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1 Introduction
The last SA2 #116 [1] has made the following slice-related interim agreements:
· The network slice is a complete logical network (providing Telecommunication Services and Network Capabilities) including AN and CN. Whether RAN is sliced is up to RAN WGs to determine. 

· AN can be common to multiple network slices. 
· A UE may provide network slice selection assistance information to the network. 
· If a network deploys network slicing, then it may use UE provided network slice selection assistance information to select a network slice. 

· A UE may access multiple slices simultaneously via a single RAN. In such case, those slices may share some control plane functions, e.g. MM. 

At the same time, several key principles of supporting of network slicing in RAN have been embodied in RAN3 TR [2] . This paper extracts the key principles that are related to RAN2, in order to be aligned with RAN3 and SA2 progress.
2 Discussion

2.1 Network slice selection in RAN
As addressed above, SA2 has agreed that the UE may provide “slice selection assistance information” to the network that can be used to select an appropriate network slice instance (NSI) for the differentiated service offered by an MNO. The slice selection assistance information (which may include an application identifier, a type of service, etc) may have global significance (i.e. the service can be requested on a visited network by a roaming UE) or may have only local significance (i.e. the service can only be requested when a UE is connected to its home network). In some cases, slice selection assistance information may include an unambiguous slice ID that can be used by the RAN to identify a pre-configured network slice instance. During the initial access, the UE should include the slice selection assistance information in an RRC message that could be forwarded by the RAN to the CN entity associated with the slice ID if pre-stored in UE. After the UE has registered with the network, a temporary ID may be assigned to the UE by the selected CN entity, and it would be enabled for RAN to forward the uplink traffic according to the received UE temporary ID. It is FFS that whether the slice ID is still needed after a temporary ID has been assigned to the UE.
Observation 1
Selection assistance information may include a slice ID that can be used by the RAN to identify a pre-configured network slice instance.

Proposal 1
In order for the network to select the proper NSI for a UE, the selection assistance information should be carried in an initial RRC message.

Proposal 2
Selection assistance information carried in RRC may include an UE temporary ID if it is assigned to the UE by the CN; otherwise, a slice ID if it is pre-configured in UE.
Determining the appropriate NSI is normally a CN function that may consider multiple factors including the selection assistance information, the UE service profile, network topology, the current location of the UE, the time of day, current system loading, MNO policies, etc. After CN identifies a suitable NSI, it might notify the updated selection assistance information, e.g. slice ID to RAN so that the RAN part of the network slice (e.g. the RAN configurations) could be selected according to the received slice ID [3] [4]. As stated in RAN3 TR [2], how does the UE gets the slice ID is FFS. The slice ID could be sent to the UE by the CN after the CN has selected the slice, or it could be pre-configured in the UE. Once slice ID is acquired by the RAN that is provided by the UE or CN, the RAN may select the RAN part of the network slice instance according to the received slice ID. Note that the term “RAN part of the network slice” is directly used for reference from RAN3 TR, and RAN 2 should avoid detailed discussion of the term. 
Proposal 3
The RAN should support the selection of the RAN part of the network slice instance using slice selection assistance information provided by the UE or CN which can be used to unambiguously identify one of the network slice instances in the PLMN.
2.2 Resource management and QoS support
The important part regarding resource management and QoS support for RAN is that firstly RAN should provide radio resource management between slices, using per-slice traffic management information, to efficiently multiplex the traffic from multiple UEs in different slices onto the available shared radio resources, and secondly, the RAN should support QoS handling within a slice.
If the UE is simultaneously connected to multiple CN network slices, the CN UP and CP functions may be different for each of the slices so that traffic for different slices may be routed and treated differently by the RAN. In order to satisfy the SLA requirement, the RAN needs to know slice information of data flow. For downlink data packet transmissions, RAN needs to know about which slice is the data packet associated to. And for uplink data packet transmission, when uplink resource is granted, RAN needs to know which slice UE is in, especially when UE associates with multiple slices simultaneously.

Observation 2
The RAN should know the slice information of transmitted data packet.
Proposal 4
The RAN should support CP and UP traffic of a UE coming from multiple network slice instances.

