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1
Introduction
Two modes of operation are defined for UEs supporting EPS and 5GS NAS:

-
Single Registration Mode (hereafter “SRM”) for UEs that can only be registered to a single system at a time

-
Dual Registration Mode (hereafter “DRM”) for UEs that can be registered to both systems at the same time.

These two modes and the corresponding interworking procedures were defined to cater for the cases where an interface (N26) between the two systems may or may not exist, yet aiming at providing seamless continuity between the two systems. SRM (resp. DRM) was defined for operation in networks with (resp. without) N26 interface intending to cater for the stringent case of voice continuity.

In the meantime, an additional mechanism has been discussed for SRM UEs operation in networks without N26 interface whereby Attach with “handover” is performed between 5GS/EPS to transfer active sessions between the two systems i.e. providing IP address preservation “IP session continuity” between the two systems, but that is not able to provide seamless continuity between the two systems. The scenario that has been highlighted is that of roaming with ongoing active sessions [2]
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[3].
2
Discussion
2.1
Roaming scenario

The scenario at hand is that of mid-session roaming, i.e. either of the following cases:
-
UE going from EPS/5GS in PLMN A to EPS/5GS in PLMN B, mid-session

-
UE already in VPLMN, going from EPS/5GS to 5GS/EPS, mid-session
While the 2nd scenario is intra PLMN, N26 support is within this PLMN, and expected PLMN-wide.

For the 1st scenario however N26 support is not about 5GS and EPS of the same PLMN, but instead between 5GS and EPS of two different PLMNs.

Observation 1a: the roaming scenario under discussion is that of N26 support between EPS(/5GS) in PLMN A and 5GS(/EPS) in PLMN B.

In addition, it would seem as though the scenario is further restricted such that the PLMNs are supporting a single system i.e. either EPS or 5GS, without N26 supported between the two systems. Otherwise, we would expect a more sound handling would be roaming within a single system only where we could expect seamless mobility as opposed to forcing non-seamless mobility and related degradation of user experience.

Observation 1b: the roaming scenario under discussion seems to be that of roaming from a PLMN supporting only EPS (resp. 5GS) to a PLMN supporting only 5GS (resp. EPS) whereby one forces the use of interworking procedures without N26. In fact, we would otherwise expect seamless mobility to be ensured as first priority between PLMNs such that “intra system” inter PLMN change first occurs, and then intra PLMN system change.

Given observation 1, any indication of support of interworking procedure without N26 interface ought to be PLMN-specific. With the scenario at hand where such indication is provided early to the UE, without PLMN A knowing whether the UE will end up in PLMN B, the UE ought to get an indication for each potential PLMNs it may roam into. 

Observation 2: the indication in a PLMN that interworking procedures without N26 are supported in the network ought to be PLMN specific.

Proposal 1: the network should indicate to the UE whether interworking procedures without N26 are supported with every potential PLMN the UE may roam into.

2.2
SRM without N26
The mechanism under discussion requires the support of Attach with handover in EPS (i.e. EPC and UEs) and in 5GS (i.e. 5GC and UEs) for networks that support interworking procedures without N26 [1]. Handover Attach was first specified in EPS for interworking between Non-3GPP access (e.g. WLAN) and 3GPP access, to provide session continuity when a change is made between the two accesses – where dual radio operation is, if not mandated, anticipated.
The need for IP address preservation stems from services that would experience an unacceptable interruption should the IP session be otherwise discontinued. While IP address preservation can be useful, it is not necessarily solving anything by itself, e.g. in the following cases:
-
many services today do tolerate IP session break either e.g. because session continuity is handled directly at the application (e.g. many OTT services) or because traffic is short-lived. 
-
in some cases, if seamless service continuity is not also provided, IP address preservation does not help – e.g. this is especially important for (conversational) voice and video, but also nascent H/URLLC services for instance. 
Observation 3: IP address preservation is required for services that would otherwise experience an unacceptable interruption should the IP session be discontinued.

Observation 4: IP address preservation does not equal seamless mobility i.e. seamless service continuity

Observation 5: IP address preservation can be selectively useful.

[2] argues that “It is acceptable not to provide seamless mobility, but not providing IP address preservation on inter-system mobility can break several OTT application and result in bad user experience.” Indeed, with SRM in mind, no evidence has been shown that seamless service continuity will be ensured if Attach with HO indication is used. It is clear that with the UE going to (E)CM_IDLE, (ECM/RM)_DEREGISTERED, needing to do authentication, security etc., seamless mobility is out of question with Attach with HO indication for SRM UEs.
Observation 6: SRM with HO attach fails to provide seamless mobility (e.g. voice, video, H/URLLC services).

