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1. Introduction

This paper attempts to discuss and analyse the scenarios and problems of 5GCN-EPC interworking over SM with N26 due to N1/S1 mode capability disabling/enabling based on the current spec status and finally to find solutions as a way forward.
2. Interworking to 5GS over SM with N26 due to UE’s N1 mode capability disabling/enabling
2.1 Current status on interworking to 5GS over SM with N26
As per specified in TS 24.501 sub 6.1.4.1 as below:
"Interworking to 5GS is supported for a PDN connection, if the corresponding default EPS bearer context includes a PDU session identity, an S-NSSAI, if the PDN connection is a non-emergency PDN connection, session AMBR and one or more QoS flow descriptions received in the Protocol configuration options IE or Extended protocol configuration options IE (see 3GPP TS 24.301 [15]), or the default EPS bearer context has association with the PDU session identity, the S-NSSAI, if the PDU session is a non-emergency PDU session, the session-AMBR and one or more QoS flow descriptions after inter-system change from N1 mode to S1 mode.
For a PDN connection established in S1 mode, to enable the UE to attempt to transfer the PDN connection from S1 mode to N1 mode in case of inter-system change, the UE shall allocate a PDU session identity, indicate the allocated PDU session identity in the PDU session ID parameter in the Protocol configuration options IE of the PDN CONNECTIVITY REQUEST message and associate the allocated PDU session identity with the default EPS bearer context of the PDN connection. If an N5CW device supports 3GPP access and establishes a new PDN connection in S1 mode, the N5CW device shall refrain from allocating "PDU session identity value 15".
……
The UE and the network shall locally release the PDN connection(s) and EPS bearer(s) associated with the 3GPP access which have not been transferred to 5GS."

For simplicity, we called the parameters (PDU session ID, S-NSSAI, session AMBR and QoS flow descriptions) required for interworking to 5GS over SM with N26 as mapped PDU session contexts and used hereafter.

Observation #1: For interworking to 5GS over SM with N26, only the PDN connection including the mapped PDU session contexts can be transferred to 5GS after inter-system change from S1 mode to N1 mode; otherwise, it will be locally released by the UE and the network.
Then as further specified in TS 24.301 sub 6.5.1.2:
"If the UE supports N1 mode and the request type is:

a)
"initial request" or "emergency", the UE shall generate a PDU session ID, associate the PDU session ID with the PDN connection that is being established, and include the PDU session ID in the protocol configuration options IE or the extended protocol configuration options IE;"
Observation #2: For interworking to 5GS over SM with N26, the UE supporting N1 mode will generate a PDU session ID and include it in the (e)PCO to the network.
Also as further specified in TS 24.501 sub 4.9.2:

"When the UE supporting both N1 mode and S1 mode needs to stay in E-UTRA connected to EPC (e.g. due to the domain selection for UE originating sessions as specified in subclause 4.3.2), in order to prevent unintentional handover or cell reselection from E-UTRA connected to EPC to NG-RAN connected to 5GCN, the UE operating in single-registration mode shall disable the N1 mode capability for 3GPP access and:

a)
shall set the N1mode bit to "N1 mode not supported" in the UE network capability IE (see 3GPP TS 24.301 [15]) of the ATTACH REQUEST message and the TRACKING AREA UPDATE REQUEST message in EPC; and
b)
the UE NAS layer shall indicate the access stratum layer(s) of disabling of the N1 mode capability for 3GPP access."
Observation #3: If the UE disabled its N1 mode capability, then it will report N1 mode not supported to EPC.

A UE does not support N1 mode can also be treated as does not support 5GC NAS. Then as per specified in TS 23.502 sub 6.5.1.2:

"During establishment of non-emergency PDN connection in the EPC, if PGW-C+SMF is selected for a UE that has 5GS subscription but does not support 5GC NAS and is accessing via EPC/E-UTRAN and if the PGW-C+SMF supports more than one S-NSSAI and the APN is valid for more than one S-NSSAI, the PGW-C+SMF+PGW-C may proceed as specified in first paragraph of this clause or select any S-NSSAI associated with the APN of the PDN connection. The PGW-C+SMF shall not provide any 5GS related parameters to the UE.
NOTE:
The PGW-C+SMF knows that the UE does not support 5GS NAS if the UE does not provide PDU Session ID in PCO (see TS 23.501 [2] clause 5.15.7)."
Observation #4: If the UE disabled its N1 mode capability, the EPC will not provide mapped PDU session contexts to the UE during the PDN connection establishment, i.e. there is no mapped PDU session contexts associated with the PDN connection.

