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1 Introduction

The NR new radio access technology SI was agreed in RAN#71 [1]. One of the objectives is to study the RAN support of network slicing operation as follows.
· Study and identify specification impacts of enabling the realization of Network Slicing [in co-operation with SA2] [RAN2, RAN3];

SA2 has taken network slicing as one key issue, and presented several potential solutions to support network slicing from CN perspective [2]. In this document, we discuss the AS control-plane for the NR to enable the realization of network slicing from RAN perspective. 
Note that only standalone operation without tight interworking with evolved LTE or other non-3GPP access is discussed in this document.  
2 Discussion 
A network slice is defined to be composed of all the NFs that are required to provide the required Telecommunication Services and Network Capabilities, and the resources to run these NFs [2]. It could enable an operator to provide optimized solutions for different market scenarios with diverse requirements. 
In order to support network slicing, SA2 proposes several solutions regarding the RAN-CN interface and core network as follows [2]. 
· Solution 1.1: Network Slicing without Slicing the radio
· Solution 1.2: Network slicing selection
· Solution 1.3: Support of multiple connections to multiple Network Slices
SA2 also gives potential solution scenario for the support of multiple slices per UE in [2], where some common CP functions are shared by multiple network instances while other CP functions that are not common are kept within its own core network instance. Based on the SA2 progress, it would be RAN’s task to define the AS control-plane solution to enable realization of network slicing. An NR UE could associate with only one slice, or could associate with multiple network slices simultaneously. This could be determined by the network based on the slice/service characteristics, network capabilities, UE subscriptions information, etc. 
Below gives the analysis of AS control-plane for these two scenarios respectively. 
1) Scenario 1: UE associates with a single network slice
In this scenario, the NR UE associates with only one network slice. Hence, it is not much different from LTE system. Therefore, each UE should only have one RRC connection with the network, and maintain a single RRC state. 
Observation 1: An NR UE needs only one RRC connection with the RAN when it associates with a single network slice.
2) Scenario 2: UE associates with multiple network slices simultaneously
If an NR UE associates with multiple network slices simultaneously, two options exist with regards to the AS control-plane: a single RRC connection or multiple RRC connections.
· Option 1: single RRC connection 
This option allows the UE to have a single RRC connection with the network as depicted in Fig.1. The RRC state would be per UE. The RRC connection establishment/re-establishment, etc., could be performed only once no matter how many slices the UE associates simultaneously. Furthermore, NAS messages could be concatenated and carried through a single RRC connection, by having distinct identities in the RRC containers for NAS entities of different network slices. 
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Fig. 1: Single RRC connection with the RAN
· Option 2: multiple RRC connections 
This option means that the UE would have multiple RRC connections with the network. For example, the control-plane connection is per network slice. As shown in Fig.2, assuming the UE associates with two slices, these two slices could be at different and independent RRC states. In this option, the NAS messages for each network slice would be carried independently in their respective RRC connection. 
Though this option may bring flexibility in terms of logical CP separation/isolation, it presents many challenges as follows. 
· High complexity. The UE, NR BS need to maintain multiple RRC connections for multiple network slices. In the RAN, care must be taken to ensure that there are no conflicting resource decisions and no conflicting state decisions resulting from having multiple RRC connections. 

· High signalling overhead. The RRC related signalling would increase as the number of RRC connections increase, as NAS messages from different network slices would not be concatenated together.
· High Specification effort, e.g., for system info broadcast per network slice, RRC connection establishment/reestablishment per slice, and RRC state transitions in different network slices, etc. 
In addition, during the DC work for LTE system, it was concluded that the potential benefit of multiple RRC connections could not justify the complexity to be incurred in both the UE and the network. Hence the challenges for this option largely outweigh the potential benefits.
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Fig. 2: Multiple RRC connections with the RAN
Observation 2: Even if an NR UE associates with multiple network slices simultaneously, it’d be better for it to have one RRC connection with the RAN.
Given observations 1 and 2, we have the following proposal.
Proposal: Regardless whether an NR UE associates with one or multiple network slices, it should have only one RRC connection with RAN.
3 Conclusion
This contribution discusses AS control-plane for the NR when the NR UE associates with a single network slice or multiple network slices simultaneously. The following observations and proposal are made. 
Observation 1: An NR UE needs only one RRC connection with the RAN when it associates with a single network slice. 
Observation 2: Even if an NR UE associates with multiple network slices simultaneously, it’d be better for it to have one RRC connection with the RAN.
Proposal: Regardless whether an NR UE associates with one or multiple network slices, it should have only one RRC connection with RAN.
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