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1. Introduction
Recently, SA2 sent out an LS on “N2 and N3 reference points for 5G system” [1]. In that LS, SA2 informs that it is defining an access agnostic architecture wherein the 5G Core interfaces the 5G-AN with  common interface (N2/N3)and therefore it assumes that N2 and N3 defined between 5G-RAN and the 5G Core are also used to connect standalone non-3GPP Access Networks to 5G core network control-plane functions and user-plane functions respectively.

This document discusses the possible implications for NG interface design.

2. Discussion of SA2 requirements
SA2 is currently defining common procedures for 5G-RAN and non 3GPP Access Network in TS 23.502 [2], where the same reference points (N2 and N3) are employed in both cases as also depicted in the respective architecture diagrams (TS 23.501 [3]). In the LS [1], SA2 states the following RAN3-related assumptions 

· A single control plane protocol is defined for N2. 

· A single user plane protocol is used for 5G-RAN and non 3GPP Access Network as well as over N9.

· The single protocols mentioned above may have access dependent features

SA2 then goes on to add that it would like to maximise the chances that the RAN3 specifications can be reused for other Access Networks without delaying 3GPP RAN work or creating any new dependencies  for 3GPP RAN groups. 
Some specifics of what SA2 is looking for can be gleaned from examination of the reference architecture diagrams shown in Figs 1 and 2 respectively for 3GPP and non-3GPP access.
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Figure 1: Non-Roaming 5G System Architecture in reference point representation 
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Figure 2: Non-roaming architecture for 5G core network with non-3GPP access

From these architectures, it can be seen that the N3IWF could play a similar role to a gNB in respect of termination of the NG interface. In fact since the N3IWF functionality is determined by 3GPP, it seems in principle straightforward at stage 2 level to design a RAN system architecture that is consistent with the above reference architectures.
It should also be noted that the NG-RAN (RAN in Figure 1) includes both gNBs and eNBs. In principle therefore we may have at least three nodes that can serve as termination point to the NG interface. Each of these nodes supports different access technologies, and so the NG interface design must be robust both to different 3GPP RATs as well as to non-3GPP ANs.

2.1 Procedures
It is also useful to consider some of the already existing procedures in TS 23.502 [2], and particularly flows for non-3GPP access in section 4.12. For example the Registration Procedure in section 4.12.2 uses generic NGAP procedures such as Initial UE Message, DL/UL NAS Transport, Initial Context Setup etc, and similarly in other procedural flows. 

Then if we look into the current detail of these procedures, it is obvious that most of the WLAN specific aspects are not explicitly signalled over NG; for example in the registration procedure, the N3IWF creates a Registration Request including EAP-RES/Identity, which is carried by the Initial UE Message; similarly EAP messages are encapsulated within NAS Authentication Request/Response messages which, in turn, are encapsulated in NG NAS DL/UL transport messages. In general it is the function of the N3IWF (see section 6.2.9 of TS 23.501) to terminate NG, relay NAS, enforce QoS, select the AMF, etc.
3. Implications for NG design
From a RAN stage 2 perspective, it appears that an approach similar to that recently followed with LWA/LWIP could be taken. Specifically this means that a gNB is the node that terminates the NG in RAN from a reference architecture perspective, however a N3IWF (and potentially an eNB) may also support the functionality required to provide this termination (in addition to AN / RAT specific functionalities).

Observation 1: It is possible to standardize NG based on AMF/gNB endpoints, but allow other nodes to terminate NG (if such nodes also include the functionality required to support NG termination in the RAN).

From a RAN stage 3 point of view, it is useful to consider UE-associated (UA) and non-UE-associated (NUA) procedures separately. The interface is initially set up using NUA procedures, and we would expect that the AMF would receive lists of supported TAIs at this point. This would in fact inform the AMF of the access type (for example the signalled TAI in case of N3IWF is supposed to be unique). The AMF requires this information to manage e.g. access-specific registration areas and registration parameters such as timers.
Observation 2: The AMF is aware of the access type(s) supported by the RAN endpoint even if there is no explicit indication at NG set up.

A second consideration is that the ID handling may in fact provide this information. For example, there is no reason that the RAN endpoint must use the same ID, and one possible option is that the ID could be node-specific. So in the NG Setup Request message, rather than having a single ID, a choice of IDs could be provided covering (1) gNB ID, (2) eNB ID, and (3) N3IWF ID. Note that this does not necessarily imply knowledge of the RAT (e.g. even today an eNB may have cells with NB-IOT RAT); however it seems anyway to be sensible in order not to overlap the ID space, and it has the added advantage of clearly indicating the type of endpoint.
Observation 3: Different ID IEs could be used for gNB, eNB and N3IWF, where the sender would have a choice of type, and implicitly provide this information to the AMF.

Note that the above observations imply that the interface does not in fact need to be fully access agnostic. However it should be access-flexible, meaning that it should support requirements of different accesses while including a large common kernel.
Observation 4: NG does not need to be fully access agnostic, but it should have a large common kernel which is not access specific, and a design goal should be to minimize access specific IEs.

Considering now UA procedures, we can already look into some of the stage 2 procedures as discussed in the section above. Again we observe that the AMF should be aware of the access type, for example due to TAI signalling (since the signalled TAI in case of N3IWF is supposed to be unique), and also due to the specifics of the NAS messages. However when observing the current status of the message definition at stage 2, it seems that components are basically generic. 
In other words, the overall logic of the design seems to be that a set of procedures developed for 3GPP ANs should be sufficiently generic, and that other ANs should preferably adapt to 3GPP handling. However if needed, it should be permitted to add access specific IEs, even if this should be avoided as much as possible.

Observation 5: There is neither a requirement to perform a “deep adaptation” to each RAT, nor to make the NG interface fully access agnostic: an intermediate solution seems possible.

3.1 Possible design principles
On the basis of the above discussion, the following design principles are proposed:

P1
Interface is designed targeting gNB as the RAN endpoint

P2
Other possible nodes are assumed to support “NG terminating functionality”
P3
AMF is assumed to be access aware via eTAI (or additionally RAN node IDs)
P4
Messages may include access-specific optional IEs as needed (whether these are simply added in a flat manner, or whether optional access-specific IE groups are defined is FFS).

3. Conclusions

We have examined the requirements to handle different RAN termination points for the NG, and considered possible implications for NG design. It seems that there is neither a requirement to perform a “deep adaptation” to each RAT, nor to make the NG interface fully access agnostic: an intermediate solution seems possible. The following design principles are proposed:
P1
Interface is designed targeting gNB as the RAN endpoint

P2
Other possible nodes are assumed to support “NG terminating functionality”

P3
AMF is assumed to be access aware via TAI (or additionally RAN node IDs)
P4
Messages may include access-specific optional IEs as needed (whether these are simply added in a flat manner, or whether optional access-specific IE groups are defined is FFS).

If agreed, it is proposed to communicate to SA2 and other groups this approach, and that in addition RAN3 assumes that use of access technologies other than NR should have low impact on NG.
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