3GPP TSG CT WG1 Meeting #125-e





C1-204551
Electronic meeting, 20-28 August 2020
Source:
OPPO
Title:
MT - TE split and the support of PLMN services via SNPN (and vice-versa)
Agenda item:
16.2.7.1
Document for:
Discussion
Abstract:
This paper considers how the N1PLMN interface that supports the access of PLMN services via NPN amounts to NAS (or NAS signalling connection) over PDU Session and to facilitate transport of NAS signalling messages over the user plane, an AT CMD between the MT and the TE would in some cases, be necessary.
1.
Introduction
In the work that SA2 did for Vertical LAN, sub-item Non-Public Networks (NPN), SA2 has documented in TS 23.501, Annex D, how in the SNPN feature, a UE registered to a SNPN can get connectivity to PLMN services – and also how a UE registered to a PLMN can get connectivity to SNPN services. These solutions documented in TS 23.501 were follow up from the solutions studied by SA2 during Study Phase and document in TR 23.734 – in particular, subclause 6.20 of that TR documents the support of access to PLMN services via NPN and access to NPN services via PLMN. Annex A of this discussion paper provides extracts from both the TR 23.734 and TS 23.501 to better illustrate the solutions documented at Stage 2 level.

NOTE:
To aid discussion of the topic, this paper concentrates on PLMN services via NPN, but the issue, topic and proposal apply just the same to access to NPN services via PLMN.
From the extracts from TS 23.501 and TR 23.734 – see Annex A.1 of this paper – one can see that the NWuPLMN and the N1PLMN (i.e the control plane of the UEPLMN) being the NAS signalling connection of the UEPLMN, actually goes over the user plane bearers of PDU Session (in the NPN) over to the N3IWF (in the PLMN). 
This paper considers that in (some) implementation there is a physical divide between where the NAS is housed and where the Applications controlling the user bearers are placed – i.e the MT and the TE respectively. Thus, some API (Application Program Interface) is needed. In 3GPP system, such an API would be a TS 27.007 AT CMD.
2.
Discussions

2.1
N1 NAS signalling connection over data bearers of a PDU Session
Given in Annex A.1, as can be seen from the figures extracted out of TS 23.501 and (in particular) TS 23.734, one can see that the N1 NAS signaling connection for accessing the PLMN (i.e the N1PLMN) goes through the PDU Session established in the NPN. In fact a QoS flow of a PDU Session is used. So the NAS signalling connection – the control plane – is actually within a data bearer of the PDU Session. To get to this situation, the following logical steps must have taken place:-
i) 
the UE with the SNPN subscription – i.e UESNPN – first registers to the SNPN; 

ii)
after registration (or even as part of it) the UESNPN  establishes a PDU Session in that registered SNPN – observe the red line in TR 23/734, Figure 6.20.1-1, see Annex A.1.
iii)
the UE with the PLMN subscription - i.e UEPLMN wants to get its PLMN for PLMN services, so NAS (of the UEPLMN ) has to start a registration procedure towards the PLMN. So a N1 NAS signalling connection must exist, or obtained and as seen in the green dotted line in TR 23/734, Figure 6.20, see Annex A.1, this is using the PDU Session in the SNPN. 
In fact the N1 NAS signalling connection (the N1PLMN) goes over the NWuPLMN (observe the blue dotted line in TR 23/734, Figure 6.20.1-1, see Annex A.1) and the NWuPLMN is over a data bearer of a PDU Session with secure tunnel between UEPLMN and N3IWF of the PLMN.

 iv)
once there is the N1 NAS signalling connection over N1PLMN, over NWuPLMN, over QoS flow (data bearer) of a PDU Session, NASPLMN sends the REGISTRATION REQUEST message.
v)
likewise, the NAS signalling messages from the AMFPLMN will come through the N3IWF of the PLMN over the NWuPLMN transported over the data bearer of a QoS flow of a PDU Session inside the SNPN.

This is thus what we can term as NAS over PDU Session as contrasted with NAS over non-3GPP access or NAS over 3GPP access. And if we were to take the protocol stack of the Control Plane for untrusted non-3GPP access given in TS 23.501, Figure 8.2.4-1 (shown below as figure 2.1) and build the required protocol layer entities to support peer-to-peer NAS signalling between UEPLMN (physically in the SNPN) and NAS in the AMFPLMN, we would arrive at something akin to the figure 2.2, given below.
NOTE:
The choice of taking the protocol stack of the Control Plane for untrusted non-3GPP access given in TS 23.501, Figure 8.2.4-1, as basis for further discussion is because the "entry" into the PLMN (for PLMN services over SNPN) is through the N3IWF.
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Figure 2.1 – taken from TS 23.501, Figure 8.2.4-1: Control Plane before the signalling IPsec SA is established between UE and N3IWF
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Figure 2.2 – protocol stacking envisaged for access to PLMN services over SNPN
Figure 2.2 demonstrates how the NAS has to work over the PDU layer – the user plane. Furthermore, while throughout GPRS, UMTS, LTE and even Rel-15 of 5GS while we consider that the lower layers of the NAS is what provides and supports the NAS signalling connection, we now in Rel-16, for PLMN services via SNPN -and also SNPN services via PLMN – need to "view" the NAS as having to work over the Application Layer, the PDU Layer.

