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Discussion and Decision
1      Introduction
In RAN meeting #67, Multicarrier Load Distribution of UEs in LTE WI was approved [1]. Many companies confirmed that the current load balancing scheme is very limited [2] and proposed solutions [2-6]. We agree that it will be beneficial if the network can have more control to distribute idle mode UEs across cells and frequencies and hence minimize the delay and signaling overhead by avoiding HO when the UEs are operated in connected mode.  
In contribution R2-151184 [9], we identify four key problems in the current idle mode UE load distribution scheme; here we focus on the under-loaded problem, closely located problem and the high speed UE problem. In this contribution, we evaluate 3 proposed load distribution algorithms and compare them with the current load distribution scheme. 
2      Discussion
Figure 1 shows two scenarios for case study in each proposed load distribution solution below. Scenario 1 presents a case where under-loaded cell is located in different frequency layer. Scenario 2 presents a case where all the UEs are closely located in a big event like a football game. Each proposed load distribution solution below provides some priority for the UEs to perform cell reselection when the cell reselection criteria met in TS 36.304 [8].
	[image: image1.jpg]Freq3

Freq2

Freql





	[image: image2.jpg]Freq3

Freq2

Freql





	Scenario 1: Cell B and C are under-loaded and cell A, D and E are over-loaded. 
	Scenario 2: Cell A and C are under-loaded and load of cell B > load of cell D > load of cell E. 


Figure 1: Scenarios for under-loaded cell problem and closely located UEs problem
Proposed load distribution solutions

· Cell specific priority (CSP) [3]

· Network broadcasts the cell specific priority in addition to frequency priority. If the cell specific priority on the other frequency is higher than the current serving frequency priority, the UE reselects the specific cell. 

· Example in scenario 1: Frequency 1 will broadcast a higher priority of cell C and B than cell A, D and E. 

· UE 1 will reselect to cell C and UE 2 will reselect to cell B.

· This solution solves the under-loaded cell problem described in Figure 1.
· Example in scenario 2: Frequency 1 will broadcast a higher priority of cell A and C than cell E and priority of cell E is greater than priority of cell D and finally, the priority of cell D is greater than cell B. 

· All UEs will reselect to cell A or cell C. Since the channel condition is very similar to the closely located UEs, they will like to reselect to the same cell. 

· However, this solution cannot solve the closely located UEs problem described in Figure 1. 
· Frequency priority with probabilities (FPP) [4]

· Network broadcasts probabilities of each frequency (if it is a small cell layer, the same probability is used). UE generates random number and picks a frequency according to the probability. 

· Example in scenario 1: Frequency 1 will broadcast probability P_1 for frequency 1, probability P_2 for frequency 2 and P_3 for frequency 3. Since both frequency 2 and 3 has some overloaded cell and some under-loaded cell, let’s assume P_1 < P_2 < P_3. 
· UE 1 most likely will reselect to frequency 2 cell A and UE 2 will reselect to frequency 3 cell B since frequency 3 has a higher priority probability. UE 1 end up in a over- loaded cell A and cannot reselect to cell C which is more lightly loaded.

· This solution cannot solve the under-loaded cell problem.
· Example in scenario 2: Frequency 1 will broadcast probability P_1 for frequency 1, probability P_2 for frequency 2 and P_3 for frequency 3. Since both frequency 2 and 3 has some overloaded cell and some under-loaded cell, let’s assume P_1 < P_2 = P_3.
· All UEs most likely will reselect randomly across frequency 2 and 3 since they have the same higher priority than frequency 1. The UEs will result re-distributing evenly across frequency 2 and 3. 

· This solution solves the closely located UEs problem.
· Hash algorithm [5]

· Network indicates if hash algorithm is used in SIB5. The UE selects a carrier from all carriers based on the hash algorithm.
· Since the UEs will be randomly select carriers based on the hash algorithm on the priority frequency, this solution solves the closely located UEs problem in Figure 1.
· However, since cell specific information is not considered, this solution cannot solve the under-loaded cell problem shown in scenario 1.
· RS-SINR measurement [6]
· Using RS-SINR for measurement and reporting to load balancing in RRC_CONNECTED mode.
· Since this contribution focuses on idle mode load distribution. Therefore, we will not compare this scheme with other idle mode load distribution schemes.
· Cell specific priority probability (CSPP):

· This is an enhancement over CSP to provide more stable load distribution algorithm. The network broadcasts a cell specific priority list and a cell reselection probability Prs. The cell specific priority list is same as in CSP. However, the UE will randomly select a cell among the same priority cells. The cell reselection probability Prs is a value to determine if the UE should perform cell reselection or not. The UE generates a random number and determines if the UE will perform cell reselection by comparing with Prs. If the random number is smaller than Prs, the UE stays in current frequency. Otherwise, the UE performs cell reselection based on the cell specific priority list.
· Example in scenario 1: Frequency 1 will broadcast a higher priority of cell C and B than cell A, D and E. The reselection probability Prs can be configured to 0 in this scenario (i.e. all UEs should perform cell reselection). 

