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1 Introduction

In the last 3GPP RAN3#83 meeting, there was consensus in terms of what scenarios RAN3 has to further focus on as part of this RSE SI [1]:
1. S1 Overload procedure

2. MLB

3. PWS related issues.

In this contribution, we clarify a potential problem of load balancing in RAN sharing enhancement and try to propose a corresponding solution to it. 
2 Discussion 
2.1 Background
As agreed in the last RAN3#83 meeting, E-UTRA RAN sharing enhancement allows multiple operators to share the network in the following 2 ways i.e. MOCN and GWCN, as shown in figure 1. The shared E-UTRAN is provided by the Hosting Operator i.e. Operator A, who shall be able to specify the allocation of E-UTRAN resources to one or more Participating Operators according to agreed resource allocation scheme. 
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Figure 1: RAN sharing enhancement architectures
2.2 Request based inter-operator cooperated load balancing

It is generally know that load balancing can be performed from the cell with high traffic load to low traffic load neighbour cell(s) to alleviate traffic congestion. In RAN sharing enhancement architecture, in certain scenario when only one operator performs load balancing, the offloading effect may not be significant enough [2]. 
As depicted in figure 2, the deployment scenario of two neighbouring cell1 and cell2 shared by operator A and B. Each operator possesses 50% radio resources share of the cells. However, if one operator (operator B) has available radio resources share in a cell (cell1), the spare radio resources can be shared with the other operator (operator A) based on prior agreement. In other words, one operator can be allocated more radio resources than its share, if the other operator permits. 
Currently, in figure 2, the service of operator A is increasing and the service of operator B is relatively steady. Meanwhile, cell 1 is still congested after operator A performs load balancing. If further load balancing is performed by operator A in cell1, the quality of service cannot be guaranteed for the offloaded users of operator A. In this case, operator A can request operator B to help perform load balancing in cell2, because cell2 (cell1’s neighbour cell) has available radio resources. With inter-operator cooperated load balancing, operator B can offload part of its users from cell1 to cell2 to alleviate the traffic congestion in cell1. Hence, operator A may have enough resource to satisfy its user services. Therefore, such inter-operator cooperated load balancing is beneficial from an operator’s perspective and we propose:
Proposal 1: Request based inter-operator cooperated load balancing should be supported in Release 12 RAN sharing enhancement.
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Figure 2: Motivation of inter-operator cooperated load balancing

However, inter-operator cooperated load balancing may bring potential problem of offload direction conflict, as depicted in figure 3. For example, both cell 2 and cell3 are cell1’s neighbour cells. When cell 1 is congested and operator A requests operator B help to do load balancing in cell1, it is very obvious that operator A wants operator B to offload its users to cell2, because operator A has available share in cell2. If operator B occupies its own available share in the neighbour cells, this means more cost for operator A. In contrast, operator B prefers to offload its users to cell3, because operator B has more available share in cell3 than that in cell2. Therefore, offload users to cell3 has less congestion risk compared with offloading to cell2 for operator B. Hence, operator A and operator B’s preferred offload direction is conflicted. In this case, it is necessary to introduce an effective mechanism to determine the offload direction between the 2 involved operators. As this inter-operator cooperated load balancing is triggered and paid by operator A, the offload direction should be determined by operator A.
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Figure 3: Offload direction conflict in RAN sharing enhancement
Proposal 2: Offload direction preference issue in inter-operator cooperated load balancing should be solved in Rel-12 RAN sharing enhancement.

Based on the analysis above, the following steps would help resolve offload direction issue and perform inter-operator cooperated load balancing:
· Step 1: The operator triggering inter-operator cooperated load balancing determines the target eNB based on the operator specific load information of neighbour cells;
· Step 2: Source eNB sends cooperated operator indication to the target eNB;
· Step 3: The cooperated operator adjusts parameters in both source eNB and target eNB(s).
Proposal 3: The offload direction should be determined by the triggering operator of inter-operator load balancing.

3 Conclusions
Based on the discussion, our proposals are provided as follows:
Proposal 1: Request based inter-operator cooperated load balancing should be supported in Release 12 RAN sharing enhancement.
Proposal 2: Offload direction preference issue in inter-operator cooperated load balancing should be solved in Rel-12 RAN sharing enhancement.
Proposal 3: The offload direction should be determined by the triggering operator of inter-operator load balancing.
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