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1. Introduction
At the last RAN4 meeting (RAN4#91 in Reno) different potential reference architectures for base stations operating within the frequency range 7 to 24 GHz were discussed extensively. In eAAS WI the concept with different BS types and requirement set was introduced. The AAS specification supports two different requirement sets for AAS base stations. In NR WI the concept was expanded to include also a requirement set supporting base stations operating at FR2 (BS type 2-O). The technical background and justification for having support for multiple requirement set is to allow the specification to support different requirement coverage, requirement levels and concept as well as different reference architectures. For the frequency range 7 to 24 GHz it is reasonable to assume that different types (base station classes) of base stations will be demanded by the market as well as different types of implementations (centralized versus distributed). Therefore, RAN4 needs to develop a specification covering centralized radio architectures as well as distributed radio architectures.
In this contribution we continue to elaborate around reference architectures applicable for base stations operating within the frequency range 7 to 24 GHz. At the end of this contribution, a text proposal is attached with a common reference architecture for base stations. 
This is a revised version of R4-1908753.

2. Discussion
The NR RF core specification (TS 38.104), defines multiple BS types corresponding to different base station architectures and frequency range (FR). The currently defined base station types are listed in Table 2-1. 
Table 2-1: NR BS type
	BS type
	Frequency range
	Requirement set category
	Description 

	1-C
	FR1
	C
	A traditional base station with passive antennas and coaxial feeder cables

	1-H
	FR1
	H
	The antenna and radio are integrated in a common enclosure with access to TAB. 

	1-O
	FR1
	O
	The antenna and radio are integrated.

	2-O
	FR2
	O
	The antenna and radio are integrated.



For AAS base station (BS type 1-H, BS type 1-O and BS type 2-O) two different types of RF interface at which the requirements are defined exists;
-	the Conducted RF interface at the transceiver array boundary (TAB).
-	the Radiated interface boundary (RIB).  
The requirement set category refers to the requirement anchor point(s) as described in Table 2-2, depending on BS type. When defining requirements for base stations operation within 7 to 24 GHz, the frequency component from the BS type definition is removed focusing on the underlying base station architectures relevant for different requirement set categories. Here in this contribution we assume the requirement set category C is not relevant for the frequency range in mind. 

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 for 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.



