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1. Introduction
During RAN2#90 meeting, the following agreements were reached based on the discussion.
	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


2) 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


During RAN2#90, Randomized threshold offset based reselection has been introduced [1], and in this paper we will provide more analysis and details for this mechanism to see how it improves the idle UE redistribution among carriers and meet the requirements well.
2. Discussion
2.1 Mechanism for Randomized threshold offset based reselection
Considering the issues identified for idle mode load balancing are mainly relevant to the reselection to higher priority frequencies, the solution of Randomized threshold offset based reselection mainly focuses on the reselection from the lower priority frequency to the higher priority frequency. For the cell reselection from the higher priority frequency to the lower priority frequency and between equal priority frequencies, existing mechanism will be reused.
Conclusion 1: Randomized threshold offset based reselection mainly focuses on the reselection from the lower priority frequency to the higher priority frequency.
Figure 1 shows the basic idea for Randomized threshold offset based reselection. By the cell or frequency specific reselection threshold offset (i.e. ThreshOffsetCell, ThreshOffsetX) for higher priority frequency in addition to legacy reselection threshold (i.e. TheshX, highP/highQ) and the random number, different UEs can get their own personalized reselection threshold (i.e. eThreshX/Cell, highP/highQ) for cell reselection evaluation.
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Figure 1: Basic idea for Randomized threshold offset based cell reselection
Compared to existing cell reselection mechanism to higher priority frequency defined in [2], the main difference between randomized threshold offset based cell reselection and existing cell reselection is the actual reselection threshold used for higher priority frequency reselection evaluation. 
For existing cell reselection, all UEs use the same TheshX, highP/highQ for all cells on a specific higher priority frequency in order to evaluate a cell on this frequency whether to meet the cell reselection condition. 
For Randomized threshold offset based cell reselection, UE personalized reselection threshold is applied, which is derived from reselection threshold and randomized threshold offset. For different UEs, depending on their own generated random number, their randomized threshold offset could be different, and then their personalized reselection thresholds for the same frequency or the same cell could be different. And for different cells on the same frequency, by configuring different per-cell threshold offsets, UE personalized reselection thresholds for different cells on the same frequency could be different, illustrated as figure 2.
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Figure 2: Per-cell threshold offset on the same frequency layer
Figure 3 illustrates the basic working flow chart for Randomized threshold offset based cell reselection. In the Randomized threshold offset based cell reselection mechanism, UE will reselect to a cell of higher priority frequency once the following conditions meet:
1) Srxlev > eThreshX/Cell, highP or Squal > eThreshX/Cell, highQ
      Where: 
eThreshX/Cell, highP/highQ = TheshX, highP/highQ + ThreshOffsetX/Cell * Random [0, 1]      (Equation 1)
2) Other conditions defined in [2] meet, such as, camping on current cell more than 1s.
For a cell with cell specific reselection threshold offset, UE should apply UE personalized reselection threshold based on cell-specific reselection threshold offset (i.e. ThreshOffsetCell) for the cell reselection evaluation of this cell; otherwise, UE should apply UE personalized reselection threshold based on frequency specific reselection threshold offset (i.e. ThreshOffsetX) for the cell reselection evaluation of this cell if frequency specific reselection threshold offset for the frequency that this cell belongs to is applicable.
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Figure 3: Flow chart for Random threshold offset based cell reselection
2.1.1 UE randomization test
Figure 4 illustrates the trigger for UE randomization test and the generation/update of UE personalized reselection threshold based the generated random number for threshold offset. The simple principle is that UE will generate new threshold if any one of the parameters in Equation 1 is updated or newly acquired for those intended frequencies or cells.
Upon receiving SIB5, UE randomization test for UE personalized reselection threshold could be triggered while identifying the difference for cell-specific reselection threshold offset, frequency-specific reselection threshold offset, or reselection thresholds for those frequencies or cells with cell/frequency specific reselection threshold offsets, e.g. UE has no stored cell/frequency specific reselection threshold offsets, or, UE stored reselection threshold/threshold offsets are different from the newly received ones; and UE generates a random number by the randomization test and applied it to generate/update UE personalized reselection thresholds for those identified frequencies and cells. For those frequencies that the newly received frequency-specific threshold/threshold offsets and those cells that the newly received cell-specific threshold offsets are same with the previous ones, UE just keep existing UE personalized reselection thresholds for these frequencies and cells.
If frequency-specific reselection threshold offset is absent from SIB5 for a frequency, UE should ignore UE personalized reselection threshold for this frequency and apply existing cell reselection threshold for the cell reselection evaluation of cells on this frequency except for those cells on this frequency which cell-specific threshold offsets are applicable. 
If cell-specific reselection threshold offset is absent from SIB5 for a cell which has the current value of cell-specific reselection threshold offset and frequency-specific reselection threshold offset is present for the frequency that the cell belongs to, UE should ignore UE personalized reselection threshold based on cell-specific reselection threshold offset for this cell and apply UE personalized reselection threshold based on frequency-specific reselection threshold offset for the cell reselection evaluation of this cell; otherwise, UE should apply existing cell reselection threshold for the cell reselection of this cell.
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Figure 4: Flow chart for the trigger of UE randomization test
2.2 Typical Scenarios
In this section, we use two typical scenarios to further illustrate how this randomized threshold offset based reselection mechanism works and present simulation results for both macro-only and Hetnet scenarios.
2.2.1 Macro-only scenario
Figure 5 is homogeneous network scenario. In this scenario, Cell 1 is macro cell on frequency layer 1, and Cell 2 is macro cell on frequency layer 2.
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Figure 5: Example Homogeneous Network
Table 1 shows example configurations of reselection parameters in homogeneous network, and per-frequency reselection threshold offset (i.e. for F2) is broadcasted. Here we select UE1 and UE2 (i.e. located closely, same measured RSRP for Cell2) to see the possible reselection action if randomized threshold offset based reselection is applicable. 
Table 1: Macro-only network with Randomized threshold offset based reselection
	
