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ABSTRACT 
This document is just a preliminary one which tries to describe the HEW functional requirements for its study group discussions. 
In the long run, these requirements are expected to comply with the PAR document which will be generated at the end of the study group. 

For your information, the HEW amendment shall address the functional requirements as core of mandatory features by definition. 
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1. Overview
This document tries to specify the functional requirements for the HEW study group discussions as just a preliminary version during the study group phase. The functional requirements as stated in this document cover the following aspects of HEW.
1. System performance
2. Network performance
3. Backward compatibility
4. Coexistence
5. Maintaining the 802.11 user experience
6. Compliance to PAR
2. Functional Requirements
(Red colored: issue pending, Gray colored: explanatory notes)

2.1 System Performance
2.1.1 Supporting band
TGah R1 – The HEW amendment shall describe operation in 2.4GHz band and 5GHz band. 

	<Issue>

We need to be very cautious regarding adopting other bands such as 3.5GHz also for the HEW, because during the WG11 history it has been a long custom to create a new PAR&5C with a new band. 
Regarding FCC’s recent move to allow more spectrum in 5GHz band for Wi-Fi (5.35-5.47GHz, 5.825-5.925GHz) which are now under the stage of calling for comments is supposed to require 3 to 5 years from now to finally update the regulation. 

We also need to keep an eye on it.


2.1.2 OFDM PHY modulation
TGah R2 – The HEW amendment shall use an Orthogonal Frequency Division Multiplexing (OFDM) PHY modulation.

2.1.3 Maximum multi-STA aggregated spectral efficiency measured at the MAC SAP to be at least TBD bps/Hz.

TGac R3 – The HEW amendment shall provide at least a mode of operation capable of achieving a maximum Multi-Station aggregated spectral efficiency of more than TBD bps/Hz as measured at the MAC data service access point (SAP). 
2.1.4 Maximum single-STA spectral efficiency measured at the MAC SAP to be at least TBD bps/Hz.

TGac R4 – The HEW amendment shall provide at least a mode of operation capable of achieving a maximum Single-Station throughput of more than TBD bps/Hz as measured at the MAC data service access point (SAP). 
	<Issue>

We need to determine on whether higher data rate than that of 802.11ac for heavy services such as 3D UHD is really needed in the HEW. It seems more related to potential spectrum widening in the 5GHz frequency band rather than more antennas or high-order modulation.


2.2 Network Performance
2.2.1 Aggregated BSS throughput measured at the MAC SAP per unit area to be at least TBD bps/m2 in 5GHz band under a specified condition (detailed TBD).
TGac R5 – The HEW amendment shall provide at least a mode of operation capable of achieving a maximum aggregated BSS throughput per unit area of more than TBD bps/m2 as measured at the MAC data service access point (SAP), including uplink, downlink and device-to-device communications with AP’s deployment density of TBD/m2 and STA’s deployment density of TBD/m2 in 5GHz band.
	<Issue>

Let me assume that we defined the major metric as a self-definable metric such as link PHY data rate which don’t care the neighboring situations.  
Although it satisfies the threshold condition of the major metric, so, can be called as “HEW system” in the beginning, nobody know the future change in the environments. 
Then, do we have to disqualify that system when new neighboring BSS’s are deployed in addition and the original system cannot support its promised aggregated throughput per area any more?

So, it is inevitable to put a specific simulation scenario even into the functional requirements as quite coupled one each other. 
One simplest option is to choose one representative detailed scenario (channel models and traffic models are included as well) for the functional requirements definition among several ones which will be defined in the simulation scenario document later.


2.2.2 Aggregated BSS throughput measured at the MAC SAP per unit area to be at least TBD bps/m2 in 2.4GHz band under a specified condition (detailed TBD).
TGac R6 – The HEW amendment shall provide at least a mode of operation capable of achieving a maximum aggregated BSS throughput per unit area of more than TBD bps/m2 as measured at the MAC data service access point (SAP), including uplink, downlink and device-to-device communications with AP’s deployment density of TBD/m2 and STA’s deployment density of TBD/m2 in 2.4GHz band.

	<Issue>

Even though 5GHz band could do quite better due to its larger number of channels and less number of non-Wi-Fi interferences and smaller coverage from its propagation characteristics, if 5GHz band is bound up with 2.4GHz band into the same value of per unit area throughput requirement, the enormous opportunity it has may be wasted. 
We’ve already have a similar example in 802.11ac functional requirements, in which multi-STA throughput and single-STA throughput are defined differently because single-STA throughput is believed as having more strict limitation on its performance. 


Regarding QoE, refer to clause 2.6.
2.3 Backward Compatibility
Refer to the IEEE Std. 802.15.2-2003, section 3.1 for the definitions of backward compatible.
	<Explanatory Notes>

In IEEE Std. 802.15.2-2003, the definitions are as follows:

3.1.1 backward compatible:

The ability of one “new” system to interwork with another “old” system. In this case the different set of rules implies that the new set of rules is a modification of the old set of rules. A subset of interworking.


	Using 11a and 11n as an example, it is possible to classify a few of the 11n features as follows based on the 802.15.2 definitions

11n, 20.1.1: “In addition to the requirements found in Clause 20, when operating in a 20 MHz channel width in the 5 GHz band, an HT STA shall be capable of transmitting and receiving frames that are compliant with mandatory PHY specifications as defined in Clause 18. This can be classified as backward compatibility.



