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1. Introduction

For enhanced AAS (eAAS) part of Release 14 WI the work of defining an all OTA specification have been ongoing for some time. So far, requirements for radiated transmit power and OTA sensitivity have been defined and captured in specifications (TS 37.105 [1] and TS 37.145 [2]). As part of eAAS more OTA requirements is extensively discussed, such as OTA ACLR, OTA EVM, OTA receiver blocking and OTA minimum sensitivity. 
This contribution focus on TAE and aspects to consider when OTA TAE is defined as a requirement.
2. Discussion

Timing Alignment Error (TAE) is a signal quality requirement which was originally specified in Release 8/9 of the standard; however, it focused only on MIMO and transmit diversity. In later release the requirement was complemented with support for CA. 

TAE measures the largest timing difference (error) between any two signals, and is only applicable for base stations transmitting from multiple antennas via transmit diversity, MIMO, CA, or some combinations of these three. During real-world operation, frames of the LTE/LTE-Advanced signals present at the base station transmitter antenna ports are not perfectly aligned in time. In order for the UE to properly receive the transmitted signals from the multiple antennas, they must arrive at the UE at the same time, or timing offset must be kept at a minimum according to Table 2-1.
Table 2-1: TAE conformance test requirement

	Transmission type
	Maximum allowed error [ns]

	MIMO or TX diversity 
	90

	Intra-band contiguous CA
	155

	Intra-band non-contiguous CA
	285

	Inter-band CA
	285


The requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. Frames of the E-UTRA signals present at the BS transmitter antenna ports are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna ports experience certain timing differences. For a specific set of signals/transmitter configuration/transmission mode, TAE is defined as the largest timing difference between two signals.

The 3GPP time alignment error conformance test is particularly important for E-UTRA because of the widespread use of transmit diversity, spatial multiplexing, and beam-steering. The signals from these multiple antennas must be aligned when being transmitted. The purpose of this test is to measure time delay between the signals from the multiple transmit antennas. The current 3GPP test is defined for the case of two transmit antennas, and, if four TX antennas are available, the unused antenna ports must be terminated. The requirement for time alignment is 90 ns (65 ns + 25 ns TT). The timing offset measurement is a reference signal (pilot) based measurement. In E-UTRA test models used for TAE, the reference signals are not pre-coded and do not overlap in frequency between the multiple transmit antennas; therefore, they uniquely identify each transmitter. Because of this, the output of the two transmitters can be combined using a power combiner and cross channel measurements such as timing and phase measurements can be made using a single input signal analyser, see Figure 2-1.
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Figure 2-1: Test setup
In the test setup the differences between two antenna ports is measured, depending of the functionality of the signal analyser, TAE between the 2 or more signals can be measured simultaneously. To achieve precise measurements, the RF cables being used should be equal in electrical length. Note that according to sub-clause 6.5.3.4 in TS 37.105 [1], only certain subsets of transmitters are tested, as described by: 
The TAE between any two TAB connectors from different transmitter groups shall not exceed the specified minimum requirements below.
, where transmitter groups are associated with the TAB connectors in the transceiver unit array corresponding to TX diversity, MIMO transmission, carrier aggregation, etc.

For OTA TAE, the whole test object (with antenna mounted) is placed in a OTA test environment. It is clear that the power combiner and attenuator is now taken care of by power addition in air and free space path loss. The test setup for OTA TAE is showed in Figure 2-2.
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Figure 2-2: Test setup

The test object is configured to generate beams carrying reference signals associated to logical antenna ports. The power level at the signal analyser is adjusted to be within the dynamic range of the instrument. Eventually, an attenuator needs to be placed before the input at the signal analyser. From a polarization perspective, the range antenna must receive power from two polarizations. There are two practical solutions to handle the polarization aspect:

1. Orientate the range antenna so that both polarizations are received equally. 
2. Use a dual polarized range antenna. 

Since the requirement is defined as a time difference between two signals (e.g. time difference between CRS0 and CRS1), the accuracy of absolute radiated power is not important, hence the calibration stage of the test range is not necessary for testing TAE. 
The link budget in an antenna test range (e.g. direct far-field or CATR), is not an issue since the test object is transmitting multiple beams at maximum radiated rated power.

3. Conclusion

In this contribution we have presented some information related to how to test TAE over the air in an antenna test range. 
It is clear the test setup for conducted testing and OTA testing is very closely related to each other (e.g. the same type of signal analyser can be used). The signal combining and attenuation is reduced to superposition is and free-space transmission in the antenna test range.  
Multiple beams carrying different reference signals need to be enabled at the same time to test this requirement.
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