NOTE:
In Figure 2.2, for the UE side, the EAP-5G, IKEv2, IP protocol entities are need as the peer side is the N3IWF (of the PLMN) and as already informed in TS 23.501 and TS 24.502, the tunnel to the N3IWF is supported by the EAP-5G, IKEv2 and the IP layer.
2.2
Of C-Plane controllers (NAS) and U-Plane controllers (Applications)
In 3GPP, one have always considered the UE (or the MS) to be a composite of the Mobile Terminal (MT) and the Terminal Equipment (TE).

Meantime, there is in TS 24.007 (even though informative), reference architecture of the UE/MS to provide guidance not just to specification work but also to implementation. Figure 2.3 (taken from TS 24.007, Figure 5.9) illustrates a reference architecture for the 5G UE for 3GPP access.

In Figure 2.3, we have also – considering common pragmatic practices - marked out the separation of the C-Plane controllers and the U-Plane controllers with their separation between the MT and the TE.
By and large we could also speak of this MT and TE separation as the modem part and the Application part of the UE/MS. There are variations of this separation of MT and TE – e.g. in some implementation the QoS Flow Control can be in a "half way house" partly on the MT side, the modem side. But in general, there is a clear acknowledgement that there is a separation between the NAS (in the modem, in the MT) and the user/data applications (on the application part of the UE/MS)
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Figure 2.3, from Figure 5.9/3GPP TS 24.007: Protocol architecture of Non Access Stratum supporting MSs, MS‑side (over 3GPP access)
This view of the separation is borne out when we see what have been specified in TS 27.007 in order for the TE and the MT to interact, e.g. when a PDU Session has to be established or modified, the AT CMD +CGACT and +CGCMOD (respectively) are used between TE and MT. +CGDCONT also illustrates this separation of MT and TE.
2.3
PLMN service via SNPN – possible reference architecture of UE/MS

With the discussion above, we have seen how for accessing PLMN services over SNPN, the NAS of the UEPLMN and the NAS of the AMFPLMN exchange NAS signalling through the user plane of a PDU Session established in the SNPN – what we term above as NAS over PDU.

And if we then consider that PDU Sessions and the use of the data bearers are under the control of Applications, we now see that for access to PLMN services via SNPN, we have the phenomena of NAS working through the upper layers rather than what we have seen so far as NAS working/through the RRC/lower layers.

While TS 24.007 have not documented a reference protocol architecture of the UE/MS for such access of PLMN services via SNPN, we can by examining figure 2.2 and figure 2.3 along with understanding that the NAS signalling connection of the UEPLMN to the AMFPLMN is going through PDU Session (in the SNPN), we arrive at a possible, even probable, reference architecture as shown in Figure 2.4. 
In this figure 2.4, the double sided green arrows illustrate the flow of NAS signalling messages (going up and down through the Application Layer and the double side yellow arrows illustrate the data path over to the QoS Flows / radio bearers.
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Figure 2.4: a possible reference architecture for UE/MS for PLMN services via SNPN, 
UE/MS side (over 3GPPaccess)
3.
In summary and proposal
In the above discussion we have shown how for access to PLMN services via SNPN, the NAS is working over PDU instead of over an RRC connection. In the above, we have also set out that a possible, probable way of implementation is that the Applications (the upper layers) and that which manage and control the PDU layer and the data put through (and received over) the User Plane or the data bearers, are actually on the TE while the NAS as part of the modem (at a lower layer than the applications), sits in the ME.
We do not dispute that there may be different implementations where parts of what is the PDU layer or the QoS controller (or the RAB Manager as is known in 24.007) are on the modem side, the ME side. 

However, regardless, seeing that there can be implementations supporting the TE/ MT approach discussed above, there is a need to transport the NAS signalling message to/ from the NAS - sitting at a lower layer –from/to the PDU Layer – which is the upper layer. Thus it is that we propose that a new AT CMD be introduced to TS 27.007 to support this access to PLMN services via SNPN.

Thus to allow probable configuration of  implementation to support access of PLMN services via SNPN (or access of SNPN services via PLMN) we propose a new AT CMD +CNASMSGC (command) and a new AT CMD +CNASMSGR (unsolicited report) to TS 27.007 in C1-204552.



ANNEX
A.1
PLMN services over SNPN and SNPN services over PLMN

Below is an extract from TS 23.501, Annex D.3, Figure D.3-1.
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from TS 23.501, Figure D.3-1: Access to PLMN services via Stand-alone Non-Public Network
This above figure reflects what was studied in TR 23.734 within the solution documented in subclause 6.20. The figure below is an extract from that Tr 23.734, subclause 6.20.
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from TR 23/734, Figure 6.20.1-1: Access to PLMN services via non-public network
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