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[bookmark: _Toc483518508]Definition of metrics for outage/voice coexistence tests

In ETSI, the very definition of what constitutes a real time service (such as voice) considers delay and jitter as metrics. For example in ETSI TS 103 210 Speech and multimedia Transmission Quality (STQ); End-to-End Jitter Transmission Planning Requirements for Real Time Services in an NGN context V1.2.1 (2014-05) a real time service is defined as “real time service: class of telecommunications service requiring information to be transmitted and delivered within stated limits of time delay and jitter”. So, delay and jitter are widely used basic metrics that characterize performance of any real time service. 
The following are the definitions of these metrics:
1. Delay: The difference in the time between the successful transmission (including retransmission) of a packet and the time of arrival of the packet in the MAC buffer. 
The following are some of the references that use this definition of delay:
a. LAA TR in 3GPP RAN1 (Appendix A of TR 36.889 V0.3.1 (2015-02))
b. Wi-Fi Alliance Voice over Wi-Fi Enterprise Certification

2. Jitter: Jitter is defined as the standard deviation or the variance of the delay. So, jitter is also known as the Packet Delay Variance.  
The following are some of the references that use this definition of jitter:
a. ETSI GS NFV-INF 010 V1.1.1 (2014-12), Network Functions Virtualisation (NFV); Service Quality Metrics
b. ETSI TR 103 210 v1.1.1 (2013-10), Speech and multimedia Transmission Quality (STQ); End-to-End Jitter Transmission Planning Requirements for Real Time Services in an NGN context
c. Wi-Fi Alliance Voice over Wi-Fi Enterprise Certification
   
Please note from the references that the Wi-Fi Alliance Voice certification already uses delay and jitter as metrics.
For the same reasons as discussed while considering the “normalized throughput” as a metric for the throughput tests, we propose to normalize the absolute delay and jitter metrics and use “normalized delay” and “normalized jitter” as metrics for the outage tests.
Further, in view of the deadline to close the open issues in the TR by this Friday and considering that there hasn’t yet been any discussion on the definition of a suitable MOS, we propose the following:
[bookmark: _Toc483518509]Proposal 1
Normalized Delay and Normalized Jitter will be used as metrics for the outage tests
· FFS: MOS

