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1. Introduction

At the last RAN4 meeting (RAN4#80bis) NR BS requirements applicability and conformance testing aspects was discussed [2]. The outcome was capture part of the agreed way-forward. 
In RAN4 a specification for MSR base stations have been developed in TS 37.104. As an extension, a specification for AAS base stations have been developed in TS 37.105. In eAAS in Release 14, more OTA requirements is developed for AAS base stations. Requirements in TS 37.104 and TS 37.105 together with the outcome from eAAS will create the foundation for coming requirements for NR base stations. 
This contribution elaborates on how to create a solid specification framework for NR base stations operating within the range from 450 MHZ up to millimetre wave frequencies.
2. Discussion

Considering the new usage scenarios 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 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. 

For existing and new bands at lower frequencies e.g. below ~2 GHz where the propagation conditions do not require a high level of beam-forming gain, a set of conducted RF core requirement and corresponding conformance test requirement may be defined. For E-UTRA, such requirements already exist in the form of the MSR specifications (TS 37.104 and TS 37.141). 

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 (in TS 37.105 and TS 37.145), 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.   

From the above description, NR base station can be divided into three categories depending on operating frequency and beam-forming capability. 
From last meeting we know that NR RF core requirement can be categorized in three groups using operating frequency and beamforming capability as parameters. The base station categories are described in Table 2-1 and Figure 2-2.

Table 2-1: NR requirement categories
	Category
	Operating frequency
[GHz]
	Adaptive Beam-forming capability
	Specification baseline
	

	1
	< 6 
	Low
	TS 37.104
	All requirements are anchored at individual transceiver connectors.

	2
	< 6
	High
	TS 37.105
	OTA only and either conducted/OTA; not all OTA requirements will have a conducted equivalent.

	3
	> 6
	High
	
	 All requirements are defined and tested in the OTA domain.


The frequency axis is divided into two regions; < 6 GHz and > 6 GHz, and the beam-forming capability axis is divided into two regions; low and high beamforming capability.
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Figure 2-1: NR requirement categories 
The challenge is to find a well-defined boarder between base stations that has low beam-forming capability and base station that has high capability of doing beam-forming. 
Looking at a base station including the antenna as a black-box, it is clear that all base stations are using some kind of beam-forming to provide coverage within the intended service area/volume. Fundamentally, the capability of beam-forming is related to the ability to direct power is a certain direction. In other words, the beamforming capability is directly related to the directivity. 

For traditional E-UTRA base station using a passive base station antenna, beam-forming is achieved as passive beam-forming in the RDN in the vertical domain, while digital beam-forming is achieved in the horizontal domain. For more advanced systems, the columns are divided, so digital beam-forming can be used in both the horizontal and vertical domain. For systems operating a very high frequencies analogue beam-forming can be used to achieve high directivity to compensate for the path-loss.
In general, the antenna aperture area and frequency will determine the directivity.  

Some observations related to base station beam-forming capability:

1. The beam-forming capability depends on the capability to direct power in a certain direction.
2. It is very difficult to differentiate base stations by just using directivity, if the antenna aperture area and frequency is constant. 

3. Since beam-forming can created as combination of passive, digital and analogue techniques, it better to consider the architecture aspect as input for differentiation between category 1 and category 2.
For category 1 and category 3, all requirements are defined and tested at a common anchor point; the transceiver boundary or the OTA domain. For category 2, requirements are defined both as conducted requirements and OTA requirements. Also, as mentioned earlier there could be an option for some requirements to be tested OTA or conducted, while other requirements are defined and tested at the transceiver boundary or OTA, as described in Table 2-2. The applicability table is created from information found in Table 1 in [1].
Table 2-2: Applicability table for category 2
	Requirement
	Conducted
	OTA

	In-band unwanted emission
	
	X

	Out-of-band unwanted emission 
	X
	X

	Transmitter intermodulation
	X
	X

	EVM
	
	X

	TAE
	X
	X

	Frequency error
	X
	X

	Receiver performance 
	X
	X

	Receiver blocking
	
	X

	Receiver dynamics
	
	X

	Receiver intermodulation
	
	X

	Receiver spurious emission
	
	X

	Radiated transmit power
	
	X

	OTA sensitivity
	
	X


Note: For requirements marked both OTA and conducted in the table there is an option for the base station vendor to choose either/or.

For category 3, a new specification base line needs to be developed. At micro-wave and millimetre-wave frequencies where the propagation characteristics are completely different requires careful considerations before developing requirements to category 3. Since the requirement baseline for category 3 does not currently exists, the work in RAN4 needs to be prioritised. In Table 2-3, requirements re listed with their corresponding priority. 
Table 2-3: Priority for category 3
	Requirement
	
	Priority

	Channel numbers
	New channel numbers would be necessary for the new bands at higher frequencies
	High

	EIRP accuracy and TRP accuracy
	Re-use EIRP concept with adaptations for mm-wave frequencies.
	High

	Unwanted emission 
	Both in-band and spurious emission in terms of absolute emissions
	High

	
	For in-band relative emission requirements can be added later if needed.
	Low

	Transmitter intermodulation
	As the isolation needs to be re-calculated and will be much greater than 30 dB, should be added later if needed.
	Low

	Signal quality
	New EVM and frequency error requirements depending on frequency band and modulation should be specified with high priority
	High

	
	TAE should be added later if needed.
	Low

	Transient handling
	Transient handling requirement should be added later if needed.
	Low

	Transmitter dynamics
	Transmitter dynamic requirement should be added later if needed.
	Low

	Receiver performance 
	The receiver performance requirements should be carefully studied considering the diverse receiver architectures and testing with an environment emulating the channel response.
	Low 

	Receiver blocking
	The requirement should be specified considering adaptation towards less bandwidth/BLER dependencies.
	High

	Receiver dynamics
	The requirement should be specified considering adaptation towards less bandwidth/BLER dependencies.
	High

	Receiver intermodulation
	The requirement should be specified considering adaptation towards less bandwidth/BLER dependencies.
	High

	Receiver spurious emission
	If regulatory requirement for mm-waves, it should be specified with high priority else not need to add this requirement
	Low 

	Receiver sensitivity
	The requirement should be specified as minimum OTA sensitivity and relevant levels for mm-wave frequencies should be specified.
	High

	Beam domain
	Should be carefully studied before requirement definition and metrics are added.
	Low 


3. Conclusion

This contribution elaborates around aspects on how a complete requirement framework can be created for NR base stations. 
In general, the requirements can be divided into 3 categories mapping towards base stations operating at different frequencies with different beamforming capabilities. 

Category 2, will have both conducted and OTA requirements. As a consequence, RAN4 need to include an applicability table in the specification for category 2.

Category 3 requirement are new, which requires careful prioritization during the development phase to fulfil the tight time schedule. 
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