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1 Introduction and Abstract

In [1] load balancing has been included as a SON use case for the Rel. 9 work item on SON. The requirements agreed in TR 36.902 [2] list “composite information” on available resources as one of the values signaled among neighbours in intra-LTE load balancing. This paper proposes a solution for this requirement: exchanging information on available PRBs that can be utilized for accommodating traffic transferred from congested cells.
2 Discussion
2.1 Load information standardized in R8

In TS 36.423 for Release 8 [3] the resource status update contains, for UL and DL separately:
· S1 TNL enumerated load indicator (4 levels)

· Hardware enumerated load indicator (4 levels)

· GBR, non-GBR and total PRB usage (integer 0..100)

2.2 A new load information for intra-LTE load balancing
The information standardized for Release 8 is important for performance monitoring in OAM and enables basic load balancing, but for the latter is not complete. In particular, it does not take into account operator’s policy for particular cells (e.g. how much of non-GBR traffic can be reduced in data rate or sacrificed, or, alternatively, how much of free resources have to be reserved for expected GBR services in the given area). It has been therefore agreed and written in TR 36.902 that “composite” information of available resources is also signaled in intra-LTE load balancing scenarios. This information must fulfill certain requirements:
· It should be tailored for optimal load balancing performance, e.g. so that unnecessary HO requests (incl. signaling overhead and delays) are avoided and that maximum gain is achieved.

· It should combine TNL, hardware and radio information (including limitations of control channels; regarding the radio resources, there is no reason to split it into GBR and non-GBR indicators, if the R8 load information is kept).
· The decision about resources available for load balancing should be made independently in the cell that is concerned.
· The information on available resources should be clear, possibly numerical, and leave no space for interpretations.

· An eNB should be aware that the neighbors receiving this information will rely on it, i.e. an eNB shall accept afterwards load balancing requests which fit to the signaled available load (unless another cell’s request has already been accepted).
The simplest load indicator that fulfills the above requirements is amount of PRBs available for load balancing. It is further discussed below.

The available PRBs refer to radio resources, but there is no reason why it should not take into account status of TNL and hardware: if a cell experiences high load in the hardware, it may report limited amount of PRBs available, even if the radio interface is not congested. For example, based on the remaining hardware load an estimate of the equivalent additional traffic, and hence PRBs, could be given taking into account the particular design of the eNB.
Figure 1 (left figure) shows the release 8 situation. As described above an overloaded cell receives reports on TNL and hardware load, as well as on PRB usage. From this raw information the overloaded cell has to derive the information relevant for load balancing. More specific, the cell needs to determine how much load it can transfer to the.reporting cell. However, any information beyond the reports is certainly lost. For instance, the reporting cell my want to protect the GBR traffic, or it may squeeze the non-GBR traffic, but only to a certain extent. Such information is entirely lost, but it would be available to an arbitrary level of detail at the reporting cell. By means of the composite load (Figure 2), a reporting cell would already take this information into account and report exactly the available load which it is willing to accommodate in the future. If TNL or hardware gets limiting it would reduce the reported composite (available) load accordingly. 
In any case the reporting cell has definitely best knowledge about all those details (including its strategy to accommodate load). Note that the current R8 signaling requires the reporting of raw measurements and does not even allow taking any strategic information (concerning willingness to accommodate load) into account.
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Figure 1 Release 8 Load Information
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Figure 2 Composite Load Information


The decision on the available PRBs may be made in the eNB and the algorithm that is implemented to make it may be fully vendor-specific. It may also be made or influenced by operator via O&M control. A cell that would produce incorrect information will cause degraded performance (increased HO signaling overhead, delay and less success rate for load balancing, but will not undermine the load balancing procedure. This guarantees that cells will behave as “good citizens”.
Available PRBs is a numeric value that leaves no space for different interpretations — the interpretation is straightforward and can be easily standardized. If a neighbour receives this information it clearly knows how much traffic can be handed over to the cell which is not the case with the current R8 signaling. 

2.3 Coexistence of R8 and R9 load information

In the current version of 36.902 ([2]), several issues are left for further study. Taking into account the above argumentation, they all can be closed now:

The composite load information proposed in this document can, in theory, replace the existing R8 load information. However, that creates the risk of too compressed information: R8 load information clearly separates radio, hardware and TNL resources, whereas the composite information provides only a single value. It may therefore be relevant for the receiving node to maintain the split for radio and non-radio resources, which is provided through R8 information. Also, backward compatibility may be considered in this context, and the information might be used for other mechanisms than load balancing. It is therefore recommended to keep the R8 load information and provide the R9 composite load information as an addition to the existing standard. 
If the R8 and R9 load information is to coexist, it makes sense that they are easily comparable. It is therefore proposed that the available PRBs are reported as normalized value from the rage of 0-100, similarly as in R8.
As explained above, the idea of the composite load information is that it combines all kind of traffic offering a single value that does not need further combining. Because of that the best approach is to avoid splitting it into separate types of resources or services (TNL / hardware or GBR / non-GBR). Such detailed information can be always retrieved from R8 indicators (assuming R8 load information is kept).
3 Proposed text changes in TR 36.902.

*** Omitted part, kept unchanged ***
4.6.5.1
Input data, definition of Measurements or Performance data

It is proposed that load information is used for load balancing. Besides its own load, an eNB must know the load in the neighbouring cells to be able to decide on the appropriate candidate cell for LB action. The neighbour load can be provided with:

Intra-LTE load balancing (information exchanged over X2):

· the current radio resource usage (UL / DL GBR PRB usage, UL/DL non-GBR PRB usage, UL/DL total PRB usage), (further refinements of non-GBR load is FFS)

· the current HW load indicator (UL/DL HW load: low, mid, high, overload),

· the current TNL load indicator (UL/DL TNL load: low, mid, high, overload).

· a composite available capacity indicator (UL / DL PRBs) FFSPRBs available for load balancing (normalised in 0-100 range and combining radio GBR and non-GBR traffic, hardware and TNL resources; UL/DL).
Editor’s notes:

- It is assumed the node indicating available capacity is ready to accept the corresponding traffic, but it is not mandatory.

- It is also assumed that the algorithm to calculate the available capacity indicator is vendor-specific and runs in the eNB that provides the indicator.






*** Omitted part, kept unchanged ***
4 Summary and Proposal

In this paper a new load indicator is proposed: available PRBs. It is proved it is the simplest solution to fulfill the requirements for agreed composite information on available resources. 
It is therefore proposed to agree on this load information and modify the TR 36.902 as proposed in chapter 3. The proposal is also reflected in a CR against TS 36.300 ([4]).
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