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1.
Introduction

In RAN4#84, it has been decided as a WF that the detail REFSENS requirement shall be discussed and decided as one of the options below [1].
· Option1 : Defined as Beam Peak EIS
· Option2 : Defined as a CDF EIS
· Option3 : Defined as Beam Peak and CDF EIS combinations
The measurement time could be a shortcoming of CDF EIS, because it would be necessary to search for an EIS level with which a DUT attains the pre-defined throughput at each of the multiple measurement points on the sphere.  This paper proposes a way to curtail the measurement time of CDF EIS in which the Rx-front-end including array-antennas and the common demodulator after MRC are evaluated separately.


2. Discussion
2.1 An idea to curtail CDF EIS Measurement time
  When we try to evaluate the CDF EIS of a DUT in a straight forward way, the measurement procedure would be as the following.
1. Set the angle between a DUT and the measurement/link antenna to one of the measurement points (m = 1,2,…,M) and set the DL-signal power to a certain level.
2. Wait for a time in which a DUT should finish steering its Rx-beam towards the DL-signal from the measurement /link antenna.
3. Measure the DL-signal throughput.
4. Change the DL-signal power corresponding with EIS-level([image: image2.png]EIS(m)



) by one step and go to step3 until the throughput get close enough to the pre-defined target one to find the EIS-level to make a CDF([image: image4.png]ElS; gy ger (M)



).
5. Continue step1 to 4 until the EIS measurements at all the measurement points (m = 1,2,…,M) finish.
 Following this procedure, it would take long measurement time to make a CDF EIS.
Observation1: The CDF EIS measurement time would be long when measured in a straight forward way, because of the necessity to search for EIS levels corresponding to the target throughput at all the measurement points.
 In order to think of a way to shorten the CDF EIS measurement time, it could be useful to review the assumed UE Rx structure.  It has been agreed as a WF that “REFSENS requirement shall be based on DL MRC diversity(rank 1 with two receivers)” [2].  In short, it is assumed that the number of array antennas on an NR UE is basically two and the received signals at those array antennas shall be combined to make the combined-signal SNR the highest as much as possible.  The image of NR UE Rx blocks can be written as Figure 2.1.
 Taking account of the fact that a DUT (NR UE) should have a set of array antennas (basically two array antennas) and only a common demodulator after the MRC, which is “2nd half of demodulator” in Figure 2.1, we can think of an idea that the set of array antennas and the common demodulator after the MRC can be evaluated separately to curtail the CDF EIS measurement time.


Figure 2.1  Image of UE Rx blocks
 The basic idea is as the following.
· The throughput shall be determined by the SNR of the signal combined by MRC.
· The linear-SNR of the signal combined by MRC should be the summation of the linear-SNRs of the signals fed into the MRC block according to the signal processing theory. ( Here, what is called “linear-SNR” is the ratio between a linear signal power and a linear noise power, each of which is expressed in watt, although SNR is also expressed in dB. ) 
· If it is assumed that the noise floor level is common among the MRC block inputs, the linear-SNR of the signal combined by MRC shall be proportional to the summation of the linear signal powers fed into the MRC block or the summation of the linear powers from the array antennas on the DUT.  In short, the throughput shall be determined by the summation of the linear signal powers of all the array antennas.  (Here, it seems reasonable to assume that the signal level or SNR is constant across the signal bandwidth, since it would be possible to ignore multipath in an anechoic-chamber measurement environment.)
[image: image5.png]Fylm) | Fl
By By

(Linear SNR of the signal combined by MRC at measurement point "m) =

P (m) + Py (m) _ Prorar (m)
P, = T B,





Here, the notations are defined at the m-th measurement point as below.
[image: image7.png]P, (m)





: Linear signal power fed into the MRC block from the 1st array antenna
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: Linear signal power fed into the MRC block from the 2nd array antenna
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: Linear noise-floor power at the MRC block input
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: Summation of the linear signal powers fed into the MRC block (= [image: image15.png]Poy(m) + P, (m)



)
· If the signal powers corresponding with all the array antennas can be measured and reported by the DUT, it should be possible to know the correspondence between the throughput and the summation of the measured linear powers.
· Once a test system gets at the first measurement point (m=1) the summation of the measured linear powers with which the DUT attains the target throughput, it would be possible to estimate the EIS level to attain the target throughput at the m-th measurement point by just checking the correspondence between the summation of the measured linear powers and [image: image17.png]EIS(m)



 at the rest of the measurement points (m = 2, 3,…, M).
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Here, the notations are defined as below.
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: The EIS level to attain the target throughput at the m-th measurement point
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: The EIS level at the m-th measurement point
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: Summation of the linear signal powers fed into the MRC block to attain the target throughput
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: Summation of the linear signal powers fed into the MRC block when the EIS level is EIS(m)
Observation2: Once a test system gets at the first measurement point (m=1) the summation of the measured linear powers with which the DUT attains the target throughput (=[image: image28.png]P:otal@target



