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1 Introduction

Unlike previous generations of 3GPP systems, when it comes to 5G there is a clear effort, comparing to the past, in having a tighter integration between LTE and NR and enable a smoother migration for operators.
It is also agreed that LTE networks may connect to both EPC and NGCN, so it appear attractive to explore the possibility of having synergies when it comes to how to specify and document the signalling protocol or protocols which are to connect a radio access site/network element to a CN site/network element.

2 Discussion
2.1 General Principles
In general, when defining a signalling protocol to connect RAN to CN, the following principles shall be considered:

· Additions to legacy/existing functionality like S1 should be applied in a backwards compatible manner, although the extent of such backwards compatibility should also be considered;

· NG-C functionality should, on the other hand, not be unnecessarily restrained by considerations relative to legacy and backwards compatibility;

· Both LTE and NR capable nodes, if connected to NGCN, will use the same ‘NGAP’ protocol;

· In practical deployments, it will be likely to find RAN network elements supporting both LTE and NR and similarly it may be so that CN network elements interfacing the RAN may support both EPC functionality and NGCN functionality, more over different functionality may be added at different times to the various sites in the network;

Considering this, it appears beneficial to also look at the possibility for a protocol solution which is not backwards incompatible when it comes to the eNB to EPC association, but at the same time allows freedom of innovation for the gNB and eNB to 5G CN association, and where synergies can be found for cases of network elements supporting both eNB and gNB functionality (and similarly for CN network elements enabling both EPC and 5GCN termination functions).
2.2 Possible Approaches
One of the possible approaches, that respects the above principles, consists in defining an NGAP protocol which can operate in ‘S1 mode’ towards an EPC and in ‘NG mode’ towards a NGCN, with functionality distributed as in the following figure:
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Figure 2.2-1: NG Interface Control Plane with containing S1 and NG functionality
If it is required that the new application protocol respect backwards compatibility strictly (i.e. also legacy nodes compliant to TS 36.413 would still work without upgrades) the establishment of a signalling association may work like this:
· If the RAN network element can only operate in S1 mode (either because of support or because it is configured to do so), it will send an S1 Setup Request without any NG information:

· If the CN network element only support NG, the setup will fail;

· If the CN network element supports S1, it will acknowledge the setup and the two nodes have established an S1-only signalling association; 
· The RAN node is now aware it is connected to a CN network element supporting MME functionality; 
· If the RAN network element can operate in both S1 and NG mode, it will send an S1 Setup Request containing NG information (to potentially setup the S1+NG logical association, depending on CN support):

· The CN network element will acknowledge either one or both of the modes supported by RAN;

· If the RAN can only operate in NG mode, it will send a setup request message that is either a native NG setup message (which an EPC will not understand and fail completely) or it could send an S1 Setup Request where only the NG information should be interpreted and all S1AP information will only be included for backwards compatibility reasons; details should be discussed during WI phase.

Once the protocol peers have mutually agreed if an S1-only association, an NG-only association or a combined one are established, signalling can operate independently for NG and S1 procedures. The S1 part of the protocol would in this case be identical to S1AP at bit level.
If on the other hand, some level of backwards incompatibility is accepted also for S1, it would be possible to define in the NG application protocol an S1 mode that is functionally backwards compatible to S1AP, but not at bit level, i.e. we could define an NG Setup Request message which would require an upgrade in existing nodes, but would have the advantage not to be constrained by detailed coding choices made for S1AP.
What approach would be best should be the subject of further discussion.
2.3 Benefits
Although much discussion should be taken as work progresses towards the normative phase, it is considered good to introduce and discuss which potential benefits a similar approach could bring:
A combined protocol would be able to:
· Quite obviously been documented in one technical specification, and it may be possible to discontinue (or stop updating) TS 36.413;

· Enable the possibility that all LTE functionality is described in one protocol, both in the case LTE connects to 5GCN and in the case LTE connects to EPC;
· Enable a smooth transition for network operators adding NGCN functionality to existing EPC sites and NR and eLTE functionality to existing LTE sites, as negotiation/discovery between S1 and NG modes would happen at setup and not necessarily before (by configuration);

· Enable synergy between NG functionality and LTE functionality, for example sharing of SCTP links between NG and S1, or the possibility to add new procedures applicable to both NG mode and S1 mode without duplication in multiple specifications;

· Enable support of different UEs within the same signalling association (i.e. NG UEs over NG procedures and LTE UEs over LTE procedures).

It should be noted that NAS aspects are independent from the above considerations, i.e. legacy NAS would still be linked to S1 Mode of operation, while NG NAS would be linked to NG mode of operation.

It should also be noted that even if a combined logical node supporting both eNB and gNB functionality may ease the documentation aspects, the above approach is also applicable in case eNBs and gNBs are logically separate, as the wanted synergies are more geared towards practical deployments and network elements, rather than logical nodes (the detailed protocol may of course look different, depending on whether the logical node is a combined gNB/eNB or two separate ones).
3 Conclusion and Proposal
Based on the above discussion, it appears attractive to consider further an NG-C protocol design approach where the NGAP protocol can operate in both S1 mode and NG mode according to the principles described above.

RAN3 is kindly asked to discuss this approach and consider it further in the normative phase. 
RAN3 is also kindly asked to add the below text proposal to [1].
4
Text Proposal for TR 38.801 [1]

<<<<<<<<<<<<<<<<<<<< First Change >>>>>>>>>>>>>>>>>>>>
7.2.2
General principles
The general principles for the specification of the NG interface are as follows:

-
the NG interface shall be open;
-
the NG interface shall support the exchange of signalling information between the New RAN and NGC;
-
from a logical standpoint, the NG is a point-to-point interface between a New RAN node and an NGC node. A point-to-point logical interface shall be feasible even in the absence of a physical direct connection between the New RAN and NGC;
-
the NG interface shall support control plane and user plane separation;
-
the NG interface shall separate Radio Network Layer and Transport Network Layer;
-
the NG interface shall be future proof to fulfil different new requirements and support of new services and new functions;
-
the NG interface shall be decoupled with the possible New RAN deployment variants.
-
the NG Application Protocol shall support modular procedures design and use a syntax allowing optimized encoding /decoding efficiency.
NOTE 1:
The working assumption is that the interface between eLTE eNB and NGC is also NG. It should be further investigated if feasible to add S1 functionality to the NG protocol and document them both in one technical specification.
<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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