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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:

· 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
During last RAN3 meeting and corresponding post-email discussion#04, 3 target scenarios are agreed to be defined as the suitable scenarios for enhancements. 

In this contribution, we further discuss some of the potential improvements approaches for typical target scenarios .e.g. MSR scenario and LTE hotspot scenario. 

2 Discussion on MSR Scenario
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Figure 1
Scenario 3[2]: In a certain area, both RAT (UMTS and LTE) have the full coverage, i.e. collocated coverage

· Scenario 3a: In a certain area, both RAT (UMTS and LTE) have the full coverage, i.e. collocated coverage, while the coverage is provided by an MSR base station

In such scenario, both the legacy UTRAN network and E-UTRAN could provide the basic coverage for those UEs with multi-mode capability while E-UTRAN also boosts the capacity and provides differentiated services. In this particular scenario optimizations may be possible, under the assumption, of UTRAN and E-UTRAN cell being under control of a Multi Standards Radio (MSR) base station. Therefore the UEs with multi-mode capabilities could gain from the common control by the MSR base station.
Target MSR should be co-located sites: the RRU of the NodeB and the eNodeB is shared, and the BBU for different RATs could be in the same physical entity (or common BBU for different RATs), thus information could be transferred among these nodes with the assistance of existing internal interface, as illustrated in the following figure 2. 
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Figure 2: MSR base station architecture
2.1 Service-based Call redirection

One of potential improvements for such scenarios is so called fast call redirection based on call service type: The common control from network makes UE decision to trigger 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/classification of call service, the active 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. By contrast, current inter-RAT load balancing is triggered from the judgment of the occupation coefficient of the hardware resources e.g. PRB usage or power, which is unlikely to reflect the network condition with refinement and user experience.
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 nodes, which leads to a significant upgrade of network efficiency. Typical example can be illustrated as CS call application. Assuming that 3G cells host CS call service, eNodeB could decide to reject RRC connection request from UE equipment once CS call request received. Simultaneously, eNodeB could exchange UE related information to collocated 3G cell(s) through the internal interface in MSR scenario, without eNodeB/MME/SGSN/S-GW/RNC whole path. Then, UE could be informed by dedicated signalling from eNodeB and make the redirection to a prepared 3G cell. 

Besides CS call application illustrated above, such service-based call redirection could also apply to more elaborate PS service classification: According to the different classification and characteristics of the UE services type, operators could choose appropriate RAT/carrier for UE through the configuration of the eNodeB/RNC, which is able to take more advantage of the operators’ multiple radio technology deployment , and also solve some of the problems brought about by particular service characteristics, such as LTE small data related issues, etc.
Another challenge to such service-based enhancements standardisation is that RAN nodes should identify call type/classification before RRC connection establishment. For UTRAN network, Establishment cause value IE in RRC Connection Request could be sufficient for the following RAT determination operated by RNC, which is shown in the table below. However, corresponding information seems to be not sufficient in E-UTRAN network currently.

Note: Cause for an RRC connection establishment request for UTRAN from TS25.331
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Establishment cause
	MP
	
	Enumerated(

Originating Conversational Call,

Originating Streaming Call,

Originating Interactive Call,

Originating Background Call,

Originating Subscribed traffic Call,

Terminating Conversational Call,

Terminating Streaming Call,

Terminating Interactive Call,

Terminating Background Call,

Emergency Call,

Inter-RAT cell re-selection,

Inter-RAT cell change order,

Registration, Detach,

Originating High Priority Signalling,

Originating Low Priority Signalling,

Call re-establishment,

Terminating High Priority Signalling,

Terminating Low Priority Signalling,

Terminating – cause unknown, MBMS reception, MBMS ptp RB request,
	Nine spare values are needed.
	

	
	
	
	Delay Tolerant Access)
	
	REL-10


2.2 Connected Mobility Enhancements
In Scenario 3a, due to NodeB and eNodeB co-location, some optimization could be considered for inter-RAT connected mobility. As illustration above, it is obvious that a MSR base station could exchange information directly between eNode B and NodeB via internal communication, so there is no need for inter-RAT handover related information to go through eNodeB/MME/SGSN/S-GW/RNC whole path. Hence, improvements of RIM and inter-RAT connected mobility could be designed in order to largely reduce the signalling load between RAN and Core Networks. There are many possible approaches to improve inter-RAT connected mobility with the consideration of internal interface, one of which can be illustrated in following Figure 3, which could significant simplify the preparation phase of inter-RAT PS handover at least. It is noted that from the experience and simulation results, the latency reduction of preparation phase would be beneficial to increase successful rate of handover.
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Figure 3 Inter-RAT handover sample procedure via internal communication between EUTRAN and UTRAN for MSR scenario
Proposal 1: It is proposed to discuss service-based call redirection, and inter-RAT connected mobilty improvements in Section 2 for MSR scenario at least.
3 Discussion on LTE hotspot scenario
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Figure 4
Scenario 1: One RAT (LTE or UMTS) is deployed for capacity improvement while the other RAT (UMTS or LTE ) provides full overlapping coverage:

· Scenario 1a: UMTS provides full coverage where LTE provide only a partial coverage for capacity improvement, 

This scenario describes the deployment of E-UTRAN at the initial stage for some operators, and the E-UTRAN cells are only deployed for capacity enhancement at some hot spots, therefore, the continuity of LTE coverage could not be guaranteed. The legacy network provides the basic coverage for those UEs with multi-mode capability and the E-UTRAN only UEs could not be served when they are out of the coverage of E-UTRAN hot spots. 
In such scenarios, currently there is no direct communication among RAN nodes from E-UTRAN and UTRAN. It is obvious that the serving area of a RNC is much bigger than that of an eNodeB. According to current mechanism, the RNC may exchange with each eNodeB in the overlapping area related mobility information. Inter-RAT mobility information exchange involves eNodeB/MME/SGSN/S-GW/RNC whole path, hence, signaling overhead between RAN and CN will be developed fast considering the increasing of eNodeBs deployment.
Compared to MSR, there seems to be more challenges to improve such scenarios for service-based call redirection or inter-RAT handover. Therefore, adding direct interface between EUTRAN and UTRAN in such particular scenarios has become a possible approach (though not the best). By using direct interface within the RAN side, similar optimization as in MSR scenarios above could also be implemented in Scenario 1, which is likely to give impact to networks to a certain degree.

Therefore, if such direct interface is inevitable in particular scenarios improvements, we recommend to reuse the existing interface protocol stack between the RAN nodes of EUTRAN and UTRAN, rather than to build a new protocol stack. For instance, Iub or Iur interface could be discussed to reuse for connecting RNC and Pico eNodeBs to largely degrade the impact to 3G RNC. Besides, the number of logic connections between eNodeBs and RNC should also be limited.
Proposal 2: Similar improvements in Proposal 1 could be discussed for Scenario 1. In order to degrade impact to UTRAN network, it is recommended to reuse the existing protocol stack for direct interface in particular scenarios if inevitable, e.g. Iub or Iur.
4 Conclusion
In this contribution, some of potential enhancements for typical scenarios of RAN Enhancements for UMTS/HSPA and LTE Interworking SI have been illustrated and discussed to initial the enhancements discussion.
Proposal 1: It is proposed to discuss service-based call redirection, and inter-RAT connected mobilty improvements in Section2 for MSR scenario at least.
Proposal 2: Similar improvements in Proposal 1 could be discussed for Scenario 1. In order to degrade impact to UTRAN network, it is recommended to reuse the existing protocol stack for direct interface in particular scenarios if inevitable, e.g. Iub or Iur.
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