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1 Introduction 
In RAN3 #87bis meeting, the way forward and agreements on RAN sharing were approved [1]. It is agreed that no need to consider the intra-frequency scenario. There is only inter-frequency scenario left for further discussion whether support per PLMN load exchange over X2 interface. This contribution provides initial considerations on inter-frequency deployment scenario for discussion.
2 Discussion

2.1 Inter-frequency Deployment Scenarios

The typical deployment scenarios in operator’s network to support inter-frequency mobility are shown Figure 1. Both eNB and small cells are configured with two bands f1 and f2, e.g. Band 1 and Band 3, providing overlapping coverage. When UEs configured with two or more PLMNs enters the coverage area of small cell 1 or small cell 2, it is a typical use case to analysis the MLB issues related with inter-frequency load balance.
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Figure 1: Typical deployment for inter-frequency scenarios in LTE network

2.2 Inter-frequency Mobility Issue to Maximize Throughput
From Figure 1, the mobility issue for load balance is critical for improving network performance when UEs configured with two PLMNs enters into the small cell coverage. When receiving the handover request by small cell 1, there would be some possible actions according to the radio resource status.
· Successful handover to small cell 1 according to the traffic load of one specific frequency f1 or f2;

· Handover failure due the traffic overload of two bands in small cell 1;

Here, only the successful handover case is considered for further analysis. Since small cell has the capability to measure the traffic load of two bands f1 and f2, intra-cell load balance functionality could flexibly allocate the traffic load between f1 and f2 according to the traffic load report.
For the case a1 [1], both eNB and small cells must enforce/guarantee allocation of resources per PLMN limit only when in overload or during specific time period. It is unpredictable of user distribution and accurate traffic load of each PLMN. It is more realistic to consider that the traffic load of each PLMN varies across small cell 1 and 2. It is assumed that traffic load distributions are f1@small cell 1 > f2@small cell 1 > f1@small cell 2 > f2@small cell 2, and RSRPs are f1@small cell 1 >= f2@small cell 1> f1@small cell 2 >= f2@small cell 2.
For the successful handover case, UE handovers to f1 of small cell 1 according to the strongest RSRP. Then, the intra-cell and inter-cell load balancing will be triggered. UE could sequentially handover from f1@small cell 1-> f2@small cell 1 -> f1@small cell 2 -> f2@small cell 2 obeying the load balance mechanism. It is easily concluded that UE handovers from the strongest RSRP small cell to other cell would decrease the network performance whatever the UE is a new entering or existing for a while. The requirement in the following note in TS 22.101 is cited below.
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Otherwise, UE still camps in small cell 1 and some other UE in small cell 1 handovers to small cell 2, while the total throughput still maintains maximum. It cannot be avoid to discuss about the mechanism which could precisely predict the total throughput increment whether it needs tight coordination between small cell 1 and 2 or not.
Observation: For RAN sharing, the principal objective to maximize throughput could not be achieved without tight coordination for determining the best criteria of load balance.

2.3 Per PLMN Load Information Issue for Case a1 and b
For network management, it is practical to limit the resource percentage for RAN sharing according to PLMN. As the existing load information reflects the total load of each cell, UEs might be rejected during handover procedure to the specific cell, or the service of some existing UE might be interrupted as the lower Qos level. Since the existing load information can not reflect the accurate traffic load of each operator identified by different PLMN, we need to discuss the possibility of supporting per PLMN load information for case a1 and b [1].
For case a1 and b, if the maximum resource usage percentage of PLMN 1 is assumed to be 30% and the total resource usage percentage of both small cells are 50% as shown in Figure1, it is also assumed that the resource usage of PLMN1 in f1 and f2 of small cell 1 are 25% and 28% respectively, while the resource usage of PLMN1 in f1 and f2 of small cell 2 are 15% and 18% respectively. When UE enters into the overlapped coverage area of small cell 1 and small cell 2, UE will handover to the small cell 1 according to the strongest RSRP. Then, UE will be rejected or some other low priority UEs will be interrupted current service as the traffic load in small cell 1 exceeds the usage limitation. This leads to the decrement of the amount of total serving UEs as well as the potential loss of total throughput if the neighbour cell could provide more available resource. Therefore,
Proposal: It is advised to accurately analysis the throughput gains w/wo per PLMN load information for case a1 and b.
3 Conclusions

In this contribution, initial analysis are given based on the typical deployment scenario as Figure 1, and we conclude that,
Observation: For RAN sharing, the principal objective to maximize throughput could not be achieved without tight coordination for determining the best criteria of load balance.

Proposal: It is advised to accurately analysis the throughput gains w/wo per PLMN load information for case a1 and b.
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Note: 	Load balancing capabilities are expected to take into account the allocation of resources to each Participating Operator and the load level for each Participating Operator to the extent possible, so that the principal objective to maximize throughput is not impacted.
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