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1 Background

In [1] we discussed the virtues of a UE test mode by which the TX/RX beam is locked for some TX test cases. This mode would be used in addition to the CDF verification method and would essentially be the same mode of operation as the beam-locked UEs discussed for off-axis measurements [2]. In this contribution we propose that test cases for transmitter characteristics shall be based on a beam-locked test mode unless coverage efficiency or verification of beam sweeping is considered. This is obviously subject to the feasibility of implementing such a test mode. 
For verification of AAS characteristics the beams are fixed in order to simplify the tests. The direction of the beams are picked such that the the intended coverage area is covered. For the UE the choice of the fixed beam directions is less obvious, but could be the physical boresight directions to start with. The tests will be carried out in free space.
A beam-locked mode would also be useful for verifiying receiver characteristics.
2 Unwanted emissions requirements
The unwanted emissions requirements (OOBE and spurious emsissions) are verified by a TRP measurement, and apply for any beam direction at “any” point in time; for LTE the unwanted emissions are “evaluated” for the duration of a slot. If the beam speeping and the CDF method is used for verification, more than one sub-array/beam may be active during the spherical scan. The sub-arrays will be fed by different front-ends (PA) that may have different transmitter characteristics. Moreover, it must be ascertained that the output power of the PAs driving the sub-arrays are always at maximum level for the entire duration of the spherical scan. Using a beam-locked test mode, on the other hand, the verification would be carried out on a limited set of beams but the characteristics of the fron-end will not vary during the spherical scan. This is also assuming that the power control can be fixed in the beam-locked mode in order to make sure the PAs are opedrating at maximum power e.g. following a sequence of power-control UP commands.

It may also be relevant to verify the unwanted emissions with beam sweeping active, which may generate switching transients. Then a long-term average of the radiated power over a spherical scan may be considered. Then the beams should obviously not be locked.
Proposal 1: a test mode with the UE beam locked for a fixed set of beams is used for verification of unwanted emissions requirements. It is also proposed that the output power is fixed for the duration of the spherical scan.

3 Output power 

For verification of output power both a beam-locked mode and beam sweeping should be employed. 
The lower limit of a power class (EIRP) will account for allowed UE power back-off (MPR) and should be verficied in beam-locked mode; beam sweeping may involve multiple sub-arrays with different transmitter characteristics. While the EIRP of the fixed beams must also be below the upper limit of a power class (probably regulatory), the upper limit could also be measured using beam sweeping to verify that regulatory requirements are always met.

Requirements verified by TRP measurements should be verified in beam-locked mode; the requirement on maximum TRP for limiting UL interference the beam-locked mode is more viable since the requirement itself is essentially a requirement on the minimum directivity of a particular beam. 
For verifying the coverage efficiency, only the beam sweeping with the CDF method is relevant.
Proposal 2: a test mode with the UE beam locked for a fixed set of beams is used for verification of output power requirements, possibly in conjunction with a beam-sweeping mode. For verifying coverage efficiency, only beam sweeping with the CDF method is relevant.
4 Output power dynamics: power control and PHR
For verifying power control accuracy the bame-locked mode should be used as discussed in [1]; this regardless of the specification of the beam-specific power control and the estimation of the PL used in open-loop control. 

RAN1 has agreed that the power control is beam specific, the exact meaning of this is still TBD.. At any rate, it may not be relevant to employ CDF values obtained by e.g. switch diversity of the UE beams for power control verification if one particular UE sub-array is used in the beam pair; the test equipment is not aware of the UE sub-array(s) used for the transmission in a particular test direction as displayed in Figure 1. Furthermore, the sub-arrays can be implemented with different antenna types and RF front ends as discussed in the previous sections. 
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Figure 1: a UE utilizing one of its sub-arrays for communication with the test equipment SS.
The beam-locked mode should be used regardless of the Pcmax definition and the PL estimation. 
In case of beam misalignment in verification of absolute accuracy, the path loss estimate may be offset if this is not transparent to the UE antenna gain. This may lead to a power offset in the absolute UE eirp. Figure 2 illustrates the case in which the UE beam towards the gNB emulator is misaligned. Supposing that the gNB emulator (SS) is located in the direction shown by the radiation intensity STX and that the TX and RX antenna beams are identical, an error in the estimation of the actual UE RX gain – if feasible at all – in the direction of the SS could lead to a corresponding estimation error of the PL and the required eirp. At any rate, the UE beamforming should be locked for the duration of the test to prevent the UE from switching beams, which may lead to larger measurement errors in the test (the gNB emulator is supposedly not aware of the beam switching).
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Figure 2: radiated power intensity STX sufficiently and the transmitter power PT.

For the test of the relative power accuracy and the closed-loop control, it is also beneficial to lock the beamforming in a test mode in order to verify the accuracy in changes of the transmitted power PT (the PAs). The test tolerance of this might be prohibitively large if the UE is also allowed to modify its beamforming settings or even switch beams. 
The verification of the absolute and relative accuracy could be repeated for several orientations of the UE.

The power headroom can possibly be verified in the peak of the antenna beam (relative changes in the direction of maximum directivity) to avoid repeated TRP measurements. 

Proposal 3: a test mode with the UE beam locked for a fixed set of beams is used for verification of power control accuracy.
5 Transmit signal quality

The beam-locked mode may also be beneficial for verification of transmit signal quality requirements. 
6 Coverage efficiency
The beam-sweeping mode and requirements in terms of CDF percentiles are useful for verification of the coverage efficiency, which could include both “omni-directional coverage” and the maximum EIRP relevant for link-budget considerations. 

7 Proposal
We propose that
Proposal I: test cases for transmitter characteristics shall be based on a beam-locked test mode unless coverage efficiency or verification of characteristics during beam sweeping is considered.
In case a beam-locked test mode is feasible we also make the following

Proposal 1: a test mode with the UE beam locked for a fixed set of beams is used for verification of unwanted emissions requirements. It is also proposed that the output power is fixed for the duration of the spherical scan.

Proposal 2: a test mode with the UE beam locked for a fixed set of beams is used for verification of output power requirements, possibly in conjunction with a beam-sweeping mode. For verifying coverage efficiency, only beam sweeping with the CDF method is relevant.
Proposal 3: a test mode with the UE beam locked for a fixed set of beams is used for verification of power control accuracy.
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