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1
Introduction

It has been acknowledged that mobile system would need to support legacy UEs for quite some while. Support of legacy LTE UEs is of concern for the 5G System as the 5G RAN contains E-UTRA. So it can be assumed, that the EPS and the 5G System make use of the very same radio resources.
The fact that 5G RAN supports a 4G radio access technology provides several possibilities how support of legacy E-UTRA UEs can be achieved.

This document discusses the possibilities for 5G RAN interfaces.

2
Discussion

2.1
Support of Legacy E-UTRA UEs – two approaches
1. Complete separation of the 5G System from earlier generation systems
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Figure 2.1-1: complete separation of the EPS and the 5G system

Figure 2.1-1 depicts a possible approach how the 5G system and the EPS system may co-exist. Legacy UEs are served by the EPS which completely separated from 5G, interworking only occurs in case UEs capable of 5G and pre-5G access cross system borders (whereas it still have to be decided in which way interworking shall be defined).

Figure 2.1-1 also depicts an agreement taken in RAN3 during the study, i.e. an eLTE eNB has been defined as a logical node that is able to connect to the EPC via S1 and to the NGC via NG. By that, an eLTE eNB may be part of an E-UTRAN and a New RAN at the same time (see RAN-CN connectivity scenarios captured in TR 38.801 Section 6.3.2.1).
Such an approach is quite straight forward, however, some immediate drawbacks can be identified for an eLTE eNB, some of them are listed below:

-
Design of a double upper layer protocol stack:
Two upper layer protocols such as the S1AP and the NG1AP will need to be maintained at the same time. These protocols will each need procedures that are likely to be common to both interfaces. For example: 
-
Interface management procedures

-
UE Context Management Procedures

-
Mobility Procedures


Such approach would lead to duplication of design effort, duplication of test cases for both interfaces, increase of processing at the eNB due to support of two distinct protocols. It would be more efficient if it could be possible to reuse procedures that are common to both interfaces and maintain all procedures within a single interface connection

-
Problems on selection of an appropriate interface for a connecting UE:
A UE that connects to the network and for which a context has not yet been created is likely to present its set of capabilities as part of RRC signalling to the RAN. However, the choice of an interface (and CN node) for such UE cannot be deduced only from such information. This is because such choice depends on the services the UE is subscribed to. As an example, a 5G capable UE may be only subscribed to LTE services in the same way as current networks allow an LTE capable UE to only consume 3G services. If it is assumed that a UE has to be connected to the CN via either an S1 or an NG1 interface, the selection of the right interface becomes subject to potential re-routing from one CN node (supporting NG1) to another (supporting S1). This is because a RAN-CN signalling connection via S1 or NG1 can only be selected after the CN has received a request for connection establishment from the RAN and has selected the interface (and therefore services) that can be used based on the UE subscription information. 
-
Higher number of transport layer protocol instances:
For each connection towards the EPC or the NextGen CN there will be the need of a new instance of a transport layer protocol association, e.g. an SCTP association. The number of transport layer connections for 5G is already foreseen to be high, due to requirements on network slicing and RAN sharing. Therefore, it is important to choose interface designs that ensure a minimisation of number of transport layer connections. Given that it is assumed that legacy UEs will remain in use for a long time ahead, it is plausible to think that connections towards the EPC and the NextGen CN will have to be maintained in parallel for a long time, placing higher design requirements on the eNB, i.e. the need to support double the number of SCTP connections. 
Observation 1 Support of multiple RAN-CN interface types at the same RAN logical node increases design complexity and forces the use of CN node rerouting in case of wrong interface choice.
We have already agreed on a set of NG interfac functions that are very much based on S1. Indeed, it appears as if some S1 functions such as those for interface or context management can be reused or only need some modification (e.g. to cope with the 5G PDU Session/QoS concept). It seems efficient, simple and economical to reuse an already available design, which has been tested and proved valid along the years. With the latter reasoning it becomes clear that it should also be possible to deploy RAN and CN systems that only support the 5G system. Namely, it should be possible to have cluster of RAN nodes served purely by a 5G CN with no support for legacy UEs.
Proposal 1 It should be possible to reuse to a large extent S1 functions over the interface between the 5G RAN and the CN.
Proposal 2 It should be possible to serve at least parts of the RAN with a 5G CN that has no legacy UE support.
One way to construct a RAN-CN interface design that reduces complexity and allows a reuse of S1 functions, when possible, and that still respect the principle of developing new unconstrained NG1 functions, when needed, is to enable the establishment of a UE signalling connection that can lead to the choice of S1 or NG1 functions, depending on UE capabilities and subscriptions and via a single point to point interface connection. 

