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Rationale

The TR [1] studies potential areas where performance of standard D-SON MLB  (or D-MLB SON) functions can be improved by OAM aspects resulting in a Hybrid SON configuration (different from D-MLB configuration, for example). 
The Hybrid SON configuration, for load balancing aspects, requires NM to use of historical load records to predict a future load situation, in the following manner:

1. Nodes, where D-MLB is running, collect its loading information;
2. Nodes send the collected information to Hybrid SON NM algorithm periodically;

3. The Hybrid SON NM algorithm analyzes the received information which is the historical load records;

4. Based on the analysis, the Hybrid SON NM algorithm instructs individual D-MLBs to change their behaviour (when required from perspective of NM).

The use of the above-described procedure, necessary for Hybrid SON, has a cost. 

The intent of this paper is to identify "the cost" such that we can properly evaluate if using Hybrid SON for load balancing aspect is cost-effective.
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4.2.5 Use of historical load records to predict future load situation
This TR studies Hybrid SON standard mechanisms allowing the Hybrid SON NM algorithm to issue instructions to D‑MLBs. One necessary element of this Hybrid SON configuration is a mechanism for nodes, running D-MLB, to report loading information periodically or on demand to the Hybrid SON NM algorithm. 
This Hybrid SON strategy allows the Hybrid SON NM algorithm to use the loading information reported to predict future loading situation; then issue instructions, if deemed necessary, to potentially change the D-MLBs intended behaviour/action.
This subclause identifies potential impact (cost) of using this Hybrid SON, for load balancing aspects, strategy.
A. The prediction (of future), based on the observed past, is unreliable. The use of probability is associated with an incompleteness of knowledge. Given that D-MLB has the real-time loading knowledge (and act accordingly), it is questionable to use Hybrid SON where the Hybrid SON NM algorithm has to use prediction (and instruct the D-MLB to change its course of action).
B. This Hybrid-SON strategy can be classified as Frequentist probability or frequentism which is the standard interpretation of probability. By definition, in our context of discussion, loading strategy that can handle average load would fail when higher than average load occurs. .
C. This Hybrid-SON negative effect can be explained using Jensen's inequality (also known as the flaw of averages when applied to averages). The following is a use case on such effect.
Potential negative impact of Hybrid-SON for load balancing
The user i in a cell desires the bitrate Ri in the downlink (uplink is analogous). Over a time window, each user thus needs (Ri * the length of the time window) bits transferred. Consider a long term time window T (typically as considered by the Hybrid-MLB), and a short term time window t (typically considered by D-MLB). 
Assume that T=N * t, and let n denote a short term time step, n=1,…,N.
At time step n, the user is scheduled based on the CSI feedback CQIi,n, and the corresponding bits Bi,n that can be transferred with an acceptable BLER in one PRB can be seen as a function f() of the CQI, Bi = f(CQIi,n). 

Thus, the total number of PRBs at short term time step n can be expressed as:
PRBtot,n = sum,i [Ri*t/f(CQIi,n)]

Furthermore, the average number of PRBs over the long term time interval T can be expressed as:
PRBave = 1/N * sum,n [PRBtot,n]

Due to Jensen’s inequality (also known as the flaw of averages when applied to averages), the long term average PRBave can be quite far off from the short term PRB usage. Hence, comparing the long term load between two cells is of little value when it comes to the short term load situation. In such a short term situation, eNB3 can identify the need and opportunity to offload users from eNB3 to eNB4 based on the short term load situation, but more importantly on the short term radio conditions with respect to eNB3 and eNB4 of served users. For example, load balancing on short term if possible given the served users will maintain good margins to shortage of resources. However, such short term mechanisms do not need any information about the long term averages from NM or recommendations based on such average.

In a simple example, assume uniformly spread bitrates over 20 users in a cell. The figure (left) shows the histogram of the short term PRB usage over the 20 users, as well as the long term average. Clearly, the average can be misguiding at times. In an adjacent cell, there are two users at quite favorable radio conditions that do not fluctuate much, and the figure (right) shows the short term PRB usage histogram and long term average, which in this case are not that far off.
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Load balancing recommendations based on long term averages can thus be misleading, since the recommendation based on long term averages is to always aim at offloading users from cell 2 to cell 1, while in fact the short term load situations can be the opposite with cell 1 more loaded than cell2.

Decisions based on averages will not necessarily be right. 
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