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1 Introduction

Upon the post-meeting email discussion of RAN3#79, the following scenarios were indentified 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.
Correspondingly, in this contribution we focus on the inter-RAT load balancing between UMTS/HSPA and LTE networks in the context of the abovementioned Scenario#1 and #2.
2 Discussion
2.1 Prioritized scenarios
The commonality of the Scenario#1 and #2 is that there is RAT#1 macro cell providing large-scale coverage and RAT#2 low-power node (LPN) cell deployed for coverage extension or capacity boosting. From network deployment aspect, the RAT#2 LPN cells may be sparsely or densely deployed.
In case of sparse deployment, the network is assumed to be coverage-limited rather than capacity-limited, which means the RAT#2 LPN cells are likely deployed for coverage extension instead of capacity boosting. On the other hand, when the network is capacity-limited, it is foreseen that the RAT#2 LPN cells would be densely deployed at hot spot/area.

Note that the average/peak value of traffic volume in capacity-limited network is expected to be much greater than that of coverage-limited network. In another word, the UE number would be much larger in capacity-limited network than in coverage-limited network. 
Note that less UEs plus less inter-RAT cells would lead to less inter-RAT interworking, no matter from mobility or load balancing aspect. Regarding the RAN enhancements of UMTS/HSPA and LTE interworking, it is reasonable to expect that the solution shall provide benefits proportionally to the occurrence frequency of inter-RAT interactions. Therefore, we can conclude that for sparse deployment scenario:

· The benefits of enhanced inter-RAT interworking, e.g. signaling load reduction in CN, are not significant;

· The existing inter-RAT interworking mechanism is sufficient. 
On the contrary, enhanced inter-RAT interworking can be very essential for dense deployment scenario due the much higher occurrence frequency of inter-RAT interactions, especially from inter-RAT load balancing aspect. Hereby, we propose that:
Proposal 1: The scenario of densely deployed inter-RAT LPN cells shall be discussed with high priority.
2.2 CRE-based inter-RAT load balancing enhancement
The performance of load balancing is essential in capacity-limited network. The network resource can be efficiently exploited and the chance of congestion is kept low enough when traffic is evenly distributed.  Recall that currently LTE and UMTS/HSPA can exchange status information of RAN level load situation by existing RIM-based signaling, we consider the potential way forwards for inter-RAT load balancing enhancement could be as follows:

· WF#1: RAN level interworking of UMTS/HSPA and LTE 

· WF#2: Reduction of inter-RAT operations 
WF#1 implies that a horizontal interface between inter-RAT RAN nodes will be introduced, through which RAN level interworking can be applied with less intervention to/from CN. However, the shortcoming of WF#1 makes it less desirable that both RAN and CN nodes need to be updated with great efforts. So, our preference is to reduce the resource-consumed inter-RAT operations as much as possible, meanwhile exploit the intra-RAT RAN level coordination, e.g. X2-based load balancing, as far as possible. 
Proposal 2: The way forward of inter-RAT load balancing enhancement could be that reducing the resource-consumed inter-RAT operations as much as possible, meanwhile exploiting the intra-RAT RAN level coordination as far as possible.
Based on the above conclusion, we tentatively introduce a CRE-based inter-RAT load balancing enhancement. The concerned scenario is that RAT#1 provides full coverage while RAT#2 LPN cells are densely deployed for capacity boosting.
Considering that RAT#1 needs to offload UEs to RAT#2 LPN cells, the conventional procedure could be as below:

1) By inter-RAT signaling, the RAT#1 cell is informed about the load situations in RAT#2 cells;

2) The RAT#1 cell configures its UEs to measure the selected RAT#2 cells with low traffic load;

3) When RRM report is received from UE, the inter-RAT HO for load balancing is triggered by the RAT#1 cell.
From the above procedural descriptions, we can conclude that the conventional inter-RAT load balancing operation is quite time-/resource-consuming. 
Observation 1:  The conventional inter-RAT load balancing operation is quite time-/resource-consuming. 
The existing CRE mechanism is designed for intra-LTE HetNet that LPN cell can enlarge coverage radius to absorb more traffic load from macro cell layer. Note that CRE mechanism is on the basis of per cell-pair relationship. Herein we assume that it is technically viable for UMTS/HSPA to adopt this CRE mechanism.  Therefore, in the context of the same scenario, our tentative solution includes the following steps:

1) Simple radio link quality-based policy is adopted by the RAT#1 cell to trigger inter-RAT HO. There is no need for RAT#1 to acquire load information of the RAT#2 LPN cells through RIM signaling; 
2) When traffic load became unbalanced in neighboring LPN cells, the intra-RAT load balancing mechanism would be started. The LPN cells may use intra-RAT signaling to exchange load information;

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

The merits of the solution 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. Therefore, we propose RAN3 should further study the feasibility of CRE-based inter-RAT load balancing enhancement. 
Proposal 3: It is proposed that RAN3 should further study the feasibility of CRE-based inter-RAT load balancing enhancement. 
3 Conclusion

In this contribution, based on the conclusion of the post-meeting email discussion of the scenarios for RAN enhancements of UMTS/HSPA and LTE interworking study, we identify that the scenario of densely deployed inter-RAT LPN cells shall be discussed with high priority. Moreover, we introduce a candidate solution for inter-RAT MLB enhancement where the existing CRE mechanism is extended to the scope of neighboring LPN cells. Our proposals are summarized as follows:
Proposal 1: The scenario of densely deployed inter-RAT LPN cells shall be discussed with high priority.

Proposal 2: The way forward of inter-RAT load balancing enhancement could be that reducing the resource-consumed inter-RAT operations as much as possible, meanwhile exploiting the intra-RAT RAN level coordination as far as possible.

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