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1	Introduction 
During the RAN #86 meeting we had raised the observation that 3GPP should work to define TRP and TRS requirements for NR FR1 UEs in order to address this gap in the industry [1].  We also cautioned that without the rigorous development of these requirements in 3GPP there can be an impact on other industry fora:

	The major concern with 3GPP developing only a test plan for OTA RF verification is the question of how external organisations will use the test plan.  We are aware of a number of certification organizations, such as GCF and PTCRB, as well as regulatory impacting activities, such as MSG TFES and CCSA, which may be interested in the outcome of this work.  However, a test plan without pass/fail requirements is not a useful input to these organizations:  in order to determine the certification status of a UE a minimum requirement is still needed.



In the intervening year a proposal for such a work item has been submitted and improved to capture multiple companies’ inputs in [2].  Having failed to approve the start of this work item during the RAN #90 meeting, 3GPP has missed an opportunity to address the industry’s needs to develop these important requirements.  In addition, the cautionary statement related to other certification organizations we had raised in [1] has come to pass.  During the RAN #90 meeting 3GPP received a liaison from the MSG TFES with the information that LTE TRP/TRS pass/fail limits have been finalized by ETSI [3].

In this contribution we examine the process by which MSG TFES arrived at the limits, highlight the lack of measurement uncertainty and test tolerance analysis in the process, and urge 3GPP to make the right choice in regards to the proposed WID in [2].
2	Discussion 
During the RAN4 #85 meeting in November of 2017, 3GPP sent an LS to MSG TFES informing them that the efforts to define TRP/TRS requirements for LTE handheld UEs has not reached a conclusion [4].  This information motivated the efforts in MSG TFES to define pass/fail limits for LTE handheld UEs.  By July 2020 this activity concluded with a list of pass/fail limits based on a majority decision in the working group [5]:
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Consulting the currently stable draft of ETSI EN 301 908-13, where these limits are captured as regulatory requirements, we observe the following statement regarding the interpretation of measurement results [6]:
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[bookmark: _Toc66666107][bookmark: _Toc66666239][bookmark: _Toc66666311][bookmark: _Toc66703544]Observation 1:	The pass/fail limits in ETSI EN 301 908-13 are specified without listing any test tolerance explicitly in the specification.

There can be two explanations for Observation 1:  either MSG TFES developed the pass/fail limits with allowance for measurement uncertainty integrated into the limit (as is done in CTIA and CCSA OTA specifications) or MSG TFES did not account for any measurement uncertainty in the development of these limits.  When referring to the statistical analysis of the data submitted for the MSG TFES measurement campaign [7], we do not observe any uncertainty or test tolerance analysis.  A December 2020 submission to MSG TFES in [8] has even highlighted this gap with a proposal to take measurement uncertainties into account when defining the pass/fail limits.  To our understanding, this proposal was not incorporated into the limits taken into ETSI EN 301 908-13.

[bookmark: _Toc66666240][bookmark: _Toc66666312][bookmark: _Toc66703545]Observation 2:	The pass/fail limits in ETSI EN 301 908-13 were defined without taking measurement uncertainty or test tolerance into account.

3GPP has extensive experience in defining OTA requirements for both base stations and UEs:  as captured in the background of [1].  One outcome of this experience is the shared risk principle when developing conformance test requirements, as described in the LTE OTA requirements specification, TS 37.144 [9]:
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The shared risk principle allows the complex problem of defining pass/fail limits for devices measured with imperfect test systems to be split into three major tasks:
1)	Define a core requirement assuming no impact from a measurement system (i.e. MU=0)
2)	Quantify the measurement uncertainty of the test system
3)	Define a test tolerance value which relaxes the core requirement such that there is a balance between the rate of failing a passing UE and the rate of passing a failing UEs in a test system with the quantified MU

From the information contained in [5] and [7], it does not appear that this process has been followed by MSG TFES.

The shared risk principle has been implemented by RAN5 into the OTA conformance test specification for UTRA handset TRP/TRS, UTRA & E-UTRA laptop embedded equipment (LEE) TRP/TRS, and UTRA & E-UTRA MIMO OTA, as captured in TS 37.544 [10]:

	Test tolerances in Table D.2-1 are used to relax the Minimum Requirements in the present document and to derive the Test Requirements.
Table D.2-1: Test Tolerances for OTA tests
	Clause
	Test Tolerance

	6.1.1 TRP for UTRA FDD in Speech Mode with beside the Head Phantom
	Bands I,II,III,IV,V,VI,VII,VIII,IX
1.0 dB for minimum requirement
0.7 dB for average requirement

