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1.
Introduction

At the #84 meeting, agreement was made on the test interface to lock the mmWave UE beam for TRP measurement so called UBF (UE Beamlock Function) [1][2]. However whether the UBF should control Tx/Rx beam independently is still FFS [3][4]. In this contribution we study the necessity of the independent UBF control from a viewpoint of the UE beam profile under test and a link failure. 


2. Discussion

2.1. UE beam profile
 We referred the model of the antenna and beam forming pattern from TR 38.803 section 5.2.3 [5]. Composite antenna pattern and UE antenna element pattern are extracted in the annex in this paper. Figure 2.1-1 shows the radiation pattern of 8x2 patch antenna elements with a radiation to boresight.
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Figure 2.1-1 Radiation pattern of 8x2 patch antenna

2.2. Concern on the TRP measurement with beamlocked mode
 From a current assumption of UBF, we assume that we have only one test antenna and no link antenna for test setup. In that case, during the TRP measurement, if the UBF locks both the Tx/Rx direction, there is a concern that the measurement antenna faces to the null point of the mmWave UE beam since the beam is locked to the Tx beam peak direction and can be rotated to any direction. As depicted in figure 2.2-1, we can expect that the test equipment might lose a call connection between the UE because of the failure to receive RSRP signals from the UE. 

[image: image2]
Figure 2.2-1 Example of TRP measurement and link failure (in a case the UL/DL beams are locked)
Observation 1: There is a concern of the link failure between the UE and the test equipment during the TRP measurement because of the TRx beam locked mode and also an existence of null points around the UE. 
There are some solutions to avoid such a situation.
(a) Set a longer timer (T310)[6] to the UE to avoid the link failure for a certain period of time and find the stronger signals. 
(b) Separate a control of the UBF and only lock the Tx beam of UE during the TRP measurement. Rx beam can keep tracking the DL signals from the test equipment.
(c) Newly introduce a test mode that UE only keep transmitting the Tx beam and stops transmitting/ receiving control signals between the test equipment.

(d) Set independent link antenna(s) in a chamber to maintain the link between the test equipment and UE, just like already introduced in TR 38.810 as one of the test setup of DFF. 

Image of the solution (b) is depicted in figure 2.2-2.


[image: image3]
Figure 2.2-2 Image of solution (b) (in a case the UE rotates)
2.3. Comparison of solutions

Table 2.3-1 shows comparison of the solutions above.
Table 2.3-1 Comparison of solutions against the link failure during TRP measurement

	Solution
	Pros
	Cons

	(a)
	Measurement antenna can be used as a link antenna.
	Longer measurement time is expected.
Concern of timeout with T310 timer.
Half sphere of UE may not be able to be measured.

	(b)
	Measurement antenna can be used as a link antenna.
UE can receive DL signals with a constant SNR.
	Independent Tx/Rx direction control of UE is needed.
Test antenna still cannot receive UL signals. 

	(c)
	No additional link antenna required.
No concern to take care of DL/UL signals.
	Additional control of UE (test mode) is needed.
Not same operation with an actual environment.
Synchronization issue might occur due to the lack of DL signals.

	(d)
	Possible to exchange DL/UL signals.
	Increase of the test system complexity/size. (Additional cable, complex control between test antenna and link antenna, etc.)
Increase of influences to the quiet zone.


Considering the feasibility of the TRP measurement, solution (a) can actually endure the certain period of time without a connection. But since there is not a guarantee that the connection will recover within the applied timer threshold, and also from the viewpoint of the test time, it seems solution (a) has a feasibility issue. Solution (d) seems much similar to an actual operation. However from the viewpoint of the test system complexity and also it is quite difficult to include the influence to the measurement uncertainty, we do not think it is a practical solution. Therefore we propose to choose either solution (b) or (c). 
Proposal 1: RAN4 to choose either solution (b) or (c).


3. Conclusion
We studied the necessity of the independent UBF control from a viewpoint of the UE beam profile under test and a link failure.
Observation 1: There is a concern of the link failure between the UE and the test equipment during the TRP measurement because of the TRx beam locked mode and also an existence of null points around the UE.

Proposal 1: RAN4 to choose either solution (b) or (c).

TP to TR 38.810 [7] should be prepared based on the decision.
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5. Annex

Antenna and beam forming pattern modelling for mmWave UE are described as follows.

Table 5.2.3.1-1: Composite antenna pattern

	Parameter
	Values

	Composite Array radiation pattern in dB 
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	For beam i:
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the super position vector is given by:
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the weighting is given by:
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Table 5.2.3.3-1: UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) 
	 (1, 1, 2, 2, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	NOTE:
This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.


UL beam direction





DL signals from the test antenna may not be received by the UE antenna.


UL signals from the UE may not be received by the test antenna. (No signal condition) 





Test antenna





Measurement antenna





DL signals





Rx direction always tracks DL signals





Tx beam rotates along with UE
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