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Abstract

This document defines a framework for selction crieria for 802.11n and gives some examples for how selection metrics and functional requirements may be specified in 802.11n.  It also shows how results may be presented according to those metrics and requirements.
1 Introduction

1.1 Purpose of document

This document is intended for discussion at the IEEE 802.11n inau
gural meeting in September 2003 as a means of introducing and stimulating discussion on how TGn defines its selection metrics and functional criteria.

1.2 Why is a framework necessary?

Well-defined functional requirements and selection criteria are necessary in order for a proposal to be evaluated. The 802.11 HT study group PAR commits TGn to a process that includes functional requirements and selection criteria. TGn has not yet formally started the process of defining these.

This framework is intended to show the structure of this information, containing some fictitious example information as the details.  It follows on in the spirit of the 802.11n PAR and 5 criteria.

Note: The purpose of this document is to discuss the structure, not the details.  The details are fictitious.  I invented them solely for this purpose.   Do not interpret these requirements as my proposed requirements for 802.11n.

Note2: Go back and re-read the above disclaimer.
1.3 Partials vs Complete

At the July 2003 meeting of the 802.11 High Throughput study group, it was agreed that both partial and complete submissions would be considered in the selection process.

It is likely that these will be handled differently in the selection process, and they will also need to be handled differently regarding presentation of results.

For the purpose of TGn a complete proposal will be evaluated against the full set of functional requirements, and a full set of simulation results for the selection metrics has to be presented.  A partial proposal may influence only a subset of the functional requirements, and it might not be meaningful to attempt to present simulation results of the partial.

The requirements for presentation of results are different, and are described below separately for the two proposal types.
1.4 Relationship to Simulation Scenarios

The IEEE 802.11 High Throughput Study Group Usage Model Special Committee has defined a set of usage models from which simulation scenarios are created [3].

These simulation scenarios are intended to define sufficient detail so that the simulation results from different proposals can be meaningfully compared.

The simulation scenarios do not define what metrics are to be collected.  These will be defined in a separate selection metrics document described below.
1.5 Requirements of the Selection Metrics Document

The selection metrics document shall include the definition of one or more metrics that:

· Are defined unambiguously

· Can be collected from a reasonable simulation environment, or calculated from an examination of the proposed submission
· Are to be reported for each simulation scenario, or for a single defined set of conditions

· Are relevant to the 802.11 HT PAR [1] and 5C [2]
Ideally, most metrics should be single values.

In some cases (e.g. transport delay), a metric might need to be presented as a graph or table.  The definition of the metric shall include the exact form in which it is to be presented.

The 802.11 HT PAR [1] indicated some example evaluation parameters as follows:

	Throughput at the MAC data SAP, Mbps

	Range, meters

	Aggregate Network Capacity 

	Power Consumption (peak and average), mW

	Spectral Flexibility

	Cost / Complexity Flexibility

	Backward Compatibility**

	Coexistence *


These actually split into two types of parameter:  metrics (i.e. measured values) and functional requirements.

An appropriate set of metrics broadly matching these might be:
	Number
	Name
	Metric
	Conditions

	M1
	BSS Throughput at the MAC data SAP
	This metric is defined as the total number of bits in all MSDUs transmitted successfully by all STA in a BSS throughout a simulation run divided by the simulated duration (s). 
Note, MSDUs not transmitted successfully (e.g. due to retry limits or lifetime limits being exceeded do not count).

Note, bits are counted at the MAC data SAP and are not sensitive to the number of transmission attempts.
	All simulation scenarios

	M2
	Throughput / Range
	Presented as a curve of Throughput (bps) vs range (m).
Throughput is defined by totaling the number of bits in MSDUs successfully transmitted and dividing by the simulation duration (s).
	Present results for two isolated STA (one may be an AP), one is fully backlogged with 1500B MSDUs addressed to the other.   Vary the distance between the two STA.

Report results for all the channel models described in [4].

	M3
	HT Range
	The range value where the Throughput / Range curve passes through 100Mbps.
	Report results for all the channel models described in [4].

	M4
	HT Spectral Efficiency
	The number of bps/Hz when demonstrating a throughput value of 100Mbps
	Report results for all the channel models described in [4].

	M4
	Power consumption
	Total power consumed (mW) by a realistic implementation (define implementation technologies).  
TBD - Note, For consistency, this document will need to define which parts of an implementation are included in the power consumption measurements.
Show results separately for:

· Signal Acquisition

· Receiving

· Transmitting (at Tx power = 17dBm)
Show results for highest achievable PHY rate, 54Mbps (or closest rate) and 6 Mbps (or closest rate).
	TBD choose one channel model from [4].

