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Abstract of the contribution: The paper analyses currently proposed solutions for single-registration HO from EPS to 5GS and proposes to introduce session parameters mapping in the inter-system procedures from EPS to 5GS.
1. Discussion

1.1 Approaches to single-registration HO from EPS to 5GS

Papers S2-172050 and S2-172154 submitted to SA WG2 Meeting #120 described two approaches to single-registration HO from EPS to 5GS.

The approach proposed in S2-172050 is shown in Figure 1, which illustrates only the steps relevant for the current discussion. During the HO preparation phase the SMF/PGW-C assigns a PDU Session ID and the Authorized QoS Rules to the PDU Session (step 1). This information is included in a PDU Session Modification command carried in a SM Container sent to the AMF (step 2). After exchanging N2 HO request/response with the 5G-RAN (step 3), the AMF sends to the MME the Nx Relocation Response (step 4), which includes the SM Container received from the SMF.






On the EPS side, the MME sends the HO command including the SM Container (step 5). Finally the E-UTRAN sends the HO command to the UE (step 6) including the PDU Session Modification Command that was carried by the SM Container. During the HO, the UE matches the QFIs with the correspondent EPS Bearer IDs using the information provided by the PDU Session Modification Command (step 8).
This approach has significant impact on EPC and E-UTRAN and it implied changes in the EPS signaling. In particular it requires to extend the HO command sent by the E-UTRAN in step 6, which is critical because the size of this message should be small as the UE is at the cell coverage edge.
The approach proposed in S2-172154 assumes that the network (i.e. SMF) and the UE does not need to exchange the information about the PDU Session ID (which in S2-172050 is carried in the PDU Session Modification command). The paper proposes that the UE and the network determine the PDU Session ID independently, deriving it for instance from the default bearer ID of the correspondent PDN connection.
Figure 2 illustrates the relevant steps of the procedure described in S2-172154. In step 1 the SMF/PGW-C determines the PDU Session Information consisting of NGS QoS parameters, including the PDU Session ID derived from the default EPS Bearer ID of the correspondent PDN connection. This PDU Session Information may be provided by the PCF/PCRF to the SMF/PGW-C. In step 2 the SMF/PGW-C sends the PDU Session Information to AMF. In step 3 the AMF exchange N2 HO request/response with the 5G-RAN, including the PDU Session Information. In step 4, 5 and 6 the Nx Relocation Response and HO commands do not include PDU session information. During the handover, the UE determines the PDU Session ID from the default EPS Bearer ID of the correspondent PDN connection by means of the same rules used by the SMF/PGW-C in step 1. 
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The approach proposed in S2-172154 is preferable because it does not require changes in EPC and E-UTRAN. 
Proposal 1: use the approach proposed in S2-172154 as a baseline for the HO procedure from EPS to 5GS, so that changes to EPC and E-UTRAN to provide the UE with PDU session parameters are not required.
1.2 Mapping of PDU session/PDN connection parameters
Assuming that the procedure proposed in S2-172154 is taken as baseline for the inter-system HO from 4G to 5G, some issues arise for what concern mapping PDN connection/bearers parameters in EPC to the correspondent 5GC QoS parameters in the UE and the network. 
In S2-172154 the issue is partially solved: the UE and the network determine the PDU Session ID independently, deriving it for instance from the default bearer ID of the correspondent PDN connection. An issue that remains unresolved is how the QFIs and mapped QoS parameters for the QoS flows are allocated and provided to the UE and SMF/PGW-C.
A solution could be based on deriving, both in the UE and the network (i.e. the SMF/PGW-C, or the PCF/PCRF if PCC is deployed), the QFIs from the correspondent EPS bearer IDs. The UE can use the locally derived QFI as parameter to correlate each active EBI with the QFI indicated by the 5G-RAN in the Handover Command. 
Proposal 2: during the HO procedure from EPS to 5GS, the PDU session parameters (PDU Session ID and respective QFIs) are determined independently in the UE and the SMF by deriving them from the correspondent PDN connection parameters (the PDU session ID from the default EBI and the QFIs from the EBIs, respectively).
1.3 Principles of handling of the QoS rules and parameters
EPS may have assigned an UL TFT for the EPS bearers that are handed over to 5G. When the UE is handed over to 5GS, the UE and network should have a common understanding of the corresponding filters in the 5G QoS rule in order to be able to add/remove filters while the UE is in 5GS. The EPS TFT contains a list of filters with filter identifier (4 bit integer) and precedence (8 bit integer) that should match between UE and network. For example, if the network wants to remove a particular filter inside an EPS TFT, it can send a modification request with filter identifier = xx with operation code = delete filter. This works only if the UE and network have the common understanding of the filter identifiers. Also the filter precedence should be common in UE and network. This can be achieved by the following alternative solutions:

