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1
Introduction
The new Study Item on Next Generation New Radio (NR) Access Technology has been approved during RAN #71 [1].  The SID includes the following objective related to the testability of RF and performance requirements:
· Fundamental RF aspects – especially where they may impact decisions on the above, e.g.,

· Study and identify the aspects related to the testability of RF and performance requirements

Initial views on UE RF testability were shared in [4].  The agreement reached during RAN4 #78bis on the frequency ranges for the RF parameter study in [5] allow a further refinement of the testability aspects.
2
Discussion
2.1
General
Considering a generic UE architecture, as shown in Figure 1 below, it is useful to examine the possible reference points for defining a measured requirement.
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Figure 1: Generic UE architecture

LTE requirements have been defined at the conducted reference point.  This definition, coupled with the typical assumption of omnidirectional radiation by the UE, have created the requirement framework we have in TS 36.101 and TS 36.133.  As had been observed in this discussion, up to a certain frequency the testing aspects of this framework can be reused for NR.  Above this frequency (such as 6 GHz, as an example) NR devices are expected to have a higher degree of integration between the RFFE and the antenna array, thereby precluding the use of a conducted connector for testing; steerable antenna arrays have also broken the omnidirectional UE assumption.

Observation 1: Below a certain frequency threshold, such as 6 GHz as an example, the UE testing aspects can be reused from LTE.
We examine the testability aspects of RF, RRM, and demodulation requirements separately in the following sections.
2.2
RF testability

For RF testing, we envision two possible test environments:  an over-the-air (OTA) cable replacement environment (Figure 2) and an OTA total radiated power (TRP) / total radiated sensitivity (TRS) test (Figure 3).
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Figure 2: Potential OTA cable replacement measurement setup

[image: image3.emf]Anechoic chamber

DUT

communication 

antenna

Dual-axis positioning 

system

Dual-polarized 

measurement 

antenna

COMM

MEASURED SIGNAL

CONTROL

System Test and 

Control Equipment


Figure 3: OTA TRP/TRS measurement setup 

Care should be taken to identify trade-offs between test setup complexity and test tolerance.

Observation 2: It is recommended to define general test methodology for NR RF requirements during the SI stage and to capture the outcome in a Technical Report.
The FCC has made a ruling on emissions limits for mmWave transmitters and has considered the testability aspects as well [7]:

[image: image4.png]§30.203 Emission limits.

(a) The conductive power or the total radiated power of any emission outside a licensee's frequency
block shall be -13 dBm/MHz or lower. However, in the bands immediately outside and adjacent to the
licensee's frequency block, having a bandwidth equal to 10 percent of the channel bandwidth, the
conductive power o the total radiated power of any emission shall be -5 dBm/MHz or lower.

(b)(1) Compliance with this provision is based on the use of measurement instrumentation employing a
resolution bandwidth of 1 megahertz or greater.

(2) When measuring the emission limits, the nominal carrier frequency shall be adjusted as close to the
licensee's frequency block edges as the design permits.

(3) The measurements of emission power can be expressed in peak or average values.

(c) For fixed point-to-point and point-to-multipoint limits see § 30.404.




Observation 3: Some regulatory bodies may define emission limits as a conductive or radiated metric interchangeably.
To approach the testability topic for the potential UE RF requirements, it may be helpful to separate the potential NR UE RF requirements as shown in Table 1 below.
Table 1: UE RF requirement testability matrix

	Category
	Requirement
	Test method
	Notes

	UE Tx
	 
	 
	 

	
	Max output power
	OTA cable replacement
	BF fixed to a single AoD

	
	Power dynamic
	OTA cable replacement
	BF fixed to a single AoD

	
	Spectral mask
	OTA cable replacement
	BF fixed to a single AoD; signal level correction for BF gain

	
	ACLR
	OTA cable replacement
	BF fixed to a single AoD; signal level correction for BF gain

	
	Spurious emissions
	TRP
	BF fixed to a single AoD

	UE Rx
	 
	 
	 

	
	TBD
	TRS or OTA cable replacement
	Further progress on UE Rx RF parameters is desired


Considering trade-offs between test setup complexity and test tolerance, the standard dual axis stepped and integrated measurement is not adequate due to the long measurement time and there needs to be an equivalent measurement with a much shorter measurement time, where for example the RX measurement is done in a single position with the interferer power coming from everywhere.

2.3
RRM Testability

For RRM testing, we envision two possible test environments:  an over-the-air (OTA) cable replacement environment with power delay profile and Doppler emulation (similar to Figure 2 at a high level) and an OTA environment with spatial modelling of the propagation channel.  Figure 3 below provides a conceptual visualization of this environment based on the Rel-14 LTE MIMO OTA test methodology; its definition is a task for further study.
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Figure 4: Potential OTA environment with spatial modelling of the propagation environment
The mechanism of modeling OTA signal sources in mmWave propagation is still not clear at this stage.  For sub-2 GHz applications, propagation measurements of angular spread motivated complex environment emulation with spatial sampling (for example, the multi-probe anechoic chamber method’s ring of probes).  It is still FFS whether single-antenna sources can be useful for mmWave test systems as a complexity reduction.
Observation 4: It is recommended to define general test methodology and practical channel models for NR RRM requirements during the SI stage and to capture the outcome in a Technical Report.

