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<Unchanged Sections Skipped>
5.7
Statistical Analysis

5.7.1
Overview of Layer 1 throughput 

When L1 throughput is measured during receiver and performance tests, the fundamental goal is to compare the measured throughput around the expected throughput for a specific reference measurement channel. Since the parameters in receiver and performance tests are better known, it is possible to perform this analysis. 

In L1 throughput tests, we have a fixed reference channel so the number of payload bits per block is constant. In a fixed reference channel, we therefore can determine the maximum throughput.

Using this knowledge, we know that if the throughput limit at layer 1 is defined as 70% of the maximum throughput, a UE that just meets this limit  receives 70% correct blocks of constant TBS (returns an ACK) and 30%  corrupted or missed blocks (returns NACK or statDTX). Nevertheless, the error events (corrupted or missed blocks) are mainly independent.

These facts allow one to derive statistics which tells us the variance of the true throughput around the measured one. These statistics are used to determine the minimum number of samples for a given confidence level for the pass/fail decision.

Another aspect that impacts minimum test time is fading. The minimum test time due to fading is long for slow speed propagation profiles and short for high speed ones. The longer minimum test time of the two aspects (statistical or fading) applies.
A quick analysis of all the FMCS test points that are proposed in the Annex, to be used for 5G NR application layer throughput testing, gives a possible way forward for determining a reasonable value for the minimum test time. All these points are extracted from Annex G.3.5 in TS 38.521-4 [3] and listed below in Table 4.1-1
Table 5.7.1-1 - Minimum Test time for the Selected FMCS test points

	Test 

Group
	TDD UL-DL pattern
	Reference Channel
	Demodulation scenario (doppler speed)
	Minimum number of active subframes (MNAS)
	Minimum Number of Subframes

(MNS) after rounding up to nearest thousand
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	Minimum Test Time

	1
	NA
	R.PDSCH.1-1.1 FDD
	400 Hz
	10000 (Note 1)
	11000
	11s

	2
	NA
	R.PDSCH.1-2.1 FDD
	100 Hz
	20000 (Note 1)
	22000
	22s

	3
	NA
	R.PDSCH.1-2.2 FDD, R.PDSCH.1-2.3 FDD, R.PDSCH.1-2.4 FDD, R.PDSCH.1-3.1 FDD, R.PDSCH.1-4.1 FDD, 
	10 Hz
	75000 (Note 1)
	79000
	79s

	4
	FR1.30-1A
	R.PDSCH.2-1.1 TDD
	400 Hz
	10000 (Note 1)
	13000 
	12s

	5
	FR1.30-1
	R.PDSCH.2-2.1 TDD, 
	100 Hz
	20000 (Note 1)
	26000
	26s

	6
	FR1.30-1
	R.PDSCH.2-4.1 TDD, R.PDSCH.2-3.1 TDD, R.PDSCH.2-2.2 TDD

R.PDSCH.2-2.3 TDD

R.PDSCH.2-2.4 TDD
	10 Hz
	75000 (Note 1)
	97000
	97s

	
	Note 1:
MNAS determined by simulations in TS 38.101-4 [4]

Note 2:
For cases where MNS is not determined by simulations, use same MNAS as the similar case simulated (same doppler speed)  


5.7.2
Overview of Application Layer throughput 

During the application layer data throughput, we can also record ACK, NACK and stat DTX in order to calculate the L1 payload bit throughput, although this is not the main target of the test procedure. The measured throughput and its comparison to an expected throughput value can be evaluated. However, the parameters for this measurement are not as controlled as in the case of layer 1 throughput.

In general, the application layer throughput is impacted by variations at the physical layer. This is the reason for a variety of test points being picked across different physical layer conditions (doppler, signal-to-noise ratio, antenna configurations etc).

For fixed reference channel testing, the UE is compared against a predefined limit at the physical layer. Therefore, statistics can be derived to determine the minimum number of samples for a given confidence level for the pass/fail decision. While the application layer data throughput is of a statistical nature, in case of fixed reference channel testing, it is possible to set a lower bound for the achievable throughput by computing the overhead due to upper layers as done in [3].

However, it is clear that to determine the test times, the key factor is the physical layer parameters specifically doppler/fading that provide the lower bound for test times.

5.7.3 Test Time for Application Layer Throughput procedures

Based on the overview provided in 4.1 and 4.2 along with the observations recoded in Table 4.1-1 we can categorize the required test time as below

· For static channel tests, since 3G and 4G timeframe, 60 seconds has been chosen to be a reasonable test time.
· In Table 5.7.1-1, for test groups 1,2,4 and 5 a common value of 30 seconds seems to be a reasonable test time. However considering these are high doppler conditions and the impact of lower layer PHY mechanisms on upper layer throughput, it is advisable to not use the “last escape from corridor” depicted in Figure G.1.5 but give some additoinal allowance and use a 60 second test time.
· In Table 5.7.1-1, for test groups 3 and 6, a value of 90 seconds would serve as reasonable test time.
· -
The test time used above is significantly above the “minimum test time” governed by physical layer parameters. Therefore the number of iterations can be chosen to be 3. 
· -
For stress tests, iteration number and time is FFS.
Table 5.7.3-1 – Test Times for 5G NR App Tput

	Channel Profile
	Test Time per iteration
(seconds)

	Static
	60s

	100 Hz/400 Hz
	60s

	10 Hz
	90s
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