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1
Introduction
After RAN2#81, some simulation assumptions have been discussed and a way forward proposed [1] for the simulation study of mobility performance in heterogeneous networks. This contribution paper reports handover simulation results across a number of scenarios using different parameter values. The results are also obtained across different SRB transport types (i.e., SRBoDCH or SRBoHS). Pre-R8 mobility procedure (serving cell change, or SCC) and R8-mobility procedures (enhanced serving cell change, or eSCC) are both studied. Paired with the SRB channel types, we have essentially examined and compared three mobility procedures: SCC with SRBoDCH, eSCC with SRBoHS and SCC with SRBoHS.
2
Additional Simulation Assumptions

In addition to the simulation assumptions and metrics proposed in [1] which is summarized in the Annex, additional or specific assumptions have been made for the simulations shown in this contribution. 
Load

To simulate system loading, a simplified model is used: a 100% system loading means the average power emitted from the cell antenna is the maximum available transmit power, of which 20% is allocated to the overhead channels. Similarly, with 50% system loading we assume the average power emitted from the cell antenna is 50% of the maximum available transmit power, of which 20% is always allocated to the overhead channels. 

Handover failures and statistics
HO failure for eSCC (not defined in [1]) is declared if either of the following conditions is satisfied:
· after event 1D is triggered for the target cell, UE fails to receive the handover command (e.g., an RBR or PCR) from the source serving cell and fails to receive the HS-SCCH order from the target cell.
Note that the used HS-SCCH Order Decoding Threshold in EcIo is: -28dB for single rx, -31dB for dual rx

· after the event 1A triggered for the same target cell, UE failed to receive the ASU that added the target cell in the active set.
We do not simulate HARQ, RLC re-transmissions, and Radio Link Failures.

In terms of handover statistics, we exclude those HOFs that happen when the UE violates the minimum distance to macro/LPN constraint. We also exclude those successful HOs that violate the minimum distance constraint. 
3
Simulation Results
This section contains some initial analysis of our simulation results. 
Sections 3.1 and 3.2 present the main observations on handover failure and ping pong metrics, referring to the plots and results collected in sections 3.3. to 3.5 (separated for each mobility procedure, SCC with SRBoDCH, E-SCC and SCC with SRBoHS).

Emphasis is given to the full load (100%) case where 4 LPNs per macro sector are deployed (2 LPNs is also included) with 30dBm LPN Tx power and dual antennas on the UE side. 

Annex B shows more results (mainly as reference), namely including plots for single antenna, 50% loading, and  37dBm LPN Tx power. 

Annex C shows additional stats/results (added to this updated version), i.e. on number of HOs, HOFs in different directions (from Macro and from lpn/Pico), HOF cause (ASU vs RBR