3GPP TSG-RAN WG5 Meeting #79			                           R5-182569
Busan, South Korea, 21-25 May 2018

Agenda item: 6.3.15.19
Source:	Keysight Technologies UK
Title:	OTA Chamber requirements for 5G NR Signalling test cases
Document for: Endorsement
1. Introduction
The OTA chamber requirements for 5G NR signalling test cases have been discussed in earlier RAN5 meetings (reference [1], [2], [3] and [4]). This paper proposes OTA chamber requirements addressing the concerns raised during the earlier discussions on this topic.
2. Discussion
[1], [3] and [4] proposed the usage of a Near Field chamber while [2] raised concerns with the Near field approach citing the lack of MU analysis done on a Near Field chamber.

This paper analyses the elements of MU and discusses the MU terms which are critical for protocol signalling test cases. The agreed DFF based RF test methodology defined in clause 5.2.1 of [5] is taken as the basis for the analysis presented below.

Contributors of the test system MU can be split into two main parts:
· Conducted part of the test system
· OTA part of the test system
· Chamber dependant MU
· DUT dependant MU

The MU of the conducted part of the system impacts the accuracy of power generation or detection. 
The OTA part of the systems has two elements of MU. 
Chamber dependant MU, which relates to the parts and accuracy of the chamber. 
DUT dependant MU, which is captured as a term of “quality of quiet zone”. 

In the following clauses the paper describes the impact of switch unit simplification, DUT classifications, impact of this factor and highlights that if protocol signalling test cases are done based on SS-RSRPB reporting (refer clause 5.5 of [6]) then this factor can be compensated for by the test equipment.

· Simplification or removal of Switch Unit (refer Figure 1)
The switch unit in Fig 1 is required to make RF Tests which require complex routing of signals to cover different test metrics. Also, the system dynamic range requirement on RF tests is high due to TRP measurement requirements and requirement such as Max input power & min o/p power.

For 5G NR signalling test cases, depending on the dynamic range of measurements, only PA+ LNA may be required and rest of the system complexity can hence be reduced. This will help in bringing the mismatch MU factor down and also reduce the insertion loss in the system. This step will help in reducing the MU contribution from the conducted part.
[image: ]
Fig 1. Illustrative OTA measurement setup for FR2 (Figure B.1.1.4.4-3 from [5])

· Grey Box / Black Box – DFF / NF
The DFF system based RF test method requires manufacturer to declare antenna array size (D≤5cm). Further there are 3 DUT categories considered
1. DUT category 1: Single Panel operation
2. DUT category 1: Multi Panel operation with no coherence
3. DUT category 1: Multi Panel operation with coherence


	
	Ideal FF Setup
	DFF

	DUT Cat 1
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	Any amplitude error can be fixed by re-orienting the DUT/horn to compensate for the pointing angle error

	DUT Cat 2
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	Compared to ideal FF, the V and H beams will have different pointing angle error. This error cannot be fixed by re-orienting the DUT/probe.

	DUT Cat 3
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	The error here is caused due to the same reasons, however due to sparse arrays, the pointing angle error will be larger, and also the side lobe levels will be higher in the DFF system compared to ideal FF condition or in IFF system


Table 1. DUT categories and impact of DUT dependant uncertainty in DFF

The amplitude uncertainty arises due to the DUT categories is a systematic error which happens due to the phase and amplitude variation across the aperture of the antenna, due to violation of FF criteria. This DUT dependant error term is a fixed value for a given DUT orientation, antenna location and separation distance w.r.t. probe.

However, for signalling test cases, where the levels from/on the test equipment (TE) can be set based on reported SS-RSRPB level this error is not critical. The test equipment can compensate for the power levels on the V and H branches of the probe based on the reported SS-RSRPB.

[Proposal 1]: It is proposed to activate test mode and enable the SS-RSRPB reporting as defined in clause 5.5 of [6].

[Proposal 2]: It is proposed to make the signal level calibration using SS-RSRPB reporting from the DUT

The steps that could be used to set the TE levels per branch are:

1. Compute Delta of "Actual Threshold" vs "SS-RSRPB"
2. Compensate for the Delta in TE o/p power per branch

To illustrate the above procedure here we present an example (in Annex 1) of 8x2 array at a certain location on the DUT (for DUT category 2) of 15cm using a 4-bit beamformer. The computation shows that in this configuration there can be an amplitude error of 1.9 dB on the power received by the antennas which cannot be compensated by re-orienting the DUT. This error will be larger for bigger devices (e.g. 30cm DUT).  Effectively what this means in that UE will report 1.9dB lower power level than the expected absolute power level. The test scenario will be executed as below:
· Cell SS-RSRPB needs to be set at -75dBm
· TE (based on path loss computation) sets transmit power of gNB (o/p power at horn) to -20dBm
· UE reports SS-RSRPB of -76.9dBm
· TE compensates for this delta of 1.9dB by setting Transmit power of gNB (o/p power at horn) to -18.1dBm per branch

While defining a test system for 5G NR Signalling test cases, key aspect to be taken into account is that the test system should have enough dynamic range to support for any of these errors on top of the MU of the “conducted & chamber part” of the test setup.

