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1. Introduction
For interworking between 5GC and EPC w/o N26 interface, current TR 24.890 does not provide a whole picture yet, typically have below Editor’s Note:

"Editor's note:
Details on the case where the network provides the dual-registration supported IE set to "dual-registration supported" and the UE does not support dual-registration mode, are FFS."
In the latest version of TS 23.501 v1.4.0 in stage 2, it has covered more contents for interworking between 5GC and EPC w/o N26 interface, from which one can see both UEs supporting single-registration (SR) mode (subclause 5.17.2.3.2 in TS 23.501) and UEs supporting dual registration (DR) mode (subclause 5.17.2.3.3 in TS 23.501) are covered.
This paper attempts to discuss and evaluate the procedures of interworking between 5GC and EPC w/o N26 interface defined by stage 2 from stage 3 perspective and to propose a way forward in CT1.
2. Discussion
Stage 2 has defined EPC interworking procedure based on the support of N26 interface at the network. As per TS 23.501 v1.4.0 subclause 5.17.2. If N26 is supported, then the UE will operate in SR mode. Note that SA2 has mandated UEs that support both 5GC and EPC NAS to support SR mode. 
If N26 is not supported, then the network shall provide an indication that DR mode is supported to UE during initial Registration in 5GC. Based on this indication, SA2 specified different handling based UE’s support of SR mode or DR mode. For UEs only support SR mode, the discussion is given in section 2.1 while for UEs support DR mode is given in section 2.2.
2.1 UE only supports SR mode
2.1.1 Mobility from 5GC to EPC
For mobility from 5GC to EPC, SA2 specified the UE will either: 
“-
perform Attach in EPC with Request type "Handover" in PDN CONNECTIVITY Request message (TS 23.401 [26], clause 5.3.2.1) and subsequently moves all its other PDU session using the UE requested PDN connectivity establishment procedure with Request Type "handover" flag (TS 23.401 [26] clause 5.10.2), or." (Option#1)
"-
perform TAU with 4G-GUTI mapped from 5G-GUTI (TS 23.401 [26], clause 5.3.3), in which case the MME instructs the UE to re-attach. IP address preservation is not provided in this case.” (Option#2)
One can see for the same use case, SA2 provided two options but from implementation perspective, it is not a grace way to implement both options in stage 3. The reasons are:

(1) In each option, both UE and network are impacted and the updated UE and network behaviour are different per option. Even SA2 clearly indicated that each one is optional in standard, but from IoT test perspective, all UE vendors and network vendors have to implement both options even in most often cases, only one option will be used in the field. Note that the UE does not know which option was implemented at the network side, and also the network does not know which option was implement at the UE side.
(2) In both options, whenever the UE needs to perform attach to the EPC finally so why not to force the UE to initiate attach at the very beginning. SA2 clearly indicated that for option#2, there is a big drawback of IP address preservation cannot be provided and at the same time SA2 indicated the below requirement. Hence, option#1 is better than option#2.
“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.”
(3) Option#2 requires MME to reject TAU with a cause value (e.g. #10) to trigger UE re-attach. Note that this is not a new case happened in inter-RAT mobility. Before Rel-10 for inter-RAT mobility from 2G/3G to 4G, in case of there is no PDP context at 2G/3G, the UE will initiate TAU to the MME and the MME will reject such TAU with a cause value (e.g. #10) to trigger UE re-attach. Thereafter, CT1 observed this is not a signaling-optimized handling and hence since Rel-10, CT1 changed the UE’s behaviour to directly initiated attach procedure. The similar logic can be applied into this case.
Hence, we would have below proposal:

Proposal #1: CT1 only implement the option#1 in stage 3 for UEs in SR mode move from 5GC to EPC, i.e. to perform attach with "handover" when PDU session(s) established in 5GC.

Furthermore, option#1 in SA2 can only be valid in case of there are at least one PDU sessions established in 5GC. In case of no PDU session established in 5GC, the UE can initiate either a legacy EPS attach procedure to EPC if either the UE or EPC does not support EPS attach w/o default PDN connection, or an EPS attach w/o default PDN connection procedure to EPC if both the UE and the EPC supports EPS attach w/o default PDN connection. Hence we further have:

Proposal #2: For UEs in SR mode move from 5GC to EPC in case of no PDU session established in 5GC, it initiates either
· a legacy EPS attach procedure to EPC if either the UE or EPC does not support EPS attach w/o default PDN connection, or
· an EPS attach w/o default PDN connection procedure to EPC if both the UE and the EPC supports EPS attach w/o default PDN connection.