2.2 Scenario and problem

With above observations in section 2.1, considering following typical sceanrio:

(1) The UE is capable of both N1 mode and S1 mode, and switches on in 5GS attempting to register over 3GPP access.

(2) The UE’s N1 mode capability is disabled during or after such registration procedure due to one of following reasons:

a) The UE's usage setting is "voice centric" but the network indicates that IMS voice is not available over 3GPP access;
b) Successful completion of an emergency services fallback; or
c) Abnormal cases happen in TS 24.501 sub 5.5.1.2.7 or sub 5.5.1.3.7;
(3) The UE moves to the 4G of the current PLMN and successfully selected a suitable E-UTRA cell for normal camping.

(4) The UE initiates an EPS attach or TAU procedure in EPC during which the UE will indicate N1 mode is not supported (observation #3).

(5) Hereafter, the UE requests to establish a new PDN connection in EPC during which the UE will not generate the PDU session ID included in the (e)PCO IE to the network (observation #2) and the network will not include the mapped PDU session contexts included in the (e)PCO IE to the UE (observation #4).

(6) The UE needs to re-enable its N1 mode capability due to one of reasons:
a) The UE changes from "voice centric" to "data centric" (refer to above 2.a));
b) As per UE implementation, the UE decides to re-enable its N1 mode capability (refer to above 2.b)); or
c) The expiry of implementation-specific timer for enabling the N1 mode capability for 3GPP access (refer to above 2.c)).
(7) Due to UE’s network capability is changed, the UE will trigger a TAU procedure during which the UE will indicate N1 mode is supported.
(8) The UE performs inter-system change from 4G to 5G.
After step (8) in above scenario, based on the observation#1, following problem is identified:
Problem #1: PDN connections established after the UE’s N1 mode capability disabled will always be locally released after the inter-system change from 4G to 5G, which breaks the service continuity of single registration mode with N26.

2.3 Solution

To resolve above problem #1, the most straightforward way is: 
Solution #1: The UE initiates a bearer resource modification procedure to include the generated PDU session ID in the (e)PCO IE to enable the network to provide the mapped PDU session contexts for the modified PDN connection to the UE.

In the concerned scenairo, the UE has to perform TAU procedure due to enabling of its N1 mode capability and hence, to enable above solution#1, what the UE additionally only needs to do is to indicate the "active flag" in the TAU request message and initiate the bearer resource modification procedure over the same NAS signalling connection. This was already supported by the current UE handling.
3. Interworking to EPS over SM with N26 due to UE’s S1 mode capability disabling/enabling
3.1 Current status on interworking to EPS over SM with N26
As per specified in TS 24.501 sub 6.1.4.1 as below:
"Interworking with EPS is supported for a PDU session, if the PDU session includes the mapped EPS bearer context(s) or has association(s) between QoS flow and mapped EPS bearer after inter-system change from S1 mode to N1 mode. The SMF shall not include any mapped EPS bearer contexts associated with a PDU session for LADN and with a PDU session which is a multi-homed IPv6 PDU session. See coding of the Mapped EPS bearer contexts IE in subclause 9.11.4.8. In an MA PDU session, the UE shall have one set of the mapped EPS bearer contexts. The network can provide the set of the mapped EPS bearer contexts of the MA PDU session via either access of the MA PDU session. In an MA PDU session, the UE shall support modification or deletion via an access of a mapped EPS bearer context of the MA PDU session created via the same or the other access.".
……
The UE and the SMF shall perform a local release of the PDU session(s) associated with 3GPP access which have not been transferred to EPS, unless the UE is the 5G-RG and the PDU session is an MA PDU session established over 3GPP access and over wireline access."

