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1
Discussion
Consider the scenario where UE is connected to 5GC network over both 3GPP and non-3GPP access depicted in Figure 1. When the N3IWF is located in the same PLMN as the serving PLMN for 3GPP access, according to the current working assumption in TS 23.501 the two N1 connections are terminated at the same AMF. This implies:

-
Use of a common 5G-GUTI over both 3GPP and non-3GPP access.

-
Use of a common “merged” context for both N1 connections, including common security context.

Consider next that the N1 connection on 3GPP access is handed over to EPC (UE is assigned EPC GUTI) because the UE is going out of 5G/NR coverage, but still has WLAN coverage, as depicted in Figure 2. This would be a realistic scenario in the case where the UE loses 5G/NR coverage, not due to mobility, but due to change in indoor coverage (e.g. a metallic door suddenly closes behind the UE).

We then consider two possible extensions to this scenario: either UE also goes out of WLAN coverage (Figure 3A) or UE re-enters 5G/NR coverage and the 3GPP sessions are handed back to 5G/NR.
Here is a step-by-step description of the overall scenario: 
1. The UE has both 5G/NR and WLAN coverage (3GPP and non-3GPP sessions in 5GC), and the UE has PDU sessions established over both 3GPP access and non-3GPP access with both the N1 connections terminating at the same AMF when served by the same PLMN (referred to as AMF 1 in Figure 1).

2. The UE is out of 5G/NR coverage and still has WLAN coverage (non-3GPP session in 5GC and 3GPP session in EPC); see Figure 2. 
3. A) The UE is out of 5G/NR coverage and out of WLAN coverage (non-3GPP session in 5GC moved under 3GPP sessions in EPC if allowed by policies); see Figure 3A.

B) The UE has WLAN coverage and back in 5G/NR coverage (previously on EPC). The N1 connection over non-3GPP access is terminated at AMF1 (3GPP sessions in EPCs are handed back to 5GC); see Figure 3B.  
NOTE: The N1 connection on 3GPP access can be moved using procedures with or without N26 interface. For now, we consider the case where N26 procedures are supported; in this case, the PDU Sessions are handed over from 5GC to EPC using conventional (network-initiated) handover. 
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Currently it is unclear what happens with the PDU Sessions established over non-3GPP access. There are several possibilities:

A. The network groups together the PDU sessions established over both 3GPP and non-3GPP access in the Handover Command, which eventually leads to all PDU Sessions being transferred to EPC/3GPP access.

B. The network hands over only PDU Sessions established over 3GPP access. At handover completion, the UE establishes S2b connection(s) to EPC and transfers the PDU Sessions that were established via non-3GPP access.

C. The network hands over only PDU Sessions established over 3GPP access. UE keeps the PDU Sessions that were established via non-3GPP access in 5GC.

In our view, Option A is not a viable option. If the UE has PDU Sessions established via non-3GPP access (presumably using unlicensed spectrum), it would be inappropriate to force the UE to move those PDU Sessions over licensed spectrum, just because the UE went out of 5G/NR coverage.

