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Abstract of the contribution: This contribution is related to OI#11 and covers the case of inter-system fallback for services not supported in 5GS (e.g. Emergency).
1. Introduction
If a UE is registered in 5GC and particular services are not supported in 5GC, but the services are supported in EPC, the UE perform a fallback procedure to EPC to use the not-supported services. One example for fallback to EPC is specified in TS 23.501 clause 5.16.4.11. about Emergency services fallback. This contribution elaborates on the different variants of fallback procedure from 5GC to EPC. 

The details of the fallback procedure depend on the whether the network deploys N26 interface and whether the UE is single registration or dual registration capable.

If interworking procedures with EPC supports N26 interface, the fallback from 5GC to EPC depends on the UE’s CM state. If the UE is in CM-IDLE state, the UE performs TAU procedure with EPS GUTI mapped from 5G-GUTI sent as old Native GUTI. The MME would initiate the transfer of the UE context from 5GC (AMF and SMFs) and transfer all PDU Sessions, whenever possible, to EPC. If the UE is in CM-CONNECTED state, inter-system handover is performed as described in TS 23.502 clause 4.11.2 for 5GS to EPS handover using N26 interface. There seems to be no open issues in case that N26 interface is deployed.
TS 23.501 describes the dual registration mode (DR-mode) of operation in clause 5.17.2.3 in case of interworking procedures without N26 interface. It is specified that the UE is aware about the network supporting dual registration.  On the UE side in terms of radio capability, UE can be capable of 
1) single reception and transmission (single Rx/Tx); 
2) single transmission and dual reception (single Tx, dual Rx); or 
3) dual reception and dual transmission (dual Rx/Tx). 
If a UE is single Tx capable, i.e. in cases 1) and 2) above, the UE operating in DR-mode may not able to receive services in one system while the UE is in CONNECTED state in the other system.  This contribution focuses on this scenario.
2. Discussion

If a UE operates in DR-mode and having single Rx/Tx capability, the UE is able to use services in a single system only. For example, if the UE in in EMM-CONNECTED state using EPS services, the UE is not able to receive signalling (e.g. paging) from 5GS.  Currently in DR-mode of operation the 5GS is not aware about the UE using EPS services, so that if DL data or any other MT service arrives in the 5GS, the AMF would page the UE. In such a case the UE would be paged in vain.

A similar scenario for CS services and GPRS services and a mechanism for operation are specified in TS 23.060 clause 16.2.1. “Suspension of GPRS Services” when a MS/UE or the network limitations make it unable to communicate on GPRS channels.  Suspension of service during the time of inability to use the service is a well-known mechanism to gracefully operate the inter-system changes. It is proposed to introduce this mechanism also for service fallback from 5GC to EPC. 
Proposal 1: In case of a UE operating in DR-mode and having single Rx/Tx capability, the fallback from 5GC to EPC is performed in graceful way if the services remaining in the 5GC are suspended during the time when the UE uses EPC service. 
There are several approaches how to suspend 5GC services (and thus to avoid unnecessary paging or other MT signalling):

A. TS 23.060 describes the Suspend and Resume procedure (in A/Gb mode) is used for suspension of GPRS services. The suspension in the CN is initiated by the BSS. Similar procedure can be used for single Tx/Rx capable UE also for fallback procedure from 5GC to EPC. The gNB would request  
The disadvantages of this approach from CS/GPRS to EPC/5GS interworking are that 1) the UE needs to be in CM-CONNECTED state in 5GC when the fallback procedure is performed and 2) the gNB needs to know that the UE needs EPC services.
B. The HSS+UDM based approach: the HSS+UDM is aware about the UE capability in the access stratum (e.g. single Rx/Tx). When the UE performs DR-mode with e.g. PDN Connection activation in EPC, the HSS+UDM indicates to AMF that the UE is in the EPC system and MT services in 5GC has to be suspended. 
This approach would require that the HSS/UDM is aware about the UE radio capabilities. It may not be desirable to store UE radio capabilities in the HSS/UDM. 
C. UE-based approach in the EPC: Attach/TAU request procedure (or during the establishment of PDN Connection in e.g. EPC), the UE based on its radio capabilities indicates to MME that the 5G services may be suspended. The MME indicates the suspension to HSS+UDM during subscription information retrieval. The HSS+UDM notifies the AMF about the suspension of 5GC services (e.g. the UE is unreachable until the UE performs Registration procedure with 5GC).
The advantages of this approach are 1) UE knows its radio capabilities and configuration at best and can determined whether services can be used in both systems, 2) it works independent whether the UE is in CM-IDLE state or CM-CONNECTED state, and 3) does not require the core network (MME or HSS/UDM) to store the UE radio capabilities.

