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Discussion and Decision
1      Introduction
In last RAN2 meeting #90 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




Based on the agreements, companies agreed that existing load distribution scheme is not good enough to achieve good load distribution. Therefore, a new solution is needed and should focus on re-distributing portion of the UEs on the individual cell level in addition to carrier level. The goal is to maximize user throughput and avoid ping-pong among carriers (minimize the number of cell reselection). 

During last meeting, there were some discussions related to stability of probability based load distribution schemes. In this contribution, we evaluate the stability of different load balancing schemes by looking at the number of cell reselections and the average user throughput at different instance of the simulation. 
2      Discussion
Scenarios 
During the discussion in last meeting, some companies questioned the real use case of deployment scenario 2 (3 layers consisting of one macro layer and two small cell layers with some overloaded small cells) in the Intel contribution [4], therefore, we simulated new scenarios 2 and 3 (as shown in Figure 1 below) which follow RAN2 agreement “the scenario that the macro cell in a co-channel Hetnet deployment and/or certain small cells on another carrier may be overloaded”. In scenario 3, f0 is macro layer only and f1 is Hetnet deployment with macro cells overloaded. In scenario 2, we consider an additional small cell only layer on f2. For the simulations we drop 30 static UEs in each macro cell on f1and evaluate how different each of the load distribution schemes performs under these scenarios.   
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	Scenario 1: No overloaded cell on f1
	Scenario 2: Overloaded macro cell on f1  
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	Scenario 3: Overloaded macro cell on f1  


Figure 1: Deployments used in the simulation
We simulated the current load distribution scheme (Frequency priority, FP), and the new schemes cell specific priority (CSP) proposed by [2], frequency priority with probabilities (FPP) [3] and cell specific priority with probabilities (CSPP) [4]. During last meeting, there were offline discussion between companies to further understand the implementation of CSP and CSPP. In our previous implementation in contribution [4], we didn’t implement the best rank cell within the same frequency. In the best rank cell case, the UE will only reselect the best RSRP cell within the same frequency. Therefore, we updated our simulation results for CSP and CSPP, and indicated them using the label “best cell” in the figures below.   
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	Scenario 3


Figure 2: Throughput for different load distribution schemes
Figure 2 shows the throughput at different instances of the simulation (in the Nth SI update and N+1th SI update) for all 3 scenarios. We observe that probability based load distribution schemes (i.e. FPP and CSPP) show extreme stable throughput between the consecutive SI update. However, the non probability based load distribution schemes (i.e. FP and CSP) show unstable throughput. For scenario 1, the throughput difference is small; however, the difference is quite large in scenario 2 and 3. 
Observation 1: Probability based load distribution schemes (FPP and CSPP) show extreme stable throughput between the consecutive SI update. 
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Figure 3: Number of cell reselections for different load distribution schemes
Figure 3 shows the number of reselections for the three scenarios. We observe that probability based load distribution schemes have very low number of cell reselections. The reason is that the probability based distribution of the UEs achieves the target distribution at the eNB and no more distribution is required. On the other hand, the non-probability based load distribution schemes have higher number of cell reselections especially for FP and CSP. The reason is that in these schemes the UEs ping-pong frequently between frequencies or cells. 
Observation 2: Probability based load distribution schemes have very low number of cell reselection than non-probability based load distribution schemes. 
Proposal 1: RAN2 agrees the probability based load distribution schemes are more stable (less ping-pong) than non-probability based load distribution schemes. 
Proposal 2: RAN2 adopts one of the probability based load distribution schemes.
3      Conclusion
In this contribution, we evaluate the stability of different load balancing schemes by looking at the number of cell reselections and the average user throughput at different instance of the simulation. The simulation results shows that probability based load distribution schemes are more stable than non-probability based load distribution schemes. Therefore, we propose RAN2 to adopt one of the probability based load distribution schemes.
Observation 1: Probability based load distribution schemes (FPP and CSPP) show extreme stable throughput between the consecutive SI update. 

Observation 2: Probability based load distribution schemes have very low number of cell reselection than non-probability based load distribution schemes. 
Proposal 1: RAN2 agrees the probability based load distribution schemes are more stable (less ping-pong) than non-probability based load distribution schemes. 

Proposal 2: RAN2 adopts one of the probability based load distribution schemes.
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