Observation #5: For interworking to EPS over SM with N26, only the PDU session including the mapped EPS bearer contexts can be transferred to EPS after inter-system change from N1 mode to S1 mode; otherwise, it will be locally released by the UE and the network.
Also as further specified in TS 24.301 sub 4.5:

"When the UE supporting N1 mode together with S1 mode needs to stay in N1 mode, in order to prevent unwanted handover or cell reselection from NG-RAN to E-UTRAN, the UE shall disable the E-UTRA capability and:
-
the UE shall set the S1 mode bit to "S1 mode not supported" in the 5GMM Capability IE of the REGISTRATION REQUEST message (see 3GPP TS 24.501 [54]);

-
the UE shall not include the S1 UE network capability IE in the REGISTRATION REQUEST message (see 3GPP TS 24.501 [54]); and
-
the UE NAS layer shall indicate the access stratum layer(s) of disabling of the E-UTRA capability."
Observation #6: If the UE disabled its E-UTRA capability, then it will report S1 mode not supported to 5GCN.

Then as per specified in TS 23.502 sub 4.11.5.3:

"-
Step 3: The AMF determines that a PDU Session supports EPS interworking with N26 or without N26, based on e.g. 5GMM capability (e.g. "S1 mode supported"), UE subscription data (e.g. Core Network Type Restriction to EPS, EPC interworking support per (S-NSSAI, subscribed DNN)) and network configuration if EPS interworking with N26 or without N26 is supported. The AMF then includes in the Nsmf_PDUSession_CreateSMContext an indication whether the PDU Session supports EPS Interworking with N26 or without N26.
……

-
Step 4: If the EPS Interworking indication received from AMF indicates that the UE supports EPS interworking and the SMF determines, based on the EPS interworking support indication from the AMF and additional UE subscription data (e.g. whether UP integrity protection of UP Security Enforcement Information is not set to required, EPS interworking is allowed for this DNN and S-NSSAI), that the PDU Session supports EPS interworking, the PGW-C+SMF FQDN for S5/S8 interface is included in the Nudm_UECM_Registration Request."

Also as per specified in TS 24.501 sub :

"If interworking with EPS is supported for the PDU session, the SMF shall set in the PDU SESSION ESTABLISHMENT ACCEPT message:

a)
the Mapped EPS bearer contexts IE to the EPS bearer contexts mapped from one or more QoS flows of the PDU session; and
b)
the EPS bearer identity parameter in the Authorized QoS flow descriptions IE to the EPS bearer identity corresponding to the QoS flow, for each QoS flow which can be transferred to EPS."
Observation #7: The SMF takes UE’s S1 mode capability into account to decide the interworking with EPS for the PDU session. It is a reasonable implementation for an SMF to decide that interworking with EPS is not supported for a PDU session in case of the UE’s S1 mode capability was disabled. Hence, the SMF will not provide the mapped EPS bearer contexts to the UE during the PDU session establishment, i.e. there is no mapped EPS bearer contexts associated with the PDU session.

3.2 Scenario and problem

With above observations in section 3.1, considering following typical sceanrio:

(1) The UE is capable of both N1 mode and S1 mode, and switches on in EPS attempting to register over 3GPP access.

(2) The UE’s S1 mode capability is disabled during or after EPS attach procedure due to one of following reasons:

a) The UE's usage setting is "voice centric" but the network indicates that IMS voice is not available and CS fallback not available;
b) CS fallback failure due to CS domain not available; or
c) Abnormal cases happen in TS 24.301 sub 5.5.1.2.6, 5.5.1.3.4.3, 5.5.1.3.6, 5.5.3.2.6, 5.5.3.3.4.3 or 5.5.3.3.6;
(3) The UE moves to the 5G of the current PLMN and successfully selected a suitable NG-RAN cell for normal camping.

(4) The UE initiates a registatrion update procedure in 5GCN during which the UE will indicate S1 mode is not supported (observation #6).

(5) Hereafter, the UE requests to establish a new PDU session in 5GCN during which the AMF sets the EPS Interworking indication to not supported due to S1 mode is not supported by the UE. Then, the SMF will decide interworking with EPS is not supported for the PDU session based on the AMF’s indicaiton. Finally, the SMF will not include the mapped EPS bearer contexts to the UE (observation #7).

