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1
Introduction
A new study item was agreed at RAN#71 that aims to develop a New Radio Access Technology (RAT) that meets a “broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study” [1].
One of the objectives of the study is to progress the Radio Access Network (RAN) architecture, interface protocols and procedures. In this paper, we provide our initial views about the RAN architecture and propose text for TR 38.801.
2
Discussion
2.1
Background

SA2 is currently discussing the architectural requirements, assumptions and principles for the Next Generation (NextGen) system and capturing the outcome in TR 23.799 [2]. A baseline architecture is proposed in [3] that can be used as a reference model for the study. Figure 1 shows the NextGen UE, RAN and Core and their reference points, while figure 2 shows the three possible scenarios assumed for the NextGen RAN.
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Figure 1: Baseline Next Generation system architecture
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Figure 2: NextGen RAN supporting evolved LTE only, New RAT only or both

As shown in the figures, the NextGen RAN interfaces with the NextGen UE via the NR-Uu reference point, and interfaces with the NextGen Core via the NG1-C and NG1-U reference points. Further details of the NextGen RAN, such as its functions and design, are to be decided by RAN3 and are expected to satisfy requirements captured in TR 38.913 [4].
In the following section, we further discuss how to structure the NextGen RAN functions to achieve these requirements.
2.2
RAN architecture
2.2.1
Key requirements and basic principles
As extensively discussed and finally agreed in the New Radio SID [1] and in TR 38.913 [4], the NextGen system architecture should have the flexibility to support a wide range of services and scenarios as illustrated in Figure 3. The design of the NextGen system architecture should take into account requirements from services, infrastructure, and new operational paradigms from Cloud and NFV, and it needs to be scalable for better cost efficiency.
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Figure 3: Examples of usage scenarios for NextGen system
Some of the key requirements are listed below:
-
The RAN architecture shall support tight interworking between the new RAT and LTE.

-
The RAN architecture shall support connectivity through multiple transmission points, either collocated or non-collocated.

-
Different options and flexibility for splitting the RAN architecture shall be allowed.

-
The RAN architecture shall allow for deployment flexibility e.g. to host relevant RAN, CN and application functions close together at the edges of the network, when needed, e.g. to enable context aware service delivery, low latency services, etc...
- 
The RAN architecture shall allow for C-plane/U-plane separation.
-
The RAN architecture shall allow deployments using Network Function Virtualization.

-
The RAN architecture shall allow for the RAN and the CN to evolve independently.
-
The RAN architecture shall allow for the operation of Network Slicing.
-
RAN-CN interfaces and RAN internal interfaces (both between new RAT logical nodes/functions and between new RAT and LTE logical nodes/functions) shall be open for multi-vendor interoperability. 
Observation 1: In order to fulfil these wide range of requirements, the RAN architecture needs to be designed such that the constraint for each requirement is minimized as far as possible. This can be achieved by minimize interdependencies between network functions.
Proposal 1: Network functions should be grouped with the objective to minimize interdependencies between them.
To identify the network function groupings, key characteristics of network functions need to be identified such that they can be associated appropriately with a group. We propose to discuss the following key characteristics:
Depending on the usage scenario, user-plane and control plane functions experience different load. In mobile broadband scenarios, user plane has to carry very high bandwidth, while connections persist longer if compared to other services. In massive MTC scenarios, user-plane has to carry small amount of data, but the potentially very high number of devices leads to higher loading on control plane.
Observation 2: Control- and user-plane experience different load in different usage scenarios, and should be separated from a functional point of view.

Furthermore, the study item objectives include tight interworking between New RAT (NR) and Evolved LTE (eLTE), as well as interworking with non-3GPP systems. In LTE, interworking with non-3GPP systems was realized by introducing RAT-specific interworking functions which increase the complexity of the overall system with each additional RAT type to handle. The NextGen RAN should enable simpler and more efficient integration and coordination of different RATs and different radios (e.g., wide area, mmWave). This can be achieved by introducing a clear separation into common access functions and access-specific functions. For operational and cost-effectiveness, common access functions should be used as much as possible.
Observation 3: Based on requirements, NextGen RAN architecture should support tight integration of different radios, including NR and eLTE. Common, access-specific and radio-specific functions can be differentiated. Common functionality should be used as much as possible.
The NextGen RAN needs to support a flexible placement and scaling of network functions. Specifically, both centralized and distributed network deployments should be supported by the architecture design. The placement of the network functions then depends on the MNOs infrastructure (e.g., processing and Fronthaul capabilities) and offered services (e.g., mobile broad band vs. ultra-low latency services). Latency-sensitive functions should be located such that latency between UE and network functions is minimized, while non-latency-sensitive functions have a larger degree of freedom for placement.

Observation 4: Latency is a key parameter for placement of network functions.

In summary, the following characteristics should be taken into account when defining the network functions:

Proposal 2: Consider the following key characteristics for network functional split:

1)
User plane (UP) and control plane (CP) functions;

2)
Common, access-specific, and radio-specific functions;
3)
Latency sensitive and non-latency sensitive functions.

