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1	Introduction 
A new work item to define the OTA test methodology and TRP/TRS requirements for UEs operating in NR FR1 stand-alone and EN-DC within FR1 configurations was approved during the RAN #91 [1] and further revised during RAN #92 [2].  This contribution provides our general considerations related to the work to define OTA requirements in 3GPP and their implications on the larger ecosystem of consumers of these requirements.
2	Discussion 
2.1	Relationship between 3GPP OTA requirements and regulation
Under the Radio Equipment Directive (RED), Directive 2014/53/EU [3], the European Union has created the regulatory framework necessary to include the radiated performance of mobile devices into the overall regulatory approval procedures for user terminals:
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Toward this end, ETSI is developing the Harmonized Standard EN 301 908-13 [4], which includes TRP and TRS limits for E-UTRA handset user terminals.  With radiated performance requirements becoming part of the EU regulatory framework, compliance with the mandatory TRP and TRS limits is required of the manufacturer to be able to distribute handset user terminals in the EU market.  Furthermore, RED includes provisions for market surveillance [3]:
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Because ETSI considers 3GPP specifications as the core reference for the development of Harmonized Standards, it is our understanding that the 3GPP-developed FR1 TRP/TRS conformance test requirements are expected to be reflected in the ETSI Harmonized Standard, to be used as the pass/fail limit to determine compliance with the European regulation. 

[bookmark: _Toc79056228][bookmark: _Toc79056672][bookmark: _Toc79057660][bookmark: _Toc79057766][bookmark: _Toc79077422][bookmark: _Toc79144769]Observation 1:	The 3GPP-developed FR1 TRP/TRS conformance test requirements are expected to be reflected in the ETSI Harmonized Standard, to be used as the pass/fail limit to determine compliance with the European regulation.

ETSI and ECC CEPT further clarify market surveillance requirements as follows [5]:
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The market surveillance requirements have an important statistical significance on determining passing and failing rates of devices.

[bookmark: _Toc79056229][bookmark: _Toc79056673][bookmark: _Toc79057661][bookmark: _Toc79057767][bookmark: _Toc79077423][bookmark: _Toc79144770]Observation 2:	Market surveillance requirements associated with OTA pass/fail limits imply that any device out of the population of conforming terminals distributed in the market shall comply with the OTA pass/fail limits.
 
As mentioned in the FR1 TRP/TRS WID, close coordination with the China Communications Standards Association (CCSA) is part of the work scope.  In China, the Ministry of Industry and Information Technology (MIIT) approves CCSA-developed standards, and some of these requirements become part of the Network Access License (NAL) certification for telecommunication equipment.  The NAL already includes radiated pass/fail limits for LTE bands based on the corresponding CCSA specification [6] and also includes provisions for market surveillance.

[bookmark: _Toc79056230][bookmark: _Toc79056674][bookmark: _Toc79057662][bookmark: _Toc79057768][bookmark: _Toc79077424][bookmark: _Toc79144771]Observation 3:	Similarr to the European market, China's regulators have defined a framework to certify UEs based on OTA pass/fail limits, including provisions for market surveillance.

We next consider the typical 3GPP process of defining OTA requirements, as described in the following steps:
1)	The test method is defined
2	A number of aligned labs which can provide measurement results for the purpose of deriving the OTA core requirement values are selected
3)	A number of DUTs are measured to provide a distribution of OTA performance metrics. A harmonized format may be used for discussion of measured data from the round robin tests
4)	RAN4 agrees OTA requirements based on the measured data and without accounting for measurement uncertainty
5)	RAN5 defines the measurement uncertainty budget and MTSU, the test tolerance which is used to relax the core OTA requirements, and the conformance test requirements with the OTA limits which account for MU

In step #3, the selection of DUTs which are measured to derive the OTA requirement is critical to understanding the relationship between 3GPP OTA requirements and regulatory pass/fail limits.  The reason for the distinction comes from manufacturing and assembly tolerances of handset UEs.  The impact of these tolerances on measured radiated performance is typically not included in the definition of the measurement uncertainty of the test system, and care should be taken to accommodate these tolerances in the definition of OTA requirements.

As an example, if the DUTs in step #3 are selected based on the principle of nominal performance (i.e. each measurement result is of the typical device out of the manufactured population of devices), then RAN4 would derive the OTA requirement out of a distribution of nominal devices.  If, on the other hand, these DUTs are selected based on the principle of minimal performance within a given confidence interval, then RAN4 would derive the OTA requirement out of a distribution of devices which represent radiated performance within the given confidence interval (for example, 99.9%).

