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1 Introduction

The Cell Range Expansion (CRE) function is designed for HetNet to exploit cell-splitting gain 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.

At the RAN3#75 meeting and later email discussions [1]

 REF _Ref319507062 \r \h 
[2], connection failure in CRE area has been identified as a high priority problem to be solved in Rel-11 MRO. The conclusion is quoted below [2]:
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At RAN3#74 meeting, based on the HetNet hotspot scenario defined by RAN2 [3], we provided simulation results in [4]. However, the impact of CRE/ABS was not explicitly modelled and evaluated. In order to examine the mobility performance in the concerned deployment, where CRE and ABS are employed, in this contribution we advance our investigations in such HetNet scenarios.
2 Simulation results and analysis
The detailed setup about simulation scenarios and parameters are provided in Appendix A and B.
2.1 Occurrence of various handover types
Fig. 1 presents the radio of various types of handovers in 2-pico and 4-pico deployments, respectively. As expected, the total number of handovers, especially the number of pico-to-pico handovers, increases when a larger CRE bias value is applied. On the other hand, a large portion of handovers between macro cells are offloaded to inter-layer handovers. More explicitly, when a larger bias value is applied, macro-to-macro handover becomes no longer the majority of handovers, while the pico-to-pico handover occurs more frequently in 4-pico deployment. By expanding the coverage of pico cells, inter-layer handovers become the dominant handover type.
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Fig. 1: Number of handovers per UE per second occurring under the velocity of 30 kmph.
From the simulation results, we observe that:
Observation 1: When a larger CRE bias value is applied, the total number of handovers increases accordingly with the inter-layer handover being the dominant handover type in HetNet deployment.
Observation 2: The total number of inter-pico handovers increases when more pico cells are deployed, with its occurrence increasing proportionally to the CRE bias value.
The increased number of handovers implies that the existing speed dependant scaling mechanism becomes CRE dependant, because UE performs mobility state estimation by counting the occurrence of handovers. More specifically, the UE would overestimate its mobility state comparing to its actual speed when larger CRE is applied. Detailed discussion and evaluation can be found in [5]. Therefore, we propose that RAN3 take CRE’s impact into account when designing the Rel-11 MRO solutions that exploit UE speed information.
Proposal 1: The impact from CRE should be taken into account when studying solutions exploiting UE speed information.
2.2 Inter-layer handover
In Fig. 2 and Fig. 3, we show the normalized inter-layer Handover Failure (HOF) rates for 2-pico and 4-pico deployments, respectively. A number of CRE bias configurations were tested with ABS enabled. The HOF rate is calculated according to [3], i.e. through dividing the number of failed handovers by the total number of that particular type of handovers before it is normalized to the reference case (not shown in the figures), where neither CRE nor ABS is applied.
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Fig. 2: Normalized inter-layer HOF rate under the velocity of 30 kmp in 2-pico scenario.
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Fig. 3: Normalized inter-layer HOF rate under the velocity of 30 kmp in 4-pico scenario.

As seen in both Fig. 2 and Fig. 3, applying ABS can significantly improve the handover performance because of the improved radio link quality in ABS of the macro cells. In addition, applying CRE and ABS can substantially improve the performance of handovers towards pico. This is because when CRE is applied, the inter-layer handover will take place at the expanded pico cell border where the DL radio link quality of macro cell is higher than that in the pico cell.
However, with respect to the outbound handover from pico to other cells, larger CRE bias values may largely increase the HOF rate. The reason is that the signal strength of pico cell degrades in geometry much quicker than macro cell. Thus, tackling outbound handovers appears to be more challenging when a larger than smaller CRE bias value is applied in HetNet scenario.
Observation 3: ABS can significantly improve the performance of inter-layer handover.

Observation 4: From pico’s perspective, the larger CRE bias helps improve the performance of inbound handovers, but at the cost of increasing the HOF rate of outbound handover.
Note that currently the mobility failure scenarios identified by RAN3 [2] have not considered the problematic outbound handover case. Based on the simulation results, we propose that tackling the outbound handover issues should also be considered as high priority in HetNet mobility enhancement.
Proposal 2: Tackling outbound handover issues should be considered as high priority for HetNet mobility enhancement.
2.3 Inter-pico handover
Fig. 4 and Fig. 5 show the normalized HOF rates of inter-pico handover, as well as the total HOF rates of all directions, respectively.
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Fig. 4: Number of handover failures per UE per second under the velocity of 30 kmph in 2-pico scenario.
[image: image7.png]100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

pico-pico

total

®CRE_O
mCRE_2
mCRE_4
®CRE_6
®CRE_9





Fig. 5: Number of handover failures per UE per second under the velocity of 30 kmph in 4-pico scenario.

