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Discussion
1 Introduction
In SA2#118, SA2 study item on 5G architecture has been ended and the final agreements on network slicing have been documented in TR 23.799 ve.0.0[1].  Some major agreements are copied as follows:
1.
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:

a)
AN can be common to multiple network slices.
b)
Network slices may differ for features supported and Network Functions optimisations use cases.

c)
Networks may deploy multiple Network slice instances delivering exactly the same optimisations and features as per but dedicated to different groups of UEs, e.g. as they deliver a different committed service and/or because they may be dedicated to a customer.
2.
A UE may provide network slice selection assistance information (NSSAI) consisting of a set of parameters to the network to select the set of RAN and CN part of the network slice instances (NSIs) for the UE.
3.
If a network deploys network slicing, then it may use UE provided network slice selection assistance information to select a network slice. In addition, the UE capabilities and UE subscription data may be used.

4.
A UE may access multiple slices simultaneously via a single RAN. In such case, those slices share some control plane functions, e.g. AMF and Network Slice Instance Selection Function. These common functions are collectively identified as CCNF (Common Control Network functions).

5.
The CN part of network slice instance(s) serving a UE is selected by CN not RAN.
In addition to SA2 agreements, RAN3 also reached consensus on network slicing [2].
Slice Availability
-
Some slices may be available only in part of the network. Awareness in a gNB of the slices supported in the cells of its neighbouring gNBs may be beneficial for inter-frequency mobility in connected mode. It is FFS if such awareness is also beneficial for intra-frequency mobility. It is assumed that the slice configuration does not change within the UE’s registration area.

-
The RAN and the CN are responsible to handle a service request for a slice that may or may not be available in a given area. Admission or rejection of access to a slice may depend by factors such as support for the slice, availability of resources, support of the requested service by other slices.

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 contribution, we mainly discuss RRC protocol modelling for network slicing especially for the case when one UE support multiple slices simultaneously., i.e., whether single RRC or multiple RRC options should be studied in RAN2 to support network slicing.
2 Overall Analysis

Regarding to whether one RRC or multiple RRC is needed, we think that different aspects should be considered.  From network perspective, we need to analyse the architecture and functions in order to identify the requirements on single RRC and multiple RRC.  Then, from UE perspective, we need to analysis the feasibility and complexity for single RRC and multiple RRC options.
As agreed in SA2, CN slicing is supported but whether and how RAN can support slicing is up to RAN groups to decide.  Basically, we think that if RAN groups finally decide not to support slicing, then single RRC option is more suitable as AS layer would be totally agnostic to the network slicing feature.  Even if RAN groups decide that RAN support slicing, different RAN slices may still be supported by the common AN which can be the same RAN node i.e. gNB.  And, for different slices, SA2 has agreed Common Control Network Function which is similar to MME in LTE system.  This means, for one UE support multiple slices, there is one common control plane entity in network side. In RAN3, it has been agreed that “In case a UE is associated with multiple slices simultaneously, only one signaling connection shall be maintained.”  In our understanding, this means that there is only one NG3 CP interface per-UE, similar to S1-C in LTE system.  Considering these aspects, we  think that single RRC option could be the baseline for UE to support multiple slices.  From UE perspective, we think multiple RRC option will bring considerable complexity and signalling overhead.  With different RRC connections, both the UE and gNB would have to maintain the contexts and SRBs.  Thus we think that unless there are critical issues that cannot be solved by single RRC option, RAN2 should not go directly into multiple RRC option to support multiple slices for the UE.
Proposal 1: Single RRC should be the baseline for the UE to support multiple slices.

3 Initial Analysis of Single RRC Option
3.1 System information handling
Basically, we think that UE should receive SIs for different slices as basic RRC function.  If the AN is connected with CN which support different slices and if the AN also support slicing, the AN may broadcast system information to indicate the supported slice(s).  In this case, single RRC can work well no matter slice related system information is contained in minimum SI or other SI.  The contained system information related to supported slices can quietly indicate the UEs whether certain slice is supported or not.
Observation 1: From system information handling perspective, single RRC option can support multiple slices per-UE.

3.2 RRC states

In case there are multiple slices supported by one UE, we think RRC states transition, i.e., whether UE should be in RRC idle, RRC inactive or RRC connected, should be determined by the overall user data for different network slices.  For one example, assume one UE support NS#1 and NS#2, and there is no UL and DL data transmission in NS#2 but there are on-going data transmissions for NS#1, UE should be kept in RRC_Connected state.  For another example, if data transmissions originally happens for both NS#1 and NS#2 and stopped in NS#1, UE may still be kept in RRC_Connected state.  From AS layer perspectives, RRC connection should be maintained as long as one of supported slices needs to have data transmission in RRC connected state.
Observation 2: UE supporting multiple slices could only have one RRC state which can be enabled by single RRC option.

3.3 Connection control
Regarding to connection control, we think both SRB and DRB should be considered. In terms of SRB, with single RRC option, one set of SRBs is needed as common signalling radio bears for single RRC option.  Similar to LTE case, different SRBs can be established which can transport different control information between UE and gNB.  In order to use one RRC connection for different CN slices, CP key for SRBs can be made slice-independent (This should be specified by SA3 but RAN2 needs an assumption).  In terms of DRB which is established via RRC signalling, we think there would be some differences from LTE.  Different DRBs for different slices may be ciphered with different UP keys derived within different network slices.  In other words, with single RRC option, DRBs could be slice-specific but SRBs could be common for different slices.
Observation 3: with single RRC option, DRBs could be slice-specific but SRBs could be common for different slices.

3.4 Mobility control
For mobility control, we think RAN2 should consider idle mode cell selection/reselection and handover.  For cell selection/reselection, single RRC option can support multiple slices.  In case the gNB broadcast slices related information, UE can perform cell selection/reselection considering multiple slices. Multiple RRC option doesn’t bring any benefits.
For handover cases, measurement control/report mechanisms and handover initialization/execution mechanisms have to take slice information (i.e. slice availability) into account.  In such cases, we think single RRC option is still preferred because even if we have multiple RRC, UE can only been handed over to one target cell.
Observation 4: For cell selection/reselection and handover, multiple RRC option doesn’t provide any benefits compared to single RRC option.

Based on the above analysis, we think that single RRC option can realize major RRC functions to support multiple network slices.

4 Conclusion
In this short paper, we have the following observations and proposal:
Proposal 1: Single RRC should be the baseline for the UE to support multiple slices.

Observation 1: From system information handling perspective, single RRC option can support multiple slices per-UE.

Observation 2: UE supporting multiple slices could only have one RRC state which can be enabled by single RRC option.

Observation 3: with single RRC option, DRBs could be slice-specific but SRBs could be common for different slices.

Observation 4: For cell selection/reselection and handover, multiple RRC option doesn’t provide any benefits than single RRC option.
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