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1 Introduction

At RAN3#79bis, the following scenarios were agreed for RAN enhancements of UMTS/HSPA and LTE interworking study [1]: 
· 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, 

· Scenario 1b: LTE provides full coverage where UTMS provide only a partial coverage for capacity improvement.

· Scenario 2: One RAT (LTE or UMTS)  provides coverage extension where the other RAT (UMTS or LTE) provides the basic coverage:

· Scenario 2a: UMTS provides basic coverage where LTE provide only a partial coverage for coverage extension.
· Scenario 2b: LTE provides basic coverage where UTMS provide only a partial coverage for coverage extension.
· Scenario 3: 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.

Note that the following issues are to be discussed in this SI [2]:
· 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.

Such objectives imply that Scenario 1, especially for UMTS/HSPA macro and LTE hotspot deployment, shall be dedicatedly addressed when considering potential inter-RAT mobility load balancing (MLB) enhancements for signaling load reduction at CN. 
2 Discussion
2.1 RIM signalling load at CN
Nowadays, rapid increasing penetration of smart phone results in wireless traffic explosion. Correspondingly, smaller cells are applied to exploit more cell splitting gains to satisfy such stringent requirements, which means it is very likely for a certain hot spot/area quite a few small cells are deployed for capacity boosting. In this case, the performance of load balancing is essential for that the network resource can be efficiently utilized and the chance of congestion is kept low enough when traffic became evenly distributed.
Regarding the Scenario 1 where RAT#1 macro cell providing large-scale coverage and RAT#2 low-power node cell (i.e. pre-R12 small cells) deployed for capacity boosting, the inter-RAT MLB is assumed to be triggered frequently. Note that RIM signalling load at CN triggered by inter-RAT MLB can be evaluated from the following aspects:

· Number of RIM associations: each pair of RAN nodes maintains one RIM association;

· Amount of RIM PDU payloads: the payload is proportional to the number of MLB-candidate inter-RAT neighbor cells.

Hereby, for Scenario 1, we foresee significant RIM signalling load at CN in case of RAT#2 small cells are densely deployed at hot spot/area. The same conclusion was also observed in [3].

Observation 1: There would be significant RIM signalling load at CN in case of RAT#2 small cells are densely deployed at hot spot/area.

In another word, the above discussions indicate that enhanced inter-RAT MLB can be very essential for signalling load reduction at CN in dense deployment scenario. Hereby, we propose that:

Proposal 1: In terms of reduction of inter-RAT MLB signaling load at CN, the scenario of densely deployed inter-RAT small cells shall be discussed with high priority.

2.2 CRE-based inter-RAT load balancing enhancement

The existing inter-RAT MLB relies on RIM signalling scheme, which is quite time-/resource-consuming. Additionally, the source cell may need to use more complicated measurement and HO threshold configurations for the purpose of inter-RAT load balancing. 

However, by enabling CRE scheme for small cells, the inter-RAT MLB can be simplified and signalling load at CN can be reduced. In the context of eICIC/FeICIC, the CRE scheme is designed for intra-LTE HetNet where LPN cells can enlarge its coverage radius to absorb more traffic load from macro cell layer. While some recent research suggest that enabling CRE scheme for small cells may bring more gains for inter-layer load balancing, especially regarding non-ideal deployment of small cells. 

More specifically, in [4] the LTE HetNet case has been discussed where the small cells are deployed at different frequency from the macro layer. It was concluded that given uniform UE distribution, no gain of cell range expansion is foreseen because all small cells are equally loaded as illustrated in Fig.1. However, in practice the small cell couldn't be deployed ideally so that the load distribution over small cells is unbalanced. Therefore, the load balancing between small cells can be more efficient by applying flexible CRE between small cells as illustrated in Fig.2.
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Figure 1. Non co -channel deployment without range expansion [4]
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Figure 2. Non co-channel deployment with range expansion in unequal UE distribution [4]

Additionally, in the Rel-12 new study item “Study on UMTS Heterogeneous Networks”, it is proposed that [5]:

1.
Define deployment scenarios and simulation assumptions for heterogeneous networks 

2.
Investigate uplink and downlink interference issues and solutions for co-channel deployment of macro and small cells

3.
Investigate range expansion techniques with multiflow

4.
Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells

5.
Investigate issues and solutions in shared cells scenarios, where shared cell refers to one cell over several transmission points.

In recent RAN1 meetings, some initial discussions also indicate that it may benefit the UMTS network performance, e.g. interference management and load balancing, by introducing CRE scheme for UMTS small cells [6]. Therefore, RAN1 has agreed to study CRE-related solutions as one objective of the SI [7]. 

Hereby, we conclude that it is technically viable to apply CRE scheme for both LTE and UMTS small cells. Based on such mechanism, the inter-RAT MLB procedure can be enhanced as following:

1) When the RAT#1 macro cell detected congestion, it can offload UEs to RAT#2 LPN cells but not necessarily acquiring load information of the RAT#2 small cells through RIM signaling. In another word, in many cases the RAT#1 macro cell can select target RAT#2 small cells, irrespective of their load situations;

2) When traffic load became unbalanced in neighboring small cells, the intra-RAT load balancing mechanism would be started. The small cells may use intra-RAT signaling to exchange load information;

3) The small cell with low load may increase its coverage radius by CRE scheme in order to absorb more traffic load from its heavily loaded neighbor small cell. Consequently, coordinating with each other the RAT#2 small cells can adaptively average their traffic load.  

The merits of such enhancement are that the inter-RAT operations are minimized greatly that only inter-RAT HO signaling is inevitably used, meanwhile the intra-RAT coordination is also exploited to relieve signaling load at CN and the other RAN node. Furthermore, the enhancement has no impacts on UE. Therefore, we propose RAN3 should further study the feasibility of CRE-based inter-RAT load balancing enhancement. 

Proposal 2: It is proposed that RAN3 should further study the feasibility of CRE-based inter-RAT load balancing enhancement. 
3 Conclusion

In this contribution, we analyze the Scenario 1 and foresee that the existing inter-RAT MLB mechanism would impose significant RIM signalling load at CN, which means load balancing enhancement is necessary for the scenario of densely deployed inter-RAT small cells. Based on our investigations on recent research on LTE small cell and UMTS HetNet, we offer the solution for inter-RAT MLB enhancement where the existing CRE scheme is extended for small cells. 

Our observation and proposals are summarized as follows:

Observation 1: There would be significant RIM signalling load at CN in case of RAT#2 small cells are densely deployed at hot spot/area.
Proposal 1: In terms of reduction of inter-RAT MLB signaling load at CN, the scenario of densely deployed inter-RAT small cells shall be discussed with high priority.
Proposal 2: It is proposed that RAN3 should further study the feasibility of CRE-based inter-RAT load balancing enhancement.
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