We would disagree with the assertion that not providing seamless mobility is acceptable – of course it is not acceptable for many services. 3GPP Release 15 is specifying the 5G System with mechanisms that do provide seamless mobility intra 5GS and inter 5GS/EPS, and to this end have mandated for all UEs that SRM be supported, under the assumption that N26 is supported. Specifying a scenario that purposefully fails to provide seamless continuity, misleadingly stimulates underperforming deployments while requiring additional complexity in EPS (incl. EPC, UE) and in 5GS (incl. 5GC, UE); this is rather unprecedented. As we have argued a number of times already, SRM without N26 is an abnormal case that should be treated as such – it shall not be considered a normal deployment option. We further anticipate such immature deployments will be rare, and if any, temporary only. Yet, it is proposed that this be mandated in all UEs supporting 5GS and EPS – this imposes that UEs be properly tested and validated against such deployments before they could hit properly deployed networks. 
It should be remembered, that SRM was mandated for all UEs supporting EPS and 5GS under the premise that N26 would be available between EPS and 5GS.

Observation 7: Lack of N26 is expected to be rare and if any, temporary only.

Observation 8: Optimization of SRM for no N26 could delay availability of SRM UEs in all markets.

Similar to [2]:

Proposal 2: It is proposed to leave it to UE implementation to perform PDU connection / PDU session establishment with HO flag in PDN CONNECTIVITY REQUEST / PDU SESSION REQUEST.
2.3
Changes to TS23.501
2.3.1
5GC to EPC

The current text in TS23.501 (which is incomplete) articulates around the UE in EPC making a TAU, the MME rejecting the TAU with a HO PDN Connection Set-up Support that indicates the UE it may perform Attach with Handover Indication following procedures in EPC. 
NOTE:
Procedures specified in EPC (TS23.401) are exclusively for Non-3GPP access interworking


Observation 9: the current text in TS23.501 is incomplete and can be argued as leading to unpredictable UE behaviour from the MME perspective due to the “may”. However the CR was agreed in a rush prior closure of the last SA2 meeting and the “may” was knowingly kept to retain the UE option in the discussions acknowledging more work was needed.
In order to make the UE behaviour predictable, a solution is for the UE to indicate support of HO Attach to the MME at TAU allowing thus the MME to respond accordingly i.e. Reject and re-Attach or Reject and Attach with HO indication.

Now, as currently specified in TS23.401 and although currently restricted to N3GPP/3GPP interworking access, the UE may explicitly indicate at Attach whether the PDN CONNECTIVITY REQUEST is of Request Type “Initial request” or “Handover”. As was discussed in the SA2 IWK Telco (Aug 9th) the dual registration mode indication could be made available to all UEs such that SRM UE would interpret it as Interworking without N26 supported and instead of TAU, would proceed with Attach with Handover indication if needed.

Proposal 3a: the 5GC indication for DRM support should be made available to SRM UEs per PLMN i.e. 5GS>EPS interworking without N26 supported, per PLMN.
Proposal 3b: Upon indication from the network that interworking without N26 is supported (5GS>EPS) in PLMNx, the SRM UE may selectively proceed in PLMNx EPS with Attach with Request Type set to “Handover” or “Initial request” in PDN CONNECTIVITY REQUEST depending whether or not an active PDU Session transfer is required by the UE.
Proposal 4: A Note is added to TS23.501 indicated that seamless service continuity is not possible with SRM interworking without N26 interface at least for MMTeL voice, MMTeL video, H/URLLC services.

2.3.2
EPC to 5GC
In the direction from EPC to 5GC, a similar behaviour as in the reverse direction can be defined whereby the UE first determines whether or not interworking without N26 (EPS>5GS) is supported in the network (network indication) and if so may proceed with Registration indicating whether or not IP address preservation and active PDN Connection transfer is required by the UE. 
This makes the network and UE behaviour totally symmetric in both directions though requires some indications in EPS at registration.
Proposal 5a: the EPC should indicate per PLMN to SRM and DRM UEs whether or not interworking EPS>5GS interworking without N26 is supported toward that PLMN
Proposal 5b: Upon indication from the network that interworking without N26 is supported (5GS>EPS), the SRM UE may selectively proceed with Registration in 5GS with PDU Session request indicating whether or not active PDN connection transfer is required by the UE.
3
Conclusions
Observation 1a: the roaming scenario under discussion is that of N26 support between EPS(/5GS) in PLMN A and 5GS(/EPS) in PLMN B.

Observation 1b: the roaming scenario under discussion seems to be that of roaming from a PLMN supporting only EPS (resp. 5GS) to a PLMN supporting only 5GS (resp. EPS) whereby one forces the use of interworking procedures without N26. In fact, we would otherwise expect seamless mobility to be ensured as first priority between PLMNs such that “intra system” inter PLMN change first occurs, and then intra PLMN system change.

