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Introduction
In the newly approved WI “LTE connectivity to 5G-CN” [1] one of the objectives is to add support for network slicing for LTE connected to 5G-CN. 
In this contribution we discuss how network slice selection can be supported for LTE connected to 5G-CN and in particular the impact on RRC Connection Establishment procedure.  We also consider the need for an early indication of the slice/service.
Network slice selection is also being discussed for NR (see [3]) and we expect the solutions to be similar to a large extent. However, one difference in LTE compared to NR is the backwards compatibility aspect, which potentially impacts the solution design.
Discussion
Architecture overview
A high-level overview of the 5G system architecture with LTE RAN connected to 5G-CN is shown in the figure below. For simplicity we have omitted the network functions not relevant for the present discussion.
According to [2], a UE can simultaneously be served by multiple network slices. All network slices serving a UE share the same AMF instance.




Network slice selection
Network slice selection for NR and LTE connected to 5G-CN is described in detail in the SA2 Stage-2 TS on 5G architecture [2]. Two types of network slice identifiers are defined in the TS:
· S-NSSAI (Single Network Slice Selection Assistance information) identifies a single network slice and is turn comprised of two parts:
· Slice/Service type (SST) which identifies the type of slice (e.g. eMBB or MMTC)
· Slice Differentiator (SD) which distinguishes network slices of the same type (e.g. two eMBB slices)
· NSSAI (Network Slice Selection Assistance information) is a collection of S-NSSAIs and thus represents a set of network slices.
The 5G-CN further distinguishes between Configured and Accepted NSSAI. A Configured NSSAI is pre-configured in the UE by the operator and is included in the RRC Connection Establishment during the initial network registration to enable the RAN to select an appropriate AMF. If no Configured NSSAI is provided the RAN routes the request to a default AMF. An Accepted NSSAI represents the network slices assigned to UE and which the UE is authorized to use. The Accepted NSSAI is provided over NAS at successful network registration.
At network registration the UE is also assigned a locally unique Temp ID which is included in RRC Connection Establishment during subsequent accesses to enable the RAN to locate the serving AMF. In our understanding Temp ID is equivalent to S-TMSI in EPC and thus it seems natural to include Temp ID in msg3 of the RRC Connection Establishment procedure. This assumes that Temp ID is of the same or similar size as S-TMSI (i.e. 40 bits).
[bookmark: _Toc476818182][bookmark: _Toc476818209][bookmark: _Toc476837769][bookmark: _Toc476839538][bookmark: _Toc476839840][bookmark: _Toc478029291][bookmark: _Toc478147426]Temp ID is included in msg3 of the RRC Connection Establishment procedure instead of S-TMSI to enable contention resolution at lower layers and to enable the RAN to locate the serving AMF. 
The Temp ID is valid at least within a registration area represented by the TA list that is sent to the UE at Attach/TAU.  If the UE moves outside of its registration area it needs to perform a TAU to register its new location with the network. As the Temp ID may no longer be valid in this case, the UE includes the Accepted NSSAI in the RRC Connection Establishment to enable the RAN to select an appropriate AMF. As previously mentioned, a Configured NSSAI may also be included in the RRC Connection Establishment during the initial network registration to assist the RAN in locating an appropriate AMF. Due to the size constraint of msg3, the Configured/Accepted NSSAI can at the earliest be sent in msg5 of the RRC Connection Establishment procedure.
[bookmark: _Toc476818183][bookmark: _Toc476818210][bookmark: _Toc476837770][bookmark: _Toc476839539][bookmark: _Toc476839841][bookmark: _Toc478029292][bookmark: _Toc478147427]An Accepted/Configured NSSAI can be included in msg5 of the RRC Connection Establishment procedure, if provided by NAS, to assist RAN in selecting a suitable AMF when Temp ID is not available or invalid.



