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1. Introduction

At the last RAN4 meeting (RAN4#86 in Athens) the work to establish OTA test procedures and test requirements for 38.141-2 was initiated. For NR, four different requirement sets are defined (1-C,1-H and 1-O and 2-O). The requirement for transmit ON/OFF power is similar between all four requirements sets but hold also some fundamental differences. 
In this contribution some technical aspects related to test OTA transmit ON/OFF power for 2-O is presented for discussion.
2. Discussion

The OTA transmit ON/OFF power requirement in TS 38.104, sub-clause 9.5 consists of two parts; Transmitter OFF power and OTA transient period. The first specifies the transmitter OFF power level and the second specifies the transient period. The transmitter transient period is the time period during which the transmitter is changing from the OFF period to the ON period or vice versa. The transmitter transient period is illustrated in Figure 2-1. 
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Figure 2-1: Illustration of the relations of transmitter ON period, transmitter OFF period and transmitter transient period

For 1-C, 1-H, and 1-O the background for the requirement is derived from a scenario where two base stations are co-located, while for 2-O the background is rather co-existence between base station neighbouring cells. The details are described in [1]. 

For BS Type 1-O, the requirement is based on the OFF-power level at the connector of the Co-location Reference Antenna (CRA), while for BS Type 2-O, the requirement is based on the TRP OFF power level. 

Since TRP typically is extracted from many EIRP samples in an anechoic chamber or many mode excitations in a reverberation chamber, it is difficult to direct measure transient periods based on TRP as figure of merit. The minimum requirement for the transmitter transient period together with OFF power level, parameter used is listed in Table 2-1 for requirement set 1-O and 2-O.
Table 2-1: Minimum requirement for the transmitter transient period
	BS Type
	Transition
	Transient period length (us)
	Parameter
	OFF Level (dBm/MHz)

	1-O
	OFF to ON
	10
	CRA
	-106

	
	ON to OFF
	10
	
	

	2-O
	OFF to ON
	3
	TRP
	-36

	
	ON to OFF
	3
	
	


For 1-O it is reasonable to assume the same concept as defined for eAAS can be reused, therefore from now this contribution only focus on aspects related to 2-O. More aspects related to TDD OFF power and the usage of CRA can be found in [2]. Since TRP is the parameter used for 2-O, it is interesting to study the test setup and the dynamic range of the measurement receiver. In Figure 2-2, a typical test setup based on the concept of a gated signal analyser is visualized. 
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Figure 2-2: Test Setup

TRP is by definition the total power radiated out from the base station over all directions and two orthogonal polarizations, therefore a combiner is used to sum the power received by the p1 antenna and the p2 antenna. As for the testing of 1-C, 1-H, a trigger signal is routed from the tested base station to the signal analyser. The trigger signal is used to gate the measurement of the transient period. 
TRP is defined is in spherical coordinate defined as:
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At a distance that corresponds to the far-field criteria and a uniform sampling grid, TRP can be approximated by:
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, where the spatial sampling grid is constituted by N locations along the -axis and M locations along the -axis. For each (, ) point an EIRP sample is required. It must also be mentioned that typically for a base station is that the wanted signal power is generated within the half-sphere only, which can be used to minimize the number of required measurement points. 
To be able to measure TRP with acceptable measurement uncertainty the expected measured signal power level at the measurement receiver (Pmeas) is of great interest. 
Assuming the largest dimension of the antenna array of 0.08 m and the wavelength =0.01 m, the corresponding far-field distance would be approximately 1.5 m, which would result in a path-loss L= 66 dB. To conserve dynamic range, the test distance can be reduced further by measuring power density instead of EIRP
The measured signal level at the ON period and the OFF period can be estimated as:
ON: Pmeas = EIRPON – L + Gmeas = 55 – 66 + 20 = 9 dBm/100MHz = -11 dBm/MHz

OFF: Pmeas = EIRPOFF – L + Gmeas = -36 – 66 + 20 = -82 dBm/MHz, 

, where Gmeas is assumed to be 20 dB.
It can be noted that the OFF-period signal is in the same region as for 1-C requirements, while the required dynamic range is less than for 1-C requirements. Which would require the noise floor of the spectrum analyser to be very low. A more detailed description can be found in a companion contribution [2]. 
Since the positioner needs time to physically rotate the test object between spatial samples, its not possible to measure each spatial sample on following transmitter periods.  A way to mitigate the problem is to introduce an interleaved sampling pattern as showed in Figure 2-3.
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Figure 2-3: TRP measurement sequence

The TX OFF power level and transient period is measured in the yellow regions in Figure 2-3. The positioner is allocated time for movement corresponding to K-1 TX periods. Since, just measurements are required at TX period 1, K+1, … LK+1, the signal analyser can’t measure all detected TX periods. Therefore, this approach requires a new trigger signal from the positioner, so that the signal analyser knows when the positioner is ready.
The test procedure with this concept can be described as:

1. Measure EIRPOFF and transient period for all spatial points (n, m) for n=0..N and m=0..M.
2. When all EIRP samples are measured, the signal analyser calculates TRP according to selected grid. 

3. If (TRPmeas < TRPlimit) and (tmeas < tlimit) then the requirement is fulfilled, where the signal analyser measures TRPmeas and transient period tmeas.

This approach needs new functionality and synchronisation interfaces to be added to the signal analyser.
Other test approaches, where the directivity or coupling to a probe antenna is assumed constant between the ON period and the OFF period is not reliable, since there is no guarantee the directivity is constant. It rather so that, the directivity will be changes in the OFF period to spread out eventual leakage. 
3. Conclusion

In this contribution we present a solution for how to test the OTA TDD OFF power and OTA transient time for Type 2-O base stations. The test method is an extension to the current gated measurement used for 1-C, 1-H and 1-O, with extensions to captured TRP for the TDD OFF power level together with the transient period. 
The suggested approach requires new interfaces for synchronization with the positioner as well as functionally to calculate TRP to be included in the signal analyser. The main benefit with this approach is that it will capture true TRP OFF power leakage. 
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