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1
Introduction
In [1] and [2], there were some proposals for Hetnet mobility improvements for Rel’10. In [3], we presented some results on the matter, but there were requests to clarify the results some. We present some further results on the matter in this contribution. 

2
Hetnet Mobility Scenarios
In Rel’10 (according to RAN1 way forward for TDM eICIC [4]), there are two applicable Hetnet scenarios: Macro-femto and macro-pico. The first one is a case where the femto (or HeNB) cells are fully uncoordinated, with no X2 assumed between the macro and femto eNBs. In the second, the macro and pico cells are coordinated and there could be an X2 between them. The contributions [1] and [2] focused on the macro-pico use case, and claiming mobility improvements would be required. Mobility performance simulation results in medium interference conditions for both cell-specific offsets and cell-specific TTT were presented in [3]. The results showed that reasonable mobility performance could be provided by both cell-specific offsets and TTT in the HetNet environment for Rel’10, but it was commented that the results were not for the worst case. We have used the same scenario here and studied the mobility performance in worst case interference conditions, with both macro and pico cells fully loaded in the simulations.
3
Simulation Results for Mobility in Pico Deployment
 A fully-dynamic system simulator (similar to what was used in e.g. [5]) was used in these studies. We have used a similar pico scenario as in [1], [2] and [3], depicted in Figure 1, where each macro cell has a single pico cell at certain distance from the macro cell. The difference to [3] is that both the pico and the macro cells are fully loaded in these simulations (in [3], the cells had variable load of 50% on average).
3.1
Simulation Assumptions
The simulation scenario is shown in Figure 1 and the essential simulation parameters for macro-pico case are listed in Table 1. More detailed simulation parameters can be found in Appendix A.

	Parameter
	Value

	Baseline HO Time-To-Trigger (TTT)
	256 milliseconds

	Baseline HO margin
	3 dB

	UE speed
	3, 30, 50 km/h

	HO margin & TTT parameterisation for different Parameter Sets (called ‘HOSetting x’ here)
Note: Inbound = macro-to-pico, Outbound = pico-to-macro
	HOSetting 1:
Reference setting with no cell-specific parameters, network common HO TTT 256 ms, margin 3 dB
HOSetting 2:

Cell-specific HO offset for both pico inbound and outbound mobility -3 dB => margin 0 dB
HOSetting 3:

Cell-specific TTT 128 ms for both pico inbound and outbound mobility

	Macro inter-site distance
	500, 1732 meters

	Pico Cell Hotzone distance to macro cell 
	ISD/2 (i.e. at cell-edge), ISD/3 (i.e. at cell center)


Table 1. Essential simulation parameters
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Figure 1: Macro-pico scenario layout
The UE mobility model was such that UEs within the Pico Cell hotspot would choose the closest pico cell and start moving towards that cell until they exited the hotspot. This enabled UEs to experience the worst possible mobility conditions, since the UE is first moving towards the pico cell and next moving away from the pico cell. In the simulations, we then tracked how many RLFs (before/during/after handovers) happened and how many handovers or ping-pong handovers there were with a given set of parameters. 
Handover algorithm was such that all UEs are configured with A3 event, and when the measurement report of A3 is received by eNB, a handover command (towards the reported cell) is sent to the UE.
To study the scenario in the worst case (i.e. with 100% interference load in the network), we did two kinds of simulations: Reference cases without the pico hotzones (to obtain reasonable reference of how much the interference load affects purely the macro network) and the macro-pico cases to see how different the results are from those presented in [3].

3.2
Simulation Results and Analysis for Macro-Pico Case

In the first case, we studied the already-existing cell-specific offsets and additionally cell-specific TTT. We simulated 3 cases with different HO parameterization options and 4 different pico hotzone locations (macro ISD 500/1732, cell-edge/cell-center). The results of the simulations are shown in figures 2-5.
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Figure 2: RLF & ping-pong rates in macro-pico scenario cell-edge hotzone (Macro ISD 500)
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Figure 3: RLF & ping-pong rates in macro-pico scenario cell-center hotzone (Macro ISD 500)

Based on the results for ISD = 500m, we conclude the following:
· The amount of RLFs increases when UEs move faster (i.e. when comparing 3 km/h results to the 30 km/h and 50 km/h results, there are more RLFs with the higher speed cases)

· The RLF rate is significantly higher in full interference scenario than in medium interference scenario presented in [3]. Note that this happens also in the case without the cell-specific parameters, because no effort was made to limit fast-moving UEs from making a handover towards the pico cell.
· With the baseline HO margin (=3 dB), low number of RLF problems are detected with 3 km/h
	[image: image6.png]Percentage of macro-pico RLFs per cell changes ( Distance:888 1SD:1732 )

40 : : ;
I HOSetting:1 (default))
a5 [ HOSetting:2 (c-s offset) ) |
I ( HOSetting3 (c-s TTT))
0r .
o5+ .

RLF rate [%]
3

—
w
T
I

—
(=]
T
I

i l

0

3 30 50
Velocity [kmph]





	[image: image7.png]Percentage of ping-pong handovers per total handovers ( Distance:888 1SD:1732)
40 T T

I HOSetting:1 (default))
[ { HOSetting:2 (c-s offset) ) |
I ( HOSetting3 (c-s TTT))

35

Ping-pong rate [%]
N N (o)
(= w (=]
L L Il

—
w
T
I

—
(=]
T
I

| I |
0 ] — .

