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1. Introduction

The local IP address used as packet filter component type is supported in 4G and 5G, and also used in 4G-5G interworking. However, the support and the use of this feature is not consistent between 4G and 5G.

This paper attempts to discuss the local IP address used in 4G, in 5G and in 4G-5G interworking, to identify a problem on using the local IP address in TFT in 4G in 4G-5G interworking and finally to propose a solution to resolve it since Rel-16.
2. Discussion
2.1 Local IP address in TFT in 4G
The local IP address in TFT was firstrly introduced since Rel-11 under TEI11 for EPS as a Traffic flow aggregate description and TFT extension.
The local IP address in TFT is an optional feature supported by both the UE and the EPC and used based on capability negotation between the UE and the network. During the PDN connection establishment procedure, if the UE supports local IP address in TFT, the UE shall indicate its capability in the (e)PCO IE in the PDN connectivity request message or ESM information response message to the network. Then if the network supports local IP address in TFT, the network shall indicate its capability in the (e)PCO IE in the Activate default EPS bearer context request message to the UE.
As per specified in TS 24.008, the local IP address can only be used in the TFT as packet filter component type when both the UE and the network support it:

"For "IPv4 local address type", the packet filter component value field shall be encoded as defined for "IPv4 remote address type".

Both the MS and network indication for support of the Local address in TFTs are required to use this packet filter component.
…

For "IPv6 local address/prefix length type", the packet filter component value field shall be encoded as defined for "IPv6 remote address /prefix length".

Both the MS and network indication for support of the Local address in TFTs are required to use this packet filter component."

Observation #1. In 4G, the local IP address can only be used in the TFT as packet filter component type when both the UE and the network has negotiated to support it.
2.2 Local IP address in QoS rule in 5G
The local IP address in QoS rules was supported since very beginning (i.e. Rel-15) in 5G, hence both the UE and the network can use local IP address as packet filter component type QoS rules without capability negotiation, i.e. during the PDU session establishment, there is no capability negotiated via ePCO IE.
Observation #2. In 5G, the local IP address in QoS rules was supported since Rel-15 and can be used by the UE and the network without capability negotiation.
2.3 Local IP address in TFT used in 4G-5G interworking
Based on above observation #1 and #2, the support and the use of local IP address as packet filter component type is not consistent between 4G and 5G.

To enable 4G-5G interworking on service/session continuity, the UE in single-registration mode with N26 supported shall use the mapped EPS bearer parameters (including TFT) and mapped PDU session parameters (including QoS rules) provided by the network to transfer the PDN connection/EPS bearer contexts and PDU session/QoS flows during the 4G-5G interworking.
For providing the mapped PDU session parameters in 4G, as the local IP address was mandatorily supported by the 5G UE and the combo-PGW+SMF, hence, there is no problem for the network always assigns the packet filter list with local IP address type in QoS rules. However, for providing the mapped EPS bearer parameters (including TFT) in 5G, as local IP address in TFT was optionally supported by the 4G UE and combo-PGW+SMF, then it is not so clearer on how to provide it in 5G. That is to say, when providing the packet filter component in TFT in the mapped EPS bearer contexts IE to the UE, both the UE and the network cannot clearly know whether the local IP address in TFT can be used after the UE moves to 4G. This was actually observed and discussed in CT1 (in CT1#116) and a CR (CR#1098 rev#1, C1-192624) was agreed to capture a solution (identified by below text) in TS 24.501 since Rel-16 under 5GProtoc16:
"After inter-system change from N1 mode to S1 mode, the UE shall deem that the following features are supported by the network on the PDN connection corresponding to the PDU session:

a)
PS data off; and 

b)
Local address in TFT."

Observation #3. For 4G-5G interworking, the UE shall always deem that the network supports local IP address in TFT in 4G.

2.4 Problem
With above observation #3 in section 2.3, as SMF shall support local IP address, so it is natural for the combo PGW+SMF also supports local IP address as well, i.e. if the legacy PGW is upgraded to combo PGW+SMF, it needs to support local IP address. Hence, it is totally fine for the UE to always deem that the network (i.e. combo PGW+SMF) supports the local IP address in TFT in 4G if 4G-5G interworking is supported.

