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1 Test Environments
Some measurements are made using conducted measurements and some are made over-the-air (OTA).  The over-the-air (OTA) measurements can be performed in a variety of environments.  Hence there are several OTA environments defined.
	Term
	Description

	Conducted (CON)
	Tests that are performed using conducted measurements. There are can be different ways and levels of isolation of DUT and tester. On the one hand, the test may be run in the open space while just antennas are replaced to cable connection. On the other hand, each test participant (DUT, tester) can be in RF isolated chamber connected by cables, or all test participants connected by cables can be in one RF isolated chamber. The essential characteristic is the fact that all RF signals in the test go through cables with controlled attenuation and not through the air.

	Over-the-air (OTA)
	Tests are performed over the air in one of a possible set of environments.  Below are several specific OTA tests environments. The essential characteristic is the fact that all RF signals go through the air.

	Chamber
	Tests that are performed over the air in a chamber environment to prevent RF interference from other systems outside of the chamber. The chamber may be whether echoic or anechoic in order to prevent multi-path influences.

	Indoor LOS
	Tests that are performed over the air in an indoor environment where there is a line-of-site (LOS) between test participants’ antennas (between AP and the client STA, between two STAs etc.). The influence of multi-path is medium. 

	Indoor NLOS
	Tests that are performed over the air in an indoor environment where there is a not a line-of-site (NLOS) between test participants’ antennas. The influence of multi-path is high.

	Outdoor
	Tests that are performed over the air in an outdoor environment where there is a line-of-site (LOS) between test participants’ antennas. The influence of multi-path is low.


2 Primary and Secondary Performance Metrics

There are many possible performance metrics that can be considered.  There is value in classifying the metrics into one of two categories: primary and secondary metrics.  The reason for this is to attempt to minimize the number of metrics that need to be considered when evaluating wireless performance.  A primary metric is a metric that directly impacts the user experience.  A primary metric is therefore directly observable by the user.  A secondary metric does not directly impact the user experience.  A secondary metric is likely to indirectly affect the user experience, often by affecting a primary metric which directly affects the user experience.

The distinction between primary and secondary metrics is a judgment call.  However, it is useful to classify performance metrics into these categories.  An example of a primary metric is throughput since the user can easily detect the affect of different levels of throughput.  An example of a secondary metric is receiver sensitivity.  The user cannot easily relate the receiver sensitivity to the performance of a user application, but it indirectly affects range and hence is observable through the range primary metric.

	Term
	Description

	Primary Metric
	A metric that directly affect the user’s application performance.  These metrics tend to be measured on top of in MAC layer and closer to the application layer.

	Secondary Metric
	A metric that does not directly affect the user’s application performance.  These metrics tend to be measured on top of PHY layer and farther from the application layer.


Both the primary and the secondary metrics are wireless performance metrics and not application layer metrics.  These primary and secondary metrics affect the application layer metrics.  Application layer metrics are outside the scope of TGT. This means that TGT will not define or describe these metrics but will reference to them in terms of relations with specific wireless performance metrics. For example, the measurement of application layer metrics like R-factor or MOS (mean opinion score) for VoIP implies the measurement of wireless primary metrics like latency, jitter, and frame lost rate (FLR)
3 Wireless Traffic Models

The relevance of a given performance metrics depends on the wireless traffic model that one is considering.  The wireless traffic model is the set of characteristic of wireless traffic generated by application layer. The following three traffic models are defined. It is claimed that the three traffic models are representative of the majority of interesting application cases. These three traffic model are closed to the standard QoS model (best effort, video and voice).
	Term
	Description

	Data WL Traffic Model
	This model represents data transfer between an AP and a client.  There are no strict QoS requirements (best effort) other than a reasonable user experience in terms of not having to wait too long.

	Voice WL Traffic Model
	This model represents VoIP or interactive games running on a WLAN; the traffic is usually bidirectional. This traffic model represents specific QoS requirements primarily in the area of low latency and packet loss.

	Video WL Traffic Model
	This model represents video streaming running over the WLAN. This is not intended to model a Video Conference with two-way interactive video. It is intended to model video streaming for viewing of high quality video. This model has specific QoS requirements primarily in the area of high throughput, low jitter and packet loss


4 Business Environment Model
The relevance of a given performance metrics depends on the business environment model that one is considering.  The following business environment models are defined.
	Term
	Description

	Home 
	One AP, no roaming, NLOS, walls, range of coverage, loss

	Corporate
	Number of APs with overlapping,  roaming, High Density, bandwidth sharing, adjacent/alternate channels interferences

	Hot Spot
	LOS, long range, bandwidth sharing, big open space


5 Canonical or Minimal Set of Primary Metrics

For each traffic model the goal is to define a minimum set of primary metrics, call the canonical set that sufficiently represents the performance for that traffic model.

	Term
	Description

	Canonical Set of Primary Metrics
	This is the minimum set of primary metrics that represent the performance of a given traffic model.


6 Correlation and Prediction

The primary metrics in the canonical set of metrics for each traffic model should have a strong correlation with some of the secondary metrics.  For example, there is a high correlation between the receiver sensitivity (secondary metric) and range (primary metric).  In this context correlation is the statistical correlation between two random variables.  Given that there is a correlation between primary and secondary metrics it might be possible to make a prediction of a primary metric from several of the secondary metrics along with some other parameters, like environmental variables.

	Term
	Description

	Correlation
	The statistical correlation between a primary metric and a secondary metric

	Prediction
	The process of predicting the value of a primary metric from one or more secondary metrics


7 Repeatability in Time and Location

It is important to separate two aspects of repeatability: repeatability in time and repeatability in location.  The test environment may affect the repeatability of the tests.

	Term
	Description

	Repeatable in Time
	A test is repeatable in time if it can be repeated in the future time and the results are same as the previous test, to within the specified accuracy of the test. 