	Paras_1 in Cell 1
(Initially)
	Paras_2 in Cell 1
(priority change)
	Paras_3 in Cell 1
(ThreshOffset =5)
	Paras_4 in Cell 1
(ThreshOffset =10)
	Paras_5 in Cell 1
(ThreshOffset =20)

	Freq 1
	Priority =7
	Priority = 4
	Priority = 4
	Priority = 4
	Priority = 4

	Freq 2
	Priority =4
	Priority =7
Theshf2, highP =5
	Priority =7
Theshf2, highP =5
ThreshOffsetf2, highP =5
	Priority =7
Theshf2, highP =5
ThreshOffsetf2, highP =10
	Priority =7
Theshf2, highP =5
ThreshOffsetf2, highP =20

	Expected UE camping cell
	UE1 and UE2 camp on Cell1
Assuming UE1/UE2’s Srxlev of Cell2 = 10
	Both UE1 and UE2 reselect to Cell2
	Both UE1 and UE2 reselect to Cell2.
	UE1reselects on Cell2.
UE2 still camps on Cell1.
	Both UE1 and UE2 still camps on Cell1.

	
	
	UE1: 
Srxlev =10 > Threshf2, highP=5
	UE1:
Random1 = 0.3
Srxlev =10 > eThreshf2, highP=6.5
	UE1:
Random1= 0.3
Srxlev =10 > eThreshf2, highP=8
	UE1:
Random1 = 0.3
Srxlev =10< eThreshf2, highP=11

	
	
	UE2: 
Srxlev =10 > Threshf2, highP=5
	UE2:
Random2 =0.7
Srxlev =10 > eThreshf2, highP = 8.5 
	UE2:
Random2=0.7
Srxlev =10< eThreshf2, highP=12
	UE2:
Random2 =0.7
Srxlev =10< eThreshf2, highP=19


If only frequency priority changes (e.g. Paras_2), both UE1 and UE2 will reselect to Cell 2 of f2 from Cell 1 of f1.
Depending on different per-frequency threshold offset and UE respectively generated randomized number in addition to other same parameters configuration (e.g. frequency priority, threshold for higher priority frequency), UE redistribution could be different as following:
· If Threshoffsetf2, highP is set to 5, both UE1 and UE2 reselect to Cell2; 
· If Threshoffsetf2, highP is set to 10, only UE1 reselects to Cell2; 
· If Threshoffsetf2, highP is set to 20, both UE1 and UE2 still camp on Cell1.
Based on the analysis for this example scenario, it is observed that it should be possible under network control to redistribute a fraction of UEs currently camped on f1 to f2 by configuring per-frequency reselection threshold offset and allowing UEs to do cell reselection evaluation with UE personalized reselection threshold based on randomized per-frequency threshold offset. The performance can be proved further by the simulation.
Observation 2: Randomized per-frequency threshold offset based cell reselection (FPRO) can meet the targeted requirement “under network control to re-distribute among the different carriers a fraction of users currently camped on these carriers”.
2.2.1.1 Simulation result
In the simulation for macro-only scenario, there are the following configurations:
	Parameter
	Value

