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1. Introduction
At the last RAN meeting (RAN#82 in Sorrento) it was decided to initiate a SI [1] to study the feasibility to introduce the support for the frequency range 7000 MHz to 24000 MHz into NR RF core specification and conformance specifications. 
In NR BS RF core specification (TS 38.104), the concept of supporting multiple BS types was introduced. The background was to have one common specification supporting multiple types of base stations, such as traditional radio unit, AAS and millimetre wave AAS.   
In this contribution we analyse the structure of the current NR BS RF core specification with respect to requirement sets and corresponding base station types in relation to extending the frequency support for 7000 MHz to 24000 MHz. 

2. Discussion
Traditionally, RF core specifications developed by 3GPP RAN4 defines operating bands for which unique requirements with corresponding requirement pass/fail levels are defined. The differentiation of requirements with respect to operating bands was sufficient for traditional base station where all requirements were defined at a common anchor point, the RF connector. When NR specifications was developed for base stations, it was decided to introduced BS types to differentiate requirements for traditional base stations, AAS base stations without access to connectors and millimetre wave AAS base stations. To allow for support of millimetre wave frequencies RAN4 introduced the concept of frequency range. The frequency domain was divided into two frequency regions, according to Table 2-1. 
Table 2-1: Frequency ranges
	Frequency range designation
	Corresponding frequency range
(MHz) 

	FR1
	450 – 6000

	FR2
	24250 – 52600



The intension with the frequency ranges (FR1 and FR2) was to differentiate requirement applicability and levels between base stations operating within FR1 and FR2. Within each frequency range, specific operating bands attached with specific requirements levels are defined for both UE and BS.
In addition, of operating bands and frequency ranges, the current BS NR RF core specification also supports multiple requirement sets for different types of base station implementations. In was decided to categorize base station requirements based on where the requirements are defined as requirement sets. In Table 2-2, currently defined requirement sets are described. 

Table 2-2: Requirement anchor points
	Requirement set category
	Anchor point
	Description 

	C
	TAB
	All requirements are defined at the RF connector. This is the approach used in TS 36.104 and TS 37.104. 

	H
	TAB and RIB
	All requirements defined for requirement category C is applicable. However, emission requirement is scaled to capture the whole system and TX IMD is extended. In addition, two OTA requirements are defined for output power and sensitivity. The category is referred to as hybrid, since both conducted, and OTA is included.

	O
	RIB
	Based on C requirement levels, OTA requirements were defined. The parameter declaration for OTA is extended. A new concept for co-location requirements was added. 

	O
	RIB
	OTA requirements were derived based on FR2 assumptions. The requirement coverage is different between FR1 and FR2. Co-location requirements is not defined.



From the description above, it can be noticed that the requirement levels, coverage and concepts are different between C, H and FR1 O and FR2 O. 
Therefore, it was decided to categorize BS types supported be the specification as described in Table 2-3. The base station type notation is created by frequency range (from Table 2-1) and requirement set category (Table 2-2). 
Table 2-3: BS type description
	BS type
	Frequency range
	Requirement set category
	Description 

	1-C
	FR1
	C
	NR base station operating at FR1 with requirements set consisting only of conducted requirements defined at individual antenna connectors.

	1-H
	FR1
	H
	NR base station operating at FR1 with a requirement set consisting of conducted requirements defined at individual TAB connectors and OTA requirements defined at RIB. 

	1-O
	FR1
	O
	NR base station operating at FR1 with a requirement set consisting only of OTA requirements defined at the RIB.

	2-O
	FR2
	O
	NR base station operating at FR2 with a requirement set consisting only of OTA requirements defined at the RIB.



The BS type map towards different requirement set, where each set supports a complete set of requirements for a specific base station implementation. The BS type is constituted by combination of frequency range (FR1 or FR2) and requirement set category (Conducted, Hybrid or OTA). The BS type concept allows the specification to define different requirements in terms of the following examples;
1. For FR1, multiple requirement sets are defined to support different types of base station implementations. E.g. non-AAS and AAS.
2. For FR1, 1-C and 1-H have different requirement levels. E.g. emission levels are scaled to capture emission for a complete system for Hybrid requirements.
3. Requirement levels will be different between requirement sets. E.g. different noise figure assumptions between FR1 and FR2.
4. Requirement concepts may be different between requirements sets. E.g. the declaration of OTA reference sensitivity is different between FR1 and FR2.
5. Requirements coverage may be different between requirements sets. E.g. OTA co-location requirement is defined for FR1, but not for FR2.
In Table 2-4, the applicability table from the current version of NR BS RF core specification is captured. The applicability table points out applicable requirement subclauses for each requirement set. Not applicable requirement is marked not applicable (N/A). It must notice that all details are not covered in the applicability table. The intension is to define the requirement coverage.  
Table 2-4: Rel-15 requirement applicability
	Requirement
	Requirement set

	
	1-C
	1-H
	1-O
	2-O

	BS output power
	6.2
	6.2
	








N/A

	








