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1
Introduction 
During the RAN5 #85 meeting a new study item was proposed with the goal of defining NR FR1 TRP/TRS test methodology [1].  Following a lengthy discussion, RAN5 did not endorse the proposed SI, as highlighted in the RAN5 Chairman’s report in [2].
This contribution is a resubmission of our RAN #86 input [3] and provides some background on the history of the development of over-the-air (OTA) specifications in 3GPP and a recommendation to recast the proposed SI in [1] as a RAN4-led work item on NR FR1 TRP/TRS requirements.
2
Discussion
3GPP has accumulated a significant amount of experience in defining OTA test procedures and OTA requirements, spanning GSM, UTRA, LTE, and NR radio access technologies.  Table 1 below illustrates the relevant technical specifications and technical reports and also identifies the link between them.
Table 1: RAN4 specifications and technical reports related to OTA verification of UE performance
	TS or TR
	Test procedure aspects
	Requirement aspects

	25.914
	GSM/UMTS terminal TRP/TRS measurement procedure in free space, beside head, beside head and hand, and with laptop phantom; phantom CAD models; estimation of measurement uncertainty
	Impacts 25.144

	34.925
	Regulatory overview of specific absorption rate (SAR) requirements
	(NOTE 1)

	37.902
	Enhancement of TRP/TRS OTA methodology for LTE
	Impacts 37.144

	37.976
	Initial study of UMTS/LTE terminal multi-antenna reception test methodology (MIMO-OTA)
	N/A

	37.977
	UMTS/LTE terminal multi-antenna reception test methodology (MIMO-OTA); permitted methods, channel models, chamber verification, test case parameters, estimation of measurement uncertainty; defined total radiated MIMO sensitivity (TRMS) metric
	Impacts 37.144

	38.803
	Initial study of Tx/Rx test methodology for FR2 UEs
	N/A

	38.810
	Study of Tx/Rx test methodology for FR2 UEs, including RF, RRM, and demodulation aspects; estimation of measurement uncertainty
	Impacts 38.101-2, 38.101-4, 38.133

	38.826
	Study of 2-rx exception for vehicle mounted UE
	Impacts 38.101-1

	38.827
	NR terminal multi-antenna reception test methodology (MIMO-OTA); permitted methods, channel models, chamber verification, test case parameters, estimation of measurement uncertainty
	MIMO-OTA requirements for NR FR1 and FR2 UEs will be defined based on the outcome of this study

	38.831
	NR FR2 terminal RF requirement enhancements
	Impacts 38.101-2

	38.884
	NR FR2 terminal test methodology enhancements; estimation of measurement uncertainty
	Impacts 38.101-2

	25.144
	See 25.914
	GSM/UMTS terminal TRP/TRS requirements under the conditions defined in 25.914

	37.144
	See 37.902 and 37.977
	GSM/UMTS/LTE terminal TRP/TRS/TRMS requirements under the conditions defined in 37.902 and 37.977 (NOTE 2)

	38.101-2
	See 38.810, 38.831, 38.884
	NR FR2 terminal OTA requirements under the conditions defined in 38.810, 38.831, 38.884

	38.101-4
	See 38.810
	NR FR1 and FR2 terminal demodulation requirements; for FR2 test cases, under the conditions defined in 38.810

	38.133
	See 38.810
	NR FR1 and FR2 terminal RRM requirements and test cases; for FR2 test cases, under the conditions defined in 38.810

	NOTE 1:
RF specifications for all technologies take SAR regulation into account with the introduction of the P-MPR power back-off parameter
NOTE 2:
For LTE only laptop embedded equipment (LEE) and handheld TRMS OTA requirements are defined


Based on this analysis, the following observations can be made:

Observation 1:
OTA specific constraints, such as regulation on permissible RF exposure, explicit exceptions associated with device types, and practical constraints associated with modem integration into form factor (e.g. lack of conducted connectors in FR2 UEs), can have direct impact on core RF requirements which are defined in RAN4. 

Observation 2:
For GSM, UTRA, LTE, and NR FR2 3GPP has consistently used the approach of developing test methodology and RF requirements as coordinated activities within RAN4 and handed off the work to RAN5 for conformance test specification work after the test methodology and core requirements are defined. 

In addition to the above technical reports and technical specifications, RAN4 provided guidance to RAN5 on the definition of test tolerance in [20] and [21].  The only exception to this approach has been the RAN4/RAN5 work split on FR2 test methodology, where RAN5 has undertaken the definition of test tolerances due to the time sensitive nature of delivering the FR2 RF conformance test specification (since all FR2 requirements are radiated).
Observation 3:
The definition of OTA core requirements, preliminary measurement uncertainty assessment, and test tolerances is a package which is developed in RAN4, since each component directly impacts the UE RF core requirements.
Examining the SID proposed in [1], we observe that the proposed scope of work does not include the definition of OTA RF core requirements.  From the perspective of historical 3GPP efforts on OTA, this is a departure from established precedence.  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.

Observation 4:
An OTA test plan without requirements is not a useful outcome of 3GPP effort, since external certification and regulatory organizations would still need a definition of minimum requirements in order to define pass/fail criteria.

One aspect which darkens the overall picture is the unfortunate conclusion of the LTE TRP/TRS specification work for handheld UEs.  The LS from RAN4 to MSG TFES has reported the following [22]:

[image: image1]
Despite this setback, 3GPP successfully defined LTE TRP/TRS requirements for LEE devices and LTE TRMS requirements for handheld UEs in TS37.144 [16].  It is our view that consensus can be achieved based on reasonable compromise made by all interested companies in the interest of harmonizing the NR FR1 OTA certification processes globally.

