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Abstract of the contribution: This paper clarifies the behavior of UEs in single-registration mode during idle-mode mobility and Attach/Initial registration between 2G/3G and NR/E-UTRAN connected to 5GC.
1
Discussion 
As per TS 23.501 5GC does not support mobility between GERAN/UTRAN and NR/E-UTRAN connected to 5GC. 
Nevertheless, even though the system does currently not support mobility in these scenarios, it cannot be excluded that a UE will reselect from NR or E-UTRAN connected to 5GC to GERAN/UTRAN and vice versa depending on the deployment situation. The same applies to a UE performing an Initial registration to 5GC after having previously been connected to GERAN/UTRAN and vice versa.

Consequently, system behavior needs to be specified to handle the related scenarios which will be discussed in section 1.1 and 1.2.
Another related aspect is the need to include the 5GC NAS capability indication when attaching in GERAN/UTRAN. This will be discussed in Section 1.3.
1.1
Reselection between NR/E-UTRAN connected to 5GC and GERAN/UTRAN

The following reselection cases need to be considered for UEs in single registration mode in a network that supports interworking with N26:
1)
UE connected to 5GC via NR or E-UTRAN reselecting to a GERAN/UTRAN cell
2)
UE connected to GERAN/UTRAN reselecting to NR or E-UTRAN connected to 5GC

We see two options for handling these scenarios:

1) 
UE is mandated to perform Attach or Initial Registration when reselecting from NR/E-UTRAN connected to 5GC to GERAN/UTRAN and vice versa, respectively.
2)
UE performs RAU when reselecting from NR/E-UTRAN connected to 5GC to GERAN/UTRAN including a P-TMSI mapped from the 5G-GUTI. The SGSN will fail to retrieve the context based on the mapped P-TMSI and will reject the RAU upon which the UE will perform an Attach.


When reselecting from GERAN/UTRAN to NR/E-UTRAN connected to NGC, the UE performs Mobility Registration including 

-
an indication of the previous system type („Mobility from GERAN/UTRAN“)

-
A 5G-GUTI mapped from the P-TMSI


Based on the indication “Mobility from GERAN/UTRAN”, the AMF will reject the UE with a cause code requesting the UE to re-attach. 
The main benefit of Option 2 is that it keeps the door open to introduce idle mode mobility support between NR/E-UTRAN connected to 5GC and GERAN/UTRAN later (by adding the S3 interface between S4-SGSN and AMF) and more importantly that this will even work for Rel-15 UEs. 
The drawback of Option 2 in contrast to Option 1 is the additional step for the RAU/Mobility Registration attempt (instead of Attaching performing Initial Registration directly) as long as mobility support between NR/E-UTRAN connected to 5GC and GERAN/UTRAN is not added to the system.
Proposal 1: SR mode UEs reselecting from NR or E-UTRAN connected to 5GC to GERAN/UTRAN and vice versa shall exhibit the behavior according to Option 2 above.

1.2
Attach and Initial registration 
The following scenarios need to be considered:
1)
UE attaching to GERAN/UTRAN after previously being registered in 5GC

2)
UE performing Initial registration in 5GC after previously being connected to GERAN/UTRAN
We see two options for handling these scenarios:

1) 
UE performs IMSI-Attach (in GERAN/UTRAN) or Initial Registration with SUPI (in 5GC), respectively.
2)
UE performs Attach in GERAN/UTRAN including a P-TMSI mapped from the 5G-GUTI.  The SGSN will fail to retrieve the context based on the mapped P-TMSI and will subsequently request the identity (IMSI) from the UE upon which the Attach continues as normal.

UE performs Initial registration including  

-
an indication of the previous system type („Mobility from GERAN/UTRAN“)

-
a 5G-GUTI mapped from the P-TMSI
Similarly as argued in the previous section, the benefit of Option 2 is that this keeps the door open to introduce mobility support between 5GC and GERAN/UTRAN later (by means of supporting the S3 interface between S4-SGSN and AMF) which will also support Rel-15 UEs. The downside is the additional identity request (for the IMSI or SUPI) as part of the Attach/Initial registration as long as mobility between NR/E-UTRAN connected to 5GC and GERAN/UTRAN is not supported.

Proposal 2: SR mode UEs attaching to GERAN/UTRAN after previously being registered in 5GC and SR mode UEs performing Initial registration in 5GC after previously being connected to GERAN/UTRAN shall exhibit the behavior according to Option 2 above.
1.3
5GC NAS capability indication in GERAN/UTRAN
The UE sends the 5GC NAS capability indication in E-UTRAN to enable the MME to select a combined PGW-C + SMF. This section proposes to also send the 5GC NAS capability indication to SGSNs when attaching in GERAN/UTRAN.
The background is as follows: If a UE first attaches in GERAN/UTRAN, then an SGSN may select a P-GW that does not support SMF functionality. If the UE then changes to E-UTRAN (connected to EPC) and subsequently to 5GC, then mobility will fail. 
Consequently it is proposed to also send the support of 5G NAS in MS Network Capability to SGSNs. 
Proposal 3: SR mode UEs attaching to GERAN/UTRAN shall include support of 5GC NAS in UE Network Capability to enable SGSNs to select combined PGW-C + SMF.
2
Proposal

In line with the previous section it is proposed to approve the changes to TS 23.501 listed below.
*** Start of changes ***
5.17.2.1
General

In order to interwork with EPC, the UE that supports both 5GC and EPC NAS can operate in single-registration mode or dual-registration mode:

-
In single-registration mode, UE has only one active MM state (either RM state in 5GC or EMM state in EPC) and it is either in 5GC NAS mode or in EPC NAS mode (when connected to 5GC or EPC, respectively). UE maintains a single coordinated registration for 5GC and EPC.

