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1   Introduction
The mobility scenarios among E-UTRA connected to both EPC and 5GC, LTE connected only to EPC and NR, includes various cases, such as intra-system inter-RAT mobility between E-UTRA and NR, and inter-system inter RAT mobility between NR and E-UTRA, as well as inter-system intra-RAT mobility between E-UTRA connected to EPC and 5GC. Since the mobility related to NR will be discussed in NR WI, then in this paper we just discuss the case of inter-system intra-RAT mobility between E-UTRA connected to EPC and 5GC. 
2   Discussion
As shown in Figure 1, when moving between E-UTRA connected to EPC and 5GC, the UE in CONNCETED mode will trigger a handover procedure, while the UE in IDLE mode will trigger a cell reselection procedure.
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Figure1. Mobility scenario between E-UTRA connected to EPC and 5GC
2.1   Mobility in CONNECTED mode 
Considering a UE which accesses 5GC moving to a E-UTRA connected to EPC, the inter-system intra RAT HO should be triggered. This should be similar with the inter-RAT handover procedure between 3G and 4G, however, when we think about the details, there are some differences which may provide performance improvement space for handover between E-UTRA connected to EPC and 5GC. 
HO between 3G and 4G

· RAN-CN interface based handover is used. The indirect and direct forwarding are both supported.

· The UE context mapping is performed by the target CN, including security context and SM-related context. However, since there is a one-to-one correspondence between PDP Contexts in 3G and EPS bearers in 4G, the context converting and data forwarding are simple. When UE moving to the target RAN, UE could reuse the former NAS layer TFTs to map application data to air interface bearer (e.g. DRB in 4G and RAB in 3G).

· Since the radio interface protocol architectures of 3G and 4G are totally different, a complete RRC message with full configuration should be used during HO, by which the data plane of the UE will be reset and the lossless HO could not be achieved.
HO between E-UTRA connected to EPC and 5GC
· RAN-CN interface based handover could be used as baseline. Considering that the eNB is connecting to EPC, there is probably an X2 interface, so the direct forwarding could be used.

· The UE SM context mapping maybe performed by 5GC, even though 5GC is the source, which is under discussion by SA2 currently. Since 5G QoS framework is QoS flow-based while 4G QoS framework is EPS bearer-based, the SM context of the two systems could not be one-to-one mapping.
· The radio interface protocol architectures of E-UTRA connected to EPC and 5GC are basically same, except that E-UTRA will have one more UP layer, named as SDAP to perform QoS flow to DRB mapping. And the air interface bears are both DRB, which means when UE moving between E-UTRA connected to EPC and 5GC, there may be a chance to achieve the lossless HO without resetting the UP layer.
Observation 1: How to convert UE context between 4G and 5G is pending to SA2. However the lossless HO without UP reset should not be excluded.

There is another issue that is how to decide the target CN type when UE HO between E-UTRA connected to EPC and 5GC. Because if the current HO procedure is configured to be default, then no matter the target LTE eNB connecting to EPC or 5GC, the legacy intra-RAT HO is applied. However, from operator’s point of view, they may want to steer as many UE to access the new core network as possible, then the inter-system intra-RAT HO is needed even though UE is moving between E-UTRA connected to EPC and 5GC. How the procedure is triggered could be source to decide, or target to decide, or target to refuse a intra-RAT HO by sending a cause. 

Proposal 1: Inter-system intra-RAT handover should be supported when UE is moving between E-UTRA connected to EPC and 5GC. 

2.2   Mobility in IDLE mode

In current LTE, when IDLE UE performs cell reselection, the basic principle is that it should choose the best cell on the selected frequency based on frequency priority. In 5G, the E-UTRA could connect to 5GC and provide 5G UE the 5G services and 5GC functions; it would be beneficial for 5G UE and operator to make as much use of E-UTRA as possible by steering UEs to the E-UTRA connected 5GC. The following two scenarios should be considered, one is intra-frequency and the other is inter-frequency.
Scenario 1: intra-frequency

If the E-UTRA connected to EPC and 5GC are deployed on the same frequency, and the IDLE UE is moving among them, UE should always choose the best cell no matter the eNB connects to 5GC or not. That’s because if UE choose an E-UTRA connected to 5GC with worse signal strength over a E-UTRA connected to EPC with a better signal strength, it will increase the interference on the frequency. 
Proposal 2: For UE in IDLE mode, the intra-frequency cell reselection procedure should be based on signal strength. 
Scenario 1: inter-frequency

If the E-UTRA connected to EPC and 5GC are deployed on the different frequencies, and the IDLE UE is moving among them, for the purpose to steer as many UEs to E-UTRA connected to 5GC as possible, the frequency of E-UTRA connected to 5GC should be set a higher priority for 5G UE who has the capability to access 5GC, the 5G UE would have more chances to reselect such cell to camp on.

Proposal 3: For UE in IDLE mode, the inter-frequency cell reselection procedure could take the CN type supported by eNB into account, in order to steer more UEs to E-UTRA connected to 5GC.
3   Conclusion
Observation 1: How to convert UE context between 4G and 5G is pending to SA2. However the lossless HO without UP reset should not be excluded.

Proposal 1: Inter-system intra-RAT handover should be supported when UE is moving between E-UTRA connected to EPC and 5GC. 

Proposal 2: For UE in IDLE mode, the intra-frequency cell reselection procedure should be based on signal strength. 
Proposal 3: For UE in IDLE mode, the inter-frequency cell reselection procedure could take the CN type supported by eNB into account, in order to steer more UEs to E-UTRA connected to 5GC.
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