	M5
	Legacy  Share
	Two measures are made.  Firstly the throughput (T1) of a fully backlogged legacy STA transmitting to its AP.  

Secondly the throughput (T2) of the legacy STA when a fully-backlogged co-channel co-incident HT STA and AP are introduced.

The legacy share is defined as (T2 / T1).
	TBD geometry.

TBD channel model.

1500B MSDU size.


Other metrics are suggested by specific simulation scenarios.   For example, in those with a VoIP media stream, the percentage of VoIP packets delayed by more than 40ms may be a suitable metric.
1.6 Requirements of the Functional Requirements Document

The functional requirements document shall include a set of requirement statements.  Each of these:

· Shall be defined unambiguously

· Can be verified from a reasonable simulation environment, or verified from an examination of the proposed submission

· Are relevant to the 802.11 HT PAR [1] and 5C [2]

· Should be relevant to one or more use cases deemed to be of significant priority by the group (as identified in usage model document).
These statements may also refer to the Selection Metrics – for example saying that the throughput/range metric (M2) shall exceed 100Mbps at some TBD range.

The following functional requirements are one possible interpretation of the PAR and 5C:
	Number
	Name
	Requirement
	Notes

	R1
	HT rate supported
	Metric M2 shows a value of at least 100Mbps at a range of 15m for all channel models.
	

	R2
	Current Spectral flexibility
	Protocol supports 2.4GHz ISM and 5GHz UNII bands
	

	R3
	Future Spectral flexibility
	Protocol will support any additional spectrum allocation that is made available under rules that may or may not be similar to the 5 GHz UNII band rules.
	

	R4
	Cost / Complexity flexibility
	Protocol provides options that allow low-cost lower performance variants and high-cost higher performance variants.
	

	R5
	Backward compatibility
	A HT STA can communicate with a legacy .11a or g STA operating within a BSS managed by a legacy AP
	

	R6
	Backward compatibility
	A HT STA can communicate with a legacy .11a or g STA operating within a BSS managed by a HT AP
	

	R7
	Backward compatibility
	HT and legacy .11 a or g STA can communicate directly within a single BSS consisting of a mixture of legacy and HT devices
	

	R8
	All changes pertain to higher throughput
	All the proposed mechanisms have a positive effect on throughput
	

	R9
	Spectral Efficiency
	The value of metric M4 is at least 3 bps/Hz.
	

	R10
	Fair sharing
	A HT BSS shall share the medium fairly with a legacy BSS.

Sharing is fair when metric M5 = 0.5 (+- 0.2).
Note – this requirement needs to be carefully validated.  In some views, channel access should be weighted towards faster STA,  thereby maximizing aggregate throughput at the expense of slower STA. 
	


1.7 How Far can a framework go?

In the ideal world, we might all agree on the relative importance of all the requirements and simulation metrics.  In that case a scoring system could be defined that, given a set of results, would produce a single figure defining the value of the proposal. Selection of the best complete proposal would then be trivial.

In the real world, we all have different understandings of the importance of various features to our individual market places.  For example, is achieving a highest rate of 400Mbps more important than extending the 54Mbps range to 50m?

It is likely that any attempt to produce a scoring system would founder on the rocks of this difference, and should not be attempted. Therefore, the results identified by this framework can only by used to inform the debate about the merits of a particular proposal, but cannot replace the debate.
1.8 References
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IEEE 802.11-02-798r7, 802.11 HT PAR

[2]
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IEEE 802.11-03-355rx (TBD), 802.11 HT Usage Models
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2 Framework for Partials

2.1 Coverage of Functional Requirements

A partial will not necessarily itself satisfy all the functional requirements.  Instead the influence of the partial on the functional requirements will be reported.  Influence is shown as positive (works towards the requirement), zero or negative (works against the requirement).

For example, consider a partial proposal that widens the channel width to 40MHz using existing modulation techniques.  This, of itself, will not satisfy the HT requirements.   This might have a requirements influence report as follows:

	Number
	Name
	Requirement
	Influence

	R1
	HT rate supported
	Metric M2 shows a value of at least 100Mbps at a range of 15m for all channel models.
	+ (likely to achieve 52Mbps of itself)

	R2
	Current Spectral flexibility
	Protocol supports 2.4GHz ISM and 5GHz UNII bands
	0

	R3
	Future Spectral flexibility
	Protocol will support any additional spectrum allocation that is made available under rules that may or may not be similar to the 5 GHz UNII band rules.
	0

	R4
	Cost / Complexity flexibility
	Protocol provides options that allow low-cost lower performance variants and high-cost higher performance variants.
	0

