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1. Introduction

At last RAN2#93bis meeting, the topic of inter-RAT mobility was discussed and some companies proposed to use S1 based HO as the basis but do not rule out X2 based approach, but no agreement was reached. In this contribution, we give further consideration on the inter-RAT mobility between NR and LTE, and provide some observations and proposals.
2. Discussion
For non standalone NR case, the inter-RAT mobility problem should be solved by inter-working between NR and LTE, in which the control plane in RAN is always anchored in LTE node. Control plane connection towards the core network is unchanged, but the user plane may be switched between LTE and  NR nodes. However with the deployment of standalone NR, the way of inter-RAT handover should also be considered due to different requirement, in which the control plane in RAN is also switched between NR and LTE. Therefore control plane connection towards the core network is changed. The scenarios for inter-RAT handover mainly include the following two typical cases:

· Coverage constraint case
In initial deployment of standalone NR, the 5G system cannot provide full coverage. So in case UE moves to the boundry of coverage area of 5G, the inter-RAT mobility between NR and LTE would occur. 

· Load balance case
In latter mature deployment, a full 5G network coverage and 4G network coverage overlap each other, at this time, to balance load of different RATs, the inter-RAT mobility between NR and LTE would be performed.
If UE initially accesses to NR, the inter-RAT mobility from NR to evolved eNodeB/eNodeB would be triggered. On the contrary, if UE initially accesses to evolved eNodeB/eNodeB, the inter-RAT mobility from evolved eNodeB/eNodeB to NR would be triggered.

Observation 1: With the deployment of standalone NR, both NR ((evolved eNodeB and NR (( eNodeB inter-RAT mobility are possible. 
Legacy inter-RAT handover uses S1 based handover procedures, in which core network needs to be always involved from the HO preparation phase to the HO completion phase. Thus both the delay of whole signaling procedure and the signaling load towards the core network are relatively high. In addition, to better support inter-RAT handover some assistant information e.g, load info of different RATs also need to be transferred by using RIM mechanism across the core network, which lead to additional signaling load.
The following table is a comparison of Legacy inter-RAT HO (taking the HO from LTE to UTRAN as an example) and Legacy X2 HO
	
	Legacy inter-RAT HO
	Legacy X2 HO

	Assistant Information exchange
	eNB Direct Information Transfer (including Multi-Report Request) via S1

DIRECT INFORMATION TRANSFER（SGSN( RNC）(including Multi-Report Request) via Iu

DIRECT INFORMATION TRANSFER（RNC( SGSN）(including Multi-Report Response) via Iu

MME Direct Information Transfer(including Multi-Report Response) via S1

DIRECT INFORMATION TRANSFER（RNC( SGSN）(including Multi-Report Information) via Iu

MME Direct Information Transfer(including Multi-Report Information) via S1
	RESOURCE STATUS REQUEST via X2
RESOURCE STATUS RESPONSE via X2
RESOURCE STATUS UPDATE via X2

	HO Preparation
	HANDOVER REQUIRED via S1
RELOCATION REQUEST via Iu
RELOCATION REQUEST ACKNOWLEDGE via Iu
HANDOVER COMMAND via S1
	HANDOVER REQUEST via X2
HANDOVER REQUEST ACKNOWLEDGE via X2

	HO Execution
	HO command message via Uu
HO complete message via Uu
	 HO command message via Uu
HO complete message via Uu

	HO Completion
	RELOCATION COMPLETE via Iu
UE CONTEXT RELEASE COMMAND via S1
UE CONTEXT RELEASE COMPLETE via S1
	UE CONTEXT RELEASE via X2
PATH SWITCH REQUEST via S1
PATH SWITCH REQUEST ACK via S1

	Signaling Delay 
	Long handover preparation due to signal routing via CN 
eNB(MME(SGSN(RNC

RNC(SGSN(MME(eNB
	Short handover preparation due to just considering signal delay between adjacent RAN nodes
eNB 1 (( eNB 2


Note: The above inter-RAT HO procedure does not include signaling interaction within the core network

Based on the above table, in the aspect of signaling load, a Legacy inter-RAT HO requires 13 inter-node messages in RAN but a legacy X2 HO only requires 8 inter-node messages in RAN. Also in the aspect of transfer delay, one message of Legacy inter-RAT HO needs 4 hops but that of legacy X2 HO only needs 1 hop. Therefore, it could consider that the Legacy inter-RAT mobility procedure brings more transfer delay and inter-node signaling comparing to Legacy X2 handover procedure. If inter-RAT mobility for NR uses similar mechanism, it will faces same challenges in the aspects of transfer delay and inter-node signaling.
Observation 2: If the inter-RAT mobility procedure for NR uses similar mechanism with legacy inter-RAT HO, it will faces many challenges in the aspects of transfer delay and inter-node signaling load.
For different deployment scenarios, different mobility options should be considered. Thus it is proposed to consider the two mobility options for inter-RAT mobility for NR :
· Option 1. RAN level fast inter-RAT mobility, like X2 HO. 

· Option 2. CN level inter-RAT mobility, via EPC and 5G New CN.

The option 2 is similar as inter-RAT mobility between 2G&3G and LTE, which mainly is used in the mobility scenario between NR and legacy LTE, as there is no similar X2 interface between NR and legacy LTE, then only the S1 interface handover can be used, Thus in this case, it is proposed to consider CN level mobility mechanism,
According to the conclusion from SA2, a logical interface exists between the evolved eNodeB and new CN, then the anchor of control plane connection towards the new CN may be kept unchanged for inter-RAT mobility. In this case, through the interface between evolved eNB and 5G NR, Option 1, i.e. a fast RAN level hand over mechanism could be used. 

For inter-RAT handover between eLTE eNB and 5G NR, an optimization for S1-based inter-RAT mobility i.e. RAN level fast inter-RAT mobility, like X2 HO could be considered since the interface between eLTE eNB and 5G NR needs to be introduced for interworking support anyway. A possible signaling flow is shown below:
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Figure 1: an illustration of inter-RAT HO over X2

Compared with Legacy S1-based inter-RAT mobility, the RAN fast inter-RAT mobility option has benefits in the aspect of the reduction of signal load towards CN and the minimization of transmission delay of signal between two RATs as shown in above table. 

Therefore, it is proposed for RAN2 to study RAN level fast inter-RAT mobility mechanism for 5G inter-RAT mobility mechanism.

Proposal 1: RAN fast inter-RAT mobility, like X2 HO should be investigated for 5G inter-RAT mobility.

Proposal 2: The two mobility options of inter-RAT mobility for NR should be considered for different deployment requirements.
3. Conclusion
In this document, we give further consideration on the inter-RAT mobility between NR and LTE, and provide some observations and proposals as below.
Observation 1: With the deployment of standalone NR, both NR ((evolved eNodeB and NR (( eNodeB inter-RAT mobility are possible. 
Observation 2: If the inter-RAT mobility procedure for NR uses similar mechanism with legacy inter-RAT HO, it will faces many challenges in the aspects of transfer delay and inter-node signaling load.
Proposal 1: RAN fast inter-RAT mobility, like X2 HO should be investigated for 5G inter-RAT mobility.

Proposal 2: The two mobility options of inter-RAT mobility for NR should be considered for different deployment requirements.
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