Option B is not viable either. First, there is no apparent reason why the UE should engage in PDU Session transfer on non-3GPP access when the 3GPP access handover is caused by radio condition changes on the 3GPP access. Second, in order for IP session continuity to work, the PDU Sessions established over non-3GPP access would have to be terminated on “combo” nodes (i.e. combination of PCRF/PCF, PGW-C/SMF and PGW-U/UPF). It is noted that when 5GC-EPC interworking was defined, it was assumed that the “combo” nodes are selected only in situations where there is likelihood for 5GC/EPC interworking (e.g., when UE is in a geographical area that is close to the edge of 5G “island” coverage). In other words, the “combo” nodes are on a “network slice” that is dedicated to EPC-5GC interworking and are selected only when needed, whereas the rest of the EPC and 5GC nodes are not impacted. Contrary to 3GPP access, untrusted non-3GPP access does not have geographical dependency (e.g., the N3IWF can receive connections from the whole planet) and for that reason it would be pointless to indiscriminately direct all PDU Sessions established over non-3GPP access to “combo” nodes. However, if the PDU Sessions over non-3GPP access are not terminated on “combo” nodes, then Option B will break IP session continuity.
Option C has none of these drawbacks. When the network initiates handover due to the UE going out of 5G/NR coverage as shown in Figure 2 (UE still has WLAN coverage), the PDU sessions established over 3GPP access are handed over to the EPC/3GPP. The PDU Sessions established via non-3GPP access are unaffected by what is going on 3GPP access and maintained at 5GC. In addition, they can be terminated on ordinary (non-combo) 5GC nodes, because there is no reason for 5GC-EPC interworking for these connections. When the UE goes out of 5G/NR coverage, if the UE loses WLAN coverage as well as shown in Figure 3A, the PDU sessions established over non-3GPP access can be handed over to EPC/3GPP if allowed so by the policies. Hence, maintaining the network initiated handover in case of 3GPP access independent of the UE initiated handover (due to lack WLAN coverage) in case of non-3GPP access.
Similar conclusion applies for the case when N26 procedures are not supported by the network, the only difference being that the PDU Sessions established over 3GPP access are transferred from 5GC to EPC by the UE by invoking the Attach + UE Requested PDN Connectivity procedures.

Proposal 1: PDU Sessions established via non-3GPP access should always remain anchored in 5GC, regardless of any EPC-5GC handovers for PDU Sessions established via 3GPP access (Option C above).

Consider now the handback case, i.e. moving from Figure 2 to Figure 3B. UE has both 5G/NR and WLAN coverage and both the N1 connections terminate on a common AMF depicted as AMF1 in Figure 1 when served by the same PLMN. Next, the UE is going out of 5G/NR coverage and has WLAN coverage. The network initiated handover transfers the PDU sessions on 3GPP access in 5G to the EPC/3GPP (Figure 2). Now, due to change in radio conditions the PDU Sessions established over EPC/3GPP access are handed back to 5GC (Figure 3B) . According to the current working assumption, the two N1 connections need to “land” on the same AMF. It is unclear how this can be achieved, in particular when N26 procedures are used. Specifically, it is unclear how the MME can select the AMF (shown as AMF1 in Figure 3B) that already holds the context for non-3GPP access. Alternatively, if the 3GPP access handover “lands” on an AMF that is different from the AMF holding the context for non-3GPP context, there should be (a simultaneous or a follow-up) procedure allowing the new AMF to retrieve the context for non-3GPP access from the old AMF, and merge it together in a common UE context.
It is noted that similar handling is already hinted at in 23.501, but in a different context – namely - when UE that was first registered in non-3GPP access performs a second registration via 3GPP access:
When a UE 5G-GUTI assigned during a Registration procedure over 3GPP (e.g. the UE registers first over a 3GPP access) is location-specific, e.g. refers to a geographical Group Id, the same UE 5G-GUTI can be re-used over the non-3GPP access when the selected N3IWF function is in the same PLMN as the 3GPP access. When an UE 5G-GUTI is assigned during a Registration procedure performed over a Non 3GPP access (e.g. the UE registers first over a non-3GPP access) refers to a non-geographical Group Id, the 5G-GUTI may not be valid for NAS procedures over the 3GPP access and, in this case, an AMF relocation is performed during the Registration procedure over the 3GPP access.
As described in the excerpt above, the 5G-GUTI assigned over non-3GPP access refers to a non-geographical Group Id (where Group Id presumably is a leftover from previous terminology referring to AMF Region + AMF Set). If it is non-geographical, it probably means that it does not point into any specific logical AMF. As such, it is unclear how the new AMF can retrieve the old AMF that stores the context for non-3GPP access.
In the light of EPC-5GC interworking the same question for context retrieval and merger now arises in the context of EPC-5GC interworking procedure, as described earlier.
With these issues in mind, it is worth re-examining the working assumption according to which the two N1 connections (via 3GPP and non-3GPP access, when both controlled by the same PLMN) need to be joined under the same AMF. The presumed benefits of this approach include the following:

