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1 Introduction 
HetNet mobility improvement for LTE was approved as a new R-11 SI [1] at last RAN plenary. One objective of the SI is to consider different cell-sizes for UE mobility state estimation. Several tdocs [2]

 REF _Ref299529593 \r \h 
[3]

 REF _Ref299529594 \r \h 
[4]

 REF _Ref299529596 \r \h 
[5]were submitted to discuss this topic in last two RAN2 meetings. 

In this tdoc, based on prior papers, we try to figure out the root of mobility state estimation error in Hetnet and find the directions to enhance. 
2 Root of the problem
Befor getting down to the details, the scenarios should be clearly declared. Based on possible types of heterogeneous network deployment, the scenarios could be differentiated into co-channel and inter-channel. For inter-channel deployment, so-called hierarchical cell structure (HCS) in UMTS, by proper designed mechanism or RRM strategy, UE’s mobility can be limited in layer(s) with equal priorities which are homogeneously deployed, and then UE can only meet cells with similar size. In order to find the problem on UE mobility state estimation when consider different cell-sizes in mobility, it’s better to study co-channel hetnet first in which cell with different sizes are deployed in the same layer.
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	 Fig1-a co-channel Hetnet deployment
	Fig1-b inter-channel Hetnet deployment(HCS)


In homogeneous network, the usage of speed dependant adjustment on UE’s mobility parameters, e.g. Treselection for IDLE and TimeToTrigger for CONNECT, is because a strong dependency exists between mobility parameters and speed of UE. Based on handover model in 36.839, handover region (fig2, [7]) could be defined as from A3 event enteringto PDCCH outage boundary (i.e. SINR < Qout). Regardless fast fading, in the same location handover region should have same length for different speed UE. For example, for the same handover region (1.25m ), UE at 60km/h has half time as UE at 30km/h for state2, therefore, TTT for 60km/h is scaled by 0.25.
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Fig 2 handover region 
	Speed of UE
	HO region
	TimeToTrigger
	HO prepration time
	Scaling factor

	slow UE at 30km/h
	1.25m
	100ms
	50ms
	1

	fast UE at 60km/h
	1.25m
	25ms
	50ms
	0.25


The same principle for speed dependant adjustment is still valid in hetnet. Howevery UE mobility state estimation based on past number of cell changes may not be accurate due to the cell size can vary significantly.To facilitate the discussion on impact caused by cells with different size, several analytical experiments are designed. The assumptions are listed below:
	
	Assumptions

	hetnet type
	co-channel hetnet 

	cell type
	macro and pico

	deployment paramenteres
	macros are deployed every 800m along x axis  
picos are different on each experiment.

	UE
	speed of slow UE is 8m/s=28.8km/h
speed of fast UE is 16m/s=57.6km/h

	mobility state estimation parameters
	TCRmax: 200s
NCR_M is different in each experiment


Experiments and analysis are shown below, x axis represents the distance travalled by UE, y axis represents cell change number in Tcrmax:
	A. This case is homogeneous network designed for comparision purpose.

Macros are deployed uniformly for every 800m. No pico is deployed in this case.

In 200 seconds, slow UE can go 1600m and fast UE can go 3200m. Thus slow UE and fast UE could meet 2 and 4 macros in TCRmax respectively which are shown in the figure.
If parameter is properly configured i.e. NCR_M=3, slow UE can be classified as normal-mobility state and fast UE medium-mobility state
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	B. Macros are deployed uniformly for every 800m as in case A. 

Pico is placed at 0.5 ISD of every two macros to enhance coverage at macro’s boundary.

In 200 seconds, slow UE could meet 2 macros and 2 picos, and fast UE could meet 4 macro and 4 picos. Thus cell change number for slow and fast UE is 4 and 8 correspondingly.

NCR_M should be increased e.g. NCR_M =6 due to more cell are placed in unit distance.
Observation1: different cell size does not definitely lead to mobility state misjudgement.
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	C. In order to make sure the conclusion of observation1, more picos are placed.
Three picos are placed at the boundary of every two macros with 100m spacing.

