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Discussion and Decision
1      Introduction
In last RAN2 meeting #89bis, the requirements targeted in this WI based on [10] are the following:

	Requirements targeted in this WI

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

2)
It should be possible under network control to distribute among the different carries a fraction of users moving into the cells from other cells

3)
Different deployment scenarios should be supported – macro only networks, co-channel and inter-frequency small cell deployments

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) 

5)
Solutions should cater for different (re)distribution decisions in the network that take into consideration other factors:


a) eMBMS deployments on macro or small cell layer


b) Number of devices supporting certain bands (other capabilities can be considered)


c) Bandwidth of the different carriers may be different

6)
The solution should avoid a user ping-pong among carriers

7)
Maximize user throughput and network capacity (in terms of system throughput, connection establishment, RA, (inter-frequency) mobility related signalling) for UEs in CONNECTED. 




Base on the agreement, the network should be able to re-distribute UEs in the individual cell level rather than carrier level. The goal is to maximize user throughput and avoid ping-pong among carriers (minimize number of cell reselection).

In addition, during discussion in contribution [11], “the chairman suggests that companies think about solutions using per-cell priorities and/or reselection probabilities and investigate possible benefits and shortcomings”. In this contribution, we re-run our simulation for different load distribution schemes to further study per user throughput and ping-pong for each load balancing scheme and analyze the benefits and shortcomings for different per-cell priorities and/or reselection probabilities solutions.   
2      Discussion
Analyis of different load balancing schemes

Base on the agreement in last RAN2 #89bis meeting, the network should be able to re-distribute UEs in the individual cell level rather than carrier level. The goal is to maximize user throughput and avoid ping-pong among carriers. In addition, during discussion in contribution [11], “the chairman suggests that companies think about solutions using per-cell priorities and/or reselection probabilities and investigate possible benefits and shortcomings”. 

In this section, we first provide different options for per cell priorities and reselection probabilities. Then we re-run our simulation for these load balancing options to further study per user throughput and ping-pong. Finally, we further study the benefits and shortcomings of these options.
Below shows the different options for per cell priorities and reselection probabilities:

Option 1: Cell specific priority with probability (CSPP)
· Network broadcasts the cell specific priority with probability (one priority + probability value per cell) in system information. If the cell specific priority is higher than the current serving frequency priority, the UE generates a random number to perform cell reselection based on the probability of the cells.
Option 2: Cell specific priority only (CSP) proposed in [3]
· This is similar to CSPP, however, there is no probability associate to each cell. If the cell specific priority is higher than the current serving frequency priority, the UE reselects to the cell. If there are more than 1 cell with the same priority, the UE randomly chooses one.
Scenarios and Simulation results
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	Scenario 1: all cells initially no load. UEs are dropped randomly at f0.
	Scenario 2: Orange cells are overloaded cell and blue and green are initially no load. 70% UE are within small cell coverage and the rest of the UE are dropped randomly.


Figure 2: Scenrio1: random UE drops with 2 macro and 1 small cell layer. Scenario 2: random UE drops with 2 small cell layers and 1 macro layer with overloaded cell.
Figure 2 shows the two deployments are used for the simulation. Scenario 1 shows macro only layer in frequency 0 and macro and small cell in frequency 1. In this scenario, all the UE are randomly dropped and perform cell reselection with different load balancing scheme. However, scenario 1 may not fully represent reality since some of the UEs may need to stay in some of the cell due to capability and geographic location. Therefore, scenario 2 is deployed to represent the case where some cells are overloaded (color in orange) and some cells are under-loaded (blue). And the orange cell has 30 UEs where they are in connected mode and will not perform any cell reselection or handover. All other UEs are dropped randomly in frequency 0 at the beginning of the simulation.
We simulated the current load distribution scheme (Frequency priority, FP), the cell specific priority (CSP) proposed by [3], frequency priority with probabilities (FPP) [4] and the two options above. 
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Figure 3: Throughput for different load distributions scheme in scenario 1