-
In dual-registration mode, UE can handle independent registrations for 5GC and EPC. In this mode, the UE may be registered to 5GC only, EPC only, or to both 5GC and EPC.

The support of single registration mode is mandatory for UEs that support both 5GC and EPC NAS.

During E-UTRAN Initial Attach, UE supporting both 5GC and EPC NAS shall indicate its support of 5G NAS in UE Network Capability described in clause 5.11.3 of TS 23.401 [26].
During GPRS Attach, UE supporting 5GC, EPC and GPRS NAS shall indicate its support of 5G NAS in the MS Network Capability.
During registration to 5GC, UE supporting both 5GC and EPC NAS shall indicate its support of EPC NAS.

NOTE:
This indication may be used to give the priority towards selection of PGW-C + SMF for UEs that support both EPC and 5GC NAS.
Networks that support interworking with EPC, may support interworking procedures that use the N26 interface or interworking procedures that do not use the N26 interface. Interworking procedures with N26 support providing IP address continuity on inter-system mobility to UEs that support 5GC NAS and EPC NAS. Networks that support interworking procedures without N26 shall support procedures to provide IP address continuity on inter-system mobility to UEs operating in both single-registration mode and dual-registration mode.
In entire clause 5.17.2 the terms "initial attach", "handover attach" and "TAU" for the UE procedures in EPC can alternatively be combined EPS/IMSI Attach and combined TA/LA depending on the UE configuration definedin TS 23.221 [23].
5.17.2.2.2
Mobility for UEs in single-registration mode

When the UE supports single-registration mode and network supports interworking procedure with the N26 interface:

-
For idle-mode mobility from 5GC to E-UTRAN connected to EPC, the UE performs TAU procedure with EPS GUTI mapped from 5G-GUTI sent as old Native GUTI. The MME retrieves the UE's MM and SM context from 5GC if the UE has a PDU session established or if the UE or the EPC support "attach without PDN connectivity". The UE performs an attach procedure if the UE is registered without PDU session in 5GC and the UE or the EPC does not support attach without PDN connectivity. For connected-mode mobility from 5GC to E-UTRAN connected to EPC, inter-system handover is performed. During the TAU or Attach procedure the HSS+UDM cancels any AMF registration.
-
For idle-mode mobility from E-UTRAN connected to EPC to 5GC, the UE performs registration procedure with the EPS GUTI sent as the old GUTI. The AMF and SMF retrieve the UE's MM and SM context from EPC. For connected-mode mobility from E-UTRAN connected to EPC to 5GC, inter-system handover is performed. During the Registration procedure, the HSS+UDM cancels any MME registration.
-
For idle-mode mobility from 5GC to GERAN/UTRAN, the UE performs RAU procedure with P-TMSI mapped from 5G-GUTI (by applying the 5G-GUTI to 4G-GUTI and subsequently the 4G-GUTI to P-TMSI mapping rules as per TS 23.003 [19]). 
NOTE 1: 
As the SGSN will not be able to retrieve the context based on this P-TMSI, the SGSN will reject the RAU upon which the UE deletes the P-TMSI and performs an Attach.
-
For idle-mode mobility from GERAN/UTRAN to 5GC, the UE performs mobility registration procedure with a 5G-GUTI mapped from P-TMSI (by applying the P-TMSI to 4G-GUTI and subsequently the 4G-GUTI to 5G-GUTI mapping rules as per TS 23.003 [19]) and includes the “Mobility from GERAN/UTRAN” indication. Upon receiving this indication, AMF rejects the UE with a cause code requesting the UE to re-register.
-
UEs attaching to GERAN/UTRAN after previously being registered in 5GC shall include a P-TMSI mapped from 5G-GUTI (by applying the 5G-GUTI to 4G-GUTI and subsequently the 4G-GUTI to P-TMSI mapping rules as per TS 23.003 [19]). 
NOTE 2 : 
As the SGSN will not be able to retrieve the context based on this P-TMSI, the SGSN requests the UEs IMSI and continues with the Attach.
-
UEs performing Initial registration in 5GC after previously being connected to GERAN/UTRAN shall include 5G-GUTI mapped from the P-TMSI (by applying the P-TMSI to 4G-GUTI and subsequently the 4G-GUTI to 5G-GUTI mapping rules as per TS 23.003 [19]) and the “Mobility from GERAN/UTRAN” indication. Based on this indication the AMF sends the Identity Request to the UE to retrieve the SUPI and continues with the Initial registration procedure.
*** End of changes ***
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