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1. Introduction
In RAN#89bis meeting, the following requirements for UE (re)distribution among carriers/cells were identified for the WI “Multicarrier Load Distribution in LTE”, including:
	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. 


In this paper, we try to analyze the potential solutions for multicarrier load distirubtions of UE in LTE which have been proposed during the previous meetings and give our suggestion for possible solution which could meet the targeted requirements better.
2. Discussion
2.1 Potential solutions for idle UE redistribution
There were several options proposed at the previous meetings in order to achieve better idle load distribution, and we give some analysis for these solutions and also give some enhanced solutions.
2.1.1 Frequency-probability based cell reselection [1]
	Main idea

1) Network broadcasts the probabilities for each carrier and a list of partial coverage (small cell) carrier frequencies.
Psv (serving freq)+Psm (small cell layer)+Pm1 (neighbour freq)+Pm2+…+Pmn=1
Psm is a common re-distribution probability for all the small cell carriers which all are as one macro layer.
2) UE selects a carrier as the highest priority according to the carrier probability range by its generated random number and then perform normal priority based reselection (to that carrier with the highest priority).


This solution could solve the issues of the idle UE redistribution in marco-only system well if reselection probability of each carrier can be set reasonably based on the following analysis:

· The surge of UEs to the same highest priority frequency can be avoided since the highest priority frequency for each UE might be different based on randomization based re-distribution test;

· The swing of UEs from one specific high priority frequency to another specific high priority frequency can be avoided since eNB does not need to change the basic frequency priority frequently.

The difficulty of this solution is how to set reselection probability efficiently, and the following situations need to be considered: 
· Multiple macro neighbour cells on the same frequency layer might have different load, which might cause the complexity for eNB to decide the probability of the frequency;

· The number of idle UEs is unknown, which means that any big probability for one frequency should be risky.
It is also identified that this mechanism has some limitations for Hetnet even if considering a common re-distribution probability for all small cells, including:

· The case that small cells on the same frequency layer have different load can’t be treated well.

· The case that small cell and macro cell on the same frequency layer have different load can’t be treated well.

· If there are many frequencies on the same coverage, it is difficult to guarantee the utilization of small cells, considering that all small cell frequencies share one reselection probability.

Observation 1: Frequency-probability based cell reselection could achieve more balanced idle UE redistribution among carriers with the cost of complicated implementation of eNB.
Observation 2: Frequency-probability based cell reselection can’t guarantee the prioritized utilization of small cells.
2.1.2 Hash algorithm based cell reselection [2]
	Main idea

1) Network broadcasts a specific indicator to indicate whether hash algorithm based reselection mechanism shall be activated. Optionally a specific list of frequencies to identify those frequencies for which the hash-based reselection mechanism applies.

2) UE selects one LTE carrier among all LTE carriers/the specific listed frequencies based on hash algorithm. UE shall consider the selected carrier with highest priority and then follow the existing priority-based reselection procedures.


This solution could also solve the issues of the idle UE redistribution in marco-only system well in a simpler way than frequency probability-based reselection, including that the surge of UEs to the same highest priority frequency and the swing of UEs from one specific high priority frequency to another specific high priority frequency can be avoided. And the reselection to heavy/over-loaded frequencies can be avoided by the specific listed hashed-based frequencies which do not include any heavy/over-loaded frequencies. Compared to frequency probability-based reselection, this solution has simpler implementation for eNB.

But it is also identified that this mechanism has some limitations, e.g. the prioritized utilization of small cells can’t be guaranteed for Hetnet scenarios.

Observation 3: Hash based cell reselection could achieve more balanced idle UE redistribution among carriers with the simple implementation of eNB.
Observation 4: Hash based cell reselection can’t guarantee the prioritized utilization of small cells.
2.1.3 Cell-specific priority based cell reselection [3]
	Main idea

1) Network broadcasts the cell-specific priority in addition to the frequency priority.
2) UE applies higher priority reselection rules for the specific cell if the priority of the specific cell is higher than the current serving frequency priority and even if the frequency priority of the specific cell is lower than that of current serving frequency. 


This solution could prioritize the utilization of specific cells as much as possible based on the following analysis:

· Higher cell specific priority can be configured for any specified small cells which coexist with macro cell on the same frequency when small cells have lower load than macro cell;

· Higher cell specific priority can be configured for macro cells if there are heavy-loaded small cells on the same frequency, and lower priority for this frequency could be still expected;

· Higher cell specific priority can be configured for any specified small cells which coexist with other small cells on the same frequency considering the different load of small cells.