	Repeatable in Location
	A test is repeatable in location if it can be replicated in a different location (different building, city or country) and the results are the same as (invariant to) the previous location, to within the specified accuracy of the test


 
Ideally we would like all tests to be repeatable in both time and location to a high level of accuracy.  However, it is also important to include test environments that are representative of the user environment.

Conducted tests are repeatable in both time and location.  So the results of a conducted test can be repeated in a different laboratory test in a subsequent experiment.

Over-the-air test can be repeatable it time (if follow the rules TBD
) but typically not repeatable in location.  In other words, an experiment can be repeated in the same facility and the results will be repeatable.  However, since it is difficult to replicate the exact test environment in a different facility the over-the-air tests are not likely to be repeatability in location.

None the less it is important to include OTA tests since some of the primary tests are likely to be OTA tests.

8 Examples of Metrics

As was mentioned previously for each traffic model the task group needs to define the canonical set of primary metrics.  Section ‎8.1 gives some examples of potential primary metrics associated with each of the proposed traffic models.  Some examples of secondary metrics are giving in Section ‎8.2.  Finally, the correlation between the primary and secondary metrics is illustrated in Section ‎8.3.
8.1 Primary Metrics
This section gives some examples of primary metrics.  Table 1 gives a list of primary metrics as well as which traffic models each primary metric applies to.
	Metric
	Use Cases
	comments

	
	DATA
	VOICE
	VIDEO
	GENERAL
	

	TPT & Range
	+
	
	+
	
	

	FLR - Frame Lost Rate- FLR (Transmitted - Delivered)/Delivered  packets

(%of retries, %of TX Failures)
	
	+
	+
	
	

	Latency (delay) - min/max/average time it takes for a packet to cross a network connection, from sender to receiver over the MAC layer.
	
	+
	
	
	

	Jitter (a variance of latency/delay)
	
	+
	+
	
	

	Number of concurrent flows failing to meet QoS objectives
	
	+
	+
	
	Need to clarify

	Power Consumption for TX, RX, Idle Associated, Idle Non-Associated, disabled, off, RF-kill, WoWLAN etc.
	
	
	
	+
	platform

	Few NICs coexistence/co-working/ WL media sharing (BSS)
	
	
	
	+
	infrastructure

	Noise tolerance (Adjacent/Alternant Channel rejection, CW)
	+
	+
	+
	
	


Table 1: Examples of Primary Metrics
8.2 Secondary Metrics
This section includes some examples of secondary metrics. Table 2 gives examples of secondary metrics.
	Metric
	Use Cases
	comments

	
	DATA
	VOICE
	VIDEO
	GENERAL
	

	Receiver Sensitivity
	+
	+
	+
	
	

	TX Power
	+
	+
	+
	
	

	TX EVM
	+
	
	+
	
	

	RX EVM
	+
	
	+
	
	

	RX PER (Packet Error Rate for PHY)
	+
	+
	+
	
	

	Antenna Diversity
	+
	+
	+
	
	

	Auto detect ability (OFDM, CCK, 11n) - % of time correctly detected
	+
	+
	+
	
	

	Client QoS queue latency – min/max/average time from the frame is queued till the frame is sent to the air
	
	
	+
	
	

	Client QoS queue jitter – variance of Client QoS queue latency
	
	+
	+
	
	

	Noise tolerance (Adjacent/alternate/far channel, CW etc.)
	+
	+
	+
	
	

	Frame lost rate due to ACK failure
	+
	+
	+
	
	

	Frame lost rate due to RX failure
	+
	+
	+
	
	


Table 2: Examples of Secondary Metrics
8.3 Correlation between Primary and Secondary Metrics
Some of the secondary metrics have a strong affect on the primary metrics and some have limited affect.  Table 3 gives the correlation between the example primary and secondary metrics.  The correlation is specified as high (H), medium (M) or low (L).
	Correlation (High, Medium, Low)
	Receiver Sensitivity
	TX Power
	TX EVM
	RX EVM
	RX PER
	Antenna Diversity
	Client QoS queue latency
	Client QoS queue jitter
	Auto detect ability (OFDM, CCK, 11n)
	Frame lost rate due to ACK failure
	Frame lost rate due to RX failure

	TPT vs. Attenuation
	H
	H
	M
	M
	M
	
	
	
	H
	M
	M

	TPT vs. Range
	H
	H
	M
	M
	M
	
	
	
	H
	M
	M

	TPT NLOS
	H
	H
	M
	M
	M
	H
	
	
	H
	M
	M

	FLR- Frame Lost Rate (Transmitted -Delivered)/Delivered  packets (% of Retries, % of TX Failures)  
	H
	H
	H
	H
	H
	M
	
	
	
	H
	H

	Few NICs coexistence/co-working/ WL media sharing (BSS)
	H
	H
	L
	L
	H
	H
	
	
	M
	
	

	Number of flows failing to meet QoS objectives
	
	
	
	
	
	
	H
	H
	
	
	

	Latency (Delay) - min/max/average time it takes for a packet to cross a network connection, from sender to receiver over the MAC layer.
	
	
	
	
	
	
	H
	H
	H
	H
	H

	Jitter over the MAC layer ( variation of Delay)
	
	
	
	
	
	
	H
	H
	H
	H
	H


Table 3: Correlation of Primary and Secondary Metrics
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Abstract


This document introduces some Wireless Performance terminology and concepts.  The reason for writing this document is to attempt to clarify some terminology which can be used to discuss the objectives of 802.11 Task Group T. 














�  The example of such rules:  use the same type of equipment, same position and orientation of DUT and testers, preserve the same level of controlled interferences and avoid non-controlled interferences, avoid moving inside of OTA area etc.
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