	Frequency
	Two macro layers
F1：2600MHz
F2：2650MHz

	ISD
	500m

	Bandwidth
	10M

	Cell num
	2*3*3

	UE num
	180


Figure 6 shows a comparison of the average user throughput of all users (independent of the layer where UEs are connected) for legacy frequency priority based reselection mechanism (FP) and randomized per-frequency threshold offset based reselection (FPRO); Figure 7 shows the percentage of cell reselection number for these two reselection mechanisms. In this scenario, most UEs initially camp on the 2600 MHz layer and are randomly distributed over this layer. And then UEs will do cell reselection based on FP or FPRO. 
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Figure 6: Average user throughput for FP and FPRO

[image: image7.emf]%

 

o

f

 

c

e

l

l

 

r

e

s

e

l

e

c

t

i

o

n

 

n

u

m

99%

90%

88%

54%

52%

29%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

TH=0 TH=10

FP

FPRO(Offset15)

FPRO(Offset30)


Figure 7: % of cell reselection number for FP and FPRO
According to the simulation results, FPRO achieve better average user throughput than FP (e.g. compare to only TH0, up to 72% increase of average user throughput for TH0 and ThreshOffset30), and the reasons for throughput gain are that UEs are distributed across frequencies more evenly and UEs with better signal condition can reselect to cells on higher priority frequency to get higher throughput. 
According to the simulation results, FPRO have less number for cell reselection than FP (e.g. compare to only TH0, up to 50% reduction of reselection times for TH0 and ThreshOffset30), and the reason is that UE personalized threshold based on randomized threshold offset prevents some UEs to meet the cell reselection condition and still stay at the existing camping cell.  
And it is also observed that by configuring different threshold offset (e.g. ThreshOffset15, ThreshOffset30) for the same threshold, the gain for average user throughput and number of cell reselection is different, i.e. more gain for bigger threshold offset, 44% increase of average user throughput and 11% reduction of reselection times for TH0 and ThreshOffset15, which can allow eNB to control the fraction of UEs for cell reselection and achieve better network performance.
Observation 2-1: FPRO-based cell reselection achieves better average user throughput than FP-based cell reselection.
Observation 2-2: FPRO-based cell reselection has less number of cell reselection than FP-based cell reselection.
Observation 2-3: The gain for the increase of average user throughput and the decrease of cell reselection number is different for different per-frequency threshold offsets.
2.2.2 Hetnet scenario
Figure 6 is Hetnet scenario. In this scenario, Cell 1 is macro cell on frequency layer 1, Cell 2 is macro cell on frequency layer 2 and Cell 3 is small cell on frequency layer 2.
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Figure 8: Example Hetnet
Table 2 shows example configurations of reselection parameters in hetnet, both per-cell reselection threshold offset and per-frequency threshold offset are broadcasted. For the cell reselection evaluation of a cell on higher priority frequency, if per-cell reselection threshold offset for this cell is applicable, UE will use per-cell reselection threshold offset for this cell; otherwise, UE will use per-frequency reselection threshold offset for all cells on this frequency if applicable. Here we select UE1/ UE2 (located closely, in the coverage of Cell 3) and UE3 (outside the coverage of Cell 3 and in the coverage of Cell 2) to see the possible reselection action if Randomized threshold offset based reselection is available. 
Table 2: Hetnet with Randomized threshold offset based reselection
	
	Paras in Cell 1
(Initially)
	Paras_6 in Cell 1
(priority change)
	Paras_7 in Cell 1
(ThreshOffsetCell3 =5
ThreshOffsetF2/Cell2=20)
	Paras_8 in Cell 1
(ThreshOffsetCell3 =20
ThreshOffsetF2/Cell2=20)

	Freq 1
	Priority =7
	Priority = 4
	Priority = 4
	Priority = 4

	Freq 2
	Priority =4
	Priority =7
TheshF2, highP =5
	Priority =7
TheshF2, highP =5
ThreshOffsetCell3, highP=5
ThreshOffsetF2, highP=20
	Priority =7
TheshF2, highP =5
ThreshOffsetCell3, highP=20
ThreshOffsetF2, highP=20

	Expected UE camping cell
	UE1, UE2 and UE3 camp on Cell1

	UE1/ UE2 reselect to Cell3
UE3 reselects to Cell2
	Both UE1 and UE2 reselect to Cell3.
UE3 still camps on Cell1.
	UE1reselects on Cell3.
UE2 still camps on Cell1
UE3 still camps on Cell1.

