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1 Introduction

Last RAN2#Adhoc meeting made the following agreements on RAN support of network slicing [1]. 
1:
RAN2 understanding is that traffic for different slices is handled by different PDU sessions.

2
Network can realise the different network slices by scheduling and also by providing different L1,2 configurations.

3
UE should be able to provide assistance information for network slice selection in RRC message, if provided by NAS.

FFS whether it is possible to provide different PRACH, access barring and congestion control information for different slices.
4
Above agreements and FFS are also applicable for LTE connected to 5G-CN.

RAN3 has also agreed many key principles applicable to the support of network slicing, and made updates regarding the RAN selection of CN entity at last RAN3#NR Adhoc meeting [2].
· For initial attach, the UE may provide one or more slice ID(s). If available, RAN uses the slice ID(s) for routing the initial NAS to an NGC CP function. If the UE does not provide any slice ID(s) the RAN sends the NAS signalling to a default NGC CP function. 

· For subsequent accesses, the UE provides a Temp ID, which is assigned to the UE by the NGC, to enable the RAN to route the NAS message to the appropriate NGC CP function as long as the Temp ID is valid (RAN is aware of and can reach the NGC CP function which is associated with the Temp ID). Otherwise, the methods for initial attach applies.

Note: the definition of the Slice ID for use over the air interface is subject to further discussions.

Further, RAN agreed the support for UE associating with multiple network slices simultaneously. 
· In case a UE is associated with multiple slices simultaneously, only one signalling connection shall be maintained.
In this document, we further discuss the potential impact on RRC connection of network slicing based on the above agreements.  
2 Discussion 
2.1 Single RRC connection or multiple RRC connections
As agreed in SA2, the group B (group C is subsumed under group B) in Annex D of TR 23.799 has been the architecture in Rel-15 [3]. Taken group B as the architecture, below gives the analysis of AS control-plane for these two scenarios respectively. 
1) Scenario 1: UE associates with a single network slice instance
In this scenario, the NR UE associates with only one network slice instance (NSI). 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 instance.
2) Scenario 2: UE associates with multiple network slice instances simultaneously
If an NR UE associates with multiple NSIs 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 NSIs the UE associates simultaneously. Clearly this option aligns with RAN3 agreement: only one signalling connection shall be maintained in case a UE is associated with multiple 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 instance. As shown in Fig.2, assuming the UE associates with two NSIs, these two NSIs 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, gNB need to maintain multiple RRC connections for multiple NSIs. 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.
· High Specification effort, e.g., for system info broadcast per network slice instance, RRC connection establishment/reestablishment per NSI, and RRC state transitions in different NSIs, 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 slice instances 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, which is aligned with RAN3 agreement. 
Proposal 1: Regardless whether an NR UE associates with one or multiple network slice instances, it should have only one RRC connection with RAN.
2.2 Network slice instance selection
It was agreed in RAN2 that the UE should be able to provide assistance information for network slice selection in RRC message, if provided by NAS. It remains FFS what the assistance information is. Below gives the initial attach and subsequent access respectively.  
When the UE performs its initial attach, RAN3 agreed to use the slice ID if provided by UE for routing the initial NAS to an NGC CP function. Note that the definition of the Slice ID carrying or defining the NSSAI for use over the air interface is subject to further discussions. Note that when no slice ID is provided, the RAN may send the NAS signalling to the default CN entity. 
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.. 
Proposal 2: Selection assistance information carried in RRC may include a UE temporary ID if it is assigned to the UE by the CN; otherwise, slice ID (s) if it is configured in UE. Note that the definition of the Slice ID carrying or defining the NSSAI could be decided in the normative phase. 
In [4], it was proposed that the slice selection assistance information does not need to be provided in Msg3 due to its limited size. But as agreed at last RAN2 meeting, the design of RA procedure in NR needs to support flexible Msg3 size [5]. We think it should leave to normative stage especially when both the allowed Msg3 size and slice assistance information size are determined. 
Proposal 3: Whether the slice assistance information is carried in Msg3 or RRC message later could be determined at the normative stage. 
2.3 Network slice instance redirection
SA2 has agreed that under some circumstances, the redirection from the serving CCNF to a target CCNF is need, e.g., it is the operator policy that determines redirection between CCNFs is allowed [1]. When it happens, the network would send the updated or new NSSAI to the UE with an indication. Afterwards the UE would initiate the redirection procedure with the updated or new NSSAI. Though whether detailed UE’s procedure is a TAU, re-attach or both is FFS depending SA2 decision, the UE should provide the updated/new slice ID(s) within its RRC to the RAN for this CCNF redirection. 
A similar case is agreed as well in SA2 about the change of network slices for a single UE. Based on local policies, subscription changes and/or UE mobility, the CN may decide to change the set of network slices that are being used by a UE, and provide an updated NSSAI. Then UE would include the new slice ID(s) in this RRC signalling for its slices change if provided by NAS. 
Proposal 4: The UE should provide updated/new slice ID(s) in RRC message for CCNF redirection and the change of the set of network slices, if provided by NAS.
2.4 RAN awareness of network slices
SA2 also agree that RAN may need to be aware of the network slices in order for RAN to select a proper resource for supporting network slicing [3]. Similarly, in RAN3, it is agreed that RAN would be configured with a set of different configurations for difference slices [2]. When the UE tries to access the network, the RAN could determine and provide the appropriate configuration to the UE based on the NSSAI or other information so that the differentiated handling among different slices could be enabled. The detailed discussions on resource management between slices in NR could be found in [6]
Proposal 5: RAN should provide UE with slice-specific configurations over RRC signalling to enable differentiated handling among multiple slices.
3 Conclusion
This contribution further discusses the impact on RRC when the NR UE associates with a single network slice instance or multiple network slice instances 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 instance. 
Observation 2: Even if an NR UE associates with multiple network slice instances simultaneously, it’d be better for it to have one RRC connection with the RAN.
Proposal 1: Regardless whether an NR UE associates with one or multiple network slice instances, it should have only one RRC connection with RAN.
Proposal 2: Selection assistance information carried in RRC may include a UE temporary ID if it is assigned to the UE by the CN; otherwise, slice ID (s) if it is configured in UE. Note that the definition of the Slice ID carrying or defining the NSSAI could be decided in the normative phase. 
Proposal 3: whether the slice assistance information is carried in Msg3 or RRC message later could be determined at the normative stage. 
Proposal 4: The UE should provide updated/new slice ID(s) in RRC message for CCNF redirection and the change of the set of network slices, if provided by NAS.
Proposal 5: RAN should provide UE with slice-specific configurations over RRC signalling to enable differentiated handling among multiple slices. 
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