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1 Introduction

RAN#71 in March approved a 5G SID [1], whose initial aspect for RAN2 is to study the radio protocol architecture and procedures. According to the SID, New RAT targets a single technical framework addressing diverse usage and deployment scenarios defined in TR38.913 [2] including eMBB, mMTC and URLLC.
This contribution aims to introduce concepts and identify L1/L2 features which affect supporting of QoS requirements for the various services and discusses specification issues for NR.
2 Discussion
Concept and Requirements on RAN

Network slicing is one of the key issues being discussed in the SA working group. It will enable operators to create networks customised to provide optimized solutions for different market scenarios which demands diverse requirements [3][4]. 3rd party service providers (enterprises/content providers/ …) will be able to use virtual networks which share the same physical network infrastructure – reducing costs and energy consumption of deploying and operating separate physical networks. 
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Figure 1. High level architectural view for the NextGen System [4]

In the meantime, from RAN point of view, a single NR interface should be able to support different requirements of different use cases (eMBB, URLLC and mMTC) in terms of data rate, latency, reliability, power consumption and connection density. The physical layer of NR aims to support this by allowing the use of flexible subcarrier spacing (and therefore flexible TTIs), as reflected in a recent agreement in RAN1:
Agreements (RAN1#84bis)
· For the study of NR, RAN1 assumes that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range

Agreements (RAN1#86)
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective
Since different verticals using NR may require exchange of data in the physical layer using different numerologies, it is inevitable that the physical radio resource in NR would be separated in the time-frequency-space-code domain.
Observation 1. Different services will be supported using different configurations (e.g. numerology, frame structure ..) in NR physical layer: as a result, NR radio resource will be separated in time-frequency domain.
In addition, L2 needs to provide service-specific functions and configurations in each protocol layer that could be tailored to particular needs of a service vertical in NR i.e. 5G services may not benefit from having one set of L2 functions defined for all services in a given 5G protocol. For instance, header compression and ciphering in PDCP layer could potentially be omitted depending on the vertical being served. Some services may want RLC to operate in unacknowledged mode only (e.g. sensor) or in acknowledged mode only (e.g. mission critical services). In MAC/PHY, having different numerologies may mean having different TTI values, and H-ARQ parameters can be configured differently per service e.g. to optimise for spectral efficiency (massive broadband), coverage (sensor, IoT), reliability (mission critical services) or latency (tactile Internet) [3].
In other words, diverse requirements of different use cases may be addressed by service-specific functions and configurations in L2 as well as by separation of PHY radio resource with different numerologies. This combination of PHY resource component and L2 configuration/functions can be defined as ‘RAN Slice’, with its own identification (e.g. Slice ID, multi-dimensional descriptor …).
Proposal 1: Enable RAN to handle traffic from different network slices with different L1 configurations (e.g. numerology) and/or L2 functionalities (e.g. MAC/RLC/PDCP parameters) by introducing the concept of “RAN slice”.
Required Operation in RAN: Slice-aware Resource Management
With end-to-end slicing, vertical industries, over-the-top (OTT) service providers or mobile operators may each want to manage a RAN slice as if it were a separate dedicated RAN, even though the physical network and common resources such as radio resources and infrastructure, and transport links are shared, as in Figure 2.
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Figure 2. Example of radio resource allocation for RAN slices of each service provider.
· Resource separation
The simplest way of achieving RAN separation would be discrete, static partitioning of radio resources (where each partition has PHY numerologies optimised for a particular service type). However, this would lead to inefficiency since some of the resources would be reserved for a service even when there is no traffic that needs it. When multiple slices need to share the same physical resources, it would be preferable to assign resources in a semi-static or dynamic way in PHY frame or sub-frame, to adapt to changes in traffic demand of each service over time. In connected mode, dynamic scheduling e.g. logical channel prioritisation and slice-aware HARQ configuration may be employed in L2.
Proposal 2: RAN protocol design should allow dynamic multiplexing of traffic from different slices to maximise resource utilisation.

· Slice protection and identification
When slices are configured with different service providers, traffic for higher priory slice should not be compromised by UE attaching to a lower priority slice. To ensure that congestion in one slice does not negatively impact another slice, some means to achieve isolation/separation between slices and the means to determine levels and types of isolation/separation will be required. Such concept of inter-slice protection is currently not supported by existing QoS mechanisms. For this reason it is required that RAN should be aware of slice information. 

Proposal 3. RAN protocol should support mechanism for slice protection, with detailed solutions to be discussed further.

UE needs to know that the NR node (which may be equivalent to a cell in LTE) it accesses can support traffic for services that the UE is interested in. For this, network may broadcast its supported services or slices, giving UE the choice to access appropriate network nodes. In addition, for RAN to be able to configure slices for service-specific treatment in layer 2 as well as in layer 1 in connected mode,  RAN and UE may both want to indicate which slice needs configuration, for example in RRC message during connection setup.
In accompanying contributions [5-7], the sourcing company will further discuss service-awareness design in L2 as well as impacts on control plane operations.
3 Summary
Observation 1. Different services will be supported using different configurations (e.g. numerology, frame structure ..) in NR physical layer: as a result, NR radio resource will be separated in time-frequency domain.
Proposal 1: Enable RAN to handle traffic from different network slices with different L1 configurations (e.g. numerology) and/or L2 functionalities (e.g. MAC/RLC/PDCP parameters) by introducing the concept of “RAN slice”.

Proposal 3. RAN protocol should support mechanism for slice protection, with detailed solutions to be discussed further.
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