1.
It allows for use of common 5G-GUTI and common security context, which should be beneficial for reduction of (re-)authentication related signalling.
2.
When UE is in CM_IDLE state over non-3GPP access (which is basically synonymous with “when UE is unreachable via non-3GPP access”) the AMF can still page the UE for MT data arriving on non-3GPP PDU Sessions via 3GPP access. The UE can then respond via 3GPP access by transferring the non-3GPP PDU Session(s) over 3GPP access, if allowed so by policies.
Regarding the first point, while some signalling gains are made related to (re-)authentication, some signalling losses are also made due to the need for “merger” of the 3GPP and non-3GPP context, which potentially involves AMF relocation as part of 5GC Registration and/or as part of EPC-5GC handovers (for 3GPP access). We note again that these procedures are currently not described and may not even be implementable due to the “non-geographical Group Id”.
Regarding the second point, it is true that UE can be reached for MT data arriving on non-3GPP PDU Sessions even when it is not reachable over non-3GPP access. While this obviously complicates the Paging procedure over 3GPP access (as it refers to PDU Sessions established over non-3GPP access), it should be noted that UE responds via 3GPP access only if authorized by policies (e.g. if the PDU Session over non-3GPP access is used for cheap unlicensed spectrum access, there may be no point for UE responding over 3GPP access at all).

On the other hand, if the policies allow the UE to move the non-3GPP PDU Sessions over 3GPP access, it is unclear why the UE should remain passive after transition to CM_IDLE state on non-3GPP access in the first place, instead of moving the non-3GPP PDU Sessions to 3GPP access, so that it can make itself reachable for MT data?
It is also noted that when N3IWF and 3GPP access are served by different PLMNs, the two N1 connections are anyway disjoint. So, trying to join the two N1 connections together under the same AMF in one particular case seems to bring unnecessary complexity with little benefit.

In conclusion, given that the working assumption for joining the two N1 connections under the same AMF:

-
Requires (so far unknown) procedures for context “merger” upon Registration via 3GPP access and upon handback (for 3GPP access) from EPC

-
Provides dubious benefits (i.e. paging the UE in CM_IDLE over non-3GPP access, whereas the same problem can be solved by having the UE transfer the PDU Sessions to 3GPP access upon transition to CM_IDLE over non-3GPP access)

-
Brings complexity to the Paging procedure over 3GPP access

-
Applies only in case 3GPP access and N3IWF are controlled by the same PLMN,
It is proposed to drop the working assumption and adopt Proposal 2.

Proposal 2: UE uses independent (disjoint) N1 connections over 3GPP access and non-3GPP access connected to the same 5GC. Any optimisations that may still apply when the two connections by chance happen to be on the same AMF can be considered in future releases.
If Proposal 2 is agreed, then also the following proposal follows:
Proposal 3: After transitioning to CM_IDLE state (e.g. upon performing “IKEv2 dead peer detection”) the UE should transfer the non-3GPP PDU Sessions over 3GPP access if so allowed by policies. The specific trigger for transferring the PDU Sessions to 3GPP access (e.g. after X failed attempts to re-establish IKEv2 connection and/or after Y seconds of sojourn in CM_IDLE state) is left to UE implementations.
The corresponding pCRs are provided in separate tdocs.
######################### TEXT PROPOSAL FOR TS 23.501 ###########################
To be provided in a companion tdoc
######################### END OF CHANGES ###########################

3GPP

SA WG2 TD


WLAN/non-3GPP
5G/3GPP
WLAN/non-	3GPP
5G/3GPP
UE
N1
AMF1
Figure 1
`
WLAN/non-3GPP
Figure 2
5G
EPC/3GPP
WLAN
UE
Figure 3A
5G
EPC
Figure 3B
UE
AMF1
N1
UE
EPC/3GPP
UE



