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Introduction
As the consideration of mmWave UE MOP and REFSENS have many common background and understanding. This contribution focuses on the difference of REFSENS and MOP, more detail background can be found in the MOP contribution [6].
Discussion
LTE TRS/EIS concepts
EIS (effective isotropic sensitivity) is defined as the power available at the antenna output such as the sensitivity threshold is achieved for each polarization, the TPS (Total Radiated Sensitivity) or also called TIS (Total Isotropic Sensitivity) is the average spherical effective radiated receiver sensitivity. The relationship of EIS and TRS are represented as the following formula.

		(Equation 1)
 and  represent the two polarizations and the interpretation can be found in Figure 1.
[image: ]
Figure 1:  and  interpretation (copied from TR 25.914 Figure 7.3)
In LTE discussion, it was decided TRS is the requirement of radiated sensitivity because a whole picture of EIS on the sphere is needed.
In the TRS test, measurement is similar with TRP with the difference that TRS data sampling points are less than TRP. It was deemed data points taken every 30 degrees in the theta () and in the phi () axes are sufficient to fully characterize the EUT's total isotropic sensitivity. Then total of 60 measurements for each of the two polarizations are needed [2]. That’s the measurement points per band and per mode. If multiple bands and multiple modes are supported the number of samples should be multiplied with the bands number and mode number. Current testing time is about 90 minutes for 3 frequencies TRS measurement [3]. The TRS time is much longer than TRP because throughput needs to be calculated and the signal level needs to be adjusted to find the minimum level.
Similar with TRP test, single probe or multiple probes system can be used. Multiple probe system can do the elevation direction scanning electrically while single probe system needs DUT to be rotated for both  and  direction. The picture can be found in [6] and the detail can be further found in [1].
The same treatment with power charging and other cables for TRS, the DUT is operated in stand-alone battery powered mode when the measurement is going on. Usually TRS test needs Smartphone being recharged because the test time for TRS is much longer than TRP.
NR consideration
With the antenna behaviour difference between NR HF and LTE [6], there’s the similar observation that EIS is the right requirement for HF UE REFSENS. Because if the beam direction doesn’t change for every measurement, it doesn’t make sense to measure the area where beam can’t steer to and neither do the average on the sphere.
If the beam direction can be changed, i.e. different antenna array can be used, the decision needs to be made between average EIS or minimum/best EIS, which should be discussed further. Our preliminary view for EIS is the same with EIRP that covering the entire sphere is pretty difficult for HF UE, a mandatory range or UE declared range can be measured. The requirement could be minimum performance in the range. Whether best performance should also be defined needs discussion and decision. There seems a trade off here, more covering range may lead to worse minimum performance. As discussion in the output power contribution [6], the EIS test point number should also be restricted when beam alignment and signal level adjustment is needed. It can be expected that NR HF EIS test will be more time consuming than LTE EIS because every new test point needs a new beam management.
Based on the considerations, we have the following observations.
Observation 1: EIS can be the requirement of mmWave UE output power while TRS is not.
Observation 2: Defining a mandatory beam scanning range or UE declaration of the range could be the potential solution considering the challenge for mmWave antenna.
Observation 3: Test grid point number should be considered to be decreased compared with LTE.
Observation 4: Minimum (and best) EIS could be a choice for the REFSENS requirement for further discussion.
Conclusion
This contribution discusses the LTE UE OTA TRP concepts and the new challenge of NR UE antenna. The following observations are provided.
Observation 1: EIS can be the requirement of mmWave UE output power while TRS is not.
Observation 2: Defining a mandatory beam scanning range or UE declaration of the range can be the potential solution considering the challenge for mmWave antenna.
Observation 3: Test grid point number should be considered to be decreased compared with LTE.
Observation 4: Minimum (and best) EIS could be a choice for the REFSENS requirement for further discussion.
References
[1] TR 25.914
[2] CTIA test plan v3.6.2
[3] www.satimo.com/sites/www.satimo.com/files/OTA_Measurement_Suite.pdf
[4] R4-168786, “WF on UE RF requirements for mmWave”, Qualcomm Incorporated
[5] R4-167413, “Consideration on UE HF output power and REFSENS”, Huawei, HiSilicon
[6] R4-1609722, “mmWave UE MOP consideration”, Huawei, HiSilicon
3GPP
image2.wmf
Z

Y

X

q

f

E

q

E

f


image1.wmf
2

111

00

1111

4

11

[]sin

(,)(,)

TRS

dd

EISEIS

pp

qf

p

qqf

qfqf

=

+

òò


oleObject1.bin