For AAS base stations two main reference architectures have been identified. The reference architecture applicable requirement set category H is visualised in Figure 2-1, while the reference architecture applicable for requirement set category O is visualised in Figure 2-2. The reference architectures are based around the same main components. The difference is what interface is accessible. At a high abstraction level, the AAS base station RF front-end architecture can be described by the following main components; 
-	the Transceiver Unit Array (TRXUA),
-	the Radio Distribution Network (RDN), and
-	the Antenna Array (AA).
The TRXUA consists of multiple transmitter units and receiver units. For BS type 1-O, the NR specification limits the architectures to arrays with more than 8 transceivers in the TRXUA, while not limit exists for BS type 2-O. For AAS base station with fewer transceivers in the TRXUA, the base station should retain a conducted interface and is classified as BS type 1-H for FR1. 
The RF signals from the TRXUA is distributed to the AA via the RDN. The RDN performs the distribution of the TX outputs into the corresponding antenna paths and antenna elements, and a distribution of RX inputs from antenna paths in the reverse direction. The TX and RX can be separated and can have different mappings through the RDN towards the AA. The TRXUA interface with the base band processing within the AAS base station.
For requirement set category H the TAB is the points at which the TRXUA is connected to the RDN. The point where a transmitter or receiver connects with the RDN is equivalent to an "antenna connector" of requirement set category C and is called TAB connector. The TAB connector is defined as conducted requirement reference point. The transmitted signal per carrier from one transmitter appear at one or more TAB connectors and the received signals per carrier from one or more TAB connectors appear at a single receiver.
In Figure 2-1, a general architecture relevant for a base station supporting requirement set category H is visualized, where N is the total number of transceiver units which directly corresponds to the total number of TAB connectors at the TAB. In Figure 2-2, a general architecture relevant for base stations supporting requirement set category O is visualized. Since the architecture for requirement set category O has no transceiver array boundary or TAB connectors defined, no conducted requirements are defined. 
If the RDN consist of a simple one-to-one mapping between the TRXUA and the AA. The RDN would be a logical entity but not necessarily a physical entity. The AA consists of an array of Antenna Elements (AE). For AAS BS various implementations and configurations with respect to polarization, array geometry exist depending on the intended use-case. The specification states no specific mapping in the RDN between TAB connectors and antenna elements. Further the number of separate receiver and transmitter units as well as the mapping in the RDN between TAB connectors and radiating elements can differ between the transmit and receive directions. Both AAS BS reference architectures allow for full asymmetry between receiver path and transmit path.
It is worth to point out that all filtering and active components are located in the TRXUA, hence the RDN and AA consists of purely passive components.
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Figure 2.1: Architecture relevant for requirement set category H
For requirement set category H, the requirements are defined at the TAB and the RIB as described in TS 38.104, subclause 4.6. 
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Figure 2-2: Architecture relevant for requirement set category O
For requirement set category O, the requirements are defined at the RIB as described in TS 38.104, subclause 4.6.
The AAS base station capability for handling multiple spatial layers as well as direct power to a specific direction and suppress emission in other direction is determined by the configuration of AA and RDN. 
The radiating characteristics related to a single antenna element determines the coverage region in which beam-forming can be achieved. The spatial selectivity is determined by the number of elements and the element separation determined by the AA implementation. The base station coverage characteristics is also determined by the RDN RF signal passive combination/splitting. Typically, the base stations operating at FR2, uses an RDN topology where sub-elements are created by combining 1, 2 or 3 elements, while at FR1 other topologies exists, such as vertical columns. The topology of the RDN can be mapped to different array antenna topologies as exemplified in Figure 2-3. 
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Figure 2-2: RDN/AA topology
In example 1, the RDN maps the signals to a vertical column, creating a narrow beam in the vertical domain suitable for deployment cases where UEs are located on a flat ground. While example 2 to 3 shown different levels of sub-element configurations of interest for base stations operating in FR1 and FR2, where UEs are spread out both vertically and horizontally. The specific selection an RDN topology depends on the intended use-case for the base station, which can be mapped to deployment scenario and base station class, (Wide Area, Medium Range or Local Area).
With example 1, the number of transceivers is minimized allowing for a centralized architecture, while example 2 to 4 gives different granularity of a distributed transceiver architecture. 
The RDN configuration is reflected through declaration of spatial coverages region such as the OTA coverage range, OTA peak direction set, OSDD, OTA REFSENS RoAoA, Reference direction and minSENS RoAoA. Together with the declarations, the requirement declaration (e.g. EIRP and EIS) defines the details relevant for design of AA and RDN. 
Having two requirement set categories defined for base stations operating between 7 to 24 GHz gives the freedom to build base stations using a large complex RDN for vertical columns and access to TAB as one extreme as well as having a very simple RDN without access to TAB. 

For the frequency range 7 to 24 GHz, the following can be concluded;
1. The currently defined reference architectures for requirement set category H and requirement set category O are sufficient for base stations operating within the frequency range 7 to 24 GHz.
2. The requirement set categories H and O are suitable for frequencies operating at the lower end of the frequency range 7 to 24 GHz, while requirement set category O is suitable for base stations operating at the higher end of the frequency range 7 to 24 GHz.

The RDN mapping and corresponding antenna array topology have impact on the realization of the transceiver branches with respect to the dimensioning of the PA power capabilities. Having an RDN mapping of 1:1 allows for a distributed PA implementation, where the power is combined in air from many small Pas, while the other extreme is that the power is generated fewer lager PAs using a centralized approach. In the end the choice of implementation depends on what type of deployment the base station is designed for and corresponding coverage characteristics. 
For the new frequency range 7 to 24 GHz, RAN4 needs to establish a base station architecture and principles for how to set requirements for new bands allowing for a smooth transition between currently defined FR1 requirements and FR2 requirements. 
 