But it is also identified that this solution has some limitation, e.g. the surge of UEs to the same higher priority cell could still happen since all UEs which camp on one specific cell will see the same higher priority cell, and this surge issue might result in load issue for this higher priority cell potentially.
Observation 5: Cell-specific priority based reselection can guarantee the prioritized utilization of small cells, but could still cause the surge issue of UEs to the prioritized cells which might result in load issue potentially.
2.1.4 Cell-specific priority with randomization mechanism

In order to avoid the surge issue of UEs to the same higher priority cell, some randomization mechanism could be desirable on top of the cell-specific priority solution, which can be used to avoid the surge issue and meet the targeted requirement for network controlled UE (re)redistribution fraction.
2.1.4.1 Cell-specific priority with random threshold offset
	Main idea

1) Network broadcasts the cell-specific priority and relevant reselection threshold offset.
2) UE applies higher priority reselection rules for the specific cell if the priority of the specific cell is higher than the current serving frequency priority and even if the frequency priority of the specific cell is lower than that of current serving frequency. 

3) UE generates random number and uses it to get its specific reselection threshold which can be used in priority-based reselection rules instead of existing reselection threshold.

· E.g. Thresh’X, HighQ = ThreshX, HighQ+offset x/cell’ or Thresh’X, HighP = ThreshX, HighP+offset x/cell’
· offset x/cell’ = offset x/cell * random

· random number [0,1]


2.1.4.2 Cell-specific priority with reselection probability [4]

	Main Idea

1) The network broadcasts a cell specific priority list and a cell reselection probability Prs. 
2) 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.


2.1.4.3 Comparison for cell-specific priority relevant mechanisms
The following table 1 gives the possible UE redistribution while cell-specific higher priority and relevant randomization mechanism are used.
	Figure 1. Example Scenario for initial UE distribution
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	Assuming:

· Priority of f1 > f2
· Threshold high = 0

Possible UE distribution:

· UEs initial distribution in Cell1


	Figure 2. UE redistribution by cell-specific priority (Cell3 with higher priority)
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	Assuming:

· Priority of f1 > f2

· Priority of Cell3 > Priority of f1

· Threshold high = 0
Possible UE redistribution:
· UEs under the coverage of Cell3 reselect to Cell3



	Figure 3. UE redistribution by cell-specific priority with random reselection threshold offset
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	Assuming:

· Priority of f1 > f2

· Priority of Cell3 > Priority of f1

· Threshold high = 0

· Offset for Threshold high (assuming positive value here)
Possible UE redistribution:

· A fraction of UEs under the coverage of Cell3 reselect to Cell3

· UEs with better signal condition (e.g. near to the central of cell3) can reselect to Cell3 easier



	Figure 4. UE redistribution by cell-specific priority with probability (40%)
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	Assuming:

· Priority of f1 > f2

· Priority of Cell3 > Priority of f1

· Threshold high = 0

· Reselection Probability for Cell3

Possible UE redistribution:

· A fraction of UEs under the coverage of Cell3 reselect to Cell3

· UEs with better signal condition (e.g. near to the central of cell3) might not reselect to Cell3, but UEs at the border of cell3 might reselect to Cell3



Based on the above analysis, the solution of cell-specific priority with random reselection threshold offset could achieve better idle UE distribution among multi-carriers by prioritizing the utilization of specific cells which could be macro cells or small cells with lower load and by using the relevant random threshold offset to avoid the surge issue of UEs to these specific cells and allow the UEs with better signal under the prioritized cells to do reselection; the performance of this soluiton can be proved further by the simulation results in section 2.2.1.
Observation 6: Cell reselection based on Cell-specific priority with random reselection threshold offset could achieve better idle UE redistribution and guarantee the prioritized utilization of small cells.
2.1.5 Frequency priority with random threshold offset
The mechanism of random threshold offset could also be used to improve legacy frequency priority based reselection.
	Main idea

1) Network broadcasts the frequency priority and relevant reselection threshold offset.
2) UE applies higher priority reselection rules with the adjusted threshold as following if the neighbour frequency priority is higher than that of current serving frequency:

UE generates random number and uses it to get its specific reselection threshold which can be used in priority-based reselection rules.