2.1.2 Mobility from EPC to 5GC
For mobility from EPC to 5GC, SA2 specified the UE behaviour as below:


“the UE performs Registration of type "mobility registration update" in 5GC with 5G-GUTI mapped from EPS GUTI. The AMF determines that old node is an MME, but proceeds as if the Registration is of type "initial registration". The Registration Accept includes "Handover PDU Session Setup Support" indication to the UE. Based on this indication, the UE may subsequently either:

-
move all its PDN connections from EPC using the UE initiated PDU session establishment procedure with "Existing PDU Sessions" flag (TS 23.502 [3], clause 4.3.2.2.1), or (Option#1)
-
re-establish PDU sessions corresponding to the PDN connections that it had in EPS. IP address preservation is not provided in this case.” (Option#2)
One can see SA2 specified the UE to initiate a mobility registration update procedure (like TAU in EPC) but the AMF will handle it as an initial registration procedure (like attach in EPC), i.e. the AMF locally converts a mobility registration update procedure to an initial registration procedure at the network side.

From implementation perspective, it is not a good logic to locally perform procedure conversion at network side due to different NAS procedures have different handling logic at both UE and network sides. Such conversion may cause many unforeseen problems in case of, e.g. failure case or abnormal case. Furthermore, such procedure conversion may not work anymore due to some IEs are mandatory required by the network and only included in the initial registration procedure but not included in the mobility registration update procedure. Note that in EPC, 3GPP never specified that the MME can locally perform TAU to attach conversion without UE involvement.
Furthermore, from stage 3 perspective, we cannot see any problem if the UE directly initiate the initial registration procedure here. Note that the UE is in SR mode and only one 5GMM context is maintained, hence it is reasonable for the UE to include the 5G-GUTI mapped from EPS GUTI in the initial registration request and based on this the AMF can determine that old node is an MME. The only special point for this case is: the UE needs to initiate an initial registration procedure in the state 5GMM- REGISTERED.NORMAL-SERVICE. However, the UE is not really registered in 5GC due to there is no N26 interface exists and hence, the UE contexts transfer is not available. Even 5GC treats the UE as registered as well, it can also handle the received initial registration request. Note that in EPC, this was supported even it was handled as an abnormal case (see TS 24.301):
"f)
ATTACH REQUEST received in state EMM-REGISTERED

If an ATTACH REQUEST message is received in state EMM-REGISTERED the network may initiate the EMM common procedures; if it turned out that the ATTACH REQUEST message was sent by a UE that has already been attached, the EMM context, EPS bearer contexts, if any, are deleted and the new ATTACH REQUEST is progressed."
Hence, we would have below proposal:

Proposal #3: UEs in SR mode directly initiates an initial registration procedure when moving from EPC to 5GC.

About re-establishment of PDU session at 5GC, SA2 also provided two options and both options are based on the same indication from the network, i.e. "Handover PDU Session Setup Support" indication in the registration accept message.

Hence, for the same use case, SA2, again provided two options but from implementation perspective, it is not a grace way to implement both options in stage 3. The reasons are:

(1) The same as (1) for mobility from 5GC to EPC in section 2.1.1.

(2) Option#2 cannot provide IP address preservation as said in SA2 but SA2 has the requirement on IP address preservation for interworking. Furthermore, after all PDU sessions corresponding to the PDN connections that it had in EPS have to be totally re-established in 5GC, then how about the existing PDN connections that it had in EPS? It is unclear whether these PDN connections in EPC will be released or not. If yes how to release them considering the UE has registered to 5GC and the UE only supports SR mode. The UE can locally release them but how about EPC? Hence option#1 is better than option#2.

(3) For option#2, it is little strange that the network has clearly indicated that "Handover PDU Session Setup Support" but it does not perform handover but to re-establish. Such out-of-control of UE behaviour should be avoided as far as possible from implementation perspective.
Hence, we would have below proposal:

Proposal #4: CT1 only implement the option#1 in stage 3 for UEs in SR mode when moving from EPC to 5GC, i.e. to perform PDU session establishment with "Existing PDU Sessions".

Note that for option#1, in case of no PDN connection established in EPC (which can only happen in case of both the UE and the EPC support EPS attach w/o default PDN connection in EPC), the UE needs not to perform handover but to establish new PDU session(s) if necessary.
2.2 UE supports DR mode

A UE operating in the DR mode will maintain independent registrations for 5GMM and EMM and coordination between 5GMM and EMM is not needed. Hence the UE will maintain separate MM contexts for 5GMM and EMM.

