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Introduction
[bookmark: _GoBack]This paper reviews Load balancing procedure and highlights some issues that may be very relevant to operators with multi-vendor products. The contribution also discusses some multi-vendor products deployment scenarios and concludes with a proposal.
Discussion
Background: Load Balancing Procedures 
The purpose of load balancing is to influence the load distribution in such a manner that radio resources remain highly utilized and the QoS of in-progress sessions are maintained to the extent possible and call dropping probabilities are kept sufficiently small. In the real network, it is often used as a method to distribute the users in different cells and obtain a better resource utilization.
In current specifications, the basic load balancing procedure is defined in four steps as indicated in Figure 1. However, there are some issues in those four step procedures. 
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Figure 1. Current Procedure for Load Balancing
Issues on Current Load Balancing Procedures


· Issue on Step 1: Load Estimation 

In this step, the source cell in eNB1 will perform the evaluation of its load situation based on some pre-defined mechanism, and try to draw a conclusion whether it is necessary to do the load balancing. However, when to perform the evaluation is not defined in specification. Therefore, with this flexibility, eNBs may perform the resource status exchanging procedures and do the load balancing when it may not be necessary, or versa vice. For example, some eNB may have many Non-GBR traffic, and occupy a lot of PRB resources. However, it may still trigger the load information exchanging procedure and consequently load balancing procedure, while this is not needed with considering that the PRB usage for Non-GBR traffic could be reduced. In this case, the load estimation is not so precise to reflect the real load information carried in the eNB.
Observation1: With the current load balancing procedure, eNBs may perform the resource status exchanging procedures and do the load balancing when it may not be necessary, or versa vice
· Issue on Step 2: Resource Status Exchanging.

This is a procedure, which has been specified. However, some IE, with optional characteristics, that are important for load balancing may not be exchanged. Furthermore, specific IE like the capacity value is not precisely defined, e.g. whether the capacity value has to considered the characteristics of non-GBR traffic or not.
Observation2: Clarification on the usage of some IE and their role in load balancing procedure may   be necessary
· Issue on Step 4: HO procedure

This procedure executes the decision of load balancing, and reusing current HO procedure is sufficient. However, appropriate cause value should be clearly defined for the triggering reason and failure case of HO. Since the OAM will track the statistics of each kind of HO and also the failure type, the various cause value will lead to uncle statistics of HO type and failures.
Observation3: the current cause value may not be clarified enough to allow operators to have detailed statistics of HO type and failures.
Normally, the problems mentioned in the three steps above could be solved by vendor implementation. However, different vendors may use variant algorithm for load balancing procedure in their eNBs. Thus, when two eNBs eNB1 and eNB2 belong to different vendors, the above issues may be very relevant to the operator as their algorithm may slightly differ; e.g.; if a IE is optional, one vendor may include it in its algorithm and another vendor may skip it.
Therefore, 
Observation 4: In case operators operate multi-vendor products in their network, load balancing procedure may require some inter-vendor solution refinement.
Possible Multi-Vendor Load Balancing Scenarios
With the coexistence deployment of the LTE network in different bands (Band 39 and Band 41) and also with the two LTE versions (TDD, FDD) in operator networks, scenarios for multi-vendor load balancing are becoming more and more obvious.
· Homogeneous Inter-Band Scenarios

This scenario includes coexistence deployment of the LTE network in FDD-FDD, TDD-TDD and FDD-TDD cases. For example, in our network, we are deploying TD-LTE in Band 39 and Band 41 together in many areas, while in general the equipment of those two Band belong to different vendors. In Hong-Kong, we have deployed FDD LTE and TD-LTE in different Band and the equipment are also from different vendors.
Furthermore, in European countries e.g. Denmark, Germany, etc., some operators also have the possibility to deploy and operate TDD and FDD LTE from different vendors
· Heterogeneous Scenarios

With more and more low power node deployed in the network together with conventional macro base station, e.g. Pico, small cell, DAS, etc… The multi-vendor equipment deployment will become more and more frequent with considering appropriate purchasing policy.
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Figure 2. Multi-vendor Scenario Indication
Observation 2: With Multi-vendor equipment deployment, in current and future LTE network, inter-vendor load balancing issues should be considered and solved.
Conclusions
Proposal: RAN3 is kindly asked to discuss issues related to multi-vendor load balancing and resolve them in an appropriate way.
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