· E.g. Thresh’X, HighQ = ThreshX, HighQ+offset x’ or Thresh’X, HighP = ThreshX, HighP+offset x’
· offset x’ = offset x * random

· random number [0,1]


The following table 2 gives the analysis for the possible UE redistribution while random threshold offset is used for legacy frequency priority-based reselection.

	Figure 5. Example Scenario for initial UE distribution
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	Assuming:

· Priority of f1 > f2

· Threshold f1, high = 0

Possible UE distribution:

· UEs (legacy UEs and R13 UEs) initial distribution in Cell1(higher priority freq)


	Figure 6: Priority based reselection with threshold
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	Assuming:

· Priority changed (e.g. based on the load status), Priority of f2 > f1
· Threshold f2, high = positive number
Possible UE redistribution:

· UEs (legacy UEs and R13 UEs) reselects to Cell2 if their S > Threshold f2, high

	Figure 7: Priority based reselection with random threshold offset
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	Assuming:

· Priority changed  (e.g. based on the load status), Priority of f2 > f1

· Threshold f2, high  (positive value)

· Offset for Threshold f2, high (assuming positive value here)

Possible UE redistribution:

· All legacy UEs reselect to Cell2 if their S > Threshold f2, high 
· A fraction of R13 UEs reselect to Cell2 even if their S > Threshold f2, high 
· R13 UE reselects to Cell2 if their S >  (Threshold f2, high + random offset)
· R13 UEs which S > (Threshold f2, high + max offset) reselect to Cell2 (red circle)


Based on the above analysis, the solution of frequency priority with random reselection threshold offset could improve the idle UE redistribution by setting flexible reselection threshold and threshold offset which can be used to control the possible UE number to do reselection and avoid the UE surge to the higher priority frequency; the performance of this solution can be proved further by the simulation results in section 2.2.2.
Observation 7: Frequency priority with random reselection threshold offset could improve the idle UE redistribution among carriers and avoid the UE surge to the higher priority frequency.
2.2 Simulation Assumptions and Results
2.2.1 Scenario 1: Hetnet
	
[image: image8.emf]F1

F2


	Simulation Assumptions

Two macro carriers
F1：2600MHz
F2：2650MHz (macro + picos)
2*3*3 Macro cells (ISD 500m)
3*3*3 picos
180 UEs 



Simulation results

For scenario 1, we simulated cell-specific priority (CSP) scheme and cell-specific priority with different random threshold offsets (CSPRO). In this simulation, initially priority of F1 is higher than that of F2, almost all UEs camp on F1, and then eNB provides the cell-specific priority for small cells on F2 higher than that of F1 and maintains priority of F2 lower than that of F1 in order to only trigger cell reselection to small cells on F2.
According to the simulation result in Figure 8, by setting different threshold x, high (e.g. TH 0/5/10/15/20) and relevant positive threshold off (e.g. offset 10/20) for small cells with higher cell priority on F2, reselection portion to those small cells can be controlled more flexibly and efficiently compared to CSP-only mechanism. If threshold x, high for small cells (higher priority cells) is set to higher (e.g. TH=20), there are no UEs to reselect to small cells (Refer to Figure A-2 of Annex for UEs’ measured pico RSRP); but if threshold x, high for small cells is set to 0 (e.g. TH=0) and threshold offset is set to 20 which will be randomly from 0 to 20 by UE respectively, then there are about 60% UEs to reselect to small cells; and if threshold x, high for small cells is set to 10 (e.g. TH=10) and threshold offset is set to 10 which will be randomly from 0 to 10 by UE respectively, there are about 20% UEs to reselect to small cells.
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Figure 8: CSP based w/o positive offset in Hetnet
In Figure 9, we do the simulation using the negative threshold offset (e.g. offset -5/-10/-15/-20), and the simulation results also show that reselection portion to those small cells can be controlled more flexibly and efficiently compared to CSP-only mechanism.

