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1
Introduction
Several aspects of handover trigger negotiation (Mobility Settings Change) have been discussed by RAN3 in Rel-12, in particular handling of UEs with different radio capabilities (TR 37.822) but also desynchronisation of mobility settings in SON-enabled environment (e.g. in [1, 2]). The present paper aims at including an additional aspect in the discussion, relative to signaling load on the air interface triggered by updates of the handover trigger in a hetnet where multiple small cells are deployed within the coverage of a macro cell, which all may issue handover trigger signaling (Mobility Settings Change) towards the macro cell..
2
Discussion
Load balancing in HetNet is possible by modification of the bias value (handover trigger) which defines the coverage area of a small/pico cell, see figure 1. An increase of the bias value, applied to MUEs and PUEs, will force MUEs to request a handover towards the pico cell, i.e. load is moved from the macro cell towards the pico cell. By decreasing the bias value PUE will be shifted towards the macro cell, i.e. the load in the pico cell is decreased. 
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Figure 1: pico cell range expansion of reduction based on modified bias value

A modification of the bias parameter has to be signalled towards all UEs within the footprint of the macro cell, i.e. to all UEs associated to the macro cell and all UEs associated to the pico/metro cell within the footprint of the macro cell. Each UE is addressed individually by a Radio Resource Control (RRC) message. As pico cells are deployed in area with a large traffic amount it is assumed that many pico cells will be operated within the footprint of one macro cell. As each pico cell will carry out the MLB based on its own traffic load, the changes of bias values will not be synchronised.
Possible options for handling this situation:

· Option 1: Each new bias value is applied immediately to all PUEs and MUEs. Especially within the macro cell this will generate a high RRC signalling load as for each bias modification a new RRC messages with only one bias value are required. 
· Option 2: The new bias value is applied immediately to all PUEs. The reconfiguration of MUEs will be delayed according to an implementation dependent algorithm in order to reduce the RRC signalling load in the macro cell, i.e. after a timer has elapsed (e.g. two minutes) each MUE will be reconfigured with only one RRC message containing all new bias values. 
· Option 3: The option 2 is enhanced with information defined by the pico cell taking into account the load within the pico cell. In case of low load, e.g. an increase of the bias value, the pico cell proposes a large timer value as there is no urgency.. In case of increasing but still normal load the pico cell might define a time interval (e.g.1 minute) while in overload the bias should be applied immediately. It should be the decision of the macro cell which timer value shall be applied, if many pico/metro cells propose different timer values.
As long as the timer has not expired (option 2 or 3) only MUEs applying for new connections or entering the macro cell by incoming HO will be configured with the new bias value.
System aspects related to delayed bias modification (option 2 and 3) are discussed in the following.

If the bias value is increased there will be an unsymmetrical handover during the defined time interval, which is not critical from a system point of view, see figure 2.
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Figure 2: Increase of bias value leading to an unsymmetrical handover
If the bias value is decreased an unstable handover situation occurs, see figure 3. 
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Figure 3: Decrease of  bias value leading to an unstable handover situation 

One solution to overcome this unstable handover situation as long as the timer has not expired might be to avoid triggering handover procedures towards the pico/metro. The concerned MUEs will then remain connected to the macro cell, and may also be immediately reconfigured with the updated smaller bias value. The other UEs served by the macro cell, which are not approaching the pico/metro cell, will not need to be reconfigured. These remaining MUEs will be reconfigured with new bias values, taking into account possible updates also from other pico cells, after expiry of the timer. 
Proposal: It is proposed to discuss benefits and impacts of delaying RRC signaling relative to the update of handover triggers/bias. 

3
Conclusion
In the case many pico/small cells are deployed within a footprint of a macro cell MLB by modification of the bias values will lead to a significant amount of RRC reconfiguration messages towards the MUEs. By introduction of a timer running in the macro cell the signalling load on the air interface can be reduced by the transmission of one single RRC message containing all new bias values. The time values can be proposed by pico/small cell taking into account the internal load within the pico/small cell.  
Proposal: It is proposed to discuss benefits and impacts of delaying RRC signaling relative to the update of handover triggers/bias. 
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