technologies for IMT-2020 report [Report ITU-R M.2412].

[bookmark: _GoBack]A later update of the proposal will summarize the following for each of the test environments 

· System Configuration

· Transmitter

· Receiver

· Calculation of available pathloss

· Range/Coverage efficiency calculation
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