2.3.1 Backward compatibility with 802.11a/n/ac devices operating in 5GHz
TGac R7- The HEW admendment shall provide backward compatibility with IEEE802.11a/n/ac devices operating in the 5 GHz frequency band. 
2.3.2 Backward compatibility with 802.11g/n devices operating in 2.4GHz
Refer to the IEEE Std. 802.15.2-2003, section 3.1 for the definitions of backward compatible. 

TGac R8- The HEW admendment shall provide backward compatibility with IEEE802.11g/n devices operating in the 2.4 GHz frequency band. 
	<Issue>

So far, there have not been any doubt on the fact that all the old-fashioned devices need to be protected for backward compatibility and coexistence

But, we may not get a real benefit in the HEW without any risk of sacrificing the backward compatibility and coexistence of oldest-fashioned devices (802.11b, just 802.11). 
In addition, supporting 802.11b or not is one of long-time problem even in the previous days.

So, we may need to determine to support all the Wi-Fi devices for backward compatibility and coexistence or not.
ETRI has a plan to further measure on how many 802.11b devices are still existing in Korea and share as “Part II – Korea Wi-Fi Measurements Analysis” within this year.  


2.4 Coexistence
Refer to the IEEE Std. 802.15.2-2003, section 3.1 for the definitions of coexistence.
	<Explanatory Notes>

In IEEE Std. 802.15.2-2003, the definitions are as follows:

3.1.2 coexistence:

The ability of one system to perform a task in a given shared environment where other systems have an ability to perform their tasks and may or may not be using the same set of rules.

3.1.3 coexistence mechanism:

A method for reducing the interference of one system, which is performing a task, on another different wireless system, that is performing its task.


	In 11n, 11.14.5 “Scanning requirements for 40 MHz capable STA.”  This can be classified as coexistence.



2.4.1 Coexistence with 802.11a/n/ac devices operating in 5GHz
TGac R9 – The HEW amendment shall provide mechanisms that ensure coexistence between HEW and legacy IEEE802.11a/n/ac devices in the 5GHz frequency band.
2.4.2 Coexistence with 802.11g/n devices operating in 2.4GHz
TGac R10 – The HEW amendment shall provide mechanisms that ensure coexistence between HEW and legacy IEEE802.11g/n devices in the 2.4GHz frequency band.

	<Issue>

So far, there have not been any doubt on the fact that all the old-fashioned devices need to be protected for backward compatibility and coexistence

But, we may not get a real benefit in the HEW without any risk of sacrificing the backward compatibility and coexistence of oldest-fashioned device (11b, 11). In addition, supporting 11b or not is one of long-time problem even in previous days.

So, we may need to determine to support all the Wi-Fi devices for backward compatibility and coexistence or not.
ETRI has a plan to further measure on how many 802.11b devices are still existing in Korea and share as “Part II – Korea Wi-Fi Measurements Analysis” within this year.  


2.5 Maintaining the 802.11 User Experience

TGah R11 – The HEW amendment shall maintain the network architecture of the 802.11 system for fixed, outdoor, point-to-multi-point applications and support compability to 802.11 management plane defined in the existing 802.11 standard and its amendments. 
	<Explanatory Notes>

So far, each 802.11 PAR says “maintaining the 802.11 WLAN user experience for fixed, outdoor, point-to-multi point applications” and 5C says “Compatibility with IEEE 802 requirements will result from keeping the MAC SAP interface the same as for the existing 802.11 standard. The proposed amendment shall introduce no 802.1 architectural changes. The MAC SAP definition shall not be altered, ensuring that all LLC and MAC interfaces are compatible to and in conformance with the IEEE 802.1 Architecture, Management and Internetworking standards. New managed objects shall be defined as necessary in a format and structure consistent with existing 802.11 managed objects.”


	Compatibility with the existing 802.11 standard and its amendments (802.11i/w/s/k/v/u or other TGs) can be also included as one of maintaining 802.11 user experience. Does this mean that 802.11i/w/s/k/v/u shall be used in all the applications? No, it is just about compatibility. 


	<Issue>

“Keeping 802.11 user experience” has long been regarded as no major change in the 802.11 
MAC architecture.

We need to determine whether we shall keep the same concept of “keeping 802.11 user experience” which means that the HEW does not allow any significant MAC changes.


2.6 Enhanced QoE (Quality of Experience)

TGac R12 - The HEW amendment shall provide an enhanced QoE (Quality of Experience) and its mechanism to support high-quality streaming video services more reliably rather than in the legacy systems.
	<Issue>

While guanteenting QoE in Wi-Fi is one of hot issues these days, it still seems not so convincing whether this is really possible even in the unlicensed band Wi-Fi utilizes and how to define its detailed metrics (such as delay latency, jitter, minimum per-link throughput guaranteed) will be really adequate for the HEW functional requirements. 

So, we need to be cautious to define this feature in detail.


2.7 Compliance to PAR

TGac R13 - The proposal complies with the PAR and 5 Criteria.
3. Summary of Functional Requirements
Table 1. Summary of functional requirements
	Requirement

Number
	Description
	Requirement Statement
	Status of Requirement
	Notes (informative)
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4. Support Documents
TBD
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