Since RRM requirements are tightly coupled to the core specification, very few detailed definitions or RRM requirements for NR are available at this time.  Thus, Table 2 below provides tentative and very high-level requirement-testability mappings.

Table 2: UE RRM requirement testability matrix

	Category
	Requirement
	Test method

	UE beam management
	
	

	
	Potential cell selection/tracking scenarios
	OTA with spatial modeling

	
	Potential beam measurement/reporting scenarios
	OTA cable replacement

	UE RRM
	
	

	
	TBD
	OTA cable replacement


Observation 5: In general, a class of test cases targeting UE beam management performance is expected to require some spatial modeling of the environment.  It is desirable to minimize the complexity of test cases for other RRM procedures by utilizing OTA cable replacement test environments.
The possibility of defining an intermediate frequency (IF) interface for RRM tests gives rise to the following concerns:

· A special test I/O interface needs to be standardized which involves large amount of RAN4 work with unclear and unpredictable outcome

· In general, the IF is out of 3GPP standards scope. Different UE vendors may have different IF implementations (e.g. different frequencies). Standardization of test interface may impose certain constraints on the IF implementation. It may happen that some NR devices may not necessarily have IF and introducing an IF based test method would require UE vendors to support IF. We prefer to avoid such constraints.

Observation 6: An IF interface for RRM tests is not a recommended solution.
2.4
Demodulation Testability

For demodulation testing, we envision the same potential test environments as RRM: an over-the-air (OTA) cable replacement environment with power delay profile and Doppler emulation and an OTA environment with spatial modelling of the propagation channel.

Observation 7: It is recommended to define general test methodology and practical channel models for NR demodulation requirements during the SI stage and to capture the outcome in a Technical Report.

Table 3 below captures very preliminary test method definitions for NR demodulation.
Table 3: UE Demodulation requirement testability matrix

	Category
	Requirement
	Test method

	UE beamformed performance
	
	

	
	Potential multi-layer MIMO scenarios
	OTA with spatial modeling

	
	Potential IM scenarios
	OTA with spatial modeling

	UE baseband performance
	
	

	
	High band specific features tests
	OTA cable replacement

	
	Tests for common baseband features

Low band specific features tests
	Low frequency testing


Observation 8: We expect that NR would support multi-layer MIMO for the high frequencies as well and the performance would depend on the RX antenna beamforming.

Observation 9: We anticipate that inter-cell interference mitigation may be a valid scenario for NR. At current stage NR design is not focused on the interference mitigation; however, it may potentially bring certain benefits and we expect that it will be studied in the future. In general, interference mitigation may involve specific analog RX antenna beamforming operation and hence may require OTA test approaches.

Observation 10: One additional possible approach for some demodulation test cases may be to shift the verification of some BB features to low frequencies and to utilize existing conducted test environments.

3
Conclusions

This paper shares the following observations on the testability of the potential RF UE requirements for NR:
Observation 1: Below a certain frequency threshold, such as 6 GHz as an example, the UE testing aspects can be reused from LTE.
Observation 2: It is recommended to define general test methodology for NR RF requirements during the SI stage and to capture the outcome in a Technical Report.

Observation 3: Some regulatory bodies may define emission limits as a conductive or radiated metric interchangeably.

Observation 4: It is recommended to define general test methodology and practical channel models for NR RRM requirements during the SI stage and to capture the outcome in a Technical Report.

Observation 5: In general, a class of test cases targeting UE beam management performance is expected to require some spatial modeling of the environment.  It is desirable to minimize the complexity of test cases for other RRM procedures by utilizing OTA cable replacement test environments.

Observation 6: An IF interface for RRM tests is not a recommended solution.

Observation 7: It is recommended to define general test methodology and practical channel models for NR demodulation requirements during the SI stage and to capture the outcome in a Technical Report.

Observation 8: We expect that NR would support multi-layer MIMO for the high frequencies as well and the performance would depend on the RX antenna beamforming.

Observation 9: We anticipate that inter-cell interference mitigation may be a valid scenario for NR. At current stage NR design is not focused on the interference mitigation; however, it may potentially bring certain benefits and we expect that it will be studied in the future. In general, interference mitigation may involve specific analog RX antenna beamforming operation and hence may require OTA test approaches.

Observation 10: One additional possible approach for some demodulation test cases may be to shift the verification of some BB features to low frequencies and to utilize existing conducted test environments.
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