	6.1.2 TRP for UTRA TDD in Speech Mode with beside the Head Phantom
	Bands a,e,f
1.0 dB for minimum requirement
0.7 dB for average requirement

	6.1.3 TRP for UTRA FDD in Speech Mode with beside the Head and Hand Phantom
	1.0 dB for minimum requirement
0.7 dB for average requirement

	6.1.4 TRP for UTRA TDD in Speech Mode with beside the Head and Hand Phantom
	1.0 dB for minimum requirement
0.7 dB for average requirement

	6.1.5 TRP for E-UTRA FDD UE in Speech Mode with beside the Head and Hand Phantom
	[TBD]

	6.1.6 TRP for E-UTRA TDD UE in Speech Mode with beside the Head and Hand Phantom
	[TBD]

	6.1.7 TRP for UTRA FDD UE in Browsing Mode with Hand Phantom
	[TBD]

	6.1.8 TRP for UTRA TDD UE in Browsing Mode with Hand Phantom
	[TBD]

	6.1.9 TRP for E-UTRA FDD UE in Browsing Mode with Hand Phantom
	[TBD]

	6.1.10 TRP for E-UTRA TDD UE in Browsing Mode with Hand Phantom
	[TBD]

	6.2.1 TRP for UTRA FDD LME
	Bands I,II,III,IV,V,VI,VII,VIII,IX
1.0 dB for minimum requirement
0.7 dB for average requirement

	6.2.2 TRP for UTRA TDD LME
	Bands a,e,f
1.0 dB for minimum requirement
0.7 dB for average requirement

	6.2.3 TRP for E-UTRA FDD LME
	[TBD]

	6.2.4 TRP for E-UTRA TDD LME
	[TBD]

	6.3.1 TRP for UTRA FDD LEE
	Bands I,II,III,IV,V,VI,VII,VIII,IX
1.0 dB for minimum requirement
0.7 dB for average requirement

	6.3.2 TRP for UTRA TDD LEE
	Bands a,e,f
1.0 dB for minimum requirement
0.7 dB for average requirement

	6.3.3 TRP for E-UTRA FDD LEE
	1.0 dB for minimum requirement
0.7 dB for average requirement

	6.3.4 TRP for E-UTRA TDD LEE
	1.0 dB for minimum requirement
0.7 dB for average requirement

	7.1.1 TRS for UTRA FDD in Speech Mode with beside the Head Phantom
	Bands I,II,III,IV,V,VI,VII,VIII,IX
1.2 dB for maximum requirement
0.9 dB for average requirement

	7.1.2 TRS for UTRA TDD in Speech Mode with beside the Head Phantom
	Bands a,e,f
1.2 dB for minimum requirement
0.9 dB for average requirement

	7.1.3 TRS for UTRA FDD in Speech Mode with beside the Head and Hand Phantom
	1.2 dB for maximum requirement
0.9 dB for average requirement

	7.1.4 TRS for UTRA TDD in Speech Mode with beside the Head and Hand Phantom
	1.2 dB for maximum requirement
0.9 dB for average requirement

	7.1.5 TRS for E-UTRA FDD in Speech Mode with beside the Head and Hand Phantom
	[TBD]

	7.1.6 TRS for E-UTRA TDD in Speech Mode with beside the Head and Hand Phantom
	[TBD]

	7.1.7 TRS for UTRA FDD in Browsing Mode with Hand Phantom
	[TBD]

	7.1.8 TRS for UTRA TDD in Browsing Mode with Hand Phantom
	[TBD]

	7.1.9 TRS for E-UTRA FDD in Browsing Mode with Hand Phantom
	[TBD]

	7.1.10 TRS for E-UTRA TDD in Browsing Mode with Hand Phantom
	[TBD]

	7.2.1 TRS for UTRA FDD LME
	Bands I,II,III,IV,V,VI,VII,VIII,IX
1.2 dB for maximum requirement
0.9 dB for average requirement

	7.2.2 TRS for UTRA TDD LME
	Bands a,e,f
1.2 dB for minimum requirement
0.9 dB for average requirement

	7.2.3 TRS for E-UTRA FDD LME
	[TBD]

	7.2.4 TRS for E-UTRA TDD LME
	[TBD]

	7.3.1 TRS for UTRA FDD LEE
	Bands I,II,III,IV,V,VI,VII,VIII,IX
1.2 dB for maximum requirement
0.9 dB for average requirement

