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1. Introduction

RAN3 has been discussing the load balancing use case for one year now. This use case requires the exchange of a load indication between nodes, independently of the architecture that is applied. This paper does not address architecture aspects for the load balancing use case but focuses on the load indication in itself. As mentioned in RAN3 LS to RAN1 agreed as part of RAN3#58 [1], "RAN3 discussed a possible characterisation in terms of actual information to be exchanged among the network nodes and different approaches have been considered, the main ones being:

1. The exchanged information should allow to estimate the total cell load on the radio interface both for uplink and downlink,. Other possible measurements/indicators not related to load on the radio interface may be taken into consideration (e.g. eNB processing load) and it was decided to further analyse these aspects within RAN3.
2. The exchanged information does reflect the load situation within a cell in general terms that can be interpreted by different vendors without specifying the underlying measure and without distinguishing between “load aspects” as for approach 1, but rather providing a load indication based on unspecified RRM functions definition of load."
In the rest of the current document, the first approach is referred to as the detailed solution whereas the second one is referred to as the generic solution. This paper aims at analyzing pros and cons of both approaches and at presenting resources that have to be considered as part of this load indication definition.
2. Solutions analysis
2.1 Generic solution

As mentioned above, the generic solution reflects the load status of a cell in general terms and provides a load indication based on RRM functions. It would typically give a view of the load indication that is being used for the admission control function.

Advantages
- The advantage of such a solution is related to specification efforts. It is obvious that such a generic approach does not require long discussions in 3GPP as it relies on vendors' specific solutions.
Drawbacks

- The main drawback of the generic solution is related to multi-vendor aspects. Figure 1 illustrates interoperability issues that can be met when considering a generic indicator. In that example, the UE camps on the source eNB of vendor A (in blue). The cell supported by this source eNB is supposed to be congested, thus load balancing may be of interest to decrease call blocking probabilities at admission. This UE is also under target eNB1 and target eNB2 coverages. Target eNB 1 is supplied by vendor B (in grey) whereas target eNB2 is supplied by vendor A (in blue).
In that case, vendor A considers three different resources (namely the radio load, the eNB processing load and the S1 load) to define its generic load indicator value. Otherwise, vendor B considers two different resources only (the radio load and the eNB processing load). In addition, the load situations for target eNB1 and target eNB2 are supposed to be as follows:
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Figure 1 Generic solution's interoperability limitations for the load balancing use case
Then, target eNB1 reports a generic indicator 1 mentioning a low load (despite real S1 load is high) whereas target eNB2 reports a generic indicator 2 mentioning a medium load. Thus, the load balancing algorithm will tend to direct the UE from source eNB to target eNB1, considered erroneously as not loaded, leading to negative impacts on E2E QoS. This example highlights the fact that such a generic solution would make load balancing inapplicable in a multi-vendor scenario as the source eNB cannot fully trust vendors' specific parameters.
2.2 Detailed solution

The detailed solution consists of a set of detailed standardized measurements that are specified to assess the load of a cell. This detailed solution excludes vendors' specific values.
Advantages
- The main advantage of the detailed solution is related to multi-vendor aspects. If we take the same example as given before (see Figure 2), the source eNB can rely on the same type of information for target eNB1 and target eNB2. The source eNB is fully aware of the load status of both target eNB1 and target eNB2. 
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Figure 2 Detailed solution's interoperability for the load balancing use case
Thus, the load balancing algorithm will tend to direct the UE from source eNB to target eNB2, leading to capacity gains of the system. This example highlights the fact that such a detailed solution would make load balancing applicable in a multi-vendor scenario as the source eNB can fully trust standardized measurements. Knowing the load status of different resources and not only relying on a generic indicator could also be useful as part of load balancing decision. In essence, the more information you get, the best decision you take.

- Another advantage of the detailed solution is that eNB measurements that would be defined for the load balancing use case could also be useful for other purposes such as network monitoring, handover decision optimization, interference control…
Drawbacks

- The main drawback of the detailed solution is related to the standardization effort. Indeed, 3GPP member companies know very well how difficult it is to agree on eNB measurements that would give appropriate information to define the load of a cell.
- Some companies mentioned some possible harmful interactions between a load balancing mechanism based on detailed measurements and vendors' dependent mechanisms such as the admission control. Such an assumption could be true in case some major information would be missing in specified eNB measurements. Logically, load indication, if properly specified by 3GPP should not lead to cell reselection/handover parameters reconfigurations that would be irrelevant with vendors' dependent admission control mechanisms. An appropriate tuning of threshold values used for load balancing shall highly minimize eventual negative interactions that could occur between the standardized load balancing mechanism and vendors' dependent algorithms such as the admission control.
2.3 Proposal

Based on the pros and cons of both generic and detailed solutions, it is proposed to agree on the following:

Proposal 1: Load information exchanged between nodes for load balancing purpose shall be based on detailed and specified eNB measurements.
3. Resources to be considered
As already mentioned in [1], "Other possible measurements/indicators not related to load on the radio interface may be taken into consideration (e.g. eNB processing load) and it was decided to further analyse these aspects within RAN3.". 

For the time being, RAN WGs have considered the radio resource only when defining eNB measurements to assess the cell load status. It is a sensible approach as the radio interface is traditionally known as the bottleneck of the radio access network. 
However, the access network dimensioning stage does not only focus on the radio interface but also applies to the following two resources:

· Base station processing,

· Transport network.

Typically, 3G operators do not only focus on the radio interface when dimensioning their networks. They also define the number of Channel Elements and the number of E1/T1 links that are needed to support the traffic demand. Such kind of rationale will also be valid for the LTE system as eNB processing and transport network resources will be finite resources. Based on the above discussion, it is proposed to agree on the following:
Proposal 2: Load information exchanged between nodes for load balancing purpose shall inform nodes on load status for radio, eNB hardware processing and transport network resources.
4. Conclusion and proposal
It is proposed for RAN3 to discuss and clarify the load information exchange for the load balancing use case based on the proposal below:
· Proposal 1: Load information exchanged between nodes for load balancing purpose shall be based on detailed and specified eNB measurements.
· Proposal 2: Load information exchanged between nodes for load balancing purpose shall inform nodes on load status for radio, eNB hardware processing and transport network resources.
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