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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]. In [3] the need for a procedure to adjust automatically HO setting after a LB action has been presented. The same procedure can be used also for MRO use case, as it has been presented in [4]. This clarifies some details of the proposed procedure.
2 Discussion
2.1 Possible solutions

Execution of a handover with cause “Reduce Load in Serving Cell” requires some further action to prevent the affected UE from ping-pong (through subsequent “normal” handover). Note that even if it is still in the hysteresis region it will suffer a much higher ping-pong probability than a UE handovered due to radio reasons.

Certainly the hysteresis region could be increased. However, this would undermine other SON mechanisms which control the hysteresis parameter. For example, MRO mechanisms may monitor ping-pong rates, too early/too late handovers, UE velocities, etc. and adjust the hysteresis accordingly.

Another option would be introducing a timer for load balancing handovers. This would protect users from ping-pong for a given period of time, but it would not be able to differentiate a ping-pong effect from a desirable handover due to changing conditions. If the load balancing handover was decided incorrectly, or if the UE is moving towards the original cell, it will be very likely to drop the call since it will not be allowed to handover back.

The only proper method which does not interfere with other mechanisms is negotiating a new cell boundary with the neighbor as described in the this document. In cases of permanent load concentrations this has the further advantage that the cell boundary converges towards an optimal value which holds for future UEs as well, i.e. those UEs will do “normal” HOs instead of load balancing handovers.

2.2 Current status
The TR 36.902 was slightly updated during the RAN WG3 #64 meeting in San Francisco. It is assumed the LB algorithm estimates if any adjustment is needed and if it is, it initializes a procedure to execute the change. It is also assumed that the change must be synchronized between the involved eNBs, so that the change may be committed only if both of the involved cells are ready for it. However, several points remain unclear:
· How the eNBs are to exchange information about the needed adjustment of the HO settings?

· What information is to be exchanged?

· How an operator can control the process?

This paper aims at clarifying those issues.

2.3 Requirements for the load balancing negotiations
The requirements have already been presented in [3], but it is worth while reviewing them once again. These requirements for the negotiation 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.

2.4 Proposed solution
In this chapter possible solution to the open issues listed in the introduction is presented.
Exchange method

The HO negotiation should be enabled between eNBs and it should be automatic (i.e. without manual intervention). The negotiations can be done over X2. Obviously, the scope of the negotiations can be limited and, in the most extreme case, disabled altogether. Disabling HO negotiations is not identical to disabling load balancing, though it limits its performance. Also, the operator is able to control the range within which the HO setting may vary, and to monitor the current HO setting (at least in a statistical way).
Negotiated quantity

HO algorithm is not standardized and therefore it is difficult to control it. Examples of quantities that could be used (some of which have already been discussed) are offset value that corresponds to the offset used in measurements setting, offset value that the cell border is to be shifted or directly the distance to shift the border. From all of the above the offset corresponding to the UE measurements setting seems to be the clearest. Of course, it must be specified that the HO algorithm will use the negotiated quantity in the measurement configuration, but is easier to interpret than the other possibilities.
Control of the procedure
Negotiation of HO setting that happens automatically between eNBs may be seen as a threat to the network planning. It is therefore important to emphasize possible ways to limit the impact of the negotiations. The most obvious one is setting of the limits for the negotiations in a form of a range of parameters, within which SON can act autonomously. If the negotiated quantity is the measurement offset, the range can be defined as the maximum and minimum values for the offset. In the most extreme case, when the two values are the same, the HO negotiations are off. 
2.5 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).
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.
2.6 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 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 accept the proposed method for negotiating HO configuration and specify it in the TS 36.300 (a corresponding CR is presented in [5]).
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