However, this actually cannot really resolve the problem due to the key point is that the network (i.e. combo PGW+SMF) cannot know whether the UE support the local IP address in TFT in 4G as the similar assumption cannot be made for the another direction, i.e. the network (i.e. combo PGW+SMF) cannot always deem the UE supports the local IP address in TFT in 4G. The UE supports both S1 mode and N1 mode implemented 4G NAS and 5G NAS in different modules and hence it is not so feasible to always enforce the 4G NAS shall support local IP address in TFT in 4G when the 5G NAS supports local IP address as local IP address in TFT is totally an optional feature for 4G NAS.
Then in case of 4G NAS does not support local IP address in TFT, then the problem can happen in below typical scenario:

(1) The UE in single-registration mode with N26 supported registered in 5G and requests to establish a new PDU session which supports 4G-5G interworking. The UE does not support local IP address in TFT in 4G.
(2) During the PDU session establishment, the UE does not provide "MS support of Local address in TFT indicator" in the ePCO IE to the network, then the network does not know whether the UE support local IP address in TFT in 4G or not.

(3) The network assigns the packet filter list with local IP address type for new created QoS rules which are associated with the new created QoS flows. For each new created new QoS flow, the network also assigns the packet filter list with local IP address type in TFT in the Mapped EPS bearer contexts IE. Here as a network implementation, the network assumes the UE also supports local IP address in TFT in 4G.
(4) After the PDU session succesfully established, the UE performs inter-system change from N1 mode to S1 mode and transfers this PDU session to the PDN connection, including mapping the QoS flows to the EPS bearer contexts.

(5) As the the packet filter list with local IP address type in TFT was assigned by the network in 5G, the UE will directly use this TFT for the mapped EPS bearer contexts in 4G.
After step (5), for this UE, actually all UL/DL user data transport in 4G is not available over these mapped EPS bearer contexts including packet filter list with local IP address type in TFT as the UE 4G NAS does not support local IP address in TFT.
Problem: As the UE does not support local IP address in TFT in 4G, after inter-system change from N1 mode to S1 mode, all UL/DL user data transport in 4G is not available over these mapped EPS bearer contexts including packet filter list with local IP address type in TFT.
2.5 Solution
As discussed in section 2.4, just to provide the similar assumption at the network side as UE side cannot resolve the problem. Hence, to resolve the problem in secton 2.4, the most straightfoward solution is to enable the UE also providing the "MS support of Local address in TFT indicator" in the ePCO IE to the network during the PDU session establishment in 5G. With is solution, the network clearly knows whether the UE support local IP address in TFT in 4G and then based on it to assign packet filter list with local IP address type in TFT in the Mapped EPS bearer contexts IE to the UE.
With above solution, the required protocol changes includes:
In 24.008:

a) From the UE to the network uplink direction, in the (e)PCO IE coding description, for the "MS support of Local address in TFT indicator", to add a NOTE to indicate that the UE shall also need to indicate its support of Local address in TFT during the PDU session establishment procedure in 5G for a PDU session supporting interworking with EPS.

