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1. Introduction
The following agreements were captured in the stage2 TS 38.300 for intra-system inter-RAT mobility:
· The in-sequence and lossless handover is supported for the handover between RAN nodes of NG-RAN (eNB and gNB).
· Both Xn and CN handover between E-UTRA connected to 5GC and NR is supported.  The target RAT receives the UE NG-C context information and based on this information configures the UE with a complete RRC message and Full configuration (not delta).  Whether the handover is over Xn or CN is transparent to the UE.
In this paper, we will discuss the stage3 details on supporting the inter-RAT intra-system mobility between gNB and eNB connected to 5GC. Both Xn and CN based inter-RAT intra-system handover will be considered, i.e. the impact on TS 38.423 and TS 38.413.
2. Discussion
The gNB may trigger the following type of handovers (refer to figure 1), here, we mainly focus on the (1) to (4) cases.
(1) Xn based intra-RAT HO to gNB
(2) Xn based inter-RAT HO to eNB connected to 5GC

(3) NG based intra-RAT HO to gNB

(4) NG based inter-RAT HO to eNB connected to 5GC

(5) NG/S1 based inter-system HO to eNB connected to EPC
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Fig. 1

In the TS 38.413, the Handover Preparation procedure (including HANDOVER REQUIRED/ HANDOVER COMMAND) and Handover Resource Allocation procedure (including HANDOVER REQUEST/ HANDOVER REQUEST ACKNOWLEDGE) have been captured for the above case (3) NG based intra-RAT HO to gNB.

Does the above case (4) NG based inter-RAT HO to eNB connected to 5GC use the same NGAP procedures/messages as for the case (3)? 

In LTE spec, the S1 based inter-RAT HO and the intra-RAT HO use the same S1AP procedures/messages, the similar principle can be reused for NR spec.

Proposal 1: the NG based intra-RAT HO and the NG based inter-RAT HO to eNB connected to 5GC use the same NGAP procedures/messages.

Since there are two inter-RAT HO approaches to handover to the eNB, i.e. above (4) NG based inter-RAT HO to eNB connected to 5GC and (5) NG/S1 based inter-system HO to eNB connected to EPC, the NGAP HANDOVER REQUEST message should explicitly indicate these two scenarios.
Proposal 2: the NG based inter-RAT HO to eNB connected to 5GC and the NG/S1 based inter-system HO to eNB connected to EPC should be explicitly indicated in the NGAP HANDOVER REQUEST message.

In the TS 38.423, the Handover Preparation procedure (including HANDOVER REQUEST/ HANDOVER REQUEST ACKNOWLEDGE messages) has been captured for the above case (1) Xn based intra-RAT HO to gNB. 
Does the above case (2) Xn based inter-RAT HO to eNB connected to 5GC use the same XnAP procedures/messages as for the case (1)?  Similar as for NGAP, the same XnAP procedures/messages can be used for them.
Proposal 3: the Xn based intra-RAT HO and the Xn based inter-RAT HO to eNB connected to 5GC use the same XnAP procedures/messages.

According to the agreements captured in the stage2 TS 38.300 for intra-system inter-RAT mobility, i.e. the above case (2) and (4), the in-sequence and lossless handover is supported for the handover between RAN nodes of NG-RAN (eNB and gNB), the target RAT configures the UE with a complete RRC message and Full configuration (not delta), whether the handover is over Xn or CN is transparent to the UE. However, if based on the LTE spec, when Full configuration is performed, all the DRBs of the UE will be removed, the UE triggers the setup of the DRBs using the new configuration, the PDCP entities are newly established (SN and HFN do not continue), then the in-sequence and lossless handover can’t be guaranteed. Therefore, how to guarantee the in-sequence and lossless handover under Full configuration should be investigated. However, it depends on the progress of RAN2, any RAN3 impact could be wait till RAN2 has had a conclusion.
Observation 1: If based on the LTE spec, when Full configuration is performed, the in-sequence and lossless handover can’t be guaranteed.
Proposal 4: How to guarantee the in-sequence and lossless handover under Full configuration should be investigated, however, it depends on the progress of RAN2, any RAN3 impact could be wait till RAN2 has had a conclusion.

For the inter-RAT HO between gNB and eNB connected to 5GC either via Xn or CN, it is proposed that the source node produces the RRC container/ASN.1 transmitted to the target node according to the spec of the target RAT, similar as specified in LTE spec for inter-RAT HO. However, this require the source node implement the RRC spec of the target RAT, in case the source node is eNB, it is not realistic to update all the eNBs to understand the RRC spec of NR, even in case the source node is gNB, for the reason of simplification, the gNB may only provide the mandatory IEs of the RRC container/ASN.1 of the target RAT, e.g. only the IEs of the UE capability, and omit all the others. Hence only small part of the RRC spec of the target RAT needs to be implemented in the source node. 
According to RAN2 agreement: For intra NR mobility, when “Lossless HO”, that is lossless, in sequence without duplication to upper layers, can be accomplished by the target using the same DRB configuration and QoS flow to DRB mapping as the source. To achieve the in-sequence and lossless inter-RAT handover, the target should also use the same DRB configuration and QoS flow to DRB mapping as the source.

With the above consideration, for the inter-RAT HO from gNB to eNB connected to 5GC either via Xn or CN, i.e. the above case (2) and (4), the PDU session information, QoS flow information and QoS flow to DRB mapping information should be transferred to the target node outside the RRC container. Based on these information and the received RRC container, the target node configures the appropriate handover command for the UE to ensure the in-sequence and lossless inter-RAT handover.
Proposal 5: In case of the inter-RAT HO from gNB to eNB connected to 5GC either via Xn or CN, the PUU session information, QoS flow information and QoS flow to DRB mapping information should be transferred to the target node outside the RRC container.
3. Conclusion
In this paper, we have discussed the stage3 details on supporting the intra-system inter-RAT mobility between gNB and eNB connected to 5GC. Both Xn and CN based intra-system inter-RAT handover have been considered, i.e. the impact on TS 38.423 and TS 38.413.
Proposal 1: the NG based intra-RAT HO and the NG based inter-RAT HO to eNB connected to 5GC use the same NGAP procedures/messages.

Proposal 2: the NG based inter-RAT HO to eNB connected to 5GC and the NG/S1 based inter-system HO to eNB connected to EPC should be explicitly indicated in the NGAP HANDOVER REQUEST message.

Proposal 3: the Xn based intra-RAT HO and the Xn based inter-RAT HO to eNB connected to 5GC use the same XnAP procedures/messages.

Observation 1: If based on the LTE spec, when Full configuration is performed, the in-sequence and lossless handover can’t be guaranteed.
Proposal 4: How to guarantee the in-sequence and lossless handover under Full configuration should be investigated, however, it depends on the progress of RAN2, any RAN3 impact could be wait till RAN2 has had a conclusion.
Proposal 5: In case of the inter-RAT HO from gNB to eNB connected to 5GC either via Xn or CN, the PUU session information, QoS flow information and QoS flow to DRB mapping information should be transferred to the target node outside the RRC container.
Proposal 6: RAN3 is kindly asked to discuss and approve the proposed stage3 CR in [4][5].
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