), it would be possible to estimate the EIS level to attain the target throughput　at the m-th measurement point ([image: image30.png]EIS;rgec (M)



) by just checking the correspondence between the summation of the measured linear powers (=[image: image32.png]


) and [image: image34.png]EIS(m)



 at the rest of the measurement points (m = 2, 3,…, M).
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According to the idea above, the following procedure would be able to curtail the CDF EIS measurement time, where the performance of the common demodulator is evaluated at the first measurement point by throughput measurement and the performance of the front-end including the array antennas is evaluated by checking the relative received-power changes by RSSI measurement reports.
1. Set the angle between a DUT and the measurement/link antenna to the first measurement point (m = 1) and set the DL-signal power to a certain level.
2. Wait for a time in which a DUT should finish steering its Rx-beam towards the DL-signal from the measurement /link antenna.
3. Measure the DL-signal throughput.
4. Change the DL-signal power corresponding with EIS-level([image: image37.png]EIS(1)



) by one step and go to step3 until the throughput get close enough to the pre-defined target one to find the EIS-level to make a CDF([image: image39.png]ElS; gy ger (1)



).
5. Set hereafter the DL-signal power to the power [image: image41.png]


[dB] higher than the one corresponding with [image: image43.png]ElS; gy ger (1)



.
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Here, the notation of [image: image46.png]


 is an appropriate power margin to avoid a link failure.  One of the candidates for the value of [image: image48.png]


 is a possible sensitivity-gain-deviation at the beam peak of various beam  directions. 
6. Make the DUT report the RSSI measurement powers for all the array antennas.  The summation of those measured powers shall be calculated to make [image: image50.png]Protai@target



.
7. Set the angle between a DUT and the measurement/link antenna to the one for the m-th measurement point (m = 2,3,…,M).
8. Wait for a time in which a DUT should finish steering its Rx-beam towards the DL-signal from the measurement /link antenna.
9. Make the DUT report the RSSI measurement powers for all the array antennas.  The summation of those measured powers shall be calculated to make [image: image52.png]Prorar (m)



.  The EIS-level to make a CDF([image: image54.png]ElS; gy ger (M)



) can be calculated by :
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10. Continue step7 to 9 until the measurements at all the measurement points (m = 2,…,M) finish.
In relation with this proposed CDF EIS measurement procedure, the following observation is to be found.
Observation3:  If NR UE supports measurement reporting of RSSI corresponding with each of the array antennas or RSSI corresponding with the output of MRC, that could be beneficial to estimate CDF EIS in a shorter measurement time.
Observation4: It needs to note that the linearity of the RSSI measurement should be tested beforehand in order to use it for the CDF EIS measurement in the way to curtail the measurement time.
2.2 Estimation of test time
 This section shows the estimated test time for each of the straight forward way and the proposed way.  
The estimation of test time for the straight forward way : 
The test conditions are assumed as below in the same way as the companion paper of [3].
1) Measurement time of throughput for one input power level at one test point : 2 seconds
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
It is assume that the DUT should finish steering its Rx-beam towards the DL-signal from the measurement /link antenna 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.
 (2 sec * 10 steps * 266 points + 2 sec * 266 points) * 1 condition = 5852 sec = 97.5 min. = 1.6 hours
The estimation of test time for the proposed way :
The test conditions are assumed as below
1) Measurement time of throughput for one input power level at one test point : 2 seconds
2) The number of steps to change input power at the first measurement point : 10 steps
3) Total number of test points : 266 points (e.g. 15 degrees sampling grid over a whole sphere.)
4) Time to move a measurement prove (or a positioner of DUT) from one test point to another : 2 sec
It is assumed that the DUT should finish steering its Rx-beam towards the DL-signal from the measurement /link antenna within this time period. 
5) The time to receive an RSSI measurement report from the DUT : 20msec
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.
(2 sec * 10 steps + (2 sec + 20msec) * 266 points) * 1 condition = 557.32 sec = 9.3 min. = 0.15 hours


3.
Conclusion
This paper showed the idea to curtail the CDF EIS measurement time and had the following observations.
Observation1: The CDF EIS measurement time would be long when measured in a straight forward way, because of the necessity to search for EIS levels corresponding to the target throughput at all the measurement points.
Observation2: Once a test system gets at the first measurement point (m=1) the summation of the measured linear powers with which the DUT attains the target throughput (=[image: image57.png]P:otal@target



), it would be possible to estimate the EIS level to attain the target throughput　at the m-th measurement point ([image: image59.png]EIS;rgec (M)



) by just checking the correspondence between the summation of the measured linear powers (=[image: image61.png]


) and [image: image63.png]EIS(m)



 at the rest of the measurement points (m = 2, 3,…, M).
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Observation3:  If NR UE supports measurement reporting of RSSI corresponding with each of the array antennas, that could be beneficial to estimate CDF EIS in a shorter measurement time.

Observation4: It needs to note that the linearity of the RSSI measurement should be tested beforehand in order to use it for the CDF EIS measurement in the way to curtail the measurement time.
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