3. Conclusion
In this contribution we have collected the technical background for defining multiple requirement set categories. A fundamental part of a requirement specification is to define the interfaces where requirements are defined. Based on current requirement set categories, a common reference architecture can be defined. 
At the end of this contribution a text proposal is attached for approval. The text proposal adds a general common reference architecture for base stations operating within the frequency range 7 to 24 GHz.  
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TEXT PROPOSAL:
[bookmark: _Toc9865814]7.2	BS architecture and requirements classification
Editor’s note:	Study applicability (or lack thereof) of conducted/hybrid/radiated requirement sets for these bands/frequencies, with a focus on how to define a boundary frequency and/or boundary conditions for conducted domain and OTA domain requirements. 
•	Consider different BS architecture options. Note in Rel-15, there are non-AAS architectures (BS type 1-C for FR1) and AAS BS architectures (BS type 1-H, BS type 1-O for FR1 and BS type 2-O for FR2) for NR BS.
Consider likely antenna array sizes to cover the identified deployment scenarios
7.2.1	Reference architecture
For NR BS two different architectures have been defined. The architectures different with respect to defined requirement anchor points and requirement applicability. A base station can into three main components;
· Transceiver Unit Array (TRXUA)
· RF Distribution Network (RDN)
· Antenna Array (AA)
In Figure 7.2.1-1, the architecture for requirement set category H is visualized, where requirements are defined at TAB and RIB.  
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Figure 7.2.1-1: BS architecture relevant for requirement set category H
In Figure 7.2.1-2, the architecture for requirement set category O is visualized, where all requirements are defined as OTA requirements at RIB.
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Figure 7.2.1-2: BS architecture relevant for requirement set category O
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The NR RF core specification defines multiple requirement sets. The requirement set support is different for FR1 and FR2. In table 7.2.21-1, the requirement set defined in NR are listed. Together, the requirement set category and frequency range defines the NR BS type. 
Table 7.2.21-1: Requirement set categories for NR BS
	Requirement set category
	Applicability
	Description

	C – conducted
	Antenna connector(s) for non-AAS architecture or TAB connector(s) for AAS architecture; applicable to FR1 only
	All requirements are defined at the RF connector. This is the traditional approach used e.g. for E-UTRA in TS 36.104 [] or for MSR in TS 37.104 []. 

	H – hybrid
	TAB connector(s) or RIB depending on requirement; applicable to FR1 only
	All requirements defined for requirement category C is applicable. However, emission requirements are scaled to capture the whole AAS system and TX IMD is extended. 
In addition, two OTA requirements are defined for output power and sensitivity. This category is referred to as hybrid, since both conducted, and OTA requirements are included. This requirement set category was introduced in TS 37.105 [] for AAS BS.

	O – OTA, radiated
	RIB; applicable to FR1 and FR2
	All requirements are defined as OTA requirements at the RIB. This requirement set category was introduced in TS 37.105 [] for AAS BS.




7.2.3	Antenna topologies
The AA consists of N antenna elements placed is a certain lattice. The signals from the AA is mapped in the RDN creating different antenna topologies as shown in Figure 7.2.3-1. The RDN mapping is creating sub-arrays, where the radiating characteristics of a sub-array is different to single antenna elements (AE). 
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Figure 7.2.3-1: Example RDN mappings
Depending on intended coverage scenarios different types of RDN mappings are foreseen for the frequency range 7 to 24 GHz. For NR FR1, BS type 1-H and BS type 1-O and FR2 BS type 2-O, the OTA RF characteristics defined for requirement set category set H and requirement set category O is declared by the base station manufacturer in terms of full array capability as well as sub-element capability, see TS 38.141-2, subclause 4.6.
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