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1. Introduction
Mobility Load Balancing Optimisation (MLB) and Mobility Robustness Optimisation (MRO) enhancements are two use cases which shall be elaborated within the approved new WI LTE SON R10 [1]. One of the MRO problems “Ping-pongs in idle mode (inter-RAT and intra-LTE environment)” was captured in [2] in last meeting.
This paper would like to propose to introduce the negotiation of cell reselection parameters change between two peer cells into the Mobility Settings Change procedure for R10, to solve the ping-pong problem in idle mode.
2. Discussion
2.1. Negative effect introduced by ping-pong cell reselection
· Ping-pong cell reselection will cause frequent TA updating when UE locates in the TAU boundary. For a typical value, when the serving cell CRS offset is -4dB and the neighbor cell CRS value is -5dB, the ping-pong reselection rate is near 10% (refer to A.1 of the Appendix).
· Frequent TA updating will increase the collision probability of RACH attempt, and greatly decrease the success rate or increase the delay of RACH access. If we assume that the ping-pong reselection rate is 10%, the planned RACH failure rate is 1% and the configured number of reattempt is 3, after considering the ping-pong reselection and TAU, the RACH failure rate of the cells in TAU boundary will increase to 4.56% (refer to A.2 of the Appendix).
· Ping-pong cell reselection may cause paging failure when UE locates in the TAU boundary, or impact the performance of paging if multiple TAs is applied for one UE.
· While considering HeNB, the planned TAU area may be small, and the number of impacted cells will be large. 
· Moreover, the ping-pong cell reselection will cost more UE power consumption.
Usually, ping-pong cell reselection occurring to the UEs near the cell reselection boundary is due to the mismatched cell reselection parameters between two peer cells.
2.2. Scenarios bringing the mismatched cell reselection parameters
Figure 1, 2 illustrate the handover boundary and cell reselection boundary shifting during the Mobility Settings Change procedure. While the eNB1 initializes a Mobility Settings Change procedure towards eNB2, the eNB1 and eNB2 may change their cell reselection parameters respectively in order to reflect the changes in the HO setting, but no principle is defined in the current specification to describe the relationship between cell reselection and HO parameters, different eNB can use different policies to implement the change of cell reselection parameters after changing the HO parameters. 

For example, the eNB1 changes its HO parameters with 3db and proposes eNB2 to change the HO parameters with 3db too, if the negotiation is successful, the eNB1 and eNB2 will change their HO parameters with 3db, however, due to the different implement policies, the eNB1 and eNb2 may change their reselection parameters with 3db and 0db respectively. Hence, the eNB2 may have performed an unreasonable cell reselection parameters change, which will cause the mismatched cell reselection parameters between two peer cells, and then the ping-pong reselection will occur to the UEs near the cell reselection boundary.
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Fig. 1 before Mobility Settings Change                 Fig. 2 after Mobility Settings Change
Besides, the cell reselection parameters could be changed independently, if the peer cells don't know the cell reselection parameters change each other, the mismatch of cell reselection parameters may also occur between two peer cells.
2.3. Solution to solve the mismatched cell reselection parameters
In order to avoid the mismatch of cell reselection parameters between two peer cells and decrease the ping-pong cell reselection, the negotiation of cell reselection parameters change between two peer cells is helpful.
It is a simple way that adding the negotiation of cell reselection parameters change into the current Mobility Settings Change procedure to enable the target eNB to know the cell reselection parameters change in the source cell before the target eNB changes the target cell’s parameters.

3. Conclusion

According to the above discussion, we would like to propose: 

Proposal: In order to solve the ping-pong problem in idle mode, the negotiation of cell reselection parameters change between two peer cells needs to be approved in R10. 
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Appendix
In this section, we will investigate the effect introduced by the mismatched cell reselection (CRS) parameters between neighbor cells. 
A.1 Ping-pong cell reselection rate estimation

The simulation results based on 19 eNB (57 cells) scenario are given as follows. Table 1 shows the simulation parameters. In our scenario, we assume the ping-pong cell reselection will take place at all the cell boundaries. 
Fig. 3 shows the simulation results of ping-pong cell reselection rate. We assume all the UE is served by the cell with largest RSRP at the beginning of the simulation. As shown in Fig.3, the negative CRS offset means that the UE will probably reselect the neighbor cell, and as a result, when both CRS offsets are near -10dB, the ping-pong reselection rate reaches 52%. For a typical value, when the serving cell CRS offset is -4dB and the neighbor cell CRS value is -5dB, the ping-pong reselection rate is near 10%.

Table 1: simulation parameters

	Parameters
	Values

	UE numbers
	10000

	UE distribution
	Uniform

	ISD
	1732 m

	eNB Antenna Gain
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Am=20dB, θ3dB=70

	eNB RF Power
	43dBm

	Shadow Fading 
	8dB

	Pass loss model
	35.63+35log10(R), R in meters

	Qhyst / Hyst
	3dB or 0dB

	Cell reselection / HO offset
	-10dB ~ 10dB

	Cell Reselection Criterion
	RSRPs + Qhyst < RSRPn – CRS offset

	Handover Criterion
	RSRPs + Hyst < RSRPn - HO offset
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Fig. 3 Rate of ping-pong cell reselection (Qhyst = 3dB)

A.2 Estimation of collision probability of RACH attempt 
The collision probability of RACH attempt is directly related to the available random access resources in a cell.
If we assume that the number of random access requests per random access opportunity is Poisson[image: image4.png]


, the collision probability can be expressed as:
1 - The probability of 0 request per opportunity - The probability of 1 request per opportunity: 

Pcollision = 1 - e-u - ue-u
Where u is the average number of random access requests per opportunity.

Collision probability naturally increases as u increases.
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Fig. 4 Collision probability
Random access requests will increase in the cells in TAU boundary as ping-pang cell reselection increases the TA updating and occupies the RACH resources. So, we can conclude that ping-pang cell reselection will increase collision probability of RACH attempt according to the relationship between collision probability and random access requests per opportunity in Fig.4.
For example, in one cell in TAU boundary, if the ping-pong reselection rate is 10%, the rate of connected UE is 10%, the rate of idle UE is 90%, with regard to the occupation of RACH resources, one TAU is equivalent to one RACH access, considering the ping-pang UE only has half time in one cell, so we calculate that the ping-pong reselection will cause additional 4.5% RACH access, i.e. the RACH attempt rate increases from 10% to 14.5% after considering the ping-pong reselection in a cell in TAU boundary, it is 45% climbing. 
We assume that the planned RACH failure rate is 1% and the configured number of reattempt is 3, then the deduced allowed collision probability is 0.011/3 about 0.215 and the number of RACH attempts per opportunity is 0.866, after considering the ping-pong reselection, the number of RACH attempts per opportunity will climb up to 1.256 (=0.866*1.45). So we can see that the collision probability will climb up to 0.357. Therefore, the RACH failure rate will increase to 4.56% (=0.3573). It will greatly impact on the success rate of RACH access. 
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