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1 Introduction

In RAN Plenary meeting #58, a new Rel-12 SI on RAN Enhancements for UMTS/HSPA and LTE Interworking was approved [1]. The main objective of this SI is to investigate and evaluate potential improvements to enhance inter-RAT call redirection, connected mode mobility and load balancing between UMTS/HSPA and LTE from RAN perspective, including signalling optimisations and reduction in switching latency for both PS and CS services.
During recent RAN3 meeting, a draft TR 37.852 [2] with target scenarios and general requirements has been approved. In this contribution, we further discuss some potential improvements approaches for inter-RAT call redirection, especially for CS call service.
2 Improvement on inter-RAT call redirection
So called fast call redirection based on call service type/classification is introduced in [3]: The common control from network makes decision to trigger UE cell redirection or access to appropriate RAT; Common control operated by RAN nodes other than CN node leads to considerable fast RAT selection based on type/classification of service.
By selecting the appropriate access network bearer based on type of service, UE could be classified more quickly and accurately. In this way, the resources and advantages of multiple radio networks deployment could be made fully and reasonable utilization. What’s more, it could significantly reduce the time of the whole process and save S1/Iu signalling overhead by using RAN nodes to determine RAT access without dedicated signalling from CN. 
2.1 Inter-RAT call redirection for CS service
As popular voice solution, CS fallback to UTRAN with redirection will first set up an RRC connection with whole extended service request procedure in E-UTRAN (Figure1); However, RRC resource in E-UTRAN will later be released since CS service should be finally accomplished in UTRAN. During these procedures, there is no key information exchange between UTRAN-EUTRAN nodes. In order to avoid such nonessential RRC connection setup and minimize the S1 signalling overhead, redirection procedures could be improved through adding service type information (including e.g., PS and CS indicator) into RRC connection request in the serving RAT. 
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Figure1 Illustration of MO CS call
Sample Case:
Assuming that 3G cells host CS call service, after eNodeB identified that UE is to initiate CS call service, it can decide to reject this RRC connection request and provide corresponding information for the target 3G cell(s).

Serving eNodeB could acquire information of target cell(s) e.g. MIB, SIB of collocated/overlapping 3G cell(s) through direct communication among RAN nodes, e.g. through the internal interface in target MSR scenario, or through RIM update. Such information could be transmitted to UE together with RRC connection rejection message from eNodeB. Then, UE which was informed by rejection signalling from eNodeB could make the redirection to overlapping 3G cell for CS service setup, similar as redirection procedure in Release 9. The improved solution above could be illustrated in Figure 2.

In such enhancement, the information of candidate 3G cell(s) for redirection should be stored in E-UTRAN in order to avoid UE measurement and report for overlapping 3G cells. Therefore, such enhancement is very much suitable for MSR scenario, in which both RAT have collocated coverage and can communicate internally.
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Figure2 Inter-RAT redirection improvements for CS service
Specification Impact Analysis:
One challenge to such service-based enhancements standardisation is that RAN nodes should identify call type before RRC connection setup. 

For UTRAN network, Establishment cause value IE in RRC Connection Request could provide sufficient information for the following RAT determination carried out by RNC (that is to say RRC Connection Request could be used in service-based call redirection for identifying call type). However, the list of establishment causes in E-UTRAN is significantly shorter than the list used by UTRAN.

Table1: Relationship between higher layer establishment cause and RRC establishment cause for E-UTRAN
	NAS Procedure
	RRC Establishment Cause

	Attach
	mo-Signalling

	Detach
	

	Tracking Area Update
	

	Service Request
	User plane radio resources request
	mo-Data

	
	Uplink signalling resources request
	

	
	Paging response for PS core network domain
	mt-Access

	Extended Service Request
	Mobile originating CS fallback
	mo-Data

	
	Mobile terminating CS fallback
	mt-Access

	
	Mobile originating CS fallback emergency call
	emergency


The establishment cause within RRC Connection Request is determined by the NAS procedure for which the connection is being established. As observed in Table1, CS call service is not able to be distinguished from RRC Connection Request in E-UTRAN. However, the UE application has enough knowledge of the service/call cause information with which it wants to be provided. In order to notify E-UTRAN CS call service type before RRC connection setup complete, more indications need to be added into RRC connection request for E-UTRAN. Thus, eNodeB can identify UE CS call service without MME notification.
In UTRAN, the accurate domain indication can be denoted by Domain Indicator IE included in RRC Connection Request as shown in Table2. It could be simply defined and introduced in E-UTRAN as well. In this case, eNodeB could accomplish fast call redirection based on call service type as illustrated in sample case.

Table2 Domain Indicator in RRC Connection Request
	Information Element/Group name
	Need
	Multi
	Type and reference

	Domain indicator
	MP
	
	Enumerated (CS domain, PS domain)


2.2 Alternative enhancement for CS service

Except for network based rejection & redirection procedure as in Section2.1, UE can also select the appropriate RAT for MO CS service according to SIB information from serving cell. 

In LTE, AC barring check is performed by UEs before initiating an RRC connection. Assuming that 3G cells host CS call service as operator planned, eNodeB will announce SIB2 with ac-BarringForCSFB to UEs. After receiving and reading such SIB information, UE will no longer initiate connection to serving eNodeB if it originates CS service. Instead, UE will initiate service based inter-RAT cell reselection (instead of cell redirection) to UTRAN once originating CS service.

In this case, UE could initiate a faster CM service request compared to CSFB with redirection in Release 8, with little impact on network; however, it is less efficient than call redirection enhancement illustrated in Section 2.1 due to additional time cost for UE to measure and read information of UTRAN cells. 
The sample procedure of such enhancement could be illustrated in Figure 3. Its potential specification impact should be FFS within this study item.
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Figure3 Inter-RAT reselection based improvement for CS service
3 Conclusion
In this contribution, service-based call redirection has been introduced as candidate improvement approach for inter-RAT call redirection for CS service, which could bring efficient inter-RAT coordination with consideration of service type and characteristics. 
Proposal 1: It is proposed to discuss further benefits of service-based call redirection introduced in Section 2 within this Study Item.
Proposal 2: It is proposed to add the information of domain indicator into RRC connection request in E-UTRAN, so that eNodeB is able to identify the request for CS service before RRC connection setup; then redirect UE rapidly through RRC connection reject message enhanced with target UTRAN cell information.
Proposal 3: It is proposed to discuss potential specification impact of inter-RAT reselection based improvement for CS service in Section 2.2 within this Study Item.
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