(6) The UE needs to re-enable its S1 mode capability due to one of reasons:

a) The UE changes from "voice centric" to "data centric" (refer to above 2.a));
b) As per UE implementation, the UE decides to re-enable its S1 mode capability (refer to above 2.b)); or
c) The expiry of implementation-specific timer for enabling the S1 mode capability (refer to above 2.c)).
(7) Due to UE’s network capability is changed, the UE will trigger a mobility registration update procedure during which the UE will indicate S1 mode is supported.

(8) The UE performs inter-system change from 5G to 4G.
After step (8) in above scenario, based on the observation#5, following problem is identified:

Problem #2: PDU sessions established after the UE’s S1 mode capability disabled will always be locally released after the inter-system change from 5G to 4G, which breaks the service continuity of single registration mode with N26.

3.3 Solution

To resolve above problem #2, the most straightforward way is:
Solution #2: The UE initiates a PDU session modification procedure to enable the network to provide the mapped EPS bearer contexts for the modified PDU session to the UE.

In the concerned scenairo, the UE has to perform mobility registration update procedure due to enabling of its S1 mode capability and hence, to enable above solution#2, what the UE additionally only needs to do is to set the "follow-on flag" in the registration request message and initiate the PDU session modification procedure over the same NAS signalling connection. This was already supported by the current UE handling.
4. Conclusion
This paper has discussed and analysed the scenarios and problems of 5GCN-EPC interworking over SM with N26 due to N1/S1 mode capability disabling/enabling.
For interworking to 5GS over SM with N26 due to UE’s N1 mode capability disabling/enabling, based on the discussion, following observations were provided:

Observation #1: For interworking to 5GS over SM with N26, only the PDN connection including the mapped PDU session contexts can be transferred to 5GS after inter-system change from S1 mode to N1 mode; otherwise, it will be locally released by the UE and the network.
Observation #2: For interworking to 5GS over SM with N26, the UE supporting N1 mode will generate a PDU session ID and include it in the (e)PCO to the network.
Observation #3: If the UE disabled its N1 mode capability, then it will report N1 mode not supported to EPC.

Observation #4: If the UE disabled its N1 mode capability, the EPC will not provide mapped PDU session contexts to the UE during the PDN connection establishment, i.e. there is no mapped PDU session contexts associated with the PDN connection.

For interworking to EPS over SM with N26 due to UE’s S1 mode capability disabling/enabling, based on the discussion, following observations were provided:

Observation #5: For interworking to EPS over SM with N26, only the PDU session including the mapped EPS bearer contexts can be transferred to EPS after inter-system change from N1 mode to S1 mode; otherwise, it will be locally released by the UE and the network.
Observation #6: If the UE disabled its E-UTRA capability, then it will report S1 mode not supported to 5GCN.

Observation #7: The SMF takes UE’s S1 mode capability into account to decide the interworking with EPS for the PDU session. It is a reasonable implementation for an SMF to decide that interworking with EPS is not supported for a PDU session in case of the UE’s S1 mode capability was disabled. Hence, the SMF will not provide the mapped EPS bearer contexts to the UE during the PDU session establishment, i.e. there is no mapped EPS bearer contexts associated with the PDU session.

Based on above observations, for two typical scenarios, below problems were identified:

Problem #1: PDN connections established after the UE’s N1 mode capability disabled will always be locally released after the inter-system change from 4G to 5G, which breaks the service continuity of single registration mode with N26.

Problem #2: PDU sessions established after the UE’s S1 mode capability disabled will always be locally released after the inter-system change from 5G to 4G, which breaks the service continuity of single registration mode with N26.

Te resolve above problems, following solutions were provided:

Solution #1: The UE initiates a bearer resource modification procedure to include the generated PDU session ID in the (e)PCO IE to enable the network to provide the mapped PDU session contexts for the modified PDN connection to the UE.

Solution #2: The UE initiates a PDU session modification procedure to enable the network to provide the mapped EPS bearer contexts for the modified PDU session to the UE.

The above solutions were captured in CR C1- 206087 for TS 24.301 and C1- 206088 for TS 24.501, for R17.
