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1.
Introduction

According to the TR38.803[1], some TRx requirements are tested with metric of TRP. Following table summarizes the metric and type (In-band or Out-of-band) of the concerning tests.
Table 1 Test case list for which TRP measurement is required

	Test Case
	Metric(TR 38.803[1])
	Type

	Transmitter Maximum Output Power
	EIRP / CDF
(Discussion ongoing to introduce Max. TRP metric as well [2] )
	In-band

	Transmit OFF power
	Max. TRP
	In-band

	Occupied bandwidth
	Max. TRP
	In-band

	Spectrum Emission Mask
	Max. TRP
	In-band

	Adjacent Channel Leakage power Ratio
	Max. TRP
	In-band

	General Spurious emissions
	Max. TRP
	Out-of-band

	Spurious emission UE-to-UE coexistence
	Max. TRP
	Out-of-band

	Additional spurious emissions
	Max. TRP
	Out-of-band

	Transmit intermodulation
	Max. TRP
	In-band

	Receiver Spurious emissions
	Max. TRP
	Out-of-band



No discussion was held so far about the beam configuration for TRP measurement. This will leave the unclearness for the test system implementation. The purpose of this paper is to clarify the beam configuration for TRP measurement. Note that this discussion can be applied regardless of the test methods; direct FF, NF or CATR except that test time estimation is based on direct FF method.


2. Discussion
Because of the different absorption characteristic of the UE parts(cases, display, etc…), TRP value could vary depending on the beam configuration (direction) . Hence, it is required to clarify the beam direction when TRP is measured. 
We have several options for the beam configuration for TRP measurement.

Option 1 : Arbitral direction or Pre-defined direction
Option 2 : Beam direction where TRP becomes maximum
Option 3 : Measure the TRP for each available beam configurations assuming UEs have discrete beam configurations

Option 4 : Beam direction where EIRP becomes maximum

Pros, Cons and estimated measurement time (for single set of parameters: RB allocation, frequency, frequency range…) for each option are summarized as follows. Details of measurement time estimation are shown in Annex A.
Table 2 Pros and Cons for each option

	
	Pros
	Cons
	Estimated meas. time

	Option 1
	Test time is shorter than others as there is no need to find the appropriate beam configuration for measurement.
	Technical justification is unclear.

No guarantee that TRP values gives maximum. Hence we have a risk of violating the requirement. 
	9.0 [min]

	Option 2
	Maximum TRP can be measured. There is no risk of violating the requirement.
	Test time would increase drastically as measurement of the power for the entire sphere for all of the beam direction is required. i.e. measurement of the power on 266*266 = 70756 points will be required assuming the 15 degree longitude-latitude grid.
	39.7 [hrs]

	Option 3
	Maximum TRP can be measured hence there is no risk of violating the requirement. Test time can be shorter than Option 2 depending on the number of possible (discrete) beam configuration of the UE.
	Test time depends on the UE implementation on the number of possible beam configuration NB. UE’s declaration on the possible beam directions should be mandated.
	9.0 * NB [min]

	Option 4
	Test time is shorter than the Option 2. 

The risk of violating the requirement can be considered less than Option 1. This is because maximum EIRP direction is considered to give “almost” maximum TRP” as TRP is a linear average of the EIRP for all sphere, and boresight EIRP is considered as dominant contributor for TRP value especially for the sharp beam UE.
	Based on the assumption that maximum EIRP direction gives the almost maximum TRP. It’s unclear we can conclude this assumption is true.


	17.9 [min]


We discuss the in-band test and out-of-band separately hereafter. However, it seems Option 2 is not realistic choice from the view point of test time regardless of in-band or out-of-band. So, we propose to exclude Option 2 from the candidates.
Proposal 1: Exclude Option 2 from candidate beam configuration for TRP measurement.
In-band tests 
It seems Option 4 gives the good trade-off between test time and accuracy of the measurement and is agreeable. Also, if it is possible to assume that UE’s possible beam directions are not so many, around 10 or so for example, Option 3 would be also a good option to go. Also, If we can say that variation of the TRP by the beam direction is small enough, Option 1 can be also agreed. The decision would depend on these questions, so following is proposed.
Proposal 2: RAN4 to study and decide the option from Option 1, 3 or 4 for in-band tests considering the following questions.
Question 1 : Does TRP change depending on the beam direction and how much level ?
Question 2 : Does the assumption “maximum EIRP direction gives the almost maximum TRP” can be considered true ?
Question 3 : How many number of beam directions can be assumed in the practical UE implementation?
Out-of-band tests

Out-of-band tests in Table 1 are all spurious related tests. Since spurious is not always radiated from the UE antenna but also from other parts of the UE, the situation is different from in-band tests.