Alternative 1) using backwards compatible filter format in 5G and EPS

When we look at the format of TFT as used for EPC and GPRS, the format is very flexible and could be used also for 5GC. The parameters “filter identifier” and precedence value should be defined even for 5G TFT. The main issue is whether the 5G TFT will be extended to include new fields that are not present in EPC TFT. If this is the case then such extension needs to be done in a manner that the 5G filters are backwards compatible with the EPS filters (EPS filters are a subset of 5G filters). It should be noted that when the QoS flow is set up in the 5GS, the UE can be assigned both the 5G QoS rule and EPS TFT separately, but after the UE has moved to EPS, it needs to discard the 5G QoS rule, since the rule cannot be updated while the UE is in 4G.

Alternative 2) by indicating the corresponding 5G QoS rule to the UE at the time of EPS bearer creation

This would mean extensive impacts to EPS NAS protocol which should be avoided.

Alternative 3) by updating the UE with the 5G QoS rule after the UE has been handed over to 5GS

In this alternative the UE cannot send any UL data after leaving the EPS until the network has updated the UE with the 5G QoS rule. This would mean disruption to the UL data. Please note that mapping all EPS bearers to the default QoS rule in 5GS until the UE receives the 5G QoS rule does not work, since also the 5G Default QoS rule would need to be indicated to the UE. 

Alternative 4) by updating the UE with the 5G QoS rule via the HO command. 

This would mean extensive size increase of the HO command, in addition the HO command currently does not include NAS signalling, so this would be a big impact to the EPS, which should be avoided.

Proposal 3: Alternative 1 is preferred (4G QoS rule and TFT is a subset of 5G QoS rule and TFT)

The GBR bearers in EPS have an UL MBR/GBR assigned that should be enforced by the UE. Once the UE has been handed over to 5GS, the UE should be aware of the corresponding UL MBR for the QoS flows in order to continue the enforcement. As discussed above, updating the MBR to the UE during the handover should be avoided. Instead, the UE can continue to use the same MBR value that was assigned in EPC for the corresponding EPS GBR bearer, and if needed the network can update the MBR after the handover has been completed. 
Proposal 4: The UE continues to use the same MBR value that was assigned in EPC for the corresponding EPS GBR bearer, and if needed the network can update the MBR after the handover to 5GS has been completed. 

1.4 Other procedures
Once introduced the concept of mapping to derive PDU session parameters from the correspondent PDN connection parameters in the UE and the network during a HO from EPS to 5GS, it is important to verify whether the same concept can be applied to inter-system procedures in idle mode.

1.4.1 EPS to 5GS Idle mode procedure with Nx interface
As per TS 23.501, for idle-mode mobility from EPC to 5GC with Nx interface, the UE performs a Registration procedure and the AMF and SMF retrieve the UE’s MM and SM context from EPC. The Registration procedure is equivalent to a TAU procedure in EPC and it determines the transfer of the active PDN connections to PDU sessions in 5GC. 

