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1 Introduction

At RAN3#79bis meeting, the objective of the “SON for UE types” task has been clarified as to evaluate if differentiation of mobility settings mechanisms can cause interoperability issues and if yes, to evaluate solutions for them [1]. Correspondingly, the following issues have been identified for further discussions [2]:

1)
Define problem/issue (then why grouping solve this issue?)

The participants have formulated following general problem statement:

Enabling wider differentiation of mobility setting may be needed in the system (homogeneous and heterogeneous scenarios), but may create issues, such as ping-pongs. Furthermore, the interpretation of the Mobility Setting Change procedure may hamper inter-vendor deployments. Therefore, clarification of the procedure may be needed.

2)
Definition of CRE UEs… Definition of CRE UE?

The participants decided to leave the definition of the “CRE UE” up to the particular problem definition that may be proposed later (FFS).
In this contribution, we first clarify the definition of “CRE UE”, and based on that we deliver a series of simulation results to evaluate whether it is necessary to differentiate mobility setting based on different UE categories. 
2 Definition of “CRE UE”
When studying eICIC for HetNet in Rel-10, the Cell Range Expansion (CRE) mechanism was designed to exploit cell-splitting gains by offloading UEs from the macro cell to the Low Power Node (LPN) cell. The Almost Blank Subframe (ABS) mechanism was also adopted for mitigating the ICI in intra-frequency HetNet scenario when CRE is employed. Moreover, in the context of FeICIC study in Rel-11, UE-based interference cancellation (IC) technique was introduced to further improve UE throughput performance. Regarding that from functional aspects UE implementation supports for CRE, ABS and IC mechanisms may be different; we summarize these differences in Table-1, according to the UE capabilities with respect to CRE/ABS/IC mechanisms as defined in [3] and [4].

Table 1: UE categories w/r/t CRE/ABS/IC mechanisms

	UE category
	Resource restricted RLM and RRM measurement
	CRS-IC
	PSS/SSS/PBCH-IC

	Legacy UE 
(without capability of eICIC/FeICIC)
	-
	-
	-

	eICIC capable UE
	X
	-
	-

	FeICIC capable UE
	X
	X
	X


Note that as defined in [3], the eNB needs to check the UE supports of CRE, ABS and IC operations individually. For example, a UE may support some other Rel-11 features but not the UE-based IC feature. Therefore, we suggest that in the future discussion, for clarification the UE categories w/r/t CRE/ABS/IC mechanisms defined in Table-1 shall be applied instead of using “CRE UE”:

· Legacy UE without capability of eICIC/FeICIC
· eICIC capable UE
· FeICIC capable UE
Proposal 1: In the context of SON discussion, the UE categories w/r/t CRE/ABS/IC mechanisms defined in Table-1 shall be applied for clarification.
3 Simulation scenario
For better evaluation of mobility performance in HetNet with various CRE configurations, we delivered a series of simulations for each UE category respectively based on the HetNet hotspot scenario defined by RAN2 [5]. 
The configurations dependent on UE category are summarized in Table-2. 
On the other hand, the common configuration parameters are summarized in Table-3 and the detailed setup about simulation scenarios and parameters are provided in Appendix A and B.
Table 2: UE category dependent configurations
	UE category
	ABS resource
	CRS-IC capability

	Legacy UE
	N/A
	N/A

	eICIC capable UE
	Yes
	N/A

	FeICIC capable UE
	Yes
	Yes


Table 3: Common configurations
	Configuration
	Value

	UE speed [km/h]
	30

	Cell Loading [%]
	100

	TTT [ms]
	160

	A3 offset [dB]
	2

	L1 to L3 period [ms]
	200

	RSRP L3 Filter K
	1

	CRE
	{-2, 0, 2, 4, 6, 8}


4 Simulation results and analysis
The simulation results were collected under two criteria, namely the overall failure rate and the inter-layer failure rate. Note that the connection failures mentioned here include RLF and HOF. The simulation results for each UE category are illustrated Fig.1, Fig.2 and Fig.3, respectively.
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Fig-1: Simulation results of legacy UE
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Fig-2: Simulation results of eICIC capable UE
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Fig-3: Simulation results of FeICIC capable UE
For each UE category, we observe that: 

· For legacy UE, only small CRE values result in acceptable mobility performance. When CRE is getting bigger, both failure rates increase very rapidly. The reason is that such kind of UE cannot have its downlink control channel protected in CRE region. 

· For eICIC capable UE, medium CRE values, (i.e. 2~6dB), offer better mobility performance than the others. For big CRE values (i.e. >6), the failure rates increase rapidly, especially the inter-layer connection failure rate. The reason is that for the UE configured with larger CRE value, it would without the assistance of IC capability experience much stronger interference from macro cell. 