[bookmark: _Toc483518510]Determination of Sample Size

The test methodology is as follows: Evaluate fair coexistence by comparing the 50%ile metric of the baseline configuration with the 50%ile metric of the test configuration.
In an ideal situation, the 50%ile metric of the baseline and test configurations have to be calculated over “all possible baseline configurations” and “all possible test configurations” respectively. For example, the 50%ile throughput of the Wi-Fi + Wi-Fi baseline has to be calculated over all possible Wi-Fi + Wi-Fi device combinations and the 50%ile throughput of the Wi-Fi + LAA test has to be calculated over all possible Wi-Fi + LAA device combinations. The ideal situation is however impossible to execute due to the very large number of combinations that need to be considered. For example, even if the population consists of only 10 APs and 10 UEs, the number of configurations is 10000 (if devices are selected with replacement) and 8100 (if devices are selected without replacement).
So, the only feasible way to execute the test is to consider a much smaller sample of “baseline configurations” and “test configurations” and calculate the 50%ile metric based on this smaller sample of baseline and test configurations respectively. 
In conducting the test over such a smaller sample, the most important question in deciding the smaller sample size is:  how closely does the metric calculated from the smaller sample match the metric calculated from the overall population? So, continuing our earlier example, we have to consider how closely the 50%ile throughputs calculated from the smaller sample of Wi-Fi + Wi-Fi baseline and the Wi-Fi + LAA test match the 50%ile throughputs calculated from the general population of Wi-Fi + Wi-Fi and Wi-Fi + LAA combinations.  If they don’t match closely or if we cannot put a probabilistic bound on their difference, the test is futile. If this happens, we will not be able to draw any conclusions on coexistence between the much larger general population of Wi-Fi and LAA devices based on our test on a smaller sample of Wi-Fi and LAA devices.
The answer to the above is provided by the Central Limit Theorem (CLT). There are many variations of this theorem based on the metric being considered. The CLT for mean states that the sample mean calculated from a smaller sample of values has a Normal distribution with its mean being equal to the general population mean and its standard deviation being equal to (approximately) the (population standard deviation) / (square root (n)). The CLT can be applied to a smaller sample size n under the following conditions:
1. For any sample size n if the underlying population is Normal. 
2. For a sample size n such that np and n(1-p) are >= 5, p being the probability of “success”, if the underlying population is Binomial.
3. Otherwise, for sample size n >= 30.
Assuming that the conditions for CLT are true, the following are some important observations for our test:
1. If we calculate the 50%ile throughput based on a smaller sample of configurations, this 50%ile is expected to be (in a probabilistic sense) equal to the 50%ile throughput of the larger realistic population with an error equal to population standard deviation / square root (n) where n is the size of the sample.
2. Example: Suppose the 50%ile throughput in the LAA + Wi-Fi configuration over all possible deployed configurations is 10 Mbps and the CDF has a standard deviation of 4 Mbps and the test  chooses a sample size of 100 configurations. The CLT can be used to show that the probability that the 50%ile throughput calculated from such a sample of size 100 deviates by more than 10% from the 50%ile throughput of the general population is almost 0.  This means that any inference (such as say fairness) based on the 50%ile of a smaller sample of LAA + Wi-Fi configurations with sample size n = 100, will be a very accurate reflection of the general population of LAA + Wi-Fi configurations. 
· The probability can be derived as follows: P (sample mean < 9 Mbps) = P (Z < ((9-10)/(4/sq-root(100)) = P (Z < -2.5) = 0.0062 (from the probability table of the Standard Normal distribution).
On the contrary, if the conditions needed to satisfy the CLT are not true in the chosen sample, then any inference drawn based on that sample cannot be probabilistically related to the general population which the test intends to judge. Hence, such a test will not be representative of the behavior of the general population and will be futile.
Note that the throughput CDF of the underlying population in Wi-Fi + Wi-Fi baseline or the Wi-Fi + LAA test is expected to be multi-modal and even have outliers. This is due the following reasons:
1. Wi-Fi devices will be chosen across standards (11n and 11ac) which will have significant performance variations. 
2. Even within a single standard, there are several throughput variations possible due to device capabilities in terms of link adaptation, receiver type/sophistication, etc.
3. The devices will be chosen randomly introducing the possibility of outliers.
4. The measured throughput values (or the delay/jitter) on Downlink will depend upon the capabilities of the transmitter, receiver as well as interactions with the interfering transmitter-receiver pair. This 4-way interaction will increase the variability of the underlying data.

Considering the above and the conditions for CLT, the test must have a sample size of at least 30.  However, if it is found that the underlying population of the throughput distribution of the Wi-Fi + Wi-Fi configuration or the LAA + Wi-Fi configuration is highly asymmetric or skewed, the sample size has to be much larger than 30. 
The required sample size n can be obtained both theoretically for common distributions and also via simulations. A well known way of estimating a strict upper bound for n is based on the Berry–Esseen theorem (References: 1. https://en.wikipedia.org/wiki/Berry%E2%80%93Esseen_theorem  2. https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-015-0023-0  3. https://www.johndcook.com/blog/normal_approx_to_binomial/ ). Note from reference 1) that the convergence of the sample distribution is inversely proportional to the Skewness (the third moment E(X3) of the population distribution. Hence, populations that are significantly asymmetric will require larger sample sizes n.  
[bookmark: _GoBack]Please also refer to the following peer reviewed sources for application of the CLT to samples.
1. Online courseware from MIT:  https://ocw.mit.edu/courses/sloan-school-of-management/15-063-communicating-with-data-summer-2003/lecture-notes/lecture10.pdf  
2. Online courseware from Stanford: http://web.stanford.edu/class/psych10/schedule/P10_W4L1
3. Lecture notes from UCLA: http://www.stat.ucla.edu/~nchristo/introeconometrics/introecon_central_limit_theorem.pdf
4. Online reference from Boston University: http://sphweb.bumc.bu.edu/otlt/mph-modules/bs/bs704_probability/BS704_Probability12.html

In view of the above, we propose the following (text in Green has already been agreed):
[bookmark: _Toc483518511]Proposal 2
· At least 10 APs and 10 STAs are selected to create a device pool. Those devices need to satisfy the criteria specified in section 5.2.4.
· At least 30 randomly selected permutations of the APs and STAs in the device pool are created. 
· In order to increase the statistical confidence, a larger device pool and/or larger number of permutations can be created.