If we can say that the spurious emission is not affected by the wanted signal’s beam direction, Option 1 would be the best option to be adopted. If the spurious emission depends on the wanted signal’s beam direction, then we need to consider the other options. However, it may be difficult to apply Option 4 for the spurious emission as spurious emission would not always form a sharp beam. In this meaning, Option 1 and Option 3 would be a possible option.

We should touch the test time aspect for spurious emission test as it can become quitelong because we need to measure wide range of frequencies e.g. 30MHz to 80GHz. According to [3], 88,698 frequency points are estimated for measurement of general spurious emission and total measurement time will become several days even for the measurement for single beam direction. Hence, shorter test time for each frequency point is highly desired from the test time point of view. With this reason, Option 1 is more preferred than Option 3. On the other hand, there are some considerations to reduce the test time for spurious emission test. [4] presented the idea to reduce the frequency points by the concept of “pre-scanning” and thinning of the frequency points, i.e. perform peak EIRP measurement instead of TRP for some frequency points, though no concrete procedure is considered so far. Also, [3] mentioned that possibility of leaving some frequency ranges to EMC test is proposed. If frequency points for which full TRP measurement is required can be reduced dramatically by these ideas, Option 3 can become a realistic option.
Proposal 3: RAN4 to study and decide the option from Option 1 or 3 for out-of-band tests considering the following questions.
Question 4 : Is the spurious emission affected by the beam direction and how much level ?
Question 5 : How many of the frequency points for full TRP measurement can be reduced for spurious emission test by the idea for example in [4] and [3]?


3.
Conclusion
In this paper, clarification of the beam configuration for TRP measurement is discussed. Following is proposed for beam configuration for TRP measurement.
Proposal 1: RAN4 to exclude Option 2 from candidate beam configuration for TRP measurement.
Proposal 2: RAN4 to study and decide the option from Option 1, 3 or 4 for in-band tests considering the following questions.

Question 1 : Does TRP change depending on the beam direction and how much level ?
Question 2 : Does the assumption “maximum EIRP direction gives the almost maximum TRP” can be considered true ?
Question 3 : How many number of beam directions can be assumed in the practical UE implementation?

Proposal 3: RAN4 to study and decide the option from Option 1 or 3 for out-of-band tests considering the following questions.

Question 4 : Is the spurious emission affected by the beam direction and how much level ?
Question 5 : How many of the frequency points for full TRP measurement can be reduced for spurious emission test by the idea for example in [4] and [3]?


4. References

[1] TR 38.803, “Study on new radio access technology: Radio Frequency (RF) and co-existence aspects”, v0.0.2, 
[2] R4-1710081, “WF on Power class for mm Wave”, RAN4 NR #3 Adhoc, Nagoya, Japan, Sep 2017

[3] R4-1707230, “Estimation of general spurious emission test time for mmWave UE”, RAN4#84, Anritsu, Berlin, Germany, Aug. 2017.
[4] R4-1709745, “Importance of pre-scan to reduce mmW UE unwanted emissions test time”, Qualcomm, RAN4 NR #3 Adhoc, Nagoya, Japan, Sep 2017
Appendix A : Test time estimation for each option
Common assumption for the measurement is as follows.
· Measurement time for 1 point : 10ms 
· Rotation time ( 15 degree ) : 2000ms / point

· Grid for beam direction : 266 points (15 degree grid)

· Grid for power measurement for single beam direction : 266 points (15 degree grid)

· Polarization direction: 2 (Assume each polarization direction is measured separately).
· Measure single frequency for each measurement point.
Based on the above assumption, test time for each option for single set of configuration (RB allocation, BW, frequency, frequency range etc… ) can be derived as follows.
Option 1 : ( 10 * 2 + 2000 ) * 266 [ms] ≈ 9.0 [min]
Option 2 : ( 10 * 2 + 2000 ) * 266 * 266 [ms] ≈ 39.7 [hrs]
Option 3 : ( 10 * 2 + 2000 ) * 266 * NB  [ms] ≈ 9.0 * NB [min]
Option 4 : ( 10 * 2 + 2000) * 266  + ( 10 * 2 + 2000 ) * 266 [ms] ≈ 17.9 [min] 
Test time for Option 4 can be reduced to 9.0 min when beam direction can be determined from the result of other tests where CDF of EIRP is measured. ( e.g. Maximum Output Power tests )
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