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1. Introduction
At the last RAN4 meeting (RAN4#89 in Spokane) the OTA conformance test specifications related to eAAS (TS 37.145-2) and NR (TS 38.141-2) part of release 15 was assembled and officially released. Regarding TRP based requirements such as unwanted emission and transmitter output power, the current version of the conformance specification for eAAS and NR only describes OTA test methods based on an anechoic chamber-based test environment. The details of the test methods are captured both in technical reports (TR 37.843 and TR 38.817-02) and technical specifications (TS 37.145-2 and TS 38.141-2).  
At the RAN4 88bis meeting in Chengdu the Reverberation Chamber (RC) was presented as a method for TRP measurements for base station antennas [1]. This method is well established for electrically small antenna with low directivity, e.g., UEs see [2] and EMC emission testing. For in-band requirements one challenge for BS station antennas is to verify that the RC can be used for antennas of high directivity, while for out-of-band requirements the capability in terms of frequency range needs to be understood.
Based on the positive feedback on the contributions presented in the previous meeting [1, 2, …, 7] the method description has been further elaborated, and a MU framework and MU tables have been generated. In this contribution we present an overview of CRs required to allow inclusion of RC as well as addition of technical background information in TRs and TSs for eAAS and NR.

2. Discussion
From Rel-13 AAS, with only two RF core in-band requirements the following test methods was evaluated and described in TR 37.843;
· In-door Anechoic Chamber 
· Compact Antenna Test Range
· One Dimensional Compact Range Chamber
· Near Field Test Range
In Rel-15 eAAS, RAN4 have defined a complete set of OTA RF core requirements and corresponding conformance test requirements for base stations. When concluding the conformance test specification careful considerations is required to describe proper test methods as well keep the specification open for supporting other test methods capable of verifying specified test requirement with acceptable measurement uncertainty. New types of requirements such as for co-location requirements and unwanted emission requirements are added, which will require new types of test facilities not described in Rel-13 specifications. The co-location requirements are based on a concept where a co-location reference antenna is used to mimic a co-located base station. Both co-location requirements and emission is suitable to test in a shielded anechoic chamber, where the test distance can be changed to adapt for the size of the test object over frequency. OTA unwanted emission requirements based on TRP in the spurious region, requires carful understanding from a testing perspective. Therefore, new test methods are required for TRP emission testing. The driving factor is that depending of frequency to measure within the range of 30 MHz to 5th harmonic, not only the spatial measurement grid is changed also the test distance. For FR2, the upper conformance test frequency for emission and out-of-band blocking is set to 60 GHz. 
For Rel-13, the two defined OTA requirements could be mapped towards one of the described test methods. But for Rel-15, it is more likely that multiple test methods are required to conduct all tests included in the specification. In Figure 2-1, an example is given. 
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Figure 2-1: Multiple test methods needed to cover all requirements
For the very low part of the frequency range, the measurement procedure used for EMC emission can be adopted with some minor additions. Instead of measuring peak EIRP, the average EIRP can be presented as TRP.
From Figure 2-1, the following new test environments has been identified:
1. EMC test range
2. Shielded Anechoic Chamber
3. Reverberation Chamber 
Other, test methods such as near-field scanner-based methods or direct far-field for the operating band region is not excluded. But before including, it must be shown it can measure the expected characteristics with acceptable measurement uncertainty. The approach presented in this contribution for testing radiated performance is that the test laboratories are not limited to using some specific test methodology, instruments, and antenna positioners. However, a limit is set for the maximum overall measurement uncertainty. A test method is accepted when it is described in terms of concept including how it is calibrated and fulfilling maximum uncertainty of test system. Together with each test method an estimation of the combined uncertainty should be captured in the conformance test specification. For any measurement method relevant for testing radiating characteristics of an AAS base station, a reliable estimate of errors is one of the primary concerns. 
After reviewing TS 37.145-2 and TS 38.141-2, TRP requirements, it’s clear that all test procedures refer to an Annex, where spatial sampling grids are described. There is a lack of guidance on how to select the test distance and grid with respect to specific requirement to test. There is a huge difference in terms of measurement uncertainty for an emission that is correlated or not correlated. Therefore, the different methods described in the Annex should be tied to an applicability table to clarify what method that can be used for a specific requirement. In Table 2-1, it can be noticed that all described methods are not capable of measuring all requirements. 
Table 2-1: Applicability of TRP measurement methods 
	

Test Method
	 
Output power
	Adjacent channel leakage ratio (ACLR)
	Operating band unwanted emission (OBUE)
	transmitter spurious emissions


	Full sphere using reference steps (accurate)
	X
	X
	X
	X

	Full sphere using sparse sampling (overestimate)
	
	
	
	X 

	Two cuts + Pattern multiplication (accurate) 
	X
	X
	X
	

	Two/three cuts (overestimate)
	
	X
	X
	X 

	Beam-based directions
	X
	X
	X
	

	Peak method
	
	
	X
	X

	Equal sector with peak average
	
	
	X
	X

	Pre-scan
	
	X
	X
	X



Therefore, the information captured by the table is a very relevant part of the description of the TRP anechoic chamber-based test methods. 
The current test procedures described in test specification doesn’t refer directly to Annex I, it also mentions information on how to select sampling grids. The test procedure for spurious emission is documented in TS 38.141-2 as:

[bookmark: _Toc535442358]6.7.5.2.4.2	Procedure
1)	Place the BS at the positioner.
3)	Measurements shall use a measurement bandwidth in accordance to the conditions in subclause 6.7.5.2.5.
4)	The measurement device characteristics shall be:
-	Detection mode: True RMS.
5)	Set the BS to transmit
-	For RIB declared to be capable of single carrier operation only, set the RIB to transmit a signal according to NR-FR1-TM1.1 in subclause 4.12.2, at manufacturer's declared rated output power Prated,c,TRP.
-	For a RIB declared to be capable of multi-carrier and/or CA operation, set the set the RIB to transmit according to NR-FR1-TM1.1 on all carriers configured using the applicable test configuration and corresponding power setting specified in subclause 4.7.
6)	Align the BS and the test antenna such that measurements to determine TRP can be performed (see annex I).
7)	Measure the emission at the specified frequencies with specified measurement bandwidth.
8)	Repeat step 6-7 for all directions in the appropriated TRP measurement grid needed for full TRP estimation (see annex I).
NOTE 1: the TRP measurement grid may not be the same for all measurement frequencies.
NOTE 2: the frequency sweep or the TRP measurement grid sweep may be done in any order.
9)	Calculate TRP at each specified frequency using the directional measurements.
In addition, for multi-band RIB(s), the following steps shall apply:
10)	For BS type 1-O and multi-band RIBs and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.

Instead of referring to TRP measurement grid (see step 8, above), the reference here should be directly to Annex I. In Annex I, the details on how to select grid and perform the TRP measurement is described. This allows for addition on new test procedure in a controlled manner, without changing the test procedure per requirement in sub-clauses 6.3, 6.7 and 7.7 every time a new type of test method is added. 

Observation 1:
Relevant Information for anechoic chamber sampling grid, test distance, pre-scan is not captured in test specifications.

Observation 2:
Test specification mandates spatial sampling grids, which exclude other test methods such as RC and EMC.

The reverberation chambers are used to generate a statistically spatially white channel that effectively averages the power density and therefore can be used to measure TRP. Since the method has a statistical nature, and the end result is based applying statistical methods to the measured data some statistical concepts are introduced. Thereafter, the important step of characterizing the chamber for use with directive radiation fields is addressed. The measurement procedure involving the reference measurement, the ambient power, and TRP measurements are described. Based on this procedure MU tables are presented together with the needed framework, identifying the sources of uncertainty.
The additions needed to capture all relevant information is split up CRs for TR/TS according to Table 2-2.
Table 2-2: Contribution overview 
	tdoc no
	TS/TR
	Contents

	R4-1900817
	37.843
	Addition of RC description for TRP measurement procedures in subclause 10.8.3

	R4-1900818
	37.843
	Addition of MU source description in Annex E

	R4-1900819
	37.843
	Addition of RC description and MU table in subclause 10.5

	R4-1900821
	38.817-02
	Addition of RC MU tables for FR2 unwanted emission in subclause 12.7

	R4-1900831
	38.141-2
	Corrections to TRP test procedures in sub-clause 6.3, 6.7 and 7.7

	R4-1900828
	38.141-2
	Editorial clean-up of TRP measurement section in Annex I



It can be noted that the detailed description is captured in TR 37.843 for eAAS and TR 38.817-02 for NR. The background information in the TR is distributed to multiple sections (including annexes). In the TS, detailed information about how to handle the anechoic method is captured. It is suggested to add relevant information regarding RC in this section. In conjunction with the addition of RC support also a CR to TR 37.843, sub-clause 10.8 and CR to TR 38.817-02, sub-clause 12.7 and Annex A with general editorial corrections is created in [8, 9].

3. Conclusion
The reverberation chamber offers a second option for measuring wanted power TRP and unwanted emission TRP for base stations.    
In this contribution we give an overview of CRs for TR and TS to include reverberation chamber test method for wanted power and unwanted emission. Also, we observe that the current version of test specifications mandates a specific test procedure to be selected, which actually excludes other test methods than anechoic chamber-based test methods to be used for unwanted emission requirements.
[bookmark: _GoBack]We have a package of CRs prepared to start the work to solve the issues identified in this contribution and add reverberation test method for TRP requirements. 

4. References
[1]	R4-1812908, “On TRP measurement using reverberation chambers”, Ericsson, RISE
[2]	TR 25.914, “Measurements of radio performances for UMTS terminals in speech mode”, v15.0.1, 3GPP
[3] 	R4-1815324, “CR to TR 37.843: Procedure for RC and framework for MU and MU table”, Ericsson
[4]	R4-1815326, “Reverberation chamber validation measurements”, Ericsson
[5]	R4-1815327, “CR to TR 38.817-02: Addition of RC MU tables for unwanted emission”, Ericsson
[6]	R4-1815693, “CR to TR 37.843: Adding reverberation chamber in sub-clause 10.8”, Ericsson
[7]	R4-1804503, “On OTA test method evaluation”, Ericsson
[8]	R4-1900820, “CR to TR 37.843: Editorial clean-up of TRP measurement section in sub-clause 10.8”, Ericsson
[9]	R4-1900829, “CR to TR 38.817-02: Editorial clean-up of TRP measurement background in sub-clause 12.7 and Annex A”, Ericsson


3GPP
image1.emf
Operating Band Upper region Lower region

30 MHz

D D

Spurious emission, Receiver blocking

TX power, RX sensitivity, EVM, TAE, 

Freq. err., ACLR, OBUE, etc.

f

max

Spurious emission, Receiver blocking

Reverberation Chamber

Unwanted Emission (Spurious emission, OBUE, ACLR) and TX power

CATR

EVM, EIRP, EIS, etc.

Shielded Anechoic Chamber

Spurious Emission, Blocking

Shielded Anechoic Chamber

Blocking

EMC

Frequency