Figures 1 and 2 below provide a quick numerical example of this concept.  Just for the purpose of providing an example, we consider a population of devices all with the nominal OTA performance metric of 23 dBm.  In the first example (Figure 1), the variation in performance among the DUTs is constrained to sigma=0.5 dB.  This can occur, for example, if nominally performing devices are selected when deriving the requirement.
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Figure 1: Illustration of a test requirement derived from a population with sigma=0.5 dB
In the second example, the variation in performance of the DUTs is considered to be sigma=1.5 dB.  Just in this example, this scenario represents the real variation of devices due to manufacturing and assembly tolerances and also represents the distribution of the OTA metric among devices deployed in the field.
[image: ]
Figure 2: Illustration of a test requirement derived from a population with sigma=1.5 dB
We observe that the process illustrated in Figure 1 (which also includes an exemplary test tolerance) derives a conformance test metric of 20.5 dBm.  In this example the conformance test metric from Figure 1 corresponds to a passing rate of 99%.  However, when applied as a pass/fail criterion to the actual distribution of devices in Figure 2, this test metric results in a passing rate of only 92% due to the effect of not considering the full span of manufacturing and assembly tolerances in the statistics of the requirement derivation process.  If the same requirement derivation process is followed for data in Figure 2, then the derived conformance metric is 17.5 dBm, which once again corresponds to a passing rate of 99.9% across all devices in the population.

This potential discrepancy between the 3GPP OTA requirement derivation process and the way these requirements are interpreted by regulatory bodies can introduce risk to the terminal design process in the context of market surveillance.  If 3GPP defines OTA requirements based on nominally performing devices, and the regulator applies a pass/fail determination based on any device taken from the marketplace, then there exists the probability, due to non-zero manufacturing and assembly tolerances, that the device measured for market surveillance can fail the limit and result in regulatory non-compliance after the launch of the devices in a market.  The impact of this scenario on OEMs and network operators can be disastrous.

[bookmark: _Toc79056231][bookmark: _Toc79056675][bookmark: _Toc79057663][bookmark: _Toc79057769][bookmark: _Toc79077425][bookmark: _Toc79144772]Observation 4:	When defining OTA requirements, 3GPP should consider not only the impact of measurement uncertainty but also the impact of manufacturing and assembly tolerances on the conformance test requirement due to the understanding that regulators assign pass/fail limits to this requirement with the expectation that any device available in the market shall comply.

A number of possible solutions to address Observation 4 can be envisioned, including:
-	Define the DUT selection procedure, such that the DUTs in the pool of devices used to derive OTA requirements represent X-percentile performance rather than nominal performance. This approach might require a large quantity of devices to properly capture each OEM's manufacturing and assembly tolerances.
-	Study the relaxation to represent manufacturing and assembly tolerance and then define OTA requirements based on nominally performing devices with the relaxation.  This approach can be based on statistical analysis of data provided by OEMs.

We anticipate that other solutions can also be proposed and discussed, and a discussion in RAN4 to understand how to define OTA requirements in 3GPP such that they can be directly applicable to the regulatory use case is needed.

[bookmark: _Toc79057664][bookmark: _Toc79057770][bookmark: _Toc79077426][bookmark: _Toc79144773]Proposal 1:	RAN4 should discuss how to consider the impact of UE manufacturing and assembly tolerances in the OTA requirement specification work.
2.2	Market need for FR1 SA OTA requirements
A consideration related to TRP/TRS for NR FR1 UEs in stand-alone mode is the necessity to prioritize the development of these requirements for SA mode over EN-DC.  One reason for doing this is based on the following WID objective:  "For EN-DC, only NR requirements will be specified, and no additional LTE requirements will be introduced."  Thus, TRP/TRS requirements for UEs configured for EN-DC within FR1, will be derived from the SA requirements in the same NR bands plus relaxation due to power reduction or MSD.  Based on this, effort to define the TRP/TRS requirements for NR FR1 UEs in stand-alone mode needs to be prioritized, although effort to define EN-DC test methodology can proceed in parallel with the SA work.

Another important consideration is the acceleration of NR FR1 SA deployments world-wide.  As a typical observation, the proliferation of SA deployments tends to slow down the deployment of EN-DC networks.  Of course, individual operators' deployment plans always differ from each other; however, the strengthened market pull for NR SA in general can be observed.  Based on these considerations, 3GPP should not delay the development of FR1 SA TRP/TRS requirements.

[bookmark: _Toc79057665][bookmark: _Toc79057771][bookmark: _Toc79077427][bookmark: _Toc79144774]Proposal 2:	RAN4 should define the TRP/TRS requirements for NR FR1 UEs in stand-alone mode as a priority, although effort to define EN-DC test methodology can proceed in parallel with the SA work.
2.3	OTA requirements for RedCap devices
With the work on RedCap devices ongoing in 3GPP [6], one aspect related to the objective to define requirements for RedCap UEs with a reduced number of Rx branches is relevant to the TRP/TRS work effort.  During the offline discussions related to this objective, a number of operators voiced concerns regarding the potential impact of OTA performance of these device on overall network operation.  In order to address this concern, it makes sense for 3GPP to undertake the effort to define TRP/TRS requirements for RedCap UEs.