Observation 2: the indication in a PLMN that interworking procedures without N26 are supported in the network ought to be PLMN specific.

Observation 3: IP address preservation is required for services that would otherwise experience an unacceptable interruption should the IP session be discontinued.

Observation 4: IP address preservation does not mean seamless mobility i.e. seamless service continuity

Observation 5: IP address preservation can be selectively useful.

Observation 6: SRM with HO attach fails to provide seamless mobility (e.g. voice, video, H/URLLC services).

Observation 7: Lack of N26 is expected to be rare and if any, temporary only.

Observation 8: Optimization of SRM for no N26 could delay availability of SRM UEs in all markets.

Observation 9: the current text in TS23.501 is incomplete and can be argued as leading to unpredictable UE behaviour from the MME perspective due to the “may”. However the CR was agreed in a rush prior closure of the last SA2 meeting and the “may” was knowingly kept to retain the UE option in the discussions knowing more work was needed.

Proposal 1: the network should indicate to the UE whether interworking procedures without N26 are supported with every potential PLMN the UE may roam into.

Proposal 2: It is proposed to leave it to UE implementation to perform PDU connection / PDU session establishment with HO flag in PDN CONNECTIVITY REQUEST / PDU SESSION REQUEST.

Proposal 3a: the 5GC indication for DRM support should be made available to SRM UEs per PLMN i.e. 5GS>EPS interworking without N26 supported, per PLMN.

Proposal 3b: Upon indication from the network that interworking without N26 is supported (5GS>EPS) in PLMNx, the SRM UE may selectively proceed in PLMNx EPS with Attach with Request Type set to “Handover” or “Initial request” in PDN CONNECTIVITY REQUEST depending whether or not an active PDU Session transfer is required by the UE.

Proposal 4: A Note is added to TS23.501 indicated that seamless service continuity is not possible with SRM interworking without N26 interface at least for MMTeL voice, MMTeL video, H/URLLC services.

Proposal 5a: the EPC should indicate per PLMN to SRM and DRM UEs whether or not interworking EPS>5GS interworking without N26 is supported toward that PLMN

Proposal 5b: Upon indication from the network that interworking without N26 is supported (5GS>EPS), the SRM UE may selectively proceed with Registration in 5GS with PDU Session request indicating whether or not active PDN connection transfer is required by the UE.

The pCR 23.501 is provided in Annex.
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Annex: pCR 23.501
**** 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 support dual-registration mode may use this indication to decide whether to register early in the target system.

To support mobility for dual-registration mode UEs, the following are the key highlights of interworking procedure without N26 interface that are supported by the network:

1.
When UE performs initial Attach in EPC and provides a 4G-GUTI mapped from 5G-GUTI, 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.

2.
When UE performs initial Registration in 5GC and provides 5G-GUTI mapped from 4G-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.

3.
When PDN connections are created in EPC, the MME stores the PGW-C and APN information in the HSS+UDM.

4.
When PDU session are created in 5GC, the PGW-C+SMF stores its information along with DDN in the HSS+UDM.

5.
The HSS+UDM provides the information about dynamically allocated PGW-C+SMF and APN/DNN information to the target CN network during location update procedure.

For single-registration mode, the support of interworking procedures without N26 interface does not provide seamless mobility at least for MMTeL Voice, MMTeL Video and H/URLLC services between EPS and 5GS even when IP address preservation is provided upon session transfer between the two systems.
To provide IP address preservation to UEs operating in single-registration mode when the UE moves from 5GC to EPC, the network supports 1, 4 and 5.

NOTE-1:
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 2, 3 and 5.

Networks that support 5GS-EPS interworking procedures without N26 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.
NOTE-2:
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.
5.17.2.3.2
Mobility for UEs in single-registration mode
When the UE supports single-registration mode and network supports interworking procedure without N26 interface:

-
For mobility from 5GC to EPC, the UE performs Attach in EPC with 4G-GUTI mapped from 5G-GUTI,  with PDN CONNECTIVITY REQUEST including either Request Type "Initial request" or, if PDU Session Transfer is required by the UE for one or more PDU Sessions, Request Type “Handover”. The UE subsequently moves applicable PDU sessions from 5GC. See TS23.401 [26] sub-clauses 5.3.2.1, 5.10.2.

NOTE:
The first PDN connection may be established during the E-UTRAN Initial Attach procedure (see TS 23.401 [26]).


-
For mobility from EPC to 5GC, the UE performs Registration in 5GC  with 5G-GUTI mapped from 4G-GUTI, with PDU Session Establishment procedure indicating “Existing PDU Session”  if PDN Connection transfer is required by the UE for one or more PDN Connections. The UE subsequently moves applicable PDN connections from EPC.  See TS 23.502 [3], clause 4.3.2.2.1.
**** END OF CHANGES ****