3 30 50
Velocity [kmph]







Figure 4: RLF & ping-pong rates in macro-pico scenario cell-edge hotzone (Macro = ISD 1732 meters)
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Figure 5: RLF & ping-pong rates in macro-pico scenario cell-center hotzone (Macro ISD = 1732 meters)
The results for ISD = 1732 meters are similar to the results with ISD = 500 m:
· The RLF rate is significantly higher in full interference scenario than in medium interference scenario presented in [3].
· With baseline HO margin 3 dB low number of RLF problems are detected with 3 km/h, except at macro ISD 1732 cell-edge, where RLF rate of about 10% is detected in full interference conditions
Some general observations also apply for both ISDs:

· Amount of RLFs increases when UE moves 30+ km/h (~15-30% RLF rates)
· In pico hotzones at cell-center the RLF rate is generally smaller than in macro cell-edge hotzones
· Both cell-specific offset and cell-specific TTT show improvement for RLF rates, but there is a clear increase in ping-pong rate especially for 3 km/h case

· Cell-specific TTT can give some gain in comparison to cell-specific offset in RLF rates and ping-pong handovers depending on the case (ISD, hotzone location)

3.3
Simulation Results and Analysis for Reference Case
To obtain a good reference for the macro-pico results, we have simulated different HO parameterization sets in macro 57 cells scenario without pico hotzones. Full interference conditions were simulated to get worst case mobility performance results for case where there are no cell-specific optimizations done but the TTT and HO margin are varied for the macro cells. The results are shown in Figures 6-7 for both ISD 500 and 1732 meters.

	[image: image10.png]40

35

RLF rate [%]
— N N (o)
w (= w (=]

—
(=]

Percentage of Macro to Macro RLFs per cell changes ( 1SD:500)

B (77764 Margin:1)
B (TTT:64 Margin3) |
|:|(TTT:128 Margin:1
|:|(TTT:128 Margin:3 ) ||
-(TTT:256 Margin:1
-(TTT:256 Margin:3

3

— —.!_\ﬂll -lﬂﬂll

Velocity [kmph]




	[image: image11.png]Ping-pong rate [%]

Percentage of ping-pong handovers per total handovers ( ISD:500 )

100 ‘ ‘ ‘
B (77764 Margin:1)

Q0r B (TTT:64 Margin3) ||
C(TTT:128 Margin:1)

8oy [ 1(TTT:128 Margin:3)

- B TTT:256 Margin:1) ]
B TTT:256 Margin:3)

BOF

50+

B I'H;- I'Hﬁ

Velocity [kmph]






Figure 6: RLF & ping-pong rates in macro scenario (Macro ISD 500)
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Figure 7: RLF & ping-pong rates in macro scenario (Macro ISD 1732)
The reference results show the effect of the full interference (and user speed) to the macro layer:
· RLF rate can be high also in macro-to-macro mobility if there is constant full interference in the network (i.e. all cells are 100% loaded all the time)
· Macro-to-macro RLF rate is higher in macro ISD 1732 scenario than in ISD 500 scenario

· TTT and HO margin optimization (for the macro cells alone) is helpful in reducing the number of RLFs

· Utilizing too small margin and short TTT can result in very high ping-pong rates (e.g. over 40% of the handovers in the worst case!)
The overall conclusion from the results is that while the cell-specific TTT does seem to offer some benefit to fast-moving UEs over the cell-specific offset, it also increases the chance of ping-pongs for slow-moving UEs. In the simulated cases, almost the same performance is achieved with properly chosen cell-specific offsets. 
3.4
Further discussion of the results
The results shown in this contribution indicate that the effect of the load has a big impact on the results. With high (i.e. full 100% in these cases) load, it is obvious that even the pure macro network can have worse performance than in a more typical case where the network has a variable load (see [3]). While it seems that the cell-specific TTT does offer some possibility for mobility optimizations, it can equally well be said that similar optimisations are already possible with the tools already in Rel’10. Further, even these results do not consider all the cases: For example, the eICIC algorithms currently being standardised for Rel’10 are not considered in these simulations, and neither are any effects arising from DRX (which affects the measurement performance) nor any real consideration for the traffic model or the QoS for the UEs (i.e. user performance may sometimes not be even affected by RLF). 
4
Conclusion
We have presented simulation results in both a pure macro scenario and in a macro-pico type of Hetnet scenario, expanding on the results shown in [3] for a case where the network is fully loaded. The macro case results are intended to show the reference performance for the Hetnet scenario in case there are no pico cells present. The results imply that both cell-specific offsets and cell-specific TTTs are able to provide reasonable mobility performance in the Hetnet environment for Rel’10. The cell-specific TTT seems to offer some possibility for mobility optimisations, but the gain is small compared to generic TTT/HO margin optimisation and utilising the cell-specific offsets. Further, no eICIC effects or DRX have been considered.
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Appendix A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	500, 1732 m

	
	Minimum distance between UE and cell site
	35 m

	
	Antenna pattern
	70-degree sectored beam

	Distance-dependent path loss
	Macro cell model (TS 25.848)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico (ISD 1732, ISD 500)
	46 dBm

20, 30 dBm

	Shadowing standard deviation
	Macro, Pico
	8, 10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro
	50 m

	Multipath delay profile
	
	Typical Urban

	UE Velocity
	
	3, 30, 50 km/h

	RSRP Measurement
	Measurement period
Measurement bandwidth

Measurement error

Sliding window size
	50 ms
6 RBs

2 dB

4

	Radio link failure monitoring
	Qout threshold

Qin threshold
	-8 dB

-6 dB

	Cell identification
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	500

	DL Interference load
	Macro, Pico
	Constant 100% RB load