[image: image4.jpg]80%

60%
40%r
20%r

Uo1}03[9531 |89 JO JoqUINN

CSPP

o
o
w




Figure 4: Number of cell reselections for different load distributions scheme in scenario 1
Figure 3 and 4 show the simulation in scenario 1 where only 2 frequencies are deployed and all UEs are randomly dropped in frequency 0. In this scenario, all UEs will reselect a serving cell based on different load distribution schemes listed above at each reselection interval. As expected, FPP performs the best in per user throughput because the UEs are distributed across frequencies and reselect the best cell in that frequency (hence the best SINR). Therefore, it has the highest per UE throughput. Since the deployment consists of random cells drop and the UEs are randomly dropped, so the number of UEs in each cell can be achieved quite evenly using FPP. CSP and CSPP perform better than FP because the UEs are distributed across different cells. However, FPP and CSPP have the lowest number of cell reselection in compare to FP and CSP. These shows FPP and CSPP are more stable load balancing schemes.
Observation 1: FPP performs the best per UE throughput when all UEs can cell reselect in scenario 1.

Observation 2: FPP and CSPP have the lowest number of cell reselection (most stable load balancing scheme).
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Figure 5: Throughput for different load distributions scheme in scenario 2
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Figure 6: Number of cell reselections for different load distributions scheme in scenario 2
Figure 5 and 6 show the simulation result for scenario 2 where some cells are overloaded by connected UE and some cells are under loaded. 30 UEs are placed in the over loaded cells and these UEs are not performing cell reselect or HO during the simulation. This scenario is deployed to study how the load distribution schemes perform when not all UEs can cell reselect to other cell because of some constraint. Figure 5 shows the per UEs throughput, CSPP outperforms other load balancing schemes because the network has full control how the UEs should distribute per cell and hence utilize the overall system capacity. Due to not all UEs can cell reselect in this scenario, FPP cannot reach a load balancing state, therefore, it tries to reselect every reselection period and hence higher number of cell reselection.

Observation 3: Cell specific priority probability outperform other load balancing schemes in terms of per user throughput and has the minimum number of cell reselection when some UEs are not perform cell reselection.

Observation 4: Frequency priority probability has a limitation where the network cannot load distribute some UE to some under-load cells.

Summary of pros and cons for different load balancing schemes

	
	Frequency priority (FP)
	Cell specific priority (CSP)
	Frequency priority probability (FPP)
	Cell specific priority probability (CSPP)

	Can distribute among different carriers
	Yes (
	Yes (
	Yes (
	Yes (

	Can distribute a fraction of the user from cell to another cell
	No (
	Yes (
	No (
	Yes (

	Good per UE tput in scenario 1
	Poor (
	Good (
	Best (
	Good (

	Avoid user ping-pong among carriers in scenario 1
	No (
	No (
	Yes (
	Yes (

	Good per UE tput in scenario 2
	Poor (
	Good (
	Poor (
	Best (

	Avoid user ping-pong among carriers in scenario 2
	No (
	Ok (
	No (
	Yes (


Proposal 1: RAN2 to adopt cell specific priority probability for load distribution scheme in Rel13. 
3      Conclusion
We study multiple load distribution algorithms and evaluation the per user throughput and the number of cell reselection for different scenarios. After in depth study, we conclude and propose the following:
Observation 1: FPP performs the best per UE throughput when all UEs can cell reselect in scenario 1.

Observation 2: FPP and CSPP have the lowest number of cell reselection (most stable load balancing scheme).
Observation 3: Cell specific priority probability outperform other load balancing schemes in terms of per user throughput and has the minimum number of cell selection when some UEs are not perform cell reselection.

Observation 4: Frequency priority probability has a limitation where the network cannot load distribute some UE to some under-load cells.
Proposal 1: RAN2 to adopt cell specific priority probability for load distribution scheme in Rel13. 
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