	R5
	Backward compatibility
	A HT STA can communicate with a legacy .11a or g STA operating within a BSS managed by a legacy AP
	- (needs a legacy mode and its management to be specified)

	R6
	Backward compatibility
	A HT STA can communicate with a legacy .11a or g STA operating within a BSS managed by a HT AP
	- (needs a legacy mode and its management to be specified)

	R7
	Backward compatibility
	HT and legacy .11 a or g STA can communicate directly within a single BSS consisting of a mixture of legacy and HT devices
	- (needs a legacy mode and its management to be specified)

	R8
	All changes pertain to higher throughput
	All the proposed mechanisms have a positive effect on throughput
	+

	R9
	Spectral Efficiency
	The value of metric M4 is at least 3 bps/Hz.
	+

	R10
	Fair sharing
	A HT BSS shall share the medium fairly with a legacy BSS.

Sharing is fair when metric M5 = 0.5 (+- 0.2).
	- (may need additional protection mechanism to make sure sharing is fair)


2.2 Simulation Results
All partials should be presented with some form of evidence of their effect on throughput.  However, it may not be meaningful to attempt simulations using the simulation scenarios required for complete proposals.
For example, an LDPC coding scheme may gain some number of dB of performance compared to conventional convolutional encoding.   This could be presented as a curve of PER vs SNR (or Eb/No) for the two different techniques based on a matlab PHY-level simulation.

Alternatively, if the authors of the proposal have the means to perform the full simulation, they could report results for the simulation metrics with the LDPC coding present or absent.  This may bring out some more subtle form of interaction or behaviour that would not be captured by working from a simple dB performance gain.

3 Framework for Complete Submissions

The results for a complete submission shall include a statement of coverage of the functional requirements and results for simulation scenarios following the outline presented here.
3.1 Coverage of Functional Requirements

Each requirement shall be declared to be covered or not covered
	Number
	Name
	Requirement
	Coverage

	R1
	HT rate supported
	Metric M2 shows a value of at least 100Mbps at a range of 15m for all channel models.
	Covered.  Refer to graph below.

	R2
	Current Spectral flexibility
	Protocol supports 2.4GHz ISM and 5GHz UNII bands
	Covered

	R3
	Future Spectral flexibility
	Protocol will support any additional spectrum allocation that is made available under rules that may or may not be similar to the 5 GHz UNII band rules.
	Not Covered (without knowing channel rules we cannot assume our proposal fits those rules)

	R4
	Cost / Complexity flexibility
	Protocol provides options that allow low-cost lower performance variants and high-cost higher performance variants.
	Covered – 1Gbps mode is an option.

	R5
	Backward compatibility
	A HT STA can communicate with a legacy .11a or g STA operating within a BSS managed by a legacy AP
	Covered

	R6
	Backward compatibility
	A HT STA can communicate with a legacy .11a or g STA operating within a BSS managed by a HT AP
	Covered

	R7
	Backward compatibility
	HT and legacy .11 a or g STA can communicate directly within a single BSS consisting of a mixture of legacy and HT devices
	Covered

	R8
	All changes pertain to higher throughput
	All the proposed mechanisms have a positive effect on throughput
	Covered

	R9
	Spectral Efficiency
	The value of metric M4 is at least 3 bps/Hz.
	Covered.  Our value is 4.5 bps/Hz.

	R10
	Fair sharing
	A HT BSS shall share the medium fairly with a legacy BSS.

Sharing is fair when metric M5 = 0.5 (+- 0.2).
	Covered.  Simulation results show M5 = 0.45.


3.2 Selection Metric Results
3.2.1 Per Simulation Scenario
	Number
	Name
	Scenario

	
	
	Domestic
	Ad-hoc domestic
	Enterprise
	…
	…
	Backhaul

	M1
	BSS Throughput at the MAC data SAP
	155
	170
	105
	
	
	200

	M2
	Througput / Range
	See fig 1
	See fig 2
	See fig 3
	
	
	See fig 8

	M3
	HT Range
	16
	18
	15
	
	
	25

	M4
	HT Spectral Efficiency
	3
	3
	4
	
	
	4

	M4
	Power consumption
	CCA: 150
Rx: 250
Tx: 450
	
	
	
	
	


3.2.2 Other selection metrics
	M5
	Legacy  Share
	0.45
	


Fig 1:  throughput vs range for Domestic Scenario

<<insert favourite graphic here :0) >>

etc…
3.3 Ad-hoc performance results

The authors of the proposal may feel that there is some performance behaviour of their proposal that is not adequately revealed through these results.

They are free to present additional results.  However, these cannot be used for comparison with other proposals unless the selection metrics are modified for all proposals.
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