During this registration procedure (see TS 23.502 clause 4.2.2.2.2 for the steps referred in the following):

- The UE includes a PDU Session status in the Registration Request in step 1. The UE needs to include at least the PDU Session ID in the PDU Session status. The UE may derive the PDU session ID from the default EPS bearer ID of the correspondent PDN connection and the QFIs from the correspondent EPS bearer IDs.
- In order to move the EPS bearers to correspondent QoS flows in 5G, the SMF/PGW-C needs to map the PDN connection parameters (EBIs) to the correspondent PDU Session IDs and QFIs. Also in this case the 5G parameters can be derived respectively from the Default EBIs and EBIs. This operation is triggered by the PDU Session status check in Step 18. In this step the UE and the SMF/PGW-C should also determine the 5G QoS rule for each EPS bearer, deriving it from the EPS TFT, as discussed in section 1.3.
Deriving PDU session parameters independently in the UE and the network has the benefit that this information does not need to be exchanged during the Registration procedure. Furthermore, in the Registration procedure there is no setup of RAN resources, so there is no “per bearer” synchronization. If some bearers cannot be handled in 5GC, the cleaned/up can be done when the UE will perform a Service Request.

Proposal 5: during the inter-system idle mode procedure from EPS to 5GS with Nx interface, the PDU session parameters (PDU Session ID and respective QFIs) are determined independently in the UE and the SMF by deriving them from the correspondent PDN connection parameters (the PDU session ID from the default EBI and the QFIs from the EBIs, respectively).

The whole procedure is described in a dedicated paper (S2-173318).

1.4.2 EPS to 5GS Idle mode procedure without Nx interface (Dual-registration mode)
As per TS 23.501, for idle-mode mobility from EPC to 5GC without Nx interface the UE performs Registration in 5GC and it subsequently moves all its PDN connections from EPC using the UE initiated PDU session establishment procedure with "handover" flag.
During the Registration procedure the network does not move PDN connections to 5G, so that the UE does not need to include the PDU Session status in the Registration Request. 
During the PDU session establishment procedure (see TS 23.502 clause 4.3.2.2.1 for the steps referred in the following):

The UE moves the PDN connections one-by-one to the 5GS by initiating the PDU session establishment procedure.

- The UE includes a PDU Session ID in the PDU Session establishment request in step 1. The PDU Session ID may be derived from the correspondent default EPS Bearer ID. 

- The SMF indicates the QFIs in the PDU Session Establishment Accept message in step 10. The SMF can derive the QFIs from the correspondent EPS Bearer IDs. The SMF indicates the 5G QoS rules for the PDU sessions to the UE during the PDU session establishment procedure.
Proposal 6: during the inter-system idle mode procedure from EPS to 5GS without Nx interface, the PDU session IDs are determined independently in the UE and the SMF by deriving them from the correspondent PDN connection parameters (the PDU session ID from the default EBI. The SMF indicates the 5G QoS rules for the PDU sessions to the UE during the PDU session establishment procedure.
2. Proposal
Proposal 1: use the approach proposed in S2-172154 as a baseline for the HO procedure from EPS to 5GS, so that changes to EPC and E-UTRAN to provide the UE with PDU session parameters are not required.

Proposal 2: during the HO procedure from EPS to 5GS, the PDU session parameters (PDU Session ID and respective QFIs) are determined independently in the UE and the SMF by deriving them from the correspondent PDN connection parameters (the PDU session ID from the default EBI and the QFIs from the EBIs, respectively).
Proposal 3: 4G QoS rule and TFT is a subset of 5G QoS rule and TFT.
Proposal 4: The UE continues to use the same MBR value that was assigned in EPC for the corresponding EPS GBR bearer, and if needed the network can update the MBR after the handover to 5GS has been completed. 

Proposal 5: during the inter-system idle mode procedure from EPS to 5GS with Nx interface, the PDU session parameters (PDU Session ID and respective QFIs) are determined independently in the UE and the SMF by deriving them from the correspondent PDN connection parameters (the PDU session ID from the default EBI and the QFIs from the EBIs, respectively).

Proposal 6: during the inter-system idle mode procedure from EPS to 5GS without Nx interface, the PDU session IDs are determined independently in the UE and the SMF by deriving them from the correspondent PDN connection parameters (the PDU session ID from the default EBI. The SMF indicates the 5G QoS rules for the PDU sessions to the UE during the PDU session establishment procedure.
Figure � SEQ Figure \* ARABIC �1� - EPS to 5GS handover in S2-172050





Figure � SEQ Figure \* ARABIC �2� - EPS to 5GS handover in S2-172154
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