Figure 1: Initial UE registration onto a network slice
There is currently an Editor’s note in the SA2 TS regarding which slice identifier to use on the AS layer in RAN: 
Editor's note:	Whether NSSAI in RRC and NAS are exactly the same, is to be determined. 
From a RAN point of view the full NSSAI may not need to be included in msg5 but only the information that allows the RAN to select an appropriate AMF. It may therefore be possible to reduce the size of msg5 by removing unnecessary parts of NSSAI or replacing NSSAI with some other value with shorter length. Further details on what parts of NSSAI to include in msg5 is given in [3].
[bookmark: _Toc476818184][bookmark: _Toc476818211][bookmark: _Toc476837771][bookmark: _Toc476839540][bookmark: _Toc476839842][bookmark: _Toc478029293][bookmark: _Toc478147428]It is FFS if the full (Accepted/Configured) NSSAI needs to be included in msg5 of the RRC Connection Establishment procedure or if it can be replaced with a shorter value. 
Once the UE is in connected mode and the UE context has been retrieved, we expect network slicing will be mainly realized through scheduling/RRM and different L1/L2 configurations. This requires that the LTE RAN is aware of the network slice the UE is connected to and can adapt its scheduling policy and L1/L2 configuration accordingly. We expect the Accepted NSSAI provided by the AMF during e.g. UE Context Setup can be used for this purpose.
[bookmark: _Toc476818041][bookmark: _Toc476837767][bookmark: _Toc476839536][bookmark: _Toc476839838][bookmark: _Toc478147424]The Accepted NSSAI provided by the AMF (e.g. at UE Context Setup) can be used for slice differentiation in RAN. 

Early indication of slice/service
For NR several companies have suggested to introduce an early indication of the slice/service (in msg1 or msg3) to enable RAN to prioritize or reject UEs already in the initial phase of the RRC Connection Establishment. However, compared to NR which is a new RAT designed from scratch, introducing an early indication in LTE is considerably harder due to the need to maintain backwards compatibility. 
Indicating the slice/service in msg1 via e.g. preamble partitioning is ruled out as this would force us to re-design RACH in LTE. Also the possibility to indicate the slice/service in msg3 is very limited in LTE due to the msg3 size constraint. The size of msg3 is limited to 56 bits in LTE and only about 3-4 bits remain after removing MAC/RRC overhead (12-13 bits) and the size of Temp ID (40 bits). This means that it is not possible to introduce a more granular access type indication in msg3 than what is already provided by the existing (3 bit long) establishment cause. 
[bookmark: _Toc476818042][bookmark: _Toc476837768][bookmark: _Toc476839537][bookmark: _Toc476839839][bookmark: _Toc478147425]Introducing a more granular access type indication in msg3 than what is already provided by the existing (3 bit long) establishment cause is not feasible due the limited size of msg3 in LTE.
[bookmark: _Toc476818185]However, it is not clear yet if we will re-use the existing establishment cause field or if we will replace it with a new field of similar length. This depends on what is decided for NR and whether we want to align the msg3 contents for the two RATs.
[bookmark: _Toc476818186][bookmark: _Toc476818212][bookmark: _Toc476837772][bookmark: _Toc476839541][bookmark: _Toc476839843][bookmark: _Toc478029294][bookmark: _Toc478147429]Whether we keep the existing establishment cause in msg3 or replace it with a new field of similar length is FFS. This depends on what is decided for NR and whether msg3 contents should be aligned.

Conclusion
In this contribution we discussed network slicing for LTE connected to 5G-CN. In section 2 we made the following observations:
Observation 1	The Accepted NSSAI provided by the AMF (e.g. at UE Context Setup) can be used for slice differentiation in RAN.
Observation 2	Introducing a more granular access type indication in msg3 than what is already provided by the existing (3 bit long) establishment cause is not feasible due the limited size of msg3 in LTE.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	Temp ID is included in msg3 of the RRC Connection Establishment procedure instead of S-TMSI to enable contention resolution at lower layers and to enable the RAN to locate the serving AMF.
Proposal 2	An Accepted/Configured NSSAI can be included in msg5 of the RRC Connection Establishment procedure, if provided by NAS, to assist RAN in selecting a suitable AMF when Temp ID is not available or invalid.
Proposal 3	It is FFS if the full (Accepted/Configured) NSSAI needs to be included in msg5 of the RRC Connection Establishment procedure or if it can be replaced with a shorter value.
Proposal 4	Whether we keep the existing establishment cause in msg3 or replace it with a new field of similar length is FFS. This depends on what is decided for NR and whether msg3 contents should be aligned.
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