For this an interface can be established between RAN and CN for which the CN can select which set of RAN-CN interface functions need to be used for a connecting UE.

Such scheme could be achieved by enabling two sets of functions to co-exist in the same interface:

-
One set of functions derived from the S1AP protocol

-
One set of functions purposely designed to support new 5G system use cases for which S1AP is not sufficient/sub-optimal

A way to achieve this is described below:
2. Integration of EPS and 5G System at the RAN-CN interface
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Figure 2.1-2: Integration of EPS and 5G System at the RAN-CN interface
Figrue 2.1-2 depicts a system, where the NG interface serves as integration point between EPS and 5G system and allows to deploy eLTE eNBs in an efficient manner. The NG interface would support the following functions:
-
Common functions to operate the NG interface

-
UE associated functions to support legacy LTE UEs, which is taken from S1AP

-
UE associated functions to support 5G UEs, which are defined anew but are expected to be very similar to S1AP

Logically, the EPS system is still separate from the 5G System. The integration takes place on the RAN-CN interface. So, this approach is independent from any architectural approach taken in SA2. Regarding the EPC as part of the NGC only converts some external, explicit interfaces (for inter-system) interworking into NGC internal interfaces.
Also, all the interface principles so far agreed and assumed for the NG interface will apply in case legacy S1 functions will be integrated into NG.

Each New RAN node will only establish a single interface instance towards a NG Core node, which may (e.g. as a special slice of that NG Core node) contain functions to support legacy EPC functions.

Observation 2 EPS and 5G system integration at the NG interface allows to keep all agreements for NG interface principles. It is also independent from any architectural discussions in SA2.

The scheme presented above has the following advantages:

-
It simplifies interface design by maintaining a single upper layer interface protocol made of different sets of functions

-
Reduces the number of transport layer protocol connections

-
Enables to serve both legacy UEs and new UEs via the same interface

-
It allows for development of new, unconstrained and possibly non-backwards compatible functions

Proposal 3 It is proposed to capture the RAN-CN connectivity option described above in TR38.801 as shown in R3-162981
A possible structure of the NGAP is depicted below: 
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Figure 2.1-3: Possible structure of NGAP supporting legacy S1AP functions.

2.2
NG System supporting legacy and 5G UEs
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Figure 2.2-1: Legacy and 5G protocol entities within an integrated system.
Figure 2.2-1 depicts the location of the most important protocol entities in an integrated system:
Support of legacy UEs:

-
EPC functions supporting legacy NAS are located in the CN.

-
The E-UTRA part of the New RAN supports a legacy (LTE) radio stack

-
The NG interface supports legacy S1 functions.
3
Conclusion
In this paper an analysis of the RAN-CN connectivity for an eLTE eNB has been made. It has been described how design complexity may increase if an eLTE eNB is requested to support two separate interfaces to the EPC and to the 5G CN. 

At the same time the paper states that it should be possible to develop an unconstrained interface between a 5G RAN and a 5G CN and that it should be possible to serve some RAN areas with a 5G CN that has no legacy UE support.

The following observations and proposals were produced:

Observation 1
Support of multiple RAN-CN interface types at the same RAN logical node increases design complexity and forces the use of CN node rerouting in case of wrong interface choice.
Observation 2
EPS and 5G system integration at the NG interface allows to keep all agreements for NG interface principles. It is also independent from any architectural discussions in SA2.


The following is proposed:
Proposal 1
It should be possible to reuse to a large extent S1 functions over the interface between the 5G RAN and the CN.
Proposal 2
It should be possible to serve at least parts of the RAN with a 5G CN that has no legacy UE support.
Proposal 3
It is proposed to capture the RAN-CN connectivity option described above in TR38.801 as shown in R3-162981
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