However, from below requirement as specified in stage 2, in order to provide IP address reservation, the SM context needs to be coordinated between 5GSM and ESM, e.g. to share the same PGW-C/SMF and APN/DNN. Hence, SA2 mainly described the PDU session transfer between 5GC and EPC in this case.
“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.”
2.2.1 Mobility from 5GC to EPC
For PDU session transfer from 5GC to EPC, one side SA2 specified below UE behaviour:

“-
UE operating in Dual Registration mode may register in EPC ahead of any PDU session transfer using the Attach procedure without establishing a PDN Connection in EPC if the EPC supports EPS Attach without PDN Connectivity as defined in TS 23.401 [26]. Support for EPS Attach without PDN Connectivity is mandatory for UE supporting dual-registration procedures.” (1st bullet)
Another side, SA2 also specified below UE behaviour:

“-
If the UE has not registered with EPC ahead of the PDU session transfer, the UE can perform Attach in EPC with "handover" indication in the PDN Connection Request message (TS 23.401 [26], clause 5.3.2.1).” (2nd bullet)
For the same use case (i.e. the UE has not registered to EPC yet), SA2 also provided two options: in the 1st bullet, SA2 allows the UE to perform EPS attach w/o default PDN connection and further mandates the UE supporting DR mode to support EPS attach w/o default PDN connection, which is an optional feature introduced in EPC for CIoT optimization. In the 2nd bullet, SA2 allows the UE to initiate EPS attach with "Handover". Similarly, from implementation perspective, it is not a grace way to implement both options in stage 3 for the same use case.
Here the case can be split into two subcases:
(1) No PDU session established in 5GC:
In this subcase, the UE not supporting EPS attach w/o default PDN connection can directly initiate the legacy EPS attach procedure to EPC. Note that in this case, due to there is no PDU session at 5GC (i.e. no IP address allocated yet) and HSS+UDM are shared between 5GC and EPC, the UE in DR mode can establish the first PDN connection in EPC with default APN subscribed in the HSS+UDM. If a special APN/DNN is required, the UE can indicate to the EPC that an APN will be provided during the EPS attach which was already supported in EPS at the very beginning.
In case of both the UE and the EPC support EPS attach w/o default PDN connection, the UE may initiate an EPS attach w/o default PDN connection procedure to EPC.

Hence, we could have:

Proposal #5: For UEs in DR mode move from 5GC to EPC in case of no PDU session established in 5GC and not registered to EPC, it initiates either
· a legacy EPS attach procedure to EPC if either the UE or EPC does not support EPS attach w/o default PDN connection, or
· an EPS attach w/o default PDN connection procedure to EPC if both the UE and the EPC supports EPS attach w/o default PDN connection.
(2) At least one PDU session(s) established in 5GC:

In this subcase, to keep IP address continuity, the UE should perform EPS attach with "Handover" (i.e. 2nd bullet) if either the UE or EPC does not support EPS attach w/o default PDN connection.

In case of both the UE and the EPC support EPS attach w/o default PDN connection, the UE may still initiate an EPS attach w/o default PDN connection procedure to EPC and hereafter to transfer other PDU sessions to EPC if necessary by performing behaviour as specified in below bullet in SA2:

"-
UE performs PDU session transfer from 5GC to EPC using the UE initiated PDN connection establishment procedure with "handover" indication in the PDN Connection Request message (TS 23.401 [26], clause 5.10.2)."
Hence, we could have:

Proposal #6: For UEs in DR mode move from 5GC to EPC in case of PDU session(s) established in 5GC and not registered to EPC, it initiates either
· EPS attach with "Handover" to EPC if either the UE or EPC does not support EPS attach w/o default PDN connection, or
· an EPS attach w/o default PDN connection procedure to EPC if both the UE and the EPC supports EPS attach w/o default PDN connection.
Note that in this case, after successfully registered to EPC, the UE may decide to transfer other active PDU sessions from N1 mode to S1 mode, which is up to UE implementation as stated in SA2.
Furthermore, based on above analysis, we do doubt why the UEs supporting DR mode has to support EPS attach w/o default PDN connection. If such UE does not support EPS attach w/o default PDN connection, it can initiate either EPS attach with "Handover" or legacy EPS attach procedure. It is true 5GC naturally supports initial registration w/o PDU session but note that GPRS UE can also attached to the SGSN w/o activating the first PDP context. Hence one can see now the inter-RAT idle mode mobility between 5GC and EPC has the very similar case as inter-RAT idle mode mobility between GPRS and EPC. While for inter-RAT idle mode mobility between GPRS and EPC, 3GPP never defined the requirement that a UE supporting both A/Gb or Iu mode and S1 mode has to support EPS attach w/o default PDN connection. The similar logic can be applied to inter-RAT idle mode mobility between 5GC and EPC and we cannot see much difference in principle. Hence, we could have:
Proposal #7: For UEs in DR mode, to support EPS attach w/o default PDN connection is optional.
2.2.2 Mobility from EPC to 5GC
For PDU session transfer from EPC to 5GC, similarly, one side SA2 specified below UE behaviour:

“-
UE operating in Dual Registration mode may register in 5GC ahead of any PDN connection transfer using the Registration procedure without establishing a PDU session in 5GC (TS 23.502 [3], clause 4.2.2.2.2).” (1st bullet)
Another side, SA2 also specified below UE behaviour:

“-
If the UE has not registered with 5GC ahead of the PDN connection transfer, the UE can perform Registration in 5GC with "Existing PDU Session" indication in the PDU Session Request message.

