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1. Introduction

In the NR SI the discussion related to defining RF core requirements for New Radio (NR) access technology is ongoing. At RAN4#78bis an overview of all NR base station requirements was presented in [1]. 
In RAN4 a RF core specification (TS 37.105) and corresponding conformance test specification (TS 37.145) for AAS base station have been developed. The specifications are based on current MSR specification and single RAT specifications with the addition of two radiated requirements. The radiated requirements are; radiated output power and OTA sensitivity. In eAAS (Initiated in Release 14), the intension to defined all RF requirements in the radiated domain and possibly abandon conducted requirements in the future for AAS systems. The justification to not have conducted requirements is firstly that access to transceiver connectors may be limited, the number of transceivers is large and for NR at micro-wave and millimetre-wave frequencies RF connector interface is not feasible, and secondly that for systems integrating radio and antenna and performing beamforming for many requirements full system performance of all radios and antennas must be captured.
This contribution initiates the discussion on NR BS requirement applicability and conformance testing.
2. Discussion

2.1 
The need to consider different requirement applicability depending on frequency & beamforming
Considering the new usage scenarios (e.g. critical MTC with high reliability and low latency, enhanced mobile broadband and massive MTC) in association with the very large frequency ranges envisaged for NR base stations, RAN4 work considering the new air interface with proper transmitter and receiver test requirements and test coverage in RAN4 is ongoing. In general, OTA testing should be considered with proper metrics and potentially updated test requirement values that consider e.g. propagation conditions for higher frequencies. 
In Release 13, two radiated test requirements and corresponding test procedures have been introduced in TS 37.145-2 for AAS base stations; Radiated transmit power and OTA sensitivity. In eAAS part of Release 14 WI the intension is to develop an all OTA specification for AAS base stations.  

For existing and new bands at lower frequencies e.g. below ~2 GHz where the propagation conditions do not require a high level of beamforming gain., a set of conducted test requirement may be defined for lower frequency bands. For E-UTRA, such requirements already exist in the form of the MSR specifications. For existing bands and higher frequencies where higher beam-forming gain is needed to achieve a good link budget, a set of conducted and OTA requirements may be defined, similar as for AAS base stations, such that radiated requirements capture parameters for which whole system performance is considered, whilst for other parameters either conducted or radiated requirements can be applied. For very high frequencies (micro-wave and millimetre-wave frequencies) conducted measurement would not be feasible there is a need to develop a specification framework with only OTA requirements.   

When developing RF core requirements for NR, particular considerations are needed with respect to conformance testing, which implies the need for parallel work. In particular for millimetre-wave frequencies discussion on requirement coverage i.e.  defining a set of requirement and tests that provide sufficient test coverage to ensure that the NR base stations key performance aspects are captured properly, whilst not causing an inordinate amount of test time and complexity is needed. Such discussion needs to consider the availability and feasibility of test methods. 

2.2 Considerations on specific requirements

For other unwanted emission related requirements such as transmit intermodulation, before setting a requirement it is worthwhile to firstly question whether such requirements are needed for millimetre-wave frequencies. The reason for addressing such a question is that the current requirement it originates from co-location with 30 dB of isolation, however for micro-wave and millimetre-wave frequencies the isolation is likely to be much higher than 30dB. If a requirement is needed, OTA should be considered. An OTA approach for testing co-location requirement need a new concept for handling the traditional port-to-port isolation in a OTA environment without access to RF connectors.
Signal quality is a transmitter requirement which should be specified as “OTA only” for all frequencies above 2GHz and fully capture the system performance aspects. An OTA only requirement would not limit the flexibility and benefits from having larger antenna arrays while a conducted requirement would barely capture the system performance in an antenna array system.

For NR AAS base stations operating between in the region ~2 to 6 GHz (either existing or new bands) including also micro-wave and millimetre-wave frequencies, a further requirement which needs to be specified as “OTA only” is the receiver sensitivity. The OTA only requirement would not limit the implementation flexibility while it would capture the true system performance aspects for an NR receiver.

As we face an excessive number of permutations as consequence of bandwidths, RAT and operating bands, RAN4 should target a requirement definition for RX requirements that is general to all potential bandwidths and does not depend on specifying a test model for the particular operating bandwidth. It is noted that receiver requirements for LTE in particular are bandwidth dependent, since they must measure BLER and throughput with a specific FRC.

Receiver sensitivity is a basis for many other receiver requirements such as receiver blocking, receiver dynamic range, receiver intermodulation etc. With OTA only sensitivity, there is an implication to consider OTA requirements for all other receiver requirements that have receiver sensitivity dependency. Methods and metrics capturing the bandwidth and BLER independency could be different if the in-band or out-of-band requirements are concerned. Receiver OTA requirements with less bandwidth/dependency is discussed within ongoing eAAS WI.