[image: image10.emf]%

 

o

f  

c

e

l

l

 

r

e

s

e

l

e

c

t

i

o

n

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

TH=5 TH=10 TH=15 TH=20

CSP

CSPRO(Offset-5)

CSPRO(Offset-10)

CSPRO(Offset-15)

CSPRO(Offset-20)


Figure 9: CSP based w/o negative offset in Hetnet
Based on the above simulation results, it is observed that the portion of UE redistribution can be controlled further by setting flexible threshold offsets (i.e. positive/negative value) in addition to reselection threshold for specific priority cells and better idle UE redistribution among multi-carriers could be achieved. 
2.2.2 Scenario 2: Macro-only network

	
[image: image11.emf]F1

F2


	Simulation Assumptions

Two macro carriers
F1：2600MHz
F2：2650MHz
2*3*3 Macro cells (ISD 500m)
180 UEs 



Simulation results

For scenario 2, we simulated the current load distribution scheme (Frequency priority: FP) and frequency priority with different random threshold offsets. In this simulation, initially priority of F1 is higher than that of F2, almost all UEs camp on F1, and then eNB changes priority of F2 higher than that of F1 to trigger cell reselection. 
According to the simulation result in Figure 10, by setting different threshold x, high (e.g. TH 0/5/10/15/20) and relevant positive threshold off (e.g. offset 10/20) for higher priority frequency F2, reselection portion to higher priority frequency can be controlled more flexibly and efficiently compared to existing FP-only mechanism. If threshold x, high for F2 (higher priority) is set to higher (e.g. TH=20), there are only 15% UEs to reselect to F2; but if threshold x, high for small cells is set to 0 (e.g. TH=0) and threshold offset is set to 20 which will be randomly from 0 to 20 by UE respectively, there are more than 60% UEs to reselect to F2; and if threshold x, high for small cells is set to 10 (e.g. TH=10) and threshold offset is set to 10 which will be randomly from 0 to 10 by UE respectively, there are about 40% UEs to reselect to small cells.
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Figure 10: FP based w/o positive offset in Homo-net
In Figure 11, we do the simulation using the negative threshold offset (e.g. offset -5/-10/-15/-20), and the simulation results also show that reselection portion to the higher priority frequency can be controlled more flexibly and efficiently compared to existing FP-only mechanism.
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Figure 11: FP based w/o negative offset in Homo-net
Based on the above simulation results, it is observed that the portion of UE redistribution can be controlled further by setting flexible threshold offsets (i.e. positive/negative value) compared to only setting reselection threshold for higher priority and better idle UE redistribution among multi-carriers could be achieved.
3. Conclusion
In this paper, we analyzed the potential solutions and gave the simulation results for some potential solutions. Based on the analysis, we have the following observations and proposal:
Observation 1: Frequency-probability based cell reselection could achieve more balanced idle UE redistribution among carriers with the cost of complicated implementation of eNB.
Observation 2: Frequency-probability based cell reselection can’t guarantee the prioritized utilization of small cells.
Observation 3: Hash based cell reselection could achieve more balanced idle UE redistribution among carriers with the simple implementation of eNB.
Observation 4: Hash based cell reselection can’t guarantee the prioritized utilization of small cells.
Observation 5: Cell-specific priority based reselection can guarantee the prioritized utilization of small cells, but could still cause the surge issue of UEs to the prioritized cells which might result in load issue potentially.
Observation 6: Cell reselection based on Cell-specific priority with random reselection threshold offset could achieve better idle UE redistribution and guarantee the prioritized utilization of small cells.
Observation 7: Frequency priority with random reselection threshold offset could improve the idle UE redistribution among carriers and avoid the UE surge to the higher priority frequency.
Proposal: RAN2 to specify cell reselection with random reselection threshold offset as a mechanism to improve idle mode load balancing.
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Annex: Additional Simulation information
Table A-1: Simulation Conditions
	Parameters
	Values and comments

	Carrier Frequency
	Macro Node: 2600 MHz/2650 MHz
LPN Node: 2650 MHz

	Carrier Spacing
	20MHz 

	Cell Layout
	Macro: 3Bs 9 Cell for single carrier
LPN: 3 LPN for per macro cell

	Inter-Macro site distance
	500 m

	Deployment of LPNs

	Minimum distance between LPN and macro cell: 75m

Minimum distance between LPNs: 40m 

	Dropping criteria for LPNs
	LPNs are randomly and uniformly distributed within a macro cell

	Number of UEs
	180

	Deployment of UEs
	The minimum distance between UE and macro cell is 35m

The minimum distance between UE and LPN is 10m

	Scenarios
	Outdoor

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

LPN: L=140.7 + 36.7log10(R), R in kilometres

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of NodeB
	Macro Node: 46dBm
LPN: 30 dBm

	Max BS Antenna Gain
	Macro cell: 17dBi
LP cell: 12dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 5 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz (reception bandwidth 3.84MHz)
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Figure A-1: UE measured RSRP on F1 initially
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Figure A-2: UE measured RSRP for small cells on F2
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