Each slice may have a distinct set of performance requirements that must be met to ensure that traffic associated with the slice satisfies those business and service needs. In some business scenarios, radio resources may be dedicated to a particular network slice in order to meet specific business or performance goals. However, in many instances, pre-allocation of radio resources to a network slice ("hard slicing") is not a viable solution for meeting service requirements due to the unpredictable distribution of UEs throughout the service area and the unpredictable demand for a particular service within a given area. Instead, the RAN must rely on scheduling to efficiently multiplex the traffic from multiple UEs onto the available shared radio resources. The traffic management parameters used to meet network slice performance requirements may be pre-configured into the RAN or may be conveyed to the RAN by the CN when a UE is attached to a network slice instance. 

Observation 3
Pre-allocation of radio resources to a network slice instance ("hard slicing") may be viable in some business scenarios but may not be a viable solution in other scenarios.

Proposal 5
The RAN should provide radio resource management, using per-UE traffic management information, to efficiently multiplex the traffic from multiple UEs in different network slice instances onto the available shared radio resources.

The application of traffic management parameters is usually sufficient to provide isolation between UEs operating in different slices. However, in any shared medium used for bursty traffic, resource demands may produce temporary conflicts that cannot be resolved through normal scheduling and allocation of resources. When a conflict amongst UE resource requirements is detected, the RAN must be provided with policies to resolve the conflict. Per-UE configuration includes the priority and pre-emption policies associated with a particular UE within a particular network slice. If the application of per-UE policies does not resolve the conflict, the RAN uses per-slice configuration to identify the priority and pre-emption policies associated with a particular slice within the PLMN. 
Observation 4
Due to the nature of UE traffic burst, resource demands may produce temporary conflicts that cannot be resolved through normal scheduling and allocation of resources.

Proposal 6
The RAN should support policies for resolving resourcing conflicts between network slice instances.
During periods of congestion, access class barring mechanisms can be enhanced to encompass slice-related information in order to prioritise UE attempts to transmit on such a channel. Per-UE traffic management parameters should include a mapping onto barring parameters (e.g. barring class or category) that may be invoked by the RAN e.g. reusing ACDC-like solutions in LTE where ACB parameters are specific to a slices. Further, separate RACH resources would be useful when channel congestion happens in the random access procedure. Moreover, the slice specific AS (enhanced) wait timer could be enabled when the RRC connection is released /rejected.
Proposal 7
The RAN should support access barring and congestion control mechanism on a per-slice basis.
3 Conclusion
This contribution discusses key principles for support of network slicing in RAN from the RAN2 perspectives. We advise RAN2 to adopt the following observations and proposals as basis so as to conduct slicing related discussions aligned with RAN3 and SA2 progress.
Observation 1
Selection assistance information may include a slice ID that can be used by the RAN to identify a pre-configured network slice instance.

Observation 2
The RAN should know the slice information of transmitted data packet.
Observation 3
Pre-allocation of radio resources to a network slice instance ("hard slicing") may be viable in some business scenarios but may not be a viable solution in other scenarios.

Observation 4
Due to the nature of UE traffic burst, resource demands may produce temporary conflicts that cannot be resolved through normal scheduling and allocation of resources.

Proposal 1
In order for the network to select the proper NSI for a UE, the selection assistance information should be carried in an initial RRC message.

Proposal 2
Selection assistance information carried in RRC may include an UE temporary ID if it is assigned to the UE by the CN; otherwise, a slice ID if it is pre-configured in UE.
Proposal 3
The RAN should support the selection of the RAN part of the network slice instance using slice selection assistance information provided by the UE or CN which can be used to unambiguously identify one of the network slice instances in the PLMN.
Proposal 4
The RAN should support CP and UP traffic of a UE coming from multiple network slice instances.
Proposal 5
The RAN should provide radio resource management, using per-UE traffic management information, to efficiently multiplex the traffic from multiple UEs in different network slice instances onto the available shared radio resources.
Proposal 6
The RAN should support policies for resolving resourcing conflicts between network slice instances.
Proposal 7
The RAN should support access barring and congestion control mechanism on a per-slice basis.
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