· For FeICIC capable UE, the mobility performance curve is relatively flat for all CRE values. Moreover, the medium and large CRE values lead to low failure rates. The reasons are that UE can improve the robustness of its connection with pico cell by applying CRS-IC in ABS subframe, and in non-ABS subframe it can receive strong and stable enough signal from macro cell.
The above observations indicate that it is hardly to apply the same CRE configuration to different category UEs, meanwhile to guarantee an optimal mobility performance. Note that different category UEs are mixed up in network and their individual proportions could be changed from time to time. Therefore, even a currently applied CRE value can achieve acceptable mobility performance, maybe at next moment the eNB would have to change the CRE value due to degradation of mobility performance. In other words, differentiation of mobility settings for different UE categories is essential in terms of CRE application. 
Observation 1: It is hardly to apply the same CRE configuration to different category UEs, meanwhile guarantee an optimal mobility performance.
Observation 2: To achieve optimal mobility performance, differentiation of mobility settings for different UE categories is essential in terms of CRE application.

Proposal 2: In terms of "SON for UE types" task, the simulation results and observations in this paper shall be taken into consideration.
Furthermore, the inter-operability of Mobility Setting Change procedure is questionable. Since the simulations prove that very different CRE values are going to be applied to different UE categories for optimal mobility performance, this implies that it is very difficult for an eNB to interpret the suggested delta value from its peer eNB and to configure it to the right UE category. In another word, the existing Mobility Setting Change procedure needs enhancement to support differentiation of mobility settings for different UE categories in terms of CRE application. 
Proposal 3: The existing Mobility Setting Change procedure needs enhancement to support differentiation of mobility settings for different UE categories in terms of CRE application. 
5 Conclusions
The eICIC and FeICIC features impose different functional requirements on UE implementation. Correspondingly, we can divide all UEs into three categories. For those UE categories, our simulation results reveal that it is necessary to differentiate mobility setting based on different UE categories when CRE is applied. 
Observation 1: It is hardly to apply the same CRE configuration to different category UEs, meanwhile guarantee an optimal mobility performance.
Observation 2: To achieve optimal mobility performance, differentiation of mobility settings for different UE categories is essential in terms of CRE application.
Proposal 1: In the context of SON discussion, the UE categories w/r/t CRE/ABS/IC mechanisms defined in Table-1 shall be applied for clarification.
Proposal 2: In terms of "SON for UE types" task, the simulation results and observations in this paper shall be taken into consideration.
Proposal 3: The existing Mobility Setting Change procedure needs enhancement to support differentiation of mobility settings for different UE categories in terms of CRE application.
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Appendix A: Simulation scenarios

A.1 Basic simulation modelling

In our simulation setup for this performance evaluation, the more realistic placements of pico cells and UEs according to 3GPP TR 36.814 [6] were used, where the 2 pico cells are deployed within the macro cell coverage. The UE velocity of 30 kmph was adopted as the baseline in the evaluation. Detailed simulation parameters can be found in Appendix B and in [6]

 REF _Ref356038506 \r \h 
[7].

Moreover, a more practical modeling we used to evaluate the mobility performance without CRE/ABS, as described in [8], was also used in this simulation, in order to provide more realistic evaluation result and facilitate the comparison with and without CRE/ABS.

A.2 CRE and ABS modelling
The simulation was run under various CRE bias values, to examine the mobility performance under low, medium and high CRE bias. The high CRE bias can be set to 9 dB, according to the LS from RAN1 [9]. 

A static ABS configuration is used in the simulation, i.e. the same ABS pattern is applied to all the macro cells. The ABS pattern was designed to meet the requirement of RAN4, i.e. at least one almost blank subframe per radio frame for performing the intra-frequency measurements [10]. 

A.3 CRS-IC modelling
In our simulation, the perfect cell-specific reference signal interference cancellation (CRS-IC) technique is used for modeling the UE receiver.
Appendix B: Simulation assumptions
In this section, the simulation parameters used in our simulations are summarized.

Table 34: The parameters for RLF configuration.

	Parameter 
	Value

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1 sec (the default value currently defined in standards)

	N310
	1

	T311
	1 sec (the default value currently defined in standards)

	N311
	1


Table 45: Basic radio configurations.

	Configuration
	Macro cell
	Pico cell

	ISD
	500 m
	Picos are dropped randomly

	Distance-dependent path loss
	TR 36.814 Macro-cell model 1
	TR 36.814 Pico cell model 1

	Number of sites/sectors
	19/57
	2 per macro cell

	BS Antenna gain including Cable loss
	15 dB
	5 dB

	MS Antenna gain
	0 dBi
	0 dBi

	Shadowing standard deviation
	8 dB
	10 dB

	Correlation distance of Shadowing
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814, Table A.2.1.1-2
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3

	Carrier Frequency / Bandwidth
	2.0 GHz / 10 Mhz
	2.0 GHz / 10 Mhz

	BS Total TX power
	46 dBm 
	30 dBm

	Penetration Loss
	20 dB
	20 dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814.
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