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1. Introduction 

The Study is aiming the possible optimization of inter-RAT handover procedure delay and signalling load, also the improvement of inter-RAT load balancing between UMTS/HSPA and LTE and UMTS/HSPA macro and LTE hotspot.  These are to address the possible issues that due to extensive handover message and excessive signalling loads in current UMTS/HSPA and LTE interworking which may lead to low efficiency and suboptimal user experience. 
The possible investigation areas are the following:

1. Investigate and evaluate mechanism to enhance inter-RAT call redirection, connected mode mobility and load balancing between UMTS/HSPA and LTE. 
· Identify the suitable deployment scenarios and requirements, including LTE hotspot deployments
· Investigate signalling optimisations and reduction in switching latency for both PS and CS services
2. Identify the specification and implementation impacts affecting EUTRAN and UTRAN.

This contribution provides an initial analysis of possible handover signalling procedures by assuming the interface between EUTRAN and UTRAN is introduced.
2. Comparison of number of signalling messages
The typical inter-RAT handover from LTE to HSPA as described in 23.401 chapter 5.5.2.1 needs to have at least 15 signalling messages across eNB/MME/SGSN/S-GW/PDN-GW. Those messages are collected in the following table 1. 

*Note that the table 1 show only those mandatory signalling messages to perform the Handover from LTE to UTRAN Iu mode.

*Note that the table 1 does not show signalling messages to/from UE.

*Note that without S-GW change is assumed

	No.
	Direction
	Signalling message name

	1
	eNB-> MME
	Handover Required

	2
	MME->SGSN
	Forward Relocation Request

	3
	SGSN->RNC
	Relocation Request

	4
	RNC->SGSN
	Relocation Request Acknowledge

	5
	SGSN->MME
	Forward Relocation Response

	6
	MME->eNB
	Handover Command

	7
	RNC->SGSN
	Relocation Complete

	8
	SGSN->MME
	Forward Relocation Complete Notification

	9
	MME->SGSN
	Forward Relocation Complete Acknowledge

	10
	SGSN->S-GW
	Modify Bearer Request

	11
	S-WG->P-GW
	Modify Bearer Request

	12
	P-GW->S-GW
	Modify Bearer Response

	13
	S-GW->SGSN
	Modify Bearer Response

	14
	MME->eNB
	UE Context Release Command

	15
	eNB->MME
	UE Context Release Complete


Table 1 Signalling messages of Handover from LTE to UTRAN without direct interface
If the direct interface is introduced between eNB and RNC and the X2 similar handover procedure can be performed, the needed number of signalling messages is 11 as shown in Table 2 below.
	 No.
	Direction
	Signalling message name

	1
	eNB-> RNC
	Handover Request

	2
	RNC->eNB
	Handover Request Acknowledge

	3
	RNC->SGSN
	Path Switch Request

	4
	SGSN->MME
	UE Context Request (new message, may be other name)

	5
	MME->SGSN
	UE Context Response (new message, may be other name) 

	6
	SGSN->S-GW
	Modify Bearer Request

	7
	S-GW->P-WG
	Modify Bearer Request

	8
	P-WG->S-GW
	Modify Bearer Response

	9
	S-WG->SGSN
	Modify Bearer Response

	10
	SGSN->RNC
	Path Switch Request Ack

	11
	RNC->eNB
	UE Context Release


Table 2 Signalling messages of Handover from LTE to UTRAN with direct interface
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Figure 1 Inter RAT Handover procedure via direct interface between EUTRAN and UTRAN

With the introduction of the new direct interface between LTE and UTRAN,   it can reduce at least 4 signalling messages compare with the existing inter RAT from LTE to UTRAN handover procedures.  The signalling transferring delay is also considerable because the existing mechanism needs all signalling messages between UTRAN and EUTRAN to go through CN (SGSN/MME) while the possible enhancement / optimization that have direct interface will need only exchanging between UTRAN and EUTRAN directly.
3. Summary and proposal.
This paper has shown the possible reduction of handover related signalling messages when direct interface between LTE and UTRAN is introduced. 
It is therefore proposed to study and evaluate furthermore other different possibilities e.g. alternative signalling procedures for handover between LTE and UTRAN by making use of the direct interface between LTE and UTRAN.

It is also proposed to capture the Table 1, Table 2, Figure 1 and related text in chapter 2 of this contribution in a TR if created.
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Annex: Handover message sequence chart from 23.401
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Figure 5.5.2.1.2-1: E-UTRAN to UTRAN Iu mode Inter RAT HO, preparation phase
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Figure 5.5.2.1.3-1: E-UTRAN to UTRAN Iu mode Inter RAT HO, execution phase
RP-122036 Title *: Study on RAN Enhancements for UMTS/HSPA and LTE Interworking
3 Justification *

Long-term coexistence is likely to occur between UMTS/HSPA and LTE in one operator’s network which places interworking mechanism into a very important position. Currently inter-RAT handover between UMTS/HSPA and LTE uses relocation procedures. Several small evolutions have been done to make these procedure work better from Rel-8.
However, the extensive handover messages and excessive signalling loads in current UMTS/HSPA and LTE interworking may lead to low network efficiency and suboptimal user experience in practical deployments. Such problems could be even more critical in LTE initial deployments (limited LTE coverage) or hotspot type of deployments, leading to frequent inter-RAT handovers and other interoperation procedures.
In order to facilitate multi-RAT deployment and operation, there is a strong need to investigate possible mechanism for seamless UMTS/HSPA and LTE interworking. Besides the enhancement of existing mechanisms, interoperation between the two RATs handled by the Radio Access Network would be a promising approach in order to benefit mobility performance and reduce impact and resource burden on Core Network. Possible performance benefits from RAN level interworking needs to be balanced against the additional impact on network, with reasonable cost guaranteed.

The following aspects of inter-RAT interoperation can be envisioned for further study at least:

· Optimized inter-RAT handover procedure delay and signaling load

· Improved inter-RAT load balancing between UMTS/HSPA and LTE networks in general, and UMTS/HSPA macro and LTE hotspot deployments in particular.
4 Objective *

The objective of this study item is to investigate potential improvements for UMTS/HSPA and LTE interworking from RAN perspective:

· Investigate and evaluate mechanisms to enhance inter-RAT call redirection, connected mode mobility and load balancing between UMTS/HSPA and LTE. 

· Identify the suitable deployment scenarios and requirements, including LTE hotspot deployments

· Investigate signalling optimisations and reduction in switching latency for both PS and CS services
· Identify the specification and implementation impacts affecting EUTRAN and UTRAN.

Unnecessary duplication of solutions addressing the same problem area shall be avoided. Performance and efficiency of the new solutions should all be compared against legacy. Moreover, the intention is to avoid UE impact as much as possible. 
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