[bookmark: _Toc79057666][bookmark: _Toc79057772][bookmark: _Toc79077428][bookmark: _Toc79144775]Proposal 3:	3GPP should include scope for RedCap UEs in the FR1 TRP/TRS WID.

Since decisions related to 3GPP work scope can be only be made in RAN Plenary, it is requested from RAN4 to endorse the proposal as a recommendation to RAN, so that the TRP/TRS WID can be updated during RAN #93.

3	Conclusions
This contribution provides our general considerations related to the work to define OTA requirements in 3GPP and makes the following observations and proposal:

Observation 1:	The 3GPP-developed FR1 TRP/TRS conformance test requirements are expected to be reflected in the ETSI Harmonized Standard, to be used as the pass/fail limit to determine compliance with the European regulation.
Observation 2:	Market surveillance requirements associated with OTA pass/fail limits imply that any device out of the population of conforming terminals distributed in the market shall comply with the OTA pass/fail limits.
Observation 3:	Similarr to the European market, China's regulators have defined a framework to certify UEs based on OTA pass/fail limits, including provisions for market surveillance.
Observation 4:	When defining OTA requirements, 3GPP should consider not only the impact of measurement uncertainty but also the impact of manufacturing and assembly tolerances on the conformance test requirement due to the understanding that regulators assign pass/fail limits to this requirement with the expectation that any device available in the market shall comply.

Proposal 1:	RAN4 should discuss how to consider the impact of UE manufacturing and assembly tolerances in the OTA requirement specification work.
Proposal 2:	RAN4 should define the TRP/TRS requirements for NR FR1 UEs in stand-alone mode as a priority, although effort to define EN-DC test methodology can proceed in parallel with the SA work.
Proposal 3:	3GPP should include scope for RedCap UEs in the FR1 TRP/TRS WID.
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(2)  Regulation (EC) No 765/2008 of the European Parliament and of the Council (%) lays down rules on the accredita-
tion of conformity assessment bodies, provides a framework for the market surveillance of products and for
controls on products from third countries, and lays down the general principles of the CE marking.
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Market surveillance and enforcement

Member States are required to take all appropriate measures
to ensure that equipment that is placed on the market and/or
put into service complies with the requirements of the RED and
technical conditions to use the spectrum. A list of the Member
State surveillance authorities can be found here.

The Directive enables the surveillance authorities to gain
access to information on equipment. In particular, it requires
the declaration of conformity and technical documentation

to be made available for inspection by them. This information
must be made available by the manufacturer, by his authorised
representative established within the European Union, or where
neither is in the European Union, by the importer or person
responsible for placing the apparatus on the market.

Surveillance authorities may also, in accordance with their
national laws, check and test products sampled in the market.
Surveillance activities may arise as a result of a complaint

or random check or as part of a systematic programme.
Where problems are found, the follow-up will depend on the
seriousness of any non-compliance but there should first be

an attempt to resolve matters nationally through direct dialogue
with the manufacturer or his authorised representative.

In serious cases or where there is a failure to implement
adequate remedial measures in a timely manner, withdrawal
from the market may be imposed and the surveillance authority
concerned will trigger the formal “safeguard” procedure under
Chapter V of the RED. Under this procedure, formal notification
of the action taken and the reasons for it is made to the
Commission and the other Member States. The Commission,

if needed, will consult the Member States and the relevant
economic operators (see Article 41 of the RED).

The surveillance authorities collaborate in the ADCO RED
(Administrative Cooperation Group).
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In order to ensure that radio equipment uses the radio spectrum effectively and supports the efficient use of
radio spectrum, radio equipment should be constructed so that: in the case of a transmitter, when the transmitter
is properly installed, maintained and used for its intended purpose it generates radio waves emissions that do not
create harmful interference, while unwanted radio waves emissions generated by the transmitter (e.g. in adjacent
channels) with a potential negative impact on the goals of radio spectrum policy should be limited to such a level
that, according to the state of the art, harmful interference is avoided; and, in the case of a receiver, it has a level
of performance that allows it to operate as intended and protects it against the risk of harmful interference, in
particular from shared or adjacent channels, and, in so doing, supports improvements in the efficient use of
shared or adjacent channels.

Although receivers do not themselves cause harmful interference, reception capabilities are an increasingly im-
portant factor in ensuring the efficient use of radio spectrum by way of an increased resilience of receivers
against harmful interference and unwanted signals on the basis of the relevant essential requirements of Union
harmonisation legislation.




