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Abstract
This submission proposes the 802.11ax Functional Requirements with revisions to include meaningful performance metrics and mappings to simulation scenarios for evaluation and verification. This is a minimal list of system level requirements which address the efficiency and performance issues which were identified by the 11ax TG during the study group phase. Performance metrics are quantified to provide significant improvement in performance when compared to existing 802.11 systems.  Performance metrics quantified here are realistic (but not aggressive) goals for next generation WLAN using the proposed solutions suggested in the 11axTG contributions.
1 Introduction
1.1 Purpose
This document proposes requirements for solutions addressing functionality to be provided by the 802.11ax amendment, referred to as the TGax Functional Requirements (FRs).
1.2 Scope
The scope for deriving functional requirements is set by the P802.11ax PAR [Ref-1] and CSD [Ref-2], as well as by the TGax usage models [Ref-3]. 
The functional requirements as stated in this document cover the following aspects of 802.11ax:
1) System performance

2) System Efficiency

3) Other requirements
1.3 Notation
Requirements are identified by a preceding unique number in the format of “TGax Rn” , where n is an integer number representing the ID of the requirements. 
Requirements described in a relative way and are quantified with respect to performance for a defined “baseline” environment. Baseline performance is compared to performance for a HEW environment.  The baseline and HEW environments are defined for each requirement.  Environments are detailed in the simulation scenarios as defined in the TGax Simulation Scenario document [Ref-9].  The band/channels available in each environment are as defined in the TGax Simulation Scenario document [Ref-9] unless explicitly modified in this document.  All environments include details defining ratio of HEW/legacy STAs and APs. 
2 Functional Requirements
2.1 System Performance
2.1.1 Average throughput per station measured at MAC SAP 
All throughput measurements shall occur at the MAC SAP. For the 2.4 GHz band 802.11ax performance improvements shall be compared with operation of 802.11n. For the 5 GHz band 802.11ax performance improvements shall be compared with operation of 802.11ac. The TGax simulation scenarios build the foundation of these comparisons.
TGax R1 The 802.11ax amendment shall provide at least one mode of operation capable of achieving at least four times improvement in the average throughput per station, compared to the existing IEEE 802.11 standard and its amendments, in the same dense deployment scenario.
Baseline environment:  Scenario 3 (indoor small BSS hotspot) with 100% non-HEW APs and 100% non-HEW STAs.

HEW environment: Scenario 3 (indoor small BSS hotspot) with 100% HEW APs and 100% HEW STAs.

TGax R2 The 802.11ax amendment shall provide at least one mode of operation capable of achieving at least 1.5 times improvement in the average throughput per station, compared to the existing IEEE 802.11 standard and its amendments, in the same dense deployment scenario.

Baseline environment: Scenario 3 (indoor small BSS hotspot) with 100% non-HEW APs and 100% non-HEW STAs.

HEW environment: Scenario 3 (indoor small BSS hotspot) with 100% HEW APs and 50% HEW STAs.

2.2 System Efficiency
2.2.1 Spectrum Efficiency
TGax R3 The 802.11ax amendment shall provide a mechanism to improve by at least 10% the link spectral efficiency of 20 MHz and larger frequency channels in scenarios with high density of 802.11ax STAs with and without the presence of legacy STAs. 

Baseline environment:  Scenario 2 (enterprise) with 100% non-HEW APs and 100% non-HEW STAs.

HEW environment: Scenario 2 (enterprise) with 100% HEW APs and 50% HEW STAs.

Notes: The 802.11ax link spectrum efficiency improvements are evaluated as specified in the TGax Evaluation Methodology document [Ref-8]; 

TGax R4 The 802.11ax amendment shall provide a mechanism to improve by at least 40% spectral reuse (including both frequency reuse and spatial reuse) and manage interference between neighboring overlapping BSS (OBSS) in dense deployment scenarios with a high density of STAs per BSS or a high density of both STAs and BSSs.

Baseline environment:  Scenario 1 (residential) with 100% non-HEW APs and 100% non-HEW STAs. Operation is in the 5GHz band using 9 contiguous 20MHz channels.
HEW environment: Scenario 1 (residential)  with 100% HEW APs and 50% HEW STAs.  Operation is in the 5GHz band using 9 contiguous 20MHz channels.

2.2.2 Access Efficiency
TGax R5 The TGax amendment shall provide a mechanism to increase channel access efficiency in overloaded channel scenarios with many associated STAs.  The TGax amendment shall provide at least one mode of operation capable to improve access efficiency by at least 35% when using existing IEEE 802.11 standard and its amendments operating in the same band (IEEE 802.11n in 2.4 GHz and IEEE 802.11ac in 5 GHz). 
Baseline environment 1: Scenario 1 (residential) with 100% non-HEW APs and 100% non-HEW STAs, with traffic loading (number of STAs and traffic per STA)  adjusted to produce 25% access efficiency.  Operation is in the 2.4GHz band using 3 contiguous 25MHz channels.
HEW environment 1: Scenario 1 (residential) with 100% HEW APs and 100% HEW STAs, with same traffic loading as baseline.  (Improvement from 25% to 60% access efficiency).  Operation is in the 2.4GHz band using 3 contiguous 25MHz channels.
Baseline environment 2: Scenario 3 (indoor small BSS hotspot) with 100% non-HEW APs and 100% non-HEW STAs, with traffic loading (number of STAs and traffic per STA) adjusted to produce 25% access efficiency.   Operation is in the 5GHz band using 9 contiguous 20MHz channels.
HEW environment2 : Scenario 3 (indoor small BSS hotspot) with 100% HEW APs and 50% HEW STAs, with same traffic loading as baseline.  Operation is in the 5GHz band using 9 contiguous 20MHz channels.
Notes: Access efficiency is calculated by dividing the BSS Average Total Throughput by the BSS Throughput Time-Averaged Data Rate. This metric provides the unit-less percentage of time that the channel is occupied by data packets which are successfully transmitted and received.   Control frames, management frames, and collision frames are excluded from access efficiency calculation. 
2.3 Other Requirements
2.3.1 Coexistence

TGax R6 The TGax amendment shall enable a mode of operation that efficiently utilizes the spectrum and ensures minimum performance levels (TBD) for TGax devices when coexisting with non-listen-before-talk compliant devices in the same unlicensed band that act as constantly or partially on interferers. 

(See [Ref-10] for definition of listen-before-talk.)
Baseline environment:  TBD
HEW environment: TBD
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