As shown in Fig. 4 and Fig. 5, applying ABS to mitigate the inter-cell interference can significantly improve the inter-pico handover performance. However, the trend observed from inter-pico handover is somewhat different from that of inter-layer handover portrayed in Fig. 2 and Fig. 3. More explicitly, smaller CRE bias values generally provide better inter-pico handover performance. The reason may be as follows. When pico cell coverage is further expanded (i.e. through applying a larger CRE bias value), UEs that are handed over from pico cell to macro cell may be handed over to another pico cell. However, although ABS can protect such kind of inter-pico handovers at low CRE bias, it cannot provide sufficient protection at high CRE bias due to the severe interference from macro cell CRS..
Observation 5: Low CRE bias with ABS enabled provides the best handover performance for inter-pico handover.
Another phenomenon that we observe from Fig. 4 and Fig. 5 is that when more pico cells are deployed, the inter-pico HOF rates associated with all CRE bias values become higher. Recall that the proportion of inter-pico handover also grows as more pico cells are deployed, as pointed out in Observation 2. This implies that in this case the number of failed inter-pico handovers dramatically increases. Thus, when operators try to deploy more pico cells for boosting system capacity, the degraded inter-pico handover performance would becomes a big challenge.
Further, there is another severe impact on HOF detection when inter-pico HOF happens. In case of RLF/HOF, the UE will select/reselect the cell with the best radio link quality for re-establishing RRC connection. Therefore, in the CRE region as shown in Fig. 6, the opportunity that the UE reselects the macro cell may be greater than reselecting the pico cell, even the pico cell offers a smaller downlink path loss.
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Fig. 6: Inter-pico HOF in CRE region.

The reason for this issue is that CRE is not applicable to idle-mode UEs. However, from the perspective of macro cell receiving the UE RLF Report, such HOF looks like a “typical” Wrong Cell HO, which however may actually be a Too Early HO or Too Late HO between the neighbouring pico cells. Such wrong diagnoses (e.g. Wrong Cell HO) as well as the subsequent potentially incorrect rectification on handover parameters may be propagated to the pico cells through MRO negotiation. This may inflict undesirable network behaviours such as inter-layer ping-pong HO. Based on the above discussions, we propose that:
Proposal 3: Further studies are needed in RAN3 for further improving the inter-pico mobility performance in HetNet.
3 Conclusion

In this contribution, we evaluated the mobility performance for HetNet deployment scenarios when CRE and ABS mechanism are applied, and have the following observations:
Observation 1: When a larger CRE bias value is applied, the total number of handovers increases accordingly with the inter-layer handover being the dominant handover type in HetNet deployment.
Observation 2: The total number of inter-pico handovers increases when more pico cells are deployed, with its occurrence increasing proportionally to the CRE bias value.
Observation 3: ABS can significantly improve the performance of inter-layer handover.
Observation 4: From pico’s perspective, the larger CRE bias helps improve the performance of inbound handovers, but at the cost of increasing the HOF rate of outbound handover.
Observation 5: Low CRE bias with ABS enabled provides the best handover performance for inter-pico handover.
错误！未找到引用源。
Based on the above observations and the associated analysis, we propose that:
Proposal 1: The impact from CRE should be taken into account when studying solutions exploiting UE speed information.
Proposal 2: Tackling outbound handover issues should be considered as high priority for HetNet mobility enhancement.
Proposal 3: Further studies are needed in RAN3 for further improving the inter-pico mobility performance in HetNet.
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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 more than one pico cells are deployed within the macro cell coverage. The HetNet deployment scenarios of two pico nodes and four pico nodes per macro cell, which are the baseline scenarios according to TR 36.814 [6] and TR 36.819 [7], respectively, were evaluated in our simulation. The UE velocity of 30 kmph and the set3 of configurations parameters in Annex B Tab.1 were adopted as the baseline in the evaluation. Detailed simulation parameters can be found in Appendix B and in [6]
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[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 is 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]. 

In our simulation, no cell-specific reference signal interference cancellation (CRS IC) technique is used in the UE receiver.
Appendix B: Simulation assumptions
In this section, the simulation parameters used in our simulations are summarized.

Table 1: 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 2: Configuration parameter sets.

	Profile
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	UE speed [km/h]
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}

	Cell Loading [%]
	100
	100
	100
	100
	100

	TTT [ms]
	480
	160
	160
	80
	40

	A3 offset [dB]
	3
	3
	2
	1
	-1

	L1 to L3 period [ms]
	200
	200
	200
	200
	200

	RSRP L3 Filter K
	4
	4
	1
	1
	0


Table 3: Basic radio configurations.

	Configuration
	Macro cell
	Pico cell

	ISD
	500 m
	Picos are dropped randomly?

	Distance-dependent path loss
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	2, 4 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.
































b)	In the presence of CRE, HO criteria at a macro for a HO to a pico may differ, e.g. depending on the UE capabilities. If a UE is handed over to the pico and a failure happens soon after the HO is successfully completed, and the UE reconnects at the source cell, or at another cell, the too early or wrong cell HO resolution is triggered. However, the source cell (i.e. the cell that started the HO to the pico) will receive the HO REPORT, but will not be able to identify which HO criteria are wrong.
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