	Assuming UE1/UE2/UE3’s Srxlev of Cell2 = 10
UE1/UE2’s Srxlev of Cell3 = 15
UE3’s Srxlev of Cell3 = 0
	
	UE1:
SrxlevCell3 =15 > ThreshF2, highP, SrxlevCell2 =10 > ThreshF2, highP, and SrxlevCell3> SrxlevCell2, then UE1 reselects to Cell3.
	UE1:
Random1 = 0.3
eThreshCell3, highP = 6.5
eThreshF2, highP = 11
SrxlevCell3 =15 > eThreshCell3, highP, and SrxlevCell2 =10 < eThreshF2, highP, then UE1 reselects to Cell3.
	UE1:
Random1 = 0.3
eThreshCell3, highP = 11
eThreshF2, highP = 11
SrxlevCell3 =15 > eThreshCell3, highP, and SrxlevCell2 =10 < eThreshF2, highP, then UE1 reselects to Cell3.

	
	
	UE2:
SrxlevCell3 =15 > ThreshF2, highP, SrxlevCell2 =10 > ThreshF2, highP, and SrxlevCell3> Srxlevcell2, then UE2 reselects to Cell3.
	UE2:
Random2 =0.7
eThreshCell3, highP = 8.5
eThreshF2, highP = 19
SrxlevCell3 =15 > eThreshCell3, highP, and SrxlevCell2 =10 < eThreshF2, highP, then UE2 reselects to Cell3.
	UE2:
Random2 =0.7
eThreshCell3, highP = 19
eThreshF2, highP = 19
SrxlevCell3 =15 < eThreshCell3, highP, and SrxlevCell2 =10 < eThreshF2, highP, then UE2 still camps on Cell1.

	
	
	UE3:
SrxlevCell2 =10 > ThreshF2, highP, SrxlevCell3 =0 < ThreshF2, highP, then UE2 reselects to Cell2.
	UE3:
Random3 = 0.5
eThreshcell3, highP = 8
eThreshF2, highP = 17
Srxlevcell3 =0 < eThreshcell3, highP, and Srxlevcell2 =10 < eThreshF2, highP, then UE3 still camps on Cell1.
	UE3:
Random3 = 0.5
eThreshcell3, highP = 17
eThreshF2, highP = 17
Srxlevcell3 =0 < eThreshcell3, highP, and Srxlevcell2 =10 < eThreshF2, highP, then UE3 still camps on Cell1.


If only frequency priority changes (e.g. Paras_6), UE1 and UE2 will reselect to Cell 3 (small cell) of f2 from Cell 1 of f1, and UE3 will reselect to Cell 2 (macro cell) of f2 from Cell 1 of f1.
Depending on per-cell threshold offsets (e.g. the intention is only to prioritize the small cells of f2), per-frequency threshold offset and UE respectively generated Randomized number in addition to other same parameters configuration (e.g. frequency priority, threshold for higher priority frequency), e.g. in this example, Cell3 will use per-cell threshold offset and Cell2 will use per-frequency threshold offset, UE redistribution could be different as following:
· If ThreshOffsetcell3 is equal to 5 and ThreshOffsetF2 is equal to 20 (Paras_7 in Table 2), then both UE1 and UE2 could reselect to Cell3, but UE3 could still camp on Cell1; 
· If ThreshOffsetcell3 is equal to 20 and ThreshOffsetF2 is equal to 20 (Paras_8 in Table 2), then UE1could reselect to Cell3, but UE2 and UE3 could still camp on Cell1. 
Based on the analysis for this example scenario, it is observed that it should be possible under network control to redistribute a fraction of UEs currently camped on f1 to the prioritized cells of f2 by configuring smaller per-cell reselection threshold offset for those prioritized cells than other cells which may have bigger per-cell threshold offset or bigger per-frequency threshold offset, and allowing UEs to do cell reselection evaluation with UE personalized reselection threshold based on randomized per-cell frequency threshold offset. The performance can be proved further by the simulation.
Observation 3: Randomized per-cell threshold offset based cell reselection (FPRCO) can meet the targeted requirement “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)”.
2.2.2.1 Simulation result
In the simulation for hetnet scenario, there are the following configurations:
	Parameter
	Value

