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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 and parameters that can be used have already been defined and listed in [2]. This paper explains a need for a negotiation procedure between cells involved in load balancing and proposes such a procedure.
2 Discussion
2.1 Current status
The TR 36.902 was updated during the RAN WG3 #63bis meeting in Seoul and more detailed description and requirements for the Mobility Load Balancing use case were defined. Therefore currently possible load balancing algorithm running in an eNB may rely on load information provided by its neighbours:
· In intra-LTE scenario:

· allocated PRBs for GBR and non-GBR traffic, for UL and DL separately;

· load level (4 levels) at the TNL and at hardware;

· a composite information on available load that is to be defined yet ([3])

· In inter-RAT scenarios the load information is not defined yet, but it is assumed some will be available. The discussion has already been initiated in [4]
It is also agreed that load balancing will be based on HO parameters, in particular:

· HO commands

· Cell specific offsets used 

This narrows down the scope of discussion, but still leaves plenty of open issues. Especially, a scenario where, due to load balancing reasons, some users are handed over to a cell offering worse radio conditions may result in immediate return of the shared traffic to the overloaded cell, as the target cell might initiate a back-HO when evaluating its own HO parameters according to the proprietary HO algorithm. An example of this situation is presented in the below figure:
[image: image1.emf]
To avoid such a situation, cells must be able to negotiate HO setting. In particular, the congested cell must be able to propose new HO setting to the neighbour that it shared load with. This will avoid inconsistent HO settings in the 2 cells which are likely to create some trouble. Furthermore, a new, properly negotiated cell boundary will take into account the average traffic behavior which will reduce the need for explicit LB action in the future (active UEs will do “normal” HOs at the appropriate boundary).

However, since the congested cell does not have the full knowledge on the situation and configuration of the neighbour, the latter must be allowed to reject the new settings. These limitations lead to requirements that are listed in the following chapter.

2.2 Requirements for the load balancing negotiations
To avoid a situation as presented above, it is necessary to enable a negotiation procedure that could be used to inform the neighbour about changes in HO configuration. Requirements for the procedure are as follows:

· The congested cell that initiated load balancing procedure must be able to inform the neighbour that load is shared with about the new HO setting.

· The neighbour must be allowed to modify or reject the proposed setting (this possibility may be needed when the proposed new HO configuration is impossible technically or collides with some other setting).

· The congested cell must be informed about the decision of the neighbour, so that it returns to the original HO setting or continues negotiations.

· If the negotiations are enabled, a “stop” condition has to be defined.

· It should be remembered that the handover algorithm is proprietary. Therefore the interpretation of the parameters used in the negotiation process should be specified so that proprietary handover algorithms will interpret them consistently.

It is open for a discussion whether idle mode mobility setting (i.e. cell reselection criteria) should be negotiated together with HO setting, or in a separate procedure. A joint procedure may seem to be more straightforward, but as it is shown in [5], it may not always be desirable or necessary.
2.3 Example load balancing procedure

An example procedure that fulfils the above requirements and uses the parameters and tools defined earlier, can be as presented below:

1) Overload is detected in cell 1. The cell finds suitable candidate to hand over some of the load to.
2) Cell 1 initialises and executes handover of one or more selected users to selected cell 2. The HO is requested with a cause “Reduce Load in Serving Cell”.

3) Cell 2 accepts or rejects the HO request, according to HO procedure. If the HO is rejected, the negotiations are not started and the load balancing procedure is given up for a period of time (standard timer or O&M setting).
4) Cell 1 estimates if the HO setting (in intra-LTE scenario those are cell specific offset and frequency specific offset) need to be modified; if so, it requests the change in the cell 2 and provides information on the new values of the parameters. The information is sent over X2 (intra-LTE case) or over S1 (inter-RAT case).
5) Cell 2 analyses the new setting and either accepts it, or rejects. If accepted, it modifies accordingly its HO setting toward the cell 1 (cell specific offset and frequency specific offset) and sends the acceptance to the cell 1. If rejected, it sends a reject with an appropriate cause value.

6) Cell 1, if it receives acceptance, executes the planned modification of the HO setting. If it receives rejection, the HO setting remains unchanged. In the latter case, cell 1 may reinitialize the negotiation procedure.

Remarks:

· The same procedure, if it may include also other HO setting, may be reused in other SON use cases, e.g. in mobility robustness optimization.

· The way cell 2 adapts its HO setting may depend on O&M parameters, but must be standardized.

· If cell 2 accepted the HO request, there is very little chance that the subsequent HO setting modification request will be rejected.

· The parameters that would be exchanged and negotiated in inter-RAT case are FFS
· The negotiated value should be used to adjust the setting for idle mode mobility (cell reselection configuration). However, the negotiations for idle mode may be done separately.
2.4 Impact on standardisation

The requirements for the negotiation procedure make following amendments to the standards needed:
· A new request – accept / reject procedure to exchange HO setting over X2 and S1.

· Cell’s behaviour upon reception of a HO setting modification request.

· New O&M parameters that control the cell’s behaviour.

3 Proposed text changes in TR 36.902

*** Omitted part, kept unchanged ***

4.6.2
Required functionality

General features of the solution are as follows:

Functionality: An algorithm decides to distribute the UEs camping on or having a connection to a cell, in order to balance the traffic load. This may be achieved by delaying or advancing the handing over of the UEs between cells.

Actions:

1)
An eNB monitors the load in the controlled cell and exchanges related information over X2 or S1 with neighbouring node(s).

2)
An algorithm identifies the need to distribute the load of the cell towards either adjacent or co-located cells, including cells from other RATs, based on comparison of own load and load information received from those cells.

3)
An algorithm estimates if the HO setting (in intra-LTE scenario those are cell specific offset and frequency specific offset; in inter-RAT scenario the parameters are FFS) need to be modified; if so, it requests the change in the neighbour and provides information on the new values of the parameters. The information is sent over X2 (intra-LTE case) or over S1 (inter-RAT case).

4)
The neighbour analyses the new setting and either accepts it, or rejects. If accepted, it modifies accordingly its HO setting toward the overloaded cell (in intra-LTE scenario those are cell specific offset and frequency specific offset; in inter-RAT scenario the parameters are FFS) and sends the acceptance to the overloaded cell. If rejected, it sends a reject with an appropriate cause value.

5)
The overloaded cell, if it receives an acceptance, executes the planned modification of the HO setting. If it receives rejection, the HO setting remains unchanged. In the latter case, the overloaded may reinitialize the negotiation procedure.
*** Omitted part, kept unchanged ***

4 Summary and Proposal

The presented paper explains the need for a new negotiation procedure that would enable requesting modification of HO parameters. The procedure is needed for mobility load balancing use case, but may be reused in other use cases, e.g. mobility robustness optimisation, too.
It is therefore proposed to include the changes proposed in chapter 3 to TR 36.902 [2].
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