	7.3.2 TRS for UTRA TDD LEE
	Bands a,e,f
1.2 dB for minimum requirement
0.9 dB for average requirement

	7.3.3 TRS for E-UTRA FDD LEE
	1.2 dB for maximum requirement
0.9 dB for average requirement

	7.3.4 TRS for E-UTRA TDD LEE
	1.2 dB for maximum requirement
0.9 dB for average requirement

	7.4.1 Radiated Performance of Multiple-antenna Receivers FDD
	1 dB

	7.4.2 Radiated Performance of Multiple-antenna Receivers TDD
	1 dB
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We further note that 3GPP did quanitify the measurement uncertainty budget for TRP and TRS for the head+hand (speech mode) measurements, as can be found in Tables E.29-2 and E.29-6 in TS 37.544 [10].  However, given the lack of consensus on the core requirement for LTE TRP/TRS requirements for handsets, 3GPP did not complete the work to define the applicable test tolerances.

[bookmark: _Toc66703547]Observation 4:	3GPP has quantified the measurement uncertainty budget for LTE handset TRP/TRS in the head+hand (speech mode) test cases but has not defined the associated test tolerances.

The analysis in [8] illustrates the potential for increased risk of a certification program failing a passing UE that will follow when test tolerance is not scientifically accounted (like it has been accounted in past OTA limit activities in 3GPP), when limits are being introduced to the ETSI Harmonized Standards.  This analysis motivates a collaborative and rigorous approach to OTA specification development, and hence indicates a preference for doing the work in 3GPP   
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3	Conclusions
This contribution has provided our views on the topic of NR FR1 TRP/TRS and made the following observations and proposals:

Observation 1:	The pass/fail limits in ETSI EN 301 908-13 are specified without listing any test tolerance explicitly in the specification.
Observation 2:	The pass/fail limits in ETSI EN 301 908-13 were defined without taking measurement uncertainty or test tolerance into account.
Observation 3:	3GPP has a well-established track record in specifying pass/fail limits of radiated conformance tests based on the shared risk principle, which does account for measurement uncertainty of test equipment.
Observation 4:	3GPP has quantified the measurement uncertainty budget for LTE handset TRP/TRS in the head+hand (speech mode) test cases but has not defined the associated test tolerances.

Proposal 1:	Given the collaborative and rigorous approach to OTA specification development in 3GPP, it is proposed that RAN approve the NR FR1 TRP/TRS work item proposed in [2].
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5.2 Interpretation of the measurement results
Recommended values for the maximum measurements uncertainty can be found in annex B.

The interpretation of the results recorded in a test report for the measurements described in the present document shall
be as follows:

. the measured value related to the corresponding limit will be used to decide whether an equipment meets the
requirements of the present document;

. the value of the measurement uncertainty for the measurement of each parameter shall be included in the test
report.

For the test methods, according to the present document, the measurement uncertainty figures shall be calculated and
shall correspond to an expansion factor (coverage factor) k = 1,96 (which provide confidence level of respectively 95 %
in the case where the distributions characterizing the actual measurement uncertainties are normal (Gaussian)).
Principles for the calculation of measurement uncertainty are contained in ETSI TR 100 028 [i.5], in particular in

annex C of the ETSI TR 100 028-2 [i.5]. For guidance on other measurement conditions reference can be made to
annexes A to [ of ETSI TS 136 521-1 [1].
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4.2 Relationship between minimum requirements for roaming
bands and test requirements

The minimum requirements for roaming bands given in this specification make no allowance for measurement
uncertainty. The test specification 34.114 [4] Annex F defines test tolerances. These test tolerances are individually
calculated for each test. The test tolerances are used to relax the minimum requirements in this specification to create
test requirements.

The measurement results returned by the test system are compared - without any modification - against the test
requirements as defined by the shared risk principle.
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6.2 Final Agreement

At the ad hoc MSG TFES meeting #34 on 7 July 2020, proposals were submitted [i.13], [i.14] and an agreement, shown
in Table 4, was reached among all but one participant. In this case, the MSG chairman declared Table 4 as the final

agreement by majority decision.

Table 4: The agreed OTA requirements

B1 10,9 -86

B3 10,9 -86

B7 10,9 -85,7

B8 7,6 -82,5

B20 7,6 -82,5

B28 7,2 (T1),7,6 (T2) -81,6 (T1), -82,5 (T2)

B38 10,9 -82,5 (20 MHz)

B40 10,9 -82,5 (20 MHz)
NOTE:  Unless specified, the default bandwidth is 10 MHz.

The LTE UE OTA BHH requirements in Tables 2, 3 and 4 are for devices whose width is less than or equal to 72 mm
and larger than or equal to 56 mm.




