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1 Introduction
Below solutions for priority redistribution for load balancing is discussed. 
2 Discussion
We make the following Assumptions 

·  Priorities are used to control inter-frequency cell reselection. 

·  To an individual UE, carriers for which load balancing is performed, have different priority. 

·  For the carriers for which load balancing is performed, different UEs have different carrier as the highest priority, second priority etc carrier, and thus load balancing can be achieved. 
·  Now it has also been agreed to have cell specific priority, which means that the prioritization is not static between frequencies, but can change, as the UE moves in and out of coverage of different cells. 
Observation 1: The problem of inter-frequency inter-cell load balancing boils down to how to set priorities for different carriers/cells for different UEs. 
Alternative 1: Random draw
A simple possibility could be to use a random draw function similar to ACB for LTE, i.e. that probabilities for certain configurations could be configured by the network and the UE selects a certain configuration by random draw. This could produce a wanted UE distribution. 
Example:

1.  A need to re-distribute UEs is detected. 

2.  Each UE selects a certain set of configuration parameters based on random draw with a certain probability. For example, probabilities and configuration parameters could be provided to the UEs by System Information. 

Example configuration: 

Probability 0.4 ( Configuration Parameter Set A

Probability 0.3 ( Configuration Parameter Set B

Probability 0.3 ( Configuration Parameter Set C

3.  UEs are re-distributed by executing mobility functions with the new configuration parameters. 
4.  In order to prevent ping-pong, the UEs must keep the given configurations even when in other serving cells, e.g. Set A might make a UE stay in the current cell, Sets B and C may make UE go to other cells. Thus we assume that the configuration parameters are valid for time T. 
Good Case: If one single cell is overloaded, this mechanism could work fine to push Idle UEs to other cells or frequencies. 

Bad Case: If several cells are overloaded, the following problems may occur: 

·  The re-distribution may be triggered recurringly, in different cells. As all UEs are doing the random draw, a large portion of UEs will move back and forth between cells and layers. Cell change mobility increases a lot. 
·  Due to timer T already running in some UEs, those UEs will not react to the redistribution, i.e. in step 2 they will ignore all given configurations and instead continue to apply the configuration they have received in a previous cell. In a bad case this could be a significant part of the UEs. Thus the result of a UE re-distribution is unpredictable. 
Alternative 2: Hash function

A simple possibility could be to use a hash function based on a pseudo-random UE identifier, similar to pre-LTE ACB, where UEs were pseudo-randomly mapped into 10 classes by: 

Class X: IMSI mod 10 = X

For example, if we use 100 classes, the network could specify that UEs of classes 0-32 would have a certain configuration A, UEs of classes 33-99 another configuration B. Provided that the used identifier is pseudo randomly distributed with respect to the modulo operation, this could give the wanted UE distribution. 
Example: 
1.  A need to re-distribute UEs is detected. 

2.  Each UE selects a certain set of configuration parameters based on determining its group by a hash function such as UE ID mod 100. For example, Groups and configuration parameters could be provided to the UEs by System Information. 

Example configuration: 

Groups 0-39  ( Configuration Parameter Set A

Groups 40-69 ( Configuration Parameter Set B

Groups 70-99 ( Configuration Parameter Set C

3.  UEs are re-distributed by executing mobility functions with the new configuration parameters. 

4.  In order to prevent ping-pong, the UEs must shold not change the given configurations even when in other serving cells, e.g. Set A might make a UE stay in the current cell, Sets B and C may make UE go to other cells. Thus we assume that the configuration parameters are either valid for a certain time T or be cross-cell coordinated. 
Good Case: If one single cell is overloaded, this mechanism could work fine to push Idle UEs to other cells or frequencies. 

More Complex Case: The hash function has the nice property that a UE always end up in the same group, i.e. it is not random, but the distribution of the UEs will anyway appear random, as long as the least significant digits of the input identifier have a flat/random distribution among the UEs. 
The non-random property makes it possible to resolve more complex load distribution problems by planning or OAM based algorithms, i.e. if 5% of users should be moved from cell 1 to cell 2, it is possible to do so by changing the parameter set for e.g. Groups 45-49 to trigger those UEs to prefer Cell 2. If this configuration change is applied in the cluster of cells that is load managed, then the load re-distribution is permanent and do NOT need to be followed by other UE re-distributions, to keep this balance. Note that the configuration change would only apply to those 5% of the UEs that need a new configuration. All other UEs would keep their configuration, and there is no need for excessive cell-change-mobility. 
Conclusion: A hash-function such as UE ID mod X can do the same job as a random draw function, e.g. in terms of reactively handling overload in a certain cell (one shot scheme). In addition, as the hash-function is not random, it provides the possibility to proactively by planning or by OAM algorithms plan and control the UE distribution in the network, in clusters of cells etc (continuous randomization scheme). 

Proposal 1: Automatic distribution of UEs shall be based on selecting a certain mobility configuration for a UE, based on a hash function on a UE identifier. 
The least controversial formula is probably one that has already been used, i.e. for access class barring. It is not clear if the granularity in steps of 10% is sufficient of if finer granularity such as 1% is wanted. 

Proposal 2: UE belongs to class X if IMSI mod 10 = X. The network configures a set of mobility configurations, and configures which UE classes that shall use a certain such configuration. 
3 Conclusion
Conclusion: A hash-function such as UE ID mod X can do the same job as a random draw function, e.g. in terms of reactively handling overload in a certain cell (one shot scheme). In addition, as the hash-function is not random, it provides the possibility to proactively by planning or by OAM algorithms plan and control the UE distribution in the network, in clusters of cells etc (continuous randomization scheme).  

Proposal 1: Automatic distribution of UEs shall be based on selecting a certain mobility configuration for a UE, based on a hash function on a UE identifier. 

Proposal 2: UE belongs to class X if IMSI mod 10 = X. The network configures a set of mobility configurations, and configures which UE classes that shall use a certain such configuration. 
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