N/A


	Output power dynamics 
	6.3
	6.3
	
	

	Transmit ON/OFF power 
	6.4
	6.4
	
	

	Transmitted signal quality
	6.5
	6.5
	
	

	Occupied bandwidth
	6.6.2
	6.6.2
	
	

	ACLR
	6.6.3
	6.6.3
	
	

	Operating band unwanted
emissions
	6.6.4
	6.6.4
	
	

	Transmitter spurious emissions
	6.6.5
	6.6.5
	
	

	Transmitter intermodulation 
	6.7
	6.7
	
	

	Reference sensitivity level
	7.2
	7.2
	
	

	Dynamic range 
	7.3
	7.3
	
	

	In-band selectivity and blocking 
	7.4
	7.4
	
	

	Out-of-band blocking 
	7.5
	7.5
	
	

	Receiver spurious emissions 
	7.6
	7.6
	
	

	Receiver intermodulation
	7.7
	7.7
	
	

	In-channel selectivity 
	7.8
	7.8
	
	

	Performance requirements
	8
	8
	
	

	Radiated transmit power
	










N/A

	9.2
	9.2
	9.2

	OTA base station output power
	
	




N/A

	9.3
	9.3

	OTA output power dynamics
	
	
	9.4
	9.4

	OTA transmit ON/OFF power
	
	
	9.5
	9.5

	OTA transmitted signal quality
	
	
	9.6
	9.6

	OTA occupied bandwidth
	
	
	9.7.2
	9.7.2

	OTA ACLR
	
	
	9.7.3
	9.7.3

	OTA out-of-band emission
	
	
	9.7.4
	9.7.4

	OTA transmitter spurious emission 
	
	
	9.7.5
	9.7.5

	OTA transmitter intermodulation 
	
	
	9.8
	N/A

	OTA sensitivity
	
	10.2
	10.2
	N/A

	OTA reference sensitivity level
	
	




N/A

	10.3
	10.3

	OTA dynamic range
	
	
	10.4
	N/A

	OTA in-band selectivity and blocking
	
	
	10.5
	10.5

	OTA out-of-band blocking
	
	
	10.6
	10.6

	OTA receiver spurious emission 
	
	
	10.7
	10.7

	OTA receiver intermodulation
	
	
	10.8
	10.8

	OTA in-channel selectivity
	
	
	10.9
	10.9

	Radiated performance requirements
	
	
	11
	11



Currently, the specification support BS type 1-C (Conducted), 1-H (Hybrid) and 1-O (OTA) for FR1, while for FR2 only one requirement set is defined. For the BS RF core specification RAN4 needs to carefully study how the frequency support can be extended to include the frequency range 7000 to 24000 MHz. There are four obvious approaches with different implications. 
Either;
1. Extend FR1 up to 24000 MHz or 
2. Extend FR2 down to 7000 MHz or
3. Extend FR1 and FR2 to meet in the middle or
4. Introduce one or more frequency ranges in between FR1 and FR2, e.g. FR3, FR4
Adopting option 1 would result in having C, H and O type of requirements up to 24000 MHz. The feasibility for having conducted (C) and hybrid (H) requirements and associated testing for frequencies above 10000 MHz is questionable form practical testing aspects and therefore not feasible. 
Adopting option 2 would result in having only OTA (O) type of requirements down to 7000 MHz. It would probably practical to have a hybrid requirement set defined for the lower part up to the range 10000 to 13000 MHz. While the need for strict conducted requirements may be limited. Therefore, this option is not feasible.   
Adopting option 3 would extend C, H and O for the low range and O for the high range. With this option, assumption of noise figure and other characteristics is following FR1 and FR2. Also, requirement concepts like co-location will be extended. Therefore, this option is not feasible.
[bookmark: _GoBack]Adopting option 4, allows for a more flexible approach to define relevant requirements, where H and O can be used for the frequency region above 7000 MHz and O can be used in the frequency range below 24000 MHz. Based on the technology overview, the frequency range can be divided, using different assumptions on noise figure and output power and other parameters. This approach allows for having different requirement levels, requirement concept and requirement coverage within the frequency region 7000 MHz to 24000 MHz.

Observation:
RAN4 needs to carefully study the support needed in terms of BS types to be supported for the intermediate frequency range 7000 to 24000 MHz.

It would be reasonable to add at least one new frequency region between FR1 and FR2. To support different types of requirement categories, such as H and O, it would be reasonable to divide 7000 MHz to 24000 MHz into two separate frequency ranges. One for the lower part, supporting H and O and one for the high part supporting O.

3. Conclusion
In this contribution we highlight some essential parts of the current specification with respect to mechanisms to handle multiple base station types. We observe that further considerations are required with respect to required BS type support for 7000 to 24000 MHz to be included. Extending the frequency support in current specifications requires careful analysis, with respect to required frequency ranges or introduction of new frequencies ranges, requirement level, requirement concept and requirement coverage.
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