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1.
Introduction

This document is based on [1] presented at RAN4 #74 with new information on simulation of the impact of the proposed requirements.
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 and analysis
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 defined in 37.977 v12.0.0 with additional new details proposed in [2].
The RSAP and RSARP measurements are used by the test system to measure a radiated incident signal in order to construct a complex 2D or 3D antenna pattern. For the resulting antenna pattern to be valid, the RSAP and RSARP measurements have to meet certain accuracy requirements over the expected operating range. The DUT antenna patterns are measured at a nominal -60 dBm incident power. The fidelity of the patterns is assumed over a 20 dB dynamic range measured at an orientation that represents the maximum antenna gain.

In order for RSAP and RSARP measurements to be used to construct complex antenna patterns they must first be validated as monotonic over the expected operating range of -60 dBm to -80 dBm and ±180 degrees of phase. Once monotonicity is established, it is possible, if necessary, to further linearize the RSAP and RSARP responses against the known accuracy of the test system. The requirements for linearization are not covered here as part of UE requirements but will be part of future RAN4 work for the overall two-stage measurement uncertainty.
2.1 RSAP analysis and proposals
For RSAP, the step size for the monotonicity check is proposed to be 1 dB. This step size effectively puts an upper bound on the impact of non-linear antenna patterns and is the same step size used by CTIA in [3] for the alternative RSS pattern-based TIS performance measurement method. This step size will allow 20 measurements to be used for possible linearity corrections from -60 dBm to -80 dBm. The impact of 1 dB monotonicity on overall two-stage measurement accuracy will be analysed in future RAN4 work.
The test system calibration procedures in [1] and [2] show that the absolute accuracy of RSAP has no impact on the overall test system accuracy since the relative antenna patterns produced by the first stage are calibrated against known signals in the second stage. However, to guide implementation and since RSAP is a very similar measurement to RSRP, it is proposed to adopt the ± 6 dB RSRP absolute accuracy figure. Since RSAP is measured under much easier signal conditions than RSRP, this should put no new design requirement on the receiver.

2.2 RSARP analysis and proposals
RSARP has no equivalent to RSAP/RSRP so requires new analysis. For RSARP monotonicity, simulation has been performed on the impact of various levels of rms phase error on the CTIA reference antenna patterns with the results in Table 1 on receive correlation using the UMa channel model.
Table 1. Impact of rms phase error on antenna correlation

	Antenna
	Number of points per azimuth cut
	Rms phase error in degrees

	CTIA reference antenna
	200
	0
	1
	2
	3
	4
	5
	10
	15

	CTIA Bad
	200
	0.972
	0.972
	0.972
	0.971
	0.971
	0.971
	
	

	CTIA Nominal 
	200
	0.616
	0.615
	0.616
	0.614
	0.616
	0.615
	
	

	CTIA Good
	200
	0.253
	0.253
	0.256
	0.250
	0.249
	0.253
	
	

	S4 Band 2 
	43
	0.649
	0.651
	0.647
	0.648
	0.650
	0.651
	0.6471
	0.6421
0.6412


1 Average of 3 error patterns

2 Average of 10 error patterns

From this analysis (and within the uncertainty of limited simulation time) it is seen that a 5 degree monotonicity step size would contribute negligible change in throughput performance. The step size for RSARP monotonicity is therefore proposed as 5 degrees which allows for 72 measurements for possible linearity corrections over the 360 degree cycle.

For RSARP absolute accuracy it is proposed that there should be no requirements since any fixed offset in RSARP has no impact on antenna correlation and resulting throughput measurements. 

The justification for this is as follows. It has already been shown in [4] through mathematical, simulation and measurement-based approaches that fixed offsets in phase between the receivers has no impact on throughput performance. It can be concluded from [5] that a fixed phase error between the antenna patterns also has no impact however an additional mathematical proof on this assumption is provided below.
Proposal [5] quotes Eq. (25) of [6] to show for a general 3D scattering environment (which can be specialized to a 2D scattering environment) that the elements of the spatial correlation matrix for MIMO channels are
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, [4] also deduces that for 2D SCME model the gammas for the transmitting antennas are defined as 



[image: image5.wmf](

)

(

)

2

*

()()()

0

(,)(,)

TxTxTxTx

mnmn

FFPASd

p

mmm

gqfqfff

=

ò


(2)
where 
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 component of the pattern of transmitting antenna #m,
, and the gammas for the receiving antennas are defined as
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 component of the pattern of receiving antenna #q.
A fixed offset in RSARP accuracy ∆β in radians will apply equally to any measured patterns for both vertical and horizontal polarizations, therefore the  
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 component of the pattern of the receiving antenna #q is changed to[image: image13.png]FRx(0 (g, p)el2®
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Comparing with the original gamma for the receiving antennas, the new gamma for the receiving antennas with an RASRP offset is 
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Inserting expression (4) into equation (1) it can be concluded that the change to the elements of the spatial correlation matrix is multiplication by a complex factor[image: image17.png]e JoF



. The amplitude of this factor is one, and applied to all the elements of the correlation matrix. This result means any RSARP fixed offset does not change the correlation and power properties (when p=q and m = n in Eq.(1)) between the spatial channels. Therefore a fixed offset in phase between the UE receivers has no impact on throughput performance.
3.
Proposal

From the above analysis of the two-stage measurement method it can be seen that the only essential UE requirements for RSAP and RSARP is that they are monotonic and maintain their accuracy for the duration of the test process. The consistency between RSAP and RSARP measurements made at the pattern measurement stage can be compared with repeated measurements at the end of the second stage to ensure no significant drift has occurred. The RSAP absolute accuracy is defined only as a guide to implementation since it is so similar to RSRP.
The following requirements are proposed in a draft CR for RAN5 to 36.978 provided in [7].
Table 1: Reference Signal Antenna Power requirements
	Parameter
	Value

	Absolute accuracy
	± 6 dB

	Range
	RSAP absolute accuracy and monotonicity to be maintained over the range -60 dBm to -80 dBm incident power measured at the orientation of the DUT’s maximum antenna gain.

	Monotonicity
	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

	Range
	RSARP monotonicity to be maintained over the range -60 dBm to -80 dBm incident power measured at the orientation of the DUT’s maximum antenna gain.

	Monotonicity
	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 [8].
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