Cell change number for slow and fast UE is 8 and 16 correspondingly.

NCR_M could be increased to NCR_M =12 
Observation2: mobility state estimation works well if picos are placed evenly in every macros 
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	D. In order to find the root of problem, case D and E are designed.
In case D, macros are deployed uniformly for every 800m between 1~5700m. And in 5700m~12900m, ISD is shrinked to 400m. This scenario mostly happened when, for example, uptown UE is entering downtown where in most case cell’s density is higher in uptown.

Unstable mobility state estimation result can be observed in transition region. Set NCR_M =3 or NCR_M =6 may both cause misjudgement for mobility state estimation. However in homogeneous network, movement across these transition regions are rare, so no optimization are needed.
Observation3: mobility state estimation may have problem in transition region for different deployment density.
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	E. In hetnet, small cells are placed in cell coverage hole or hot spot which are not distributed uniformly in macro. 
For example there may have large shadow fading or hot spot requirements in certain macro’s coverage and others may not.

As shown in right figure, picos are placed unevenly in each macro. 
The cell change number could vary in wide range which depends on the cell deployment density. Comparing with case D, the transition region between different deployment density areas could happen frequently, and it is very hard to properly configure the parameters of mobility state estimation, e.g NCR_M.
Observation4: Non-uniform deployment is the root of problem.
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Based on above experiments, the root of problem for mobility state estimation in hetnet is:
Proposal1: Non-uniform deployment result in misjudgement of mobility state estimation.
3 Enhancements
From the above observations and proposal1, counting uniformly deployment cell could be used to eliminate unreliable mobility state estimation. One obvious solution is UE calculate macro cell change number only. From network planning point of view, counting macro only can avoid to re-plan the parameters of mobility state estimation when small cells are deployed upon original homogeneous network. 
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Proposal2: UE should consider uniform deployed cell only in mobility state estimation.
With current LTE configuration, UE can easy differentiate CSG from macros by PCI splitting and RRH/Pico/Relay which share the same PCI pools with macros. To differentiate RRH/Pico/Relay from Macro, adding one more PCI split for RRH/Pico/Relay is a feasible method. However it may result in extra jobs in network planning/re-planning and sometimes may be impossible for macro’s deployment due to scarcity of PCI. Another method is to signal a flag representing whether the serving cell should be counted or not to UE, and then UE consider the countable serving cell in mobility state estimation. Detail signalling could be left to WI.
4 Conclusions

In summary, we propose:

Proposal1: Non-uniform deployment result in misjudgement of mobility state estimation.

Proposal2: UE should consider uniform deployed cell only in mobility state estimation.
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		0		1		1		5		11		6		18		FALSE

		0		1		1		5		11		6		18		FALSE

		0				0		5		10		6		17		FALSE

		0				0		5		9		6		16		FALSE

		0				0		5		8		6		15		FALSE

		0		1		1		5		8		6		15		FALSE

		0		1		1		5		8		6		15		FALSE

		2				2		5		8		6		15		FALSE

		0		1		1		5		8		6		15		FALSE

		0		1		1		5		8		6		15		FALSE

		0				0		5		8		6		14		FALSE

		0				0		5		8		6		13		FALSE

		0				0		5		8		6		12		FALSE

		0		1		1		5		8		6		12		FALSE

		0		1		1		5		8		6		12		FALSE
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		0		1		1		5		8		6		12		FALSE
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		0		1		1		5		9		6		13		FALSE