2.3
Approaches to setting OTA and conducted requirements

From the requirement overview (in [1], Table 1) it is clear that requirements may be defined at different point in the architecture depending on the type of base
station and operating frequency. It can be noted that the frequency domain and the ability to do beam-forming is key differentiator. Three main categories of base stations have been identified:
1. Base stations supporting existing bands and new bands below 6 GHz without beam-forming. The requirements are based on the MSR specification, where all requirements are anchored at the transceiver boundary at induvial connectors. 
2. Base stations supporting existing bands and new bands below 6 GHz with beam-forming. The requirements are based on MSR and AAS specifications, where requirements are defined both as conducted and OTA.
3. Base stations operating at new bands above 6 GHz, where all requirements are defined and tested in the OTA domain.
The testing approach for category 1 and 3 it clear, since all requirements are set at the same requirement boundary; conducted or radiated. However, for category 2, testing will be required both as OTA and conducted. For some requirements testing is mandatory in the radiated domain, while for other requirements there is an option to test conducted or OTA. A simplified test matrix for NR base stations is showed in Table 2.3-1.
Table 2.3-1: Test matrix
	Frequency
	Beam-forming
	Test approach

	
	
	Conducted
	Hybrid
	OTA

	<6 GHz
	No
	X
	
	

	<6 GHz
	Yes
	
	X
	X

	>6 GHz
	Yes
	
	
	X


The hybrid testing consists of some requirements that are mandatory OTA and others that can be tested as either conducted or OTA. According to the requirement overview [1], for category 2, requirements such as spurious emission, transient handling, transmitter dynamics and performance is identified to be potential for either OTA or conducted testing, while other requirements are tested OTA only.

This concept allows OTA testing to be progressively extended to conducted requirements for which OTA testing is not essential but may be desirable when proper test methods have been defined (for e.g. OTA spurious emission).
2.4 
Observations on eAAS challenges and relation to NR

In eAAS, the feasibility to find radiated equivalents to all current conducted requirements is studied, under the assumption that new radiated requirements should give the same protection and performance as before. This means that issues such as testing unwanted emission and blocking is included in the eAAS WID. However, the work in eAAS is limited to frequency bands from 450 MHz to 3800 MHz, which corresponds to the low part of frequency support to be included in NR. But it is reasonable to believe the foundation set in AAS and eAAS for specifying and testing radiated RF characteristics will be the same for NR frequency bands. Requirement levels and test aspects such as measurement uncertainty will possibly be frequency dependent. 

Test methods considered in AAS [2] and eAAS WI will also be applicable for NR. For the large frequency range supported by NR the concept of allowing for multiple test method to be used is vital, e.g. for base stations in the range of 1.5-6 GHz the CATR is preferable, while for 20-40 GHz the direct far-field approach could be more suitable. The test procedure for radiated transmit power and OTA sensitivity can be used as it is, but the measurement uncertainty assessment possibly need to be updated for new bands in the millimetre wave region.  
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Figure 2.4-1: Partition between conducted and radiated testing
In Figure 2.4-1, the partitioning between conducted testing and radiated testing is visualized. It can be noted that for AAS, the main portion of the requirement are defined as conducted requirements. For large AAS systems there have been identified some challenges, such as the scaling of emission levels. Large down scaling factors results in emission levels below the measurement receiver noise floor and can’t be detected. Also, moving requirements for the far-field region would allow for requirement consolidation where requirement could merge, such as conducted spurious emission and EMC radiated emission. The increased test complexity could be balanced with proper choice of requirement coverage to be tested per product. 
In eAAS new test methods for radiated testing of spurious emission are under development. It is reasonable to believe that the CATR could also be used for testing for requirement defined close to the wanted signal, such as ACLR and OBUE. For spurious emission test methods capturing general requirements and co-existence a potential candidate for testing could be an environment similar to the one used for EMC emission testing. For testing of co-location emission requirements, a new test methodology is required, where the path-loss is minimized. Note the TRP (Total Radiated Power) as the proper metric for unwanted emission for beam-forming capable BS has been extensively discussed in previous RAN4 meetings.
3. Conclusion

RAN4 needs to consider and develop a framework that differentiates base stations based on operating frequency and ability to use beam-forming. It is obvious that OTA only requirements are necessary for micro-wave and millimetre-wave frequencies above 6 GHz and conducted requirements for base stations operating on current bands below 6 GHz not exploiting beam-forming extensively (e.g. RRU + passive antenna). For base stations operating at current bands or possible new bands below 6 GHz exploiting beam-forming (e.g. AAS base stations), both OTA requirements and hybrid requirements would be necessary. 
Due to extensive work and experience in AAS and ongoing eAAS WI on adding more and more OTA requirements and test procedures, RAN4 should use maximize the synergies considering all experiences captured in the AAS and eAAS work when the NR requirement framework is developed.
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