· UE 1 will reselect to cell C and UE 2 will reselect to cell B.

· This solution solves the under-loaded cell problem.
· Example in scenario 2: Frequency 1 will broadcast P_x for a priority of cell X where P_A = P_C > P_E > P_B > P_D. The reselection probability Prs can be configured to 0.8 in this scenario (i.e. 20% of the UEs should perform cell reselection).
· 20% of the UE will stay in cell E, 80% of the UEs will reselect to cell A or cell C randomly. This results 20% of the UE in cell E and 40% of the UE in cell A and 40% of the UE in cell C.
· This solution solves the closely located UEs problem.
Simulation assumptions and deployments
Figure 1 shows the deployment scenario 1 where the macro and small cells are deployed on different frequencies. In the simulation, we have 21 macro and x small cells per macro. In scenario 1, macros are deployed on both frequency 0 and 1. They are perfectly aligned. And small cells are placed on frequency 1 randomly in each macro cell. 
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Figure 1: Scenario 1 

Figure 2 shows a very similar deployment scenario as in scenario 1. However, the small cells are deployed on frequency 2. In this scenario 2, there are total of 3 frequencies. 
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Figure 2: Scenario 2
Figure 3 shows a deployment scenario same as scenario 1 however with macro layer offset to each other. We drop x number of UEs randomly on frequency 0 to start with. In each algorithm, the source eNB will broadcast the priority in the system information block (SIB). The UEs will read the SIB and perform cell reselection accordingly. Each UE will perform measurement and will reselect to a higher priority cell/frequency only if it satisfies the cell reselection criteria [8]. 
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Figure 3: Scenario 3
Simulation results
We simulated the current load distribution scheme (Frequency priority), the cell specific priority proposed by [3] and frequency priority with probabilities [4]. After some analysis, we have added some enhancement on the cell specific priority scheme because we consider it as a promising potential solution. Figures [4-6] show stationary UE in scenario 1, 2 and 3.
1.1.1    Stationary UE
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Figure 4: Different load distributions scheme for stationary UE in scenario 1
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Figure 5: Different load distributions scheme for stationary UE in scenario 2
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Figure 6: Different load distributions scheme for stationary UE in scenario 3
Left hand side of Figure 4 shows the CDF of the variance of the number of the UEs across different eNBs. The smaller the variance, the better distributed are the UEs. The existing frequency priority (FP) performs the worst while both cell specific priority (CSP) and frequency priority probability (FPP) improve the distribution significantly. Cell specific priority probability (CSPP-T1) performs the best in terms of distributing UEs across different cells. Right hand side of Figure 4 shows the number of cell changes per UE. This leads to overhead of the UE and power consumption. FP and CSP have high number of cell changes while FPP and CSPP have the minimum number of cell changes. Similar result for scenario 2 is shown in Figure 5. In Figure 6, since the macro deployment is offset, the result is slightly different from scenario 1 and 2. However, CSPP still can well distribute UE in this scenario without high cell change. 
1.1.2    Fast moving UE 
In the simulation, we also study with high mobility UE. We put slow moving UE in the appendix since the result is similar to stationary UE. Figure 7-9 show the 3 scenarios for 60km/h UE. Due to high mobility UE moving around, the location of the UE constraint where the UE can perform cell reselect. For example, when UE moves outside of small cell, it is forced to reselect to macro layer. This results in high number of cell selections. For FP and CSP, they almost perform cell reselection in each iteration, so mobility does not affect the number of cell change. For FPP, the priority is based on frequency, so the UE select the best cell already among the highest priority frequency. So mobility effect is very minimal. For CSPP, it may prioritize the cell which is not the best cell within the frequency. When the UE moves, the cell may not satisfy the cell reselection criteria and hence cell reselection again. So it is better to avoid high speed UE to apply reselection priority and stay in macro layer.
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Figure 7: Different load distributions scheme for high speed UE in scenario 1
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Figure 8: Different load distributions scheme for high speed UE in scenario 2
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Figure 9: Different load distributions scheme for high speed UE in scenario 3
Proposal 1: RAN2 to adopt broadcasting cell specific priority and a cell reselection probability to distribute the UEs in multicarrier. 
Proposal 2: RAN2 to agree high speed UEs do not apply any cell specific priority and a cell reselection probability. 
3      Conclusion
We study multiple load distribution algorithms and evaluation the performance by simulating different deployments and UE speeds. After in depth study, we conclude and propose the following:
Proposal 1: RAN2 to adopt broadcasting cell specific priority and a cell reselection probability to distribute the UEs in multicarrier. 

Proposal 2: RAN2 to agree high speed UEs do not apply any cell specific priority and a cell reselection probability. 
4      Appendix
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Figure 10: Different load distributions scheme for slow moving UE in scenario 1
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Figure 11: Different load distributions scheme for slow moving UE in scenario 2
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Figure 12: Different load distributions scheme for slow moving UE in scenario 3
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