Proposal 2: It is proposed to agree on approach C. If the UE operates in dual-registration mode and the UE is not able to simultaneously transmit data in multiple RATs (e.g. the UE is single Tx capable), when the UE performs a fallback from 5GC to EPC, the UE indicates to the EPC that the 5GC services are suspended. The MME indicates the suspension to HSS+UDM during subscription information retrieval. The HSS+UDM notifies the AMF about the suspension of 5GC services.
In case of UE in CM-CONNECTED state in 5GS, the UE having single Tx capability is not able to initiate Attach/TAU procedure with EPS because the UE has an active RRC connection with the 5GS. Assuming that an Emergency fallback to EPS is needed, the question is how the UE can initiate signalling with EPS while in CM-CONNECTED state in 5GS. 
The following approaches are possible to transfer the UE from CM-CONNECTED to CM-IDLE state in order to initiate service activation in EPC:
D. UE initiates RRC connection release to the NG-RAN indicating that service fallback is needed. The NG-RAN performs the UE context release in the (R)AN procedure. This is similar to the mechanism form TS 23.060 (approach A above) with the Suspend and Resume procedure (in A/Gb mode) is used for suspension of GPRS services.

E. UE initiates NAS MM procedure to request suspension of 5GS services due to fallback to another system (e.g. EPC system). The AMF initiates releases the N1 and N2 connections and the UE becomes unreachable until the UE performs Registration procedure with 5GC. Afterwards the UE is in CM-IDLE state in 5GC and the UE can initiate Attach/TAU procedure with EPC.
This approach does not depend on RAN protocol changes, and as the UE is in CM-CONNECTED state, the transmission of NAS message to AMF does not result in any additional signalling burden.

Proposal 3: It is proposed to agree approach E. If the UE is in CM-CONNECTED state in 5GC, the UE indicates suspension of the 5GC services using NAS signalling and the 5GC initiates releases the N1 and N2 connections and the UE becomes unreachable until the UE performs Registration procedure with 5GC. Afterwards the UE initiates Attach/TAU procedure with EPC.
3. Proposal

It is proposed to agree the following changes to TS 23.501 v1.4.0.
* * * First Change* * * *
5.17.2.3
Interworking Procedures without N26 interface

5.17.2.3.1
General

For interworking without the N26 interface, IP address continuity is provided to the UEs on inter-system mobility by storing and fetching PGW-C+SMF and corresponding APN/DDN information via the HSS+UDM. Such networks also provide an indication that dual registration mode is supported to UEs during initial Registration in 5GC. This indication is valid for the entire PLMN. UEs that operate in dual-registration mode may use this indication to decide whether to register early in the target system. UEs that operate in single-registration mode may use this indication as described in clause 5.17.2.3.2.
NOTE 1:
If the network needs to remove the indication (e.g. due to UE entering an area where procedures for interworking with the N26 interface are supported) the network can deregister the UE with an indication to re-register, and upon re-registration the network does not provide the indication that dual registration mode is supported.
Interworking procedures without N26 interface use the following two features:

1.
When PDU session are created in 5GC, the PGW-C+SMF updates its information along with DNN in the HSS+UDM.

2.
The HSS+UDM provides the information about dynamically allocated PGW-C+SMF and APN/DNN information to the target CN network.
To support mobility for dual-registration mode UEs, the following also are supported by the network:
3.
When UE performs Initial Attach in EPC and provides an indication that the old node was an AMF, the MME does not include "initial attach" indicator to the HSS+UDM. This results in HSS+UDM not cancelling the registration of AMF, if any.

