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1 Introduction
In RAN3, CN relocation is agreed to support CN change between EPC and 5GC within eLTE. In this paper, we would discuss the details on scenarios when CN relocation would happen and provide the possible options.
2 Discussion
With regard to the eLTE eNB who connects to the EPC and 5GC simultaneously, it is possible to control the access of the eLTE UEs based on the operator’s configuration or CN load balance. For example, in case of congestion under NGC, the eLTE eNB could also steer the UE under the other CN, i.e. EPC. This CN relocation procedure can be triggered by CN or RAN. However, the serving CN may not be aware of the load of the other CN, thus how to optimize the decision of relocation should be considered. Therefore, in this case, the CN relocation procedure can be triggered by RAN, who can have the load information of both CNs. 

Proposal 1: the CN relocation procedure should be triggered by RAN.
1.1. Comparisons among different CN relocation

Inter-RAT HO
-
Taking legacy Inter-RAT HO between EUTRAN and UTRAN as an example, from CN side, UE context converting is performed between CNs, such as security and QoS bearer. Then data forwarding is needed on a QoS bearer basis. From RAN side, target node reconfigures UE data radio resource (such as DRB in LTE) based on QoS bearer in the target CN. In addition, the target RAN also knows the mapping relationship between QoS bearer from two CNs, so that it can transfer the data to UE based on the radio resource. During HO, a complete RRC message with full configuration is used, and PDCP SN and SFN are reset, which means data loss may happen.

Intra-RAT HO

-
Taking legacy X2-based HO in LTE as an example, from CN side, UE QoS context could be maintained without any change, the data path is switched from source RAN to target RAN. From RAN side, data forwarding is needed, including unacknowledged PDCP SDUs with PDCP SNs and fresh data. During HO, a RRC message with delta configuration is used; PDCP SN and SFN are maintained in the target RAN, so that in-sequence delivery to upper layer without duplication can be guaranteed. To access target RAN, RACH is needed in a noncompetitive way. In the target RAN, security of each DRB is reconfigured.
Intra-cell HO

-
Taking LTE intra-cell HO as reference, from RAN side it reuses the intra-RAT handover procedure, for the purpose such as key update, without involving CN. For UP handling in UE side and RAN node side, it is same as intra-RAT HO, and the only difference is that data forwarding and X2 procedures are not needed.
Intra-cell CN Relocation

-
Similar as Intra-cell HO, the serving cell is not changed during the CN relocation, the data forwarding is not needed. However, the UE context needs to be re-interpreted to be used in the target CN, which means data radio resource used in RAN needs to be reconfigured accordingly, e.g., configuring different DRBs from the ones used in source RAN. The issue is that how RAN can transmit the old data via the new DRB in order to support in-sequence delivery to upper layer. There is one straightforward way that RAN can configure the new DRBs for UE with the old DRB maintained until the old data is received successfully. 
Another issue is whether RACH is needed or not in this case. The reason that RACH is used in Intra-cell HO is because RAN is not aware of when UE updates the Key. However, if UE is configured the new DRBs for data transferring with the target CN, then the problem does not exist. Besides, RACH procedure will interrupt the data transmission. Therefore, the Intra-cell CN relocation without RACH should be supported for LTE connected to NGC.
Proposal 2: Considering that CN relocation within an eLTE cell does not involve the data forwarding and RACH procedure, the new procedure should be defined for CN relocation within eLTE.
1.1   CN relocation procedures within eLTE
When studying NGC interworking with EPC in SA2, two cases were discussed: one is that there is a interface called NGx between NGC and EPC, via which UE context could be exchanged between CNs during inter-system handover, if necessary; the other is that there is no interface between NGC and EPC, then a “handover attach” method applies for the UEs with “dual-registration” mode[2]. For both cases, it was agreed in SA2 that would be a UP anchor which embeds both PGW and UPF to provide IP continuity, and a Co-HSS for EPC and 5GCN. 
Since it is agreed in RAN2 that the legacy inter-RAT handover procedure should be taken as baseline, in this paper we would start by discussing the first case; meanwhile waiting for more detailed discussion on the second case from SA2. 
Handover with interface between NGC and EPC
As shown in Figure1, the handover procedure of CN relocation within an eLTE cell with the interface between NGC and EPC is given as following:
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Figure 1. Handover procedure between EPC and 5GCN with a CN-CN interface
Step 0:  UE is connected with source CN1 via eLTE eNB, and the CP and UP are established both in RAN and CN for signalling message and uplink/downlink data transfer.

Step 1: eLTE eNB decides to initiate a CN relocation procedure to the target CN based on CN condition or operator’s policy.

Step 2: eLTE eNB sends a Relocation Required message to the Source CN1 to forward the relocation request to the target CN2.

Step 3: the source CN1 sends a Forward Relocation Required massage to target CN2, which may include the converted UE context to be used in target CN2.

Note: how and which CN node to do the UE context mapping between two CNs is pending to the progress of SA2.

Step 4: the target CN2 sends a Create Session Request message to the UP anchor, which may include the tunnel information of the sessions based on the UE’s SM context for UL UP.

Step 4a: the UP anchor sends a Create Session Response message to the Target CN2, which may include the tunnel information of the sessions for UL UP.

Step 5: the target CN2 requests eLTE eNB to establish the radio network resource by sending the Relocation Request message.

Step 6: the eLTE eNB allocates the resources and sends CN Relocation Command message to UE.

Step 7: UE configures a new set of DRBs towards the target CN2. Meanwhile, UE may reconfigure the SRBs to use the new security towards the target CN2 if the eLTE eNB requested. 

Note: Since the UP establishment is not completed towards target CN2, the user data could be transmitted through the UP established for source CN1. Then after step 10, the data path could be switched to target CN2.

Step 8: Once UE complete the reconfiguration, it sends a Complete message to eLTE eNB.

Step 9: eLTE eNB sends a Relocation Complete message to target CN2, with the tunnel information for DL UP.

Step 10: Target CN2 requests UP anchor to switch the data path from source CN1 to source CN2 for the UE by sending a Modify Session Request message, which also includes tunnel information for DL UP.

Step 10a: UP anchor sends a Modify Session Response message to target CN2, since when the user data will be transmitted through target CN2.

Step 11: Source CN1 may need to be informed that CN Relocation is complete to delete the sources allocated for the UE by target CN2.

Step 12: After the data transmission from source CN1 is finished by eLTE eNB, it requests UE to delete the DRBs established towards source CN1.

Step 13: A Location Update procedure may be triggered, after that the resource allocated for the UE in source CN1 will be released.

Proposal 3: It is proposed for RAN3 to capture the above procedure for the CN relocation within eLTE when there is an interface between NGC and EPC.
Conclusion
Proposal 1: The CN relocation procedure should be triggered by RAN.
Proposal 2: Considering that CN relocation within an eLTE cell does not involve the data forwarding and RACH procedure, the new procedure should be defined for CN relocation within eLTE.
Proposal 3: It is proposed for RAN3 to capture the above procedure for the CN relocation within eLTE when there is an interface between NGC and EPC.
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