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1.
Introduction

RAN5 has completed the functional definition of the Antenna Test Function (ATF) in 36.978 v13.0.0. This definition does not include any UE performance requirements as these remain the responsibility of RAN4. As part of the new RAN4 WI “Radiated requirements for the verification of multi-antenna reception performance of UEs” this document proposes setting upper bound limits for the two ATF measurements, Reference Signal Antenna Power (RSAP) and Reference Signal Antenna relative Phase (RSARP).
2.
Discussion

In setting UE requirements for RSAP and RSARP it is necessary to understand how these measurements are used within the two-stage MIMO OTA test process. This process is outlined in 37.977 v12.0.0.

The RSAP and RSARP measurements made by the UE on a radiated incident signal are used to construct a complex antenna pattern which can be in 2D or 3D as required. Before using RSAP and RSARP to derive the antenna pattern the measurements must first undergo a linearity check over the expected operating range of the received power which is -60 dBm to -80 dBm – allowing for a minimum 20 dB dynamic range in the antenna pattern. (Note, the RSS pattern-based antenna measurement method in the current CTIA OTA test plan [1] recommends fidelity over a minimum 10 dB dynamic range.) 
As part of the first stage of the two-stage method, the RSAP and RSARP results are checked against known radiated signals in the anechoic chamber. Power checks can be made in steps from -60 dBm to -80 dBm and in steps from -180 degrees to +180 degrees at -60 dBm, -70 dBm and -80 dBm. The requirements for linearity will be defined in future RAN4 work on measurement uncertainty, however, it is sufficient fo the purposes of defining UE requirements that the RSAP and RSARP results are monotonic over the operating power range of -60 dBm to -80 dBm and for the step sizes given below.
For the UE to be able to use the two-stage test method it is necessary for it to have a monotonic response for RSAP and RSARP. Once monotonicity is established, it is then possible, if necessary, to linearize the RSAP and RSARP responses to the known accuracy of the test system.
The resulting complex antenna pattern that can be derived from the validated/calibrated RSAP/RSARP measurements is a relative pattern, offset in power by the absolute accuracy of the RSAP measurements. During the second stage of the two stage method an additional calibration step is performed in order to establish two independent radiated paths to the UE. This process involves a nulling technique that drives the RSAP response back to the value reported during the first stage antenna pattern measurement for the same UE orientation. The known incident radiated power can then be used to calibrate out the absolute accuracy of the RSAP measurement.

From this understanding of the two-stage measurement method it can be seen that the only essential requirements that follow for the RSAP and RSARP measurements is that they are monotonic and maintain their accuracy for the duration of the test process. Consistency between RSAP and RSARP measurements at the pattern measurement stage can be compared with repeated measurements at the end of the throughput measurement to ensure no significant drift has occurred. 
The step size for the RSAP monotonicity is proposed to be 1 dB, the same as that defined by CTIA in [1] for the alternative RSS pattern-based TIS performance measurement method. This will allow 20 measurements to be used for possible linearity corrections from -60 dBm to -80 dBm.
The step size for RSARP monotonicity is proposed as 5 degrees which allows for 72 measurements for possible linearity corrections over the 360 degree cycle.
Although absolute accuracy figures are not necessary due to the calibration steps used during the two-stage test method, in order to guide UE implementation, an upper bound for RSAP and RSARP are proposed. For RSAP, which is very similar to RSRP but measured in an easier static environment, the +/- 6 dB figure defined for RSRP is proposed. This should put no new design requirement on the receiver.
There is no equivalent to RSARP for phase but an accuracy figure of +/- 10 degrees is proposed which is an order of magnitude higher than the performance of devices seen during the development of the two-stage method so again should not have any impact on existing receiver designs.

The residual error in RSAP and RSARP after validation/linearization/calibration will be used in the derivation of the overall two-stage measurement uncertainty as part of future work in RAN4.
3.
Proposal

The following requirements are proposed in a draft CR for RAN5 to 36.978 provided in [2].
Table 1: Reference Signal Antenna Power requirements
	Parameter
	Value

	Absolute accuracy
	+/- 6 dB

	Range
	-60 dBm to -80 dBm incident radiated power

	Monotonicity
	In addition to the absolute accuracy requirements there is an additional requirement for monotonicity over a 1 dB interval. This is necessary to enable linearization of the UE RSAP response as part of the accuracy requirements for the derived complex antenna pattern.


Table 2: Reference Signal Antenna Relative Phase requirements
	Parameter
	Value

	Absolute accuracy
	+/- 10 degrees

	Range
	-60 dBm to -80 dBm incident radiated power

	Monotonicity
	In addition to the absolute accuracy requirements there is an additional requirement for monotonicity over a 5 degree interval. This is necessary to enable linearization of the UE RSARP response as part of the accuracy requirements for the derived complex antenna pattern.


The background and draft CR are proposed to be sent to RAN5 in an LS in [3].
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