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1.
Introduction

A requirement on reference sensitivity was discussed at #84 meeting and there was a comment that test time was one of a concern when measuring CDF EIS for mmWave. 
We introduce our view on the methodologies of CDF EIS and also show our approximate estimation of test time by those methodologies.  


2. Discussion
At the RAN4 #84 meeting in Berlin, WF on reference sensitivity for mmWave [1] was agreed and there are 3 options to define requirements as follows.

· Option1: Defined as Beam Peak EIS or

· Option2: Defined as a CDF EIS 

[A %] EIS CDF : The percentile and # of points of CDF curve will be FFS.

· Option3 : Defined as Beam Peak and CDF EIS combinations
  Since there was a comment to concern a test time of CDF EIS, we studied methodologies of CDF EIS and show our approximate estimation of the test time for those methodologies. 

2.1 Methodologies on CDF EIS 
When we consider methodologies on EIS, a fundamental metric of EIS is throughput. There might be 2 kinds of approaches to measure CDF EIS depending on a criterion to judge pass / fail.
Observation 1: 2 kinds of approaches can be considered to measure CDF EIS.

Option 1: Find an input power level which is the closest to a defined requirement of throughput (such as 95%) by changing an input power with a certain step at every test point.

Option 2: Just measure a throughput at each test point with defined REFSENS levels.
We will show characteristics of each option below.
· Option 1 

  This methodology is a straightforward way to plot a CDF curve as REFSENS (A transverse factor is an input power level.). A test time depends on a receiver performance of DUT and a resolution of measurement step which we search for a level to reach a certain throughput. This option might require longer test time than option 2. But there is a benefit that we do not need to concern a possibility of a link failure during the test caused by a variety of sensitivity of DUT receiver.

 A proposal to curtail the test time with this option is introduced in a companion paper [2].  
Figure 1 shows an image of CDF for option 1, just same as already discussed papers.
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Figure 1. Image of CDF EIS for Option 1
· Option 2
  Basically this methodology does not need to obtain a CDF curve. A test time depends on a number of defined requirements. And a pass/fail criterion is a rate of total number of test points which reach to a required throughput (Fundamentally similar idea with option 1.). For example, suppose two requirements are defined such as -88dBm at 80%-tile and -93dBm at 20%-tile as REFSENS, and required throughput is 95%. Then pass/fail is judged whether 80% of total test points fulfill 95% throughput with -88dBm and 20% of test points fulfill with -93dBm. Therefore this option might be shorter in test time than option 1. However there is a concern of a link failure during the test depending on a test point and a receiver performance of a DUT. So we need to consider a countermeasure against this (e.g. Set a longer timer of T310 [3] in case we receive a link failure report.). 
Observation 2: Possibility and influence of a link failure need to be studied for option 2.

In summary, we show a comparison of option 1 and 2 in table 2.1-1.
Observation 3: Comparison of option 1 and 2 is shown in table 2.1-1. Each option has pros and cons related to test time and measurement procedure.
Table 2.1-1 Comparison table of methodology in CDF EIS

	
	Plot CDF with
	Pros
	Cons

	Option 1
	REFSENS
	Directly linked with REFSENS requirement.

No need to concern a link failure during test.
	Test time mainly depends on a receiver performance of a DUT and a resolution of measurement step. (Longer test time than option 2 is expected.)

	Option 2
	No need of CDF
	Test time mainly depends on a number of defined requirements. (Shorter test time than option 1 is expected.)
	Concern of a link failure during test. Need to implement a countermeasure in a test equipment.


2.2 Estimation of test time for each option 
An approximate estimation of test time for each option can be calculated by following conditions. Since the test conditions are not decided yet, we tentatively set them from discussions of other RF requirements and also from the existing LTE requirements.
Option 1 

1) Measurement time of throughput for one input power level at one test point : 2 seconds
  (The time can vary depending on the assumption whether we keep a same condition with 1CC for LTE case or CA case. In this case we chose the condition of the CA case for LTE, approximately 1000 subframe-sampling per test = 2000 ms for TDD. [4])

2) Average number of steps to change input power per test point : 10 steps (e.g. -85 to -95 dBm with 1 dB step.)
3) Resolution of measurement step per test point : 1 dB

4) Total number of test points : 266 points (e.g. 15 degrees sampling grid over a whole sphere.)
5) Time to move a measurement prove (or a positioner of DUT) from one test point to another : 2 sec

Assume DUT can follow a receiving direction within this time period. 

6) Other conditions such as number of test points per frequency range, number of channel BW, ambient temperature conditions and voltage for power source are TBD. In this estimation, we simply set these conditions as 1.
Total test time of option 1 can be estimated as follows.

(2 sec * 10 steps * 266 points + 2 sec * 266 points) * 1 condition = 5852 sec = 97.5 min. = 1.6 hours
Suppose if measurement time per one input power level per one test point can be 1 sec, and total number of test points be 180 points (20 degrees grid), then the measurement time can be as follows.

1 sec * 10 steps * 180 points + 2 sec * 180 points = 2160 sec = 36 min.
Option 2 

1) Measurement time of throughput for one input power level at one test point : 2 seconds (same as option 1)
2) Number of input power levels per test point : 2 (e.g. 20 %-tile and 80%- tile REFSENS)

3) Total number of test points : 266 points (same as option 1)
4) Time to move a measurement prove (or a positioner of DUT) from one test point to another : 2 sec 
Assume DUT can follow a receiving direction within this time period.

5) It is assumed that any link failure does not occur by some solutions of test equipment.
6) Other conditions such as number of test points per frequency range, number of channel BW, ambient temperature conditions and voltage for power source are TBD. In this estimation, we simply set these conditions as 1.

Total test time of option 2 

(2 sec * 2 power levels * 266 points + 2 sec * 266 points) * 1 condition = 1596 sec = 26.6 min.
Suppose if measurement time per one input power level per one test point can be 1 sec and total number of test points be 180 points (20 degrees grid), then the measurement time can be as follows.
1 sec * 2 power levels * 180 points + 2 sec * 180 points = 720 sec = 12 min
Observation 4: Approximate estimation of total test time of CDF EIS is shown in table 2.2-1. Further study to decide test conditions is needed.
Table 2.2-1 Approximate estimation of total measurement time of CDF EIS

	
	Measurement time per one input power level
	Total number of test points
	Total test time (per one condition  [*1])

	Option 1
	2 sec
	266 points (15 deg. grid)
	97.5 min. = 1.6 hours

	
	1 sec
	180 points (20 deg. grid)
	36 min.

	Option 2
	2 sec
	266 points (15 deg. grid)
	26.6 min.

	
	1 sec
	180 points (20 deg. grid)
	12 min


*1: Condition here represents number of test points per frequency range, number of channel BW, ambient temperature conditions and voltage for power source which are defined in TS36.521-1. 


3.
Conclusion
In this paper we showed our view on methodologies of CDF EIS for mmWave and also tried calculating approximate test time for 2 methodologies.
Observation 1: 2 kinds of approaches can be considered to measure CDF EIS.

Option 1: Find an input power level which is the closest to a defined requirement of throughput (such as 95%) by changing an input power with a certain step at every test point.

Option 2: Just measure a throughput at each test point with a defined REFSENS level.
Observation 2: Possibility and influence of a link failure need to be studied for option 2.

Observation 3: Comparison of option 1 and 2 is shown in table 2.1-1. Each option has pros and cons related to test time and measurement procedure.
Observation 4: Approximate estimation of total test time of CDF EIS is shown in table 2.2-1. Further study to decide test conditions is needed.
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