Based on the above observations, the following proposal can be made:
Proposal 1:
It is proposed to recast the SI proposed in [1] into a work item led by RAN4 with RAN5 given secondary responsibility.  The objective of this joint work item shall be to define UE NR FR1 and EN-DC TRP and TRS minimum requirements and conformance test specification.
Section 3 below provides the suggested scope of the proposed work item.  No leadership change from [1] is proposed, as we are confident in the Rapporteurs from [1] to effectively manage the work.

3
Suggested scope of NR FR1 and EN-DC TRP and TRS work item

Based on the proposed SID in [1] and the previous work undertaken by RAN4 on OTA requirements in [23], the objectives below outline our recommendation to recast the RAN5-led SI into a RAN4-led WI with RAN5 given secondary responsibility to define the conformance test specification.  No leadership change from [1] is proposed, as we are confident in the Rapporteurs from [1] to effectively manage the work.

------ begin proposed scope of the WI objective ------

The objective of this work item is to define UE NR FR1 and EN-DC TRP and TRS minimum requirements and conformance test specification for NR FDD and NR TDD UEs.  The work shall proceed within the following scope:

-
NR FR1 and EN-DC TRP and TRS verification methodology [RAN4]

-
Taking the test methodology defined in TR37.902 as a baseline

-
Considering the following device types:

-
Handheld (smartphone type of device)

-
Laptop embedded equipment (LEE)
-
Laptop mounted equipment (LME)
-
Considering the following device positioning scenarios:

-
Head and hand phantom based test method for speech mode (applicable to handheld UE)

-
Hand phantom only based test method for data browsing (applicable to handheld UE)

-
Free space for LEE

-
Considering the following additional aspects:

-
Define the wide grip hand phantom, to cover devices from 72mm to 92mm width
-
Study how to ensure the radiation efficiencies for both E-UTRA and NR carriers are properly tested under the EN-DC FR1 testing condition, including scheduling and power sharing aspects

-
Definition of EN-DC FR1 band combinations and frequency allocations shall ensure that potential UE self-interference due to IMD3 are tested. The definition of any new testing procedure to find the UE self-interference worst case is not in the scope of this WID
-
Methodology to ensure predictable verification of TRP results for UEs which implement transmit antenna selection shall be considered

-
Methodology to ensure predictable verification of TRS results for UEs which implement multiple antenna receivers shall be considered

-
Preliminary measurement uncertainty assessment

-
NR FR1 and EN-DC TRP and TRS minimum requirements [RAN4]

-
Minimum requirements for handheld, LEE, LME device types and the applicable device positioning scenarios

-
Test tolerances

-
NR FR1 and EN-DC TRP and TRS conformance test specification [RAN5]

-
Test procedures and calibration aspects to verify the core TRP and TRS minimum requirements
-
Measurement uncertainty budget

-
Study and, if found feasible, define test time reduction techniques, including but not limited to single point offset measurements
-
The conformance test specification shall combine the test procedures, measurement uncertainty budget, test tolerances, and requirements into a single package, and the specification shall not be placed under revision control until all of the package components are defined by RAN4 and RAN5

During the course of this work item, ongoing communication with GCF, PTCRB, CCSA and CTIA OTA Working Group shall be maintained to ensure industry coordination on this topic.
------ end proposed scope of the WI objective ------

4
Conclusions

This contribution provides some background on the history of the development of over-the-air (OTA) specifications in 3GPP and a recommendation to to recast the proposed SI in [1] as a RAN4-led work item on NR FR1 TRP/TRS requirements.  The following observations and proposals have been made:
Observation 1:
OTA specific constraints, such as regulation on permissible RF exposure, explicit exceptions associated with device types, and practical constraints associated with modem integration into form factor (e.g. lack of conducted connectors in FR2 UEs), can have direct impact on core RF requirements which are defined in RAN4.
Observation 2:
For GSM, UTRA, LTE, and NR FR2 3GPP has consistently used the approach of developing test methodology and RF requirements as coordinated activities within RAN4 and handed off the work to RAN5 for conformance test specification work after the test methodology and core requirements are defined.
Observation 3:
The definition of OTA core requirements, preliminary measurement uncertainty assessment, and test tolerances is a package which is developed in RAN4, since each component directly impacts the UE RF core requirements.
Observation 4:
An OTA test plan without requirements is not a useful outcome of 3GPP effort, since external certification and regulatory organizations would still need a definition of minimum requirements in order to define pass/fail criteria.


Proposal 1:
It is proposed to recast the SI proposed in [1] into a work item led by RAN4 with RAN5 given secondary responsibility.  The objective of this joint work item shall be to define UE NR FR1 and EN-DC TRP and TRS minimum requirements and conformance test specification.
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The work on LTE OTA handheld BHH TRS requirements definition has been based on measurements of real and commercial devices provided according to the measurement procedures described in TR 37.902.


A first framework was elaborated, based on combining the available data for each frequency band in order to derive the related TRS CDF curves. Requirements would have been then defined by refining candidate values abotained from specific percentiles.. The group was unable to achieve consensus based on this approach.


A second framework was elaborated by observing that UEs supporting multiple bands must pass the OTA requirements for all applicable bands in order to achieve certification and by introducing the evaluation of a joint band passing rate (JBPR) based on the comparison of the potential requirements against the measured OTA performances over a selected set of bands and evaluating the ratio of the number of passed UEs over the total number of UEs. The group was unable to achieve consensus based on this approach.
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