2.2.2
RAN functional split
A baseline RAN functional split is shown in Figure 4. A logical node NextGen NodeB (NG-NB) is introduced which terminates RAN-CN interfaces. Inside the NG-NB, functions are grouped into higher-layer functions and lower-layer radio-specific functions. Higher-layer functions can be located flexibly according to the operator infrastructure and service scenarios, and serve as mobility anchor and aggregation node for intra-NR (inter-radio) and inter-RAT mobility. Higher-layer functions are in general not latency-sensitive.
Signalling to the core network could be reduced or avoided for mobility by implementing tight integration in higher layer functions. Resource control for different RATs and radios can be jointly optimized without the need for signalling in co-located cases. Towards the core network, the NextGen-RAN should be access agnostic to enable independent evolution of RAN and CN as far as possible.
Higher layer functions are further separated into user-plane and control-plane functions, which can be common or access-specific:
-
Common functions should comprise a common network convergence sublayer for traffic handling, including traffic handling for multi-connectivity, QoS enforcement, encryption, and integrity protection. It shall allow efficient transport of different L3 protocols such as IP or Ethernet.

-
Common and access-specific control functions should enable joint coordination and control of different radios for optimized hand-over, load balancing, multi-connectivity and QoS control.

-
A common interface should terminate NextGen core network.

Radio-specific functions are parameterized and optimized for specific radio accesses or radio interfaces (e.g., below 6GHz radio and above). NextGen RAN should enable extensibility and future proofness, e.g. in case of capacity enhancements or introduction of new radios or RAT types, which can be facilitated by a clear separation of radio-specific and higher-layer functions. Radio-specific functions are in many cases latency sensitive, and may be located closer to the antenna site.
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Figure 4: NextGen RAN functional split
Examples of common higher-layer control functions:
-
Joint radio resource coordination between different radios and accesses;

-
Decisions for handover and load balancing between same and different radios and accesses;
-
Multi-connectivity control;
-
Connection setup and release;
-
Network slice selection;
Examples of access-specific higher-layer control functions:

-
Access-specific radio resource control;
-
Scheduling and transmission of paging messages;

-
Scheduling and transmission of broadcast information;

-
Measurement and measurement reporting configuration for mobility and scheduling;

Examples of common higher-layer user plane functions:

-
Termination of RAN user-plane interfaces;
-
Termination of user-plane protocol from core network and UE;
-
Transfer and routing of user data;
-
User-plane mobility anchor in RAN;

-
QoS enforcement functions;

-
Radio channel ciphering and deciphering;
-
Integrity protection;
-
Header compression;
Examples of access-specific higher-layer user plane functions:
-
Legacy functions, e.g. legacy LTE PDCP

-
user-plane functions which need to be adapted to specific radios, e.g. QoS mapping;
-
interworking functions;
Examples of radio-specific functions:
-
RAT-specific protocol functions, such as multiplexing
-
Radio frame scheduling;
-
Physical layer procedures, such as channel coding, modulation;

-
Radio frontend;
Figure 5 provides a more detailed overview of the NextGen RAN functional split with NR and eLTE-specific access functions.
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Figure 5 – Example of functional split 
Proposal 3: Discuss and agree on a basic architecture as illustrated in Figures 4 and 5.

3
Conclusions
In this paper, we propose basic principles that should be taken into account when defining the network functions for the New RAT, in order to achieve the architecture goals of scalability and flexibility.  Based on these principles, a baseline RAN functional split was described.

The following is proposed:

Proposal 1: Network functions should be grouped with the objective to minimize interdependencies between them.

Proposal 2: Consider the following key characteristics for network functional split:
1)
User plane (UP) and control plane (CP) functions;

2)
Common, access-specific, and radio-specific functions;
3)
Latency sensitive and non-latency sensitive functions.

Proposal 3: Discuss and agree on a basic architecture as illustrated in Figures 4 and 5.

A Text Proposal for TR 38.801 reflecting the above is provided in Appendix A.
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A
Appendix: text proposal for TR 38.801

Basic principles for the NextGen RAN architecture:
1)
Separation of user plane (UP) and control plane (CP) functions;

2)
Separation of latency sensitive and non latency sensitive functions;

3)
Separation of common and access-specific functions, where common functions should be prioritized above access-specific functions if possible.
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Figure X: NextGen RAN functions

Examples of common higher-layer control functions:

-
Joint radio resource coordination between different radios;

-
Decisions for hand-over and load balancing between same and different radios;

-
Multi-connectivity control;

-
Connection setup and release;

-
Network slice selection;

Examples of access-specific higher-layer control functions:

-
Access-specific radio resource control;

-
Inter-cell interference coordination;

-
Scheduling and transmission of paging messages;

-
Scheduling and transmission of broadcast information;

-
Measurement and measurement reporting configuration for mobility and scheduling;

Examples of common higher-layer user plane functions:

-
Termination of RAN user-plane interfaces;

-
Termination of user-plane protocol from core network and UE;

-
Transfer and routing of user data;

-
User-plane mobility anchor in RAN;

-
QoS enforcement functions;

-
Radio channel ciphering and deciphering;

-
Integrity protection;

-
Header compression;

Examples of access-specific higher-layer user plane functions:

-
user-plane functions which need to be adapted to specific radios;

-
inter-working functions;
Examples of radio-specific functions:

-
RAT-specific protocol functions

-
Radio resource allocation and radio scheduling

-
Radio frontend
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