4.
When UE performs Initial Registration in 5GC and provides the EPS GUTI, the AMF does not include "initial attach" indicator to the HSS+UDM. This results in HSS+UDM not cancelling the registration of MME, if any.

5.
When PDN connections are created in EPC, the MME stores the PGW-C+SMF and APN information in the HSS+UDM.

To provide IP address preservation to UEs operating in single-registration mode when the UE moves from 5GC to EPC, the network supports item 3.
NOTE 2:
Items 4 and 5 are also supported in networks that support interworking with N26 procedures. This enables a VPLMN that does not deploy N26 interface to provide IP address continuity to roamed-in single-registration mode UEs from a HPLMN that only supports interworking with N26 procedures.

To provide IP address preservation to UEs operating in single-registration mode when the UE moves from EPC to 5GC, the network supports item 4 and 5 and the following below:

6.
When UE performs mobility Registration in 5GC and provides an EPS GUTI, the AMF determines that the old node is MME and proceeds with the procedure and provides a "Handover PDU Session Setup with EPC Supported" indication to the UE in the Registration Accept message.

Networks that support 5GS-EPS interworking procedures without N26 interface do not need to provide the UEs with mapped target system parameters (e.g. QoS parameters, bearer IDs/QFI, PDU session ID, etc.) of the target system when UE is in the source network.
When an AMF in such a network receives a request to allocate an EBI(s) for a QoS flow(s) from a PGW-C+SMF, it may not provide the EBI(s).
NOTE 3:
A UE in a VPLMN that supports interworking without N26 may be provided with mapped QoS parameters from PGW-C+SMF in HPLMN for home-routed PDN connection, if the HPLMN supports interworking procedures with N26 interface.
NOTE 4:
MMEs not supporting interworking without N26 interface are not required to process an indication from the UE that the old node was an AMF.

A UE that operates in dual registration mode ignores any received mapped target system parameters (e.g. QoS parameters, bearer IDs/QFI, PDU session ID, etc.).
When a UE is registered to 5GC and wants to initiate a service which is not supported by 5GC, then the UE attempts to fallback to EPC 
(e.g. Emergency services fallback according to clause 5.16.4.11). If the UE is operating in dual-registration mode and the UE is not able to simultaneously transmit data in multiple RATs (e.g. UE is single Tx capable), the UE attempts to suspend services in 5GC (e.g. PDU Sessions) as follows:

-
if a UE is in CM-IDLE state in 5GC, the UE initiates Attach/TAU procedure with EPC and indicates to EPC that the 5GC services should be suspended. The MME forwards the suspension request to HSS+UDM during subscription information retrieval. In turn, the HSS+UDM notifies the AMF that 5GC services should be suspended for this UE (e.g. the UE is unreachable until the UE performs Registration procedure with 5GC).
-
if the UE is in CM-CONNECTED state in 5GC, the UE requests first suspension of the 5GC services using NAS signalling and the 5GC releases the N1 and N2 connections, and the UE becomes unreachable until the UE performs Registration procedure with 5GC. Afterwards the UE initiates Attach/TAU procedure with EPC.
* * * End of First Change* * * *
�Reflects Apostolis comment “Don’t we need to explain in which cases the UE shall perform the following behaviour? We only say that the UE shall fallback if it is single Tx capable. I’d expect to say that “when the UE is registered to 5GC and wants to initiate a service (e.g. xyz) which is not supported by 5GC, then…”
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