The table below is the MU table from the DFF based RF test methodology as defined in clause 5.2.1 of [5] with modifications for the 5G NR signalling test cases which use the SS-RSRPB based calibration method.

	UID
	Uncertainty source
	Uncertainty value

	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	Comments

	Stage 2: DUT measurement
	

	1
	Pointing misalignment 
	0
	Rectangular
	1.73
	0
	Due to SS-RSRPB based level setting

	2
	Measure distance uncertainty
	0
	Rectangular
	1.73
	0
	Due to SS-RSRPB based level setting

	3
	Quality of quiet zone
	0
	Actual
	1.00
	0
	Due to SS-RSRPB based level setting

	4
	Mismatch
	2.74
	U-shaped
	1.41
	[1.94]
	Will decrease once the switch box is simplified

	5
	gNB emulator uncertainties
	3.34
	Normal
	2.00
	[1.67]
	

	6
	Absolute antenna gain uncertainty of the measurement antenna
	0.00
	Normal
	2.00
	0.00
	

	7
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00
	

	8
	Influence of the XPD
	0.68
	U-shaped
	1.41
	0.48
	

	9
	Amplifier uncertainties
	2.00
	Normal
	2.00
	1.00
	Will decrease due to lower amplification requirements

	10
	Random uncertainty
	0.40
	Rectangular
	1.73
	[0.23]
	

	Stage 1: Calibration measurement
	

	11
	Mismatch 
	0.00
	U-shaped
	1.41
	0.00
	

	12
	Reference antenna positioning misalignment
	0.29
	Rectangular
	1.73
	0.17
	

	13
	Quality of quiet zone
	1.50
	Actual
	1.00
	1.50
	

	14
	Amplifier uncertainties
	0.00
	Normal
	2.00
	0.00
	

	15
	Uncertainty of the Network Analyzer
	0.40
	Normal
	2.00
	0.20
	

	16
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00
	

	17
	Uncertainty of an absolute gain of the calibration antenna
	1.60
	Normal
	2.00
	[0.80]
	

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.35
	Rectangular
	1.73
	[0.20]
	

	SS-RSRPB Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.45]
	

	Note 1: Uncertainty of UE SS-RSRPB detection level to be added to the table
	


Table 2. MU table SS-RSRPB based on DFF system

[Proposal 3]: It is proposed to add a factor addressing the uncertainty of UE SS-RSRPB detection level to the MU Table.

Comparing the DFF and the NF approach, the difference will be that the DUT dependant error term will be larger in NF chamber compared to a DFF system, e.g. if a deep null of the DUT is aligned to the probe, XPR in the direction of the probe.

In NF chamber this can be mitigated with e.g. use of positioner or by using multiple probes and selecting a probe which gives the best signal.

Moreover, Keysight also acknowledges that MU analysis has not been done for NF chamber and without which a stable test methodology may not be accurately defined. 

Considering the above issues with NF based test methodology, Keysight proposes to use the agreed RF test methodology based on DFF as defined in clause 5.2.1 of [5] with the modifications as specified in proposals 2 and 3. NF based test methodology is not precluded in future once the concerns mentioned above are addressed. 
 
[Proposal 4]: It is proposed to use the agreed RF test methodology based on DFF (refer clause 5.2.1 of [5]) for 5G NR signalling test cases with the modifications as specified in proposals 2 and 3.
3. Proposal
Based on the discussion in section 2, Keysight propose the following 
[bookmark: _GoBack][Proposal 1]: It is proposed to activate test mode and SS-RSRPB reporting enabled.

[Proposal 2]: It is proposed to make the signal level calibration using SS-RSRPB reporting from the 
                       DUT

[Proposal 3]: It is proposed to add a factor addressing the uncertainty of UE SS-RSRPB 
	          detection level to the MU Table.

[Proposal 4]: It is proposed to use the agreed RF test methodology based on DFF (refer clause 5.2.2 
                       of [5]) for 5G NR signalling test cases with the modifications as specified in proposals 2 
                       and 3.
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5.	Annexure 1: Test Results Obtained using simulations
=== Phase shifter model is configured to be quantized with 4 bits ===
Beam steering is accomplished by adjusting phase shift/delay on each of the 16 antenna elements of the 8x2 sub-array
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