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Discussion and Decision
1      Introduction
In last RAN2 #90 meeting, the way forward in [1] has been agreed:
	Agreements
1
Following Requirements can’t be met by existing cell reselection scheme:


1) It should be possible under network control to re-distribute among the different carriers a fraction of users currently camped on these carriers


4) It should be possible to control the load distribution among individual cells rather than only on a carrier level (for example the scenario that the macro cell in a co-channel Het-Net deployment and/or certain small cells on another carrier may be overloaded) 

2
Solution should be able to move fraction of the UEs from one cell to another cell

3
To  focus on solutions using e.g. per-cell parameter and/or reselection probabilities from RAN2#91 meeting




In the Intel contribution [4], we studied and compared the performance of different load balancing schemes using “per user throughput” and “number of cell reselection” as metrics. However, when to trigger load balancing scheme has not been studied yet and we think that it plays an important role in terms of ping-pong and UE power consumptions. Therefore, in this contribution, we look at different ways for the UE to trigger the load balancing scheme and study the impact on ping-pong and UE power consumption. 
2      Discussion
There are two factors affecting how one load balancing scheme works. They are: (1) when the UEs are triggered to perform cell reselection; and (2) what load balancing scheme is applied to maximize per user throughput. In this contribution, we focus on (1) by exploring different triggering mechanisms and evaluating the impacts of each load balancing scheme. 
Currently, the network can use dedicated signalling to configure absolute frequency priority information for cell reselection to the UE upon RRC connection release. The UE will use this priority information until T320 timer expires. Then the legacy UE will discard the dedicated priority information and use the absolute frequency priority information from the system information broadcast by the network. In this section, we assume the UEs perform cell reselection after T320 expires. The UEs then will read the system information when there is an SI update. The UE has a minimum time of stay of 1 second since the UE camped on the current serving cell. The UE will perform cell reselection if a higher priority frequency cell is found which satisfy the cell reselection criteria in TS 36.304 [5]. The current triggering mechanism is indicated as option 1 and three other triggering mechanisms are studied below:
Option 1 - System Information (SI) update: when the network broadcasts new load distribution information, the UE performs cell reselection procedure. 

Option 2 – Timer Based (TB): the network broadcasts a timer value in addition to the priority information in the system information. This timer value is the replacement of the minimum time of stay of 1 second since the UE camped on the current serving cell criteria. 

Option 3 – Probability of Cell Reselection (Prob CR): the network broadcasts a probability when the UE should perform cell reselection. The UE will randomly generate a number and decide if it triggers the load distribution cell reselection.

Option 4 – Probability of Cell Reselection + Timer Based (Prob CR + TB): similar to Option 3, but the network broadcasts additionally a timer with the probability of cell reselection. The UE only performs the probability test when the timer expires.

Deployments:
In the Figures 1, 2 and 3 the deployment scenarios are shown for which the different triggering mechanisms were simulated.
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Figure 1: Scenario 1 - Macro only layer on f0 and macro and small cells on f1. No overloaded cells in this scenario.
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Figure 2: Scenario 2 - Macro only layer on f0, macro and small cells on f1 with macro cells overloaded with 30 static UEs, and small cells only on f2.
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Figure 3: Scenario 3 - Macro only layer on f0, macro and small cells on f1 with macro cells overloaded with 30 static UEs.

Simulation results:
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Figure 4: Scenario 1 - Average per UE throughput and the number of cell reselections
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Figure 5: Scenario 2 - Average per UE throughput and the number of cell reselections
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Figure 6: Scenario 3 - Average per UE throughput and the number of cell reselections
Figures 4-6 show the average per UE throughput and the number of cell reselections for scenarios 1 – 3 using different triggering mechanisms. As we can see, probability based load distribution schemes (i.e. FPP and CSPP) maintain low number of cell reselections no matter which triggering mechanism is used. This shows that probability based schemes reach stable state very quickly and no new system information update is required..
Observation 1: Probability based load distribution schemes (FPP and CSPP) maintain low number of cell reselections no matter which trigger mechanism is used.   
Timer based trigger mechanism reduces the number of cell reselections for all non probability based load distribution schemes and enhance slightly in throughput in some cases. 

Pro CR, Prob CR + TB trigger mechanisms improve the non probability based load distribution schemes (i.e. FP and CSP) with an increase in throughput and a reduction in the number of cell reselections significantly. The end result almost achieves similar result as probability based scheme. The reason is that the triggering probability allows the network to control a fraction of the UEs performing cell reselection (the remaining UE will stay in the current cell). Let’s use FP as an example, it has a ping-pong behaviour between two frequencies in scenario 1 because once the network indicates one frequency that has a higher priority than the another frequency, all the UE will reselect to the same highest priority frequency. By using the triggering probability, the network can configure 50% of the UEs staying in the current frequency and only 50% of the UEs performing cell reselection. This is not as flexible as FPP since FPP can indicate a percentage per frequency, but it allows the network some degree of flexibility. With the triggering probability, FP improves as much as 5times in throughput in scenario 2 with negligible number of cell reselections.   
Observation 2: Probability of cell reselection (Prob CR) and probability of cell reselection + timer based (Prob CR + TB) trigger mechanisms improve all non probability based load distribution schemes with an increase in throughput and a reduction in the number of cell reselections significantly.
Proposal : RAN2 to use probability of cell reselection (Prob CR) or probability of cell reselection + timer based (Prob CR + TB) as load distribution triggering mechanism if a non probability based load distribution scheme is adopted.
3      Conclusion
In this contribution, we evaluate four different load distribution triggering schemes and the simulation results show that different triggering mechanisms have direct impact on the performance of the load distribution schemes. Therefore, we propose RAN2 to use probability of cell reselection (Prob CR) or probability of cell reselection + timer based (Prob CR + TB) as load distribution triggering mechanism if a non probability based load distribution scheme is adopted. 
Observation 1: Probability based load distribution schemes (FPP and CSPP) maintain low number of cell reselections no matter which trigger mechanism is used.   

Observation 2: Probability of cell reselection (Prob CR) and probability of cell reselection + timer based (Prob CR + TB) trigger mechanisms improve all non probability based load distribution schemes with an increase in throughput and a reduction in the number of cell reselections significantly.
Proposal : RAN2 to use probability of cell reselection (Prob CR) or probability of cell reselection + timer based (Prob CR + TB) as load distribution triggering mechanism if a non probability based load distribution scheme is adopted.
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