	Frequency
	F1：2600MHz (macro only)
F2：2650MHz (macro+ pico)

	ISD
	500m

	Bandwidth
	10M

	Cell num
	2*3*3 (macro)
1*3*3 (pico)

	UE num
	180


Figure 9 shows a comparison of the average user throughput of all users (independent of the layer where UEs are connected) for legacy frequency priority based reselection mechanism (FP) and randomized per-cell threshold offset based reselection (FPRCO); Figure 10 shows the percentage of cell reselection number and Figure 11 shows the number of cell reselection for these two reselection mechanisms. In this scenario, most UEs initially camp on the 2600 MHz layer and are randomly distributed over this layer. And then UEs will do cell reselection based on FP or FPRCO. In this simulation, we configure per-cell threshold offset for different pico cells and macro cells on F2, i.e. per-cell threshold offset for some pico cells (pico cell group1) on F2 are configured to 20dB, per-cell threshold offset for the other pico cells (pico cell group2) on F2 are configured to 30dB, and per-cell threshold offset for macro cells on F2 are configured to 25dB.
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Figure 9: Average user throughput for FP and FPRCO
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Figure 10: % of cell reselection number for FP and FPRCO
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Figure 11: Num of cell reselection for FP and FPRCO
According to the simulation results, FPRCO achieve better average user throughput than FP (e.g. compare to only TH0, up to 28% throughput increase for TH0 and Offset20/25/30), and the reasons for throughput gain are that UEs are distributed across cells more evenly (i.e. to avoid too many UEs to camp on small cell) and UEs with better signal condition can reselect to small cells on higher priority frequency to get higher throughput.
According to the simulation results, FPRCO have less number for cell reselection than FP (e.g.  16% reduction of reselection times for TH0 and ThreshOffset30, 22% reduction of reselection times for TH10 and ThreshOffset30), and the reason is that UE personalized threshold based on randomized per-cell threshold offset result in that some UEs which can do reselection previously can’t meet the cell reselection condition and still stay at the existing camping cell. 
Similar with macro-only scenario, by configuring different per-cell threshold offset for the same threshold, the gain for average user throughput and number of cell reselection is different, i.e. more gain for bigger threshold offset.
Observation 3-1: FPRCO-based cell reselection also achieves better average user throughput than FP-based cell reselection.
Observation 3-2: FPRCO-based cell reselection also has less number of cell reselection than FP-based cell reselection.
Observation 3-3: The gain for the increase of average user throughput and the decrease of cell reselection number is different for different per-cell threshold offsets.
3. Conclusion
In this paper, we give the detailed analysis for the working mechanism of randomized threshold offset based reselection and provide both qualitative and quantitative evaluation for randomized threshold offset based reselection and frequency priority only based reselection. The following observations were made:
Conclusion 1: Randomized threshold offset based reselection mainly focuses on the reselection from the lower priority frequency to the higher priority frequency.
Observation 2: Randomized per-frequency threshold offset based cell reselection (FPRO) can meet the targeted requirement “under network control to re-distribute among the different carriers a fraction of users currently camped on these carriers”.
Observation 2-1: FPRO-based cell reselection achieves better average user throughput than FP-based cell reselection.
Observation 2-2: FPRO-based cell reselection has less number of cell reselection than FP-based cell reselection.
Observation 2-3: The gain for the increase of average user throughput and the decrease of cell reselection number is different for different per-frequency threshold offsets.
Observation 3: Randomized per-cell threshold offset based cell reselection (FPRCO) can meet the targeted requirement “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)”.
Observation 3-1: FPRCO-based cell reselection also achieves better average user throughput than FP-based cell reselection.
Observation 3-2: FPRCO-based cell reselection also has less number of cell reselection than FP-based cell reselection.
Observation 3-3: The gain for the increase of average user throughput and the decrease of cell reselection number is different for different per-cell threshold offsets.
Based on these observations, we suggest that RAN2 agrees on the following proposal:
Proposal: RAN2 to specify cell reselection with randomized reselection threshold offset as a mechanism to improve idle mode load balancing.
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