		2				2		5		9		6		13		FALSE

		0		1		1		5		9		6		13		FALSE

		0		1		1		5		9		6		13		FALSE

		0		1		1		5		10		6		14		FALSE

		0		1		1		5		11		6		15		FALSE

		0		1		1		5		11		6		16		FALSE

		0		1		1		5		11		6		16		FALSE

		0		1		1		5		11		6		16		FALSE

		2				2		5		11		6		16		FALSE

		0		1		1		5		11		6		16		FALSE

		0		1		1		5		11		6		16		FALSE
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macro:2, pico:1	2	0	0	0	1	1	1	1	2	1	1	1	1	0	1	1	2	0	0	0	0	0	0	0	2	0	0	0	0	0	0	0	2	0	1	0	0	0	0	1	2	1	0	1	1	1	1	1	2	1	1	1	0	0	1	1	2	0	0	0	0	0	0	1	2	0	0	0	0	0	1	0	2	0	0	0	0	0	0	0	2	0	0	0	0	0	0	0	2	0	0	0	0	0	1	1	2	0	0	0	0	0	1	1	2	1	1	1	1	1	1	1	2	1	1	1	1	1	1	1	2	1	1	1	1	1	1	1	2	1	1	0	0	0	1	1	2	1	1	0	0	0	1	1	2	1	1	0	0	1	1	1	2	1	1	1	1	1	1	1	2	1	1	macro count in Tcrmax	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	Pico count in Tcrmax	4	4	5	6	7	8	8	9	10	11	11	10	10	10	10	9	8	7	6	6	5	4	4	4	4	4	4	4	4	4	4	4	5	5	5	5	5	6	6	7	6	7	8	9	10	10	10	10	11	11	10	9	9	9	9	8	7	6	6	6	5	5	5	5	5	5	5	5	6	5	5	5	5	5	5	5	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	5	6	6	6	6	6	6	6	6	6	6	7	8	9	10	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	10	9	8	8	8	8	8	8	8	8	8	8	8	8	8	8	8	8	9	9	9	9	9	9	10	11	11	11	11	11	11	11	macro:2, pico:1	2	0	0	0	1	1	1	1	2	1	1	1	1	0	1	1	2	0	0	0	0	0	0	0	2	0	0	0	0	0	0	0	2	0	1	0	0	0	0	1	2	1	0	1	1	1	1	1	2	1	1	1	0	0	1	1	2	0	0	0	0	0	0	1	2	0	0	0	0	0	1	0	2	0	0	0	0	0	0	0	2	0	0	0	0	0	0	0	2	0	0	0	0	0	1	1	2	0	0	0	0	0	1	1	2	1	1	1	1	1	1	1	2	1	1	1	1	1	1	1	2	1	1	1	1	1	1	1	2	1	1	0	0	0	1	1	2	1	1	0	0	0	1	1	2	1	1	0	0	1	1	1	2	1	1	1	1	1	1	1	2	1	1	Slow UE macro count	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	Slow UE pico count	4	4	4	4	5	6	7	8	8	9	10	11	11	10	10	10	10	9	8	7	6	6	5	4	4	4	4	4	4	4	4	4	4	4	5	5	5	5	5	6	6	7	6	7	8	9	10	10	10	10	11	11	10	9	9	9	9	8	7	6	6	6	5	5	5	5	5	5	5	5	6	5	5	5	5	5	5	5	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	5	6	6	6	6	6	6	6	6	6	6	7	8	9	10	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	11	10	9	8	8	8	8	8	8	8	8	8	8	8	8	8	8	8	8	9	9	9	9	9	9	10	11	11	11	11	11	11	11	Fast UE macro count	0	0	0	0	0	0	0	0	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	Fast UE pico count	0	0	0	0	0	0	0	0	8	9	10	11	12	12	13	14	14	14	14	14	13	12	11	10	10	9	8	7	6	6	5	4	4	4	5	5	5	5	5	6	6	7	7	8	9	10	11	12	12	13	13	14	14	14	15	15	15	14	14	13	12	11	10	10	10	9	8	7	7	7	7	6	6	6	6	6	6	6	6	5	5	5	5	5	5	5	4	4	4	4	4	4	4	4	5	6	6	6	6	6	6	6	7	8	8	9	10	11	12	13	13	13	13	14	15	16	17	18	18	18	18	18	18	18	18	18	18	18	18	18	18	17	16	15	15	15	15	15	15	14	13	12	12	12	12	12	12	12	12	13	13	13	13	13	13	14	15	16	16	16	16	16	16	


