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1   Introduction
SA1 SMARTER has provided diverse use cases which are expected to come with a high variety of requirements on the network. Typically, three main classes of use cases are defined in SMARTER: enhanced mobile broadband (eMBB), massive machine type communication (mMTC), Ultra reliable and low latency communications (URLLC). They have thoroughly different requirements on networks in terms of delay, throughput, reliability etc. 
Network slicing enables the operator to create networks customised to provide optimized solutions for different market scenarios which demands diverse requirements, e.g. in the areas of functionality, performance and isolation. The high level network slicing concept is first proposed in SMARTER. SA2’s definition of network slicing is as follows: Network Slice (NS) is composed of all the network functions (NFs) that are required to provide the required Telecommunication Services and Network Capabilities, and the resources to run these NFs. 
SA2 has taken network slicing as one key issue and proposed candidate solutions and/or slicing architectures. A network slice is composed of a collection of logical network functions that supports the communication service requirements of particular use cases. 

As network slicing is an end-to-end solution, the impact of network slicing on RAN architecture and interface should be studied.
2   Discussion

In current LTE network, all services like voice, video, web, ftp, etc. operate in an integrated network. Different services have different traffic characteristics and requirements. For example, some of the service requirements are: security, reliability, efficiency, coverage, data rate, latency etc. Some of the traffic characteristics are: mobility, packet size, delay tolerance, transmission frequency, etc. For example, legacy LTE and NB-IoT devices have different requirements and traffic characteristics, as depicted in figure 1. 
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Figure 1: Diverse service requirements and traffic characteristics of legacy LTE and NB-IoT
In the future more and more services and use cases would be supported and many new functions need to be introduced. More diverse combinations of traffic characteristics and requirements could emerge. The network would become complicated and less efficient to support all the services. 
In general, 5G use cases are classified into 3 main domains: eMBB, mMTC and URLLC. SA1 SMARTER study item (SI) has identified 74 typical use cases and group them according to the service requirements [3]. The objective of network slicing is to accommodate the diverse services/devices/scenarios with high efficiency. Each network slice is a “tailored network” optimized or customized for each class of services/devices/market scenarios.

RAN plenary approved to study specification impacts on RAN2 and RAN3 to support network slicing [1]. It is also stated in the approved TP [2] that The RAN architecture shall allow for the operation of Network Slicing. As it is expected that diverse use cases may be deployed or configured to multiple network slices in parallel or in different time period or geographical areas, a unified RAN framework should be provided to adapt to different use cases. For instance, the RAN architecture needs to be able to efficiently support eMBB and ultra low latency use cases at the same time. To support ultra low latency services, some functionalities used to be located outside of RAN may need to be closer to RAN or co-located at RAN, e.g. the RAN based paging functionality. 
Wider bandwidth is needed to support eMBB. Higher frequency spectrum may be deployed to provide more capacity. However, high frequency communication is not suitable for providing umbrella coverage. To deal with the coverage issue of higher frequency carrier due to the new propagation rules, multiple connectivity RAN architecture with the cooperation between low and higher frequency carriers needs to be studied, e.g. control plane is located at the node providing low frequency carrier, distributed user plane at nodes providing high frequency carrier. Centralized control plane is also beneficial for other network slice use cases. It is already consensus within 3GPP. 
A general network slicing architecture is demonstrated in Figure 1. To associate a UE with a proper network slice, a slice selection and routing function is needed. With UE provided subscription information and pre-configured CN slice instance selection policy, a UE is associated to a proper CN slice instance. The problem is similar to DECOR where the problem is solved by a redirection by the core network. But if enough information could be available in RAN at the initial access, it seems beneficial to allow RAN to perform this selection. But for cases where RAN is not able to select the correct slice, CN should be able to redirect to the correct slice. . Afterwards, the signalling and data of the UE will be routed to the associated CN slice instance. 
Proposal 1: We should study how network slice selection function should be supported by CN-AN interface, and a combination of initial selection in RAN and redirection in CN is a suitable way to support network slicing.  
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Figure 1: network slice selection function in CN-RAN interface
To support multiple network slice instances provided for various telecommunication services requirements, different handling may be needed in RAN based on the network slice specific information from CN. In this case, new parameters could be introduced to indicate network slice specific characteristics. These parameters from CN will trigger RAN to process different use cases appropriately and accordingly. For instance, mMTC services may only require low mobility or even no mobility handling, while eMBB services may require medium to high mobility handling. For use cases with very strict requirements for handover interruption time, RAN may be required to use specific handover schemes to fulfill the requirement. For ultra low latency use cases, signaling procedure may need to be simplified and local breakout may be applied. For wider bandwidth provisioning, eMBB may use multiple RAT. 
Proposal 2: We should study how RAN should support the concept of “network slicing” and we have the preference that CN should convey network slice relevant information to RAN, so that RAN can provide optimized functions and procedures for efficient service provisioning. 
A UE may have multiple application/services simultaneously. For instance, a UE may have eMBB service ongoing and at the same time have a heartbeat monitoring application running for e-Health. Usually the heartbeat monitoring application sends out small packet infrequently which can be carried in UL NAS PDU as currently being discussed in RAN3. To optimize CN processing, different CN slice instances would typically be deployed for eMBB and MTC services. This results in a UE obtaining services from two specific CN slice instances at the same time. Since UE context management and connection management for MTC service are quite different from those for eMBB service, new features and UE management interfaces need to be studied to minimize impact on UE. 
Proposal 3: UE association with multiple network slices simultaneously should be studied.
3   Conclusion
Based on the discussion in this paper, we propose:
Proposal 1: We should study how network slice selection function should be supported by CN-AN interface, and e a combination of initial selection in RAN and redirection in CN is a suitable way to support network slicing.
Proposal 2: we should study how RAN should support the concept of “network slicing” and we have the preference that CN should convey network slice relevant information to RAN, so that RAN can provide optimized functions and procedures for efficient service provisioning.

Proposal 3: UE association with multiple network slices simultaneously should be studied.
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