b) From the network to the UE downlink direction, in the (e)PCO IE coding description, to reflects above observation #3 and to align with TS 24.501, to add a NOTE to indicate that when deciding to use local address in TFT in 4G, the UE operating in single-registration mode in a network supporting N26 interface shall deem that local IP address in TFT is supported by the network after inter-system change from N1 mode to S1 mode.
In 24.501:
a) From the UE to the network uplink direction, about the condition to include the ePCO IE in the PDU session establishment request message, to cover conditions for the UE to indicate its support of local IP address in TFT in 4G.
Proposal #1: The UE operating in single-registration mode in a network supporting N26 interface shall also indicate its support of Local address in TFT during the PDU session establishment procedure in 5G for a PDU session supporting interworking with EPS.
2.6 Backword compatibility considerations
As the support and use of local IP address as packet filter component type is not consistent between 4G and 5G since Rel-15, hence, actually the problem identified in section 2.4 exists since Rel-15 as well. However, considering Rel-15 was deeply frozen for long time and was already commercial in the field, hence, it proposes that Rel-15 is not touched for this discussion.
Now it needs to consider whether to resolve the problem since Rel-16 or Rel-17. From the network to the UE downlink direction (i.e. how to enable the UE to know whether the network supports local IP address in TFT), CR#1098 rev#1 (C1-192624) proposed a solution since Rel-16 (i.e. the UE can always assume the network supports local IP address in TFT for 4G-5G interworking). As analyzed in section 2.4, such assumption at the UE side could be feasible but from the UE to the network uplink direction, the similar assumption (i.e. the network can always assume the UE supports local IP address in TFT for 4G-5G interworking) cannot be guaranteed.
Then if the solution given in seciton 2.5 only targets to Rel-17, then the problem cannot be resolved in Rel-16. Furthermore, following backward compability issues between Rel-16 and Rel-17 will happen:
(1) For Rel-17 UE accesses Rel-16 network, the UE does not support local IP address in TFT in 4G and the network supports local IP address in TFT in 4G. The UE does not inlcude "MS support of Local address in TFT indicator" in the ePCO IE to the network during the PDU session establishment in 5G. As a network implementation, the Rel-16 network assumes the UE supports local IP address in TFT in 4G and then assigns the packet filter list with local IP address type in TFT in the Mapped EPS bearer contexts IE to the UE. Then the same problem in section 2.4 happens.
(2) For Rel-17 UE accesses Rel-16 network, both the UE and the network support local IP address in TFT in 4G. The UE indicates its support of local IP address in TFT in the ePCO IE during the PDU session establishment in 5G, but the Rel-16 network will not use this UE indication and as a network implementation, the Rel-16 network assumes the UE does not support local IP address in TFT in 4G. Then the network will NOT assign the packet filter list with local IP address type in TFT in the Mapped EPS bearer contexts IE to the UE. Which causes the local IP address feature cannot be used in 4G even both the UE and the network support it.
(3) For Rel-16 UE accesses Rel-17 network, both the UE and the network support local IP address in TFT in 4G. As the UE does not indicate its support of local IP address in TFT in the ePCO IE during the PDU session establishment in 5G, the Rel-17 network will NOT assign the packet filter list with local IP address type in TFT in the Mapped EPS bearer contexts IE to the UE. Which causes the local IP address feature cannot be used in 4G even both the UE and the network support it.
We believe the problem in section 2.4 is FASMO due to:
(a) 4G-5G interworking for single-registration mode UE with N26 supported is a basic and common feature used in the first wave of extensive 5GC commercial deployment. 
(b) The local IP address in TFT is totally an optional feature in 4G and hence, it is a reasonable UE implementation to NOT implement it in 4G NAS even the UE supports 5G NAS as well.
(c) The network assumes the UE supports local IP address in TFT for 4G-5G interworking is a reasonable network implementation, typically considering there is a similar assumption at the UE side.
(d) The problem in section 2.4 will cause all UL/DL user data transport in 4G is not available over these mapped EPS bearer contexts including packet filter list with local IP address type in TFT.

Hence, to align with what CT1 done by CR#1098 rev#1 (C1-192624) since Rel-16, we would propose:

Proposal #2: To adopt the solution in Proposal #1 since Rel-16.
3 Conclusion
This paper has discussed the current situation about local IP address used in 4G, in 5G and in 4G-5G interworking.
Based on the discussion, following observations were provided:
Observation #1. In 4G, the local IP address can only be used in the TFT as packet filter component type when both the UE and the network has negotiated to support it.

Observation #2. In 5G, the local IP address in QoS rules was supported since Rel-15 and can be used by the UE and the network without capability negotiation.
Observation #3. For 4G-5G interworking, the UE shall always deem that the network supports local IP address in TFT in 4G.

Based on above observations, below problem was identified:
Problem: As the UE does not support local IP address in TFT in 4G, after inter-system change from N1 mode to S1 mode, all UL/DL user data transport in 4G is not available over these mapped EPS bearer contexts including packet filter list with local IP address type in TFT.
To resolve above problem, below proposals were provided:
Proposal #1: The UE operating in single-registration mode in a network supporting N26 interface shall also indicate its support of Local address in TFT during the PDU session establishment procedure in 5G for a PDU session supporting interworking with EPS.
Proposal #2: To adopt the solution in Proposal #1 since Rel-16.

The above proposals were captured in CRs C1-210988 (Rel-16)/C1-210989 (Rel-17) for 24.008, and C1-210990 (Rel-16)/C1-210991 (Rel-17) for 24.501.