Editor's note:
Support of Registration combined with PDU Session Request in TS 23.502 [3] is not yet defined.” (2nd bullet)

Again, for the same use case (i.e. the UE has not registered to 5GC yet), SA2 also provided two options. For the 2nd bullet, SA2 has concluded to not support this possibility in 5GS in Rel-15 and informed CT1 in LS S2-176694. We also believe to decouple the PDU session setup from the initial registration is a cleaner NAS procedure design if there is no “always-on-line” requirement in 5GS. Following this, the 2nd bullet was already obsoleted in SA2.

Here the case can be split into two subcases:

(1) No PDN connection established in EPC:

This subcase can only happen in case of both the UE and the EPC support EPS attach w/o default PDN connection in EPC. Due to there is no PDN connection established EPC (i.e. no IP address allocated yet) and HSS+UDM are shared between 5GC and EPC, the UE in DR mode can firstly perform an initial registration procedure without establishing a PDU session in 5GC (i.e. 1st bullet) and then to establish the first PDU session in 5GC if necessary to use default APN/DNN or specific APN/DNN.

(2) At least one PDN connection established in EPC:

In this subcase, the UE needs also to perform an initial registration procedure in 5GC (i.e. 1st bullet). If any user plane service needs to be performed, to keep IP address continuity the UE should perform PDU session establishment procedure with "Existing PDU Session" indication to transfer a PDN connection to 5GC, as specified in below bullet in SA2:

"-
UE performs PDN connection transfer from EPC to 5GC using the UE initiated PDU session establishment procedure with "Existing PDU Session" indication (TS 23.502 [3], clause 4.3.2.2.1)."
Note that in this case, after successfully registered to 5GC, the UE may decide to transfer other active PDN connections from S1 mode to N1 mode, which is up to UE implementation as stated in SA2.

Hence, we could have:

Proposal #8: For UEs in DR mode move from EPC to 5GC, it initiates an initial registration procedure in 5GC.
3. Conclusion
This paper discussed and evaluated the procedures of interworking between 5GC and EPC w/o N26 interface defined by stage 2 from stage 3 perspective.
For UEs only support SR mode, below proposals are provided:

Proposal #1: CT1 only implement the option#1 in stage 3 for UEs in SR mode move from 5GC to EPC, i.e. to perform attach with "handover" when PDU session(s) established in 5GC.

Proposal #2: For UEs in SR mode move from 5GC to EPC in case of no PDU session established in 5GC, it initiates either
· a legacy EPS attach procedure to EPC if either the UE or EPC does not support EPS attach w/o default PDN connection, or
· an EPS attach w/o default PDN connection procedure to EPC if both the UE and the EPC supports EPS attach w/o default PDN connection.

Proposal #3: UEs in SR mode directly initiates an initial registration procedure when moving from EPC to 5GC.

Proposal #4: CT1 only implement the option#1 in stage 3 for UEs in SR mode when moving from EPC to 5GC, i.e. to perform PDU session establishment with "Existing PDU Sessions".

For UEs support DR mode, below proposals are provided:

Proposal #5: For UEs in DR mode move from 5GC to EPC in case of no PDU session established in 5GC and not registered to EPC, it initiates either
· a legacy EPS attach procedure to EPC if either the UE or EPC does not support EPS attach w/o default PDN connection, or
· an EPS attach w/o default PDN connection procedure to EPC if both the UE and the EPC supports EPS attach w/o default PDN connection.
Proposal #6: For UEs in DR mode move from 5GC to EPC in case of PDU session(s) established in 5GC and not registered to EPC, it initiates either
· EPS attach with "Handover" to EPC if either the UE or EPC does not support EPS attach w/o default PDN connection, or
· an EPS attach w/o default PDN connection procedure to EPC if both the UE and the EPC supports EPS attach w/o default PDN connection.
Proposal #7: For UEs in DR mode, to support EPS attach w/o default PDN connection is optional.
Proposal #8: For UEs in DR mode move from EPC to 5GC, it initiates an initial registration procedure in 5GC.
The required updates for UEs only support SR mode are captured in pCR C1-174104 and the required updates for UEs support DR mode are captured in pCR C1-174105.

Considering proposals in this paper need SA2 alignment, if CT1 agree these proposals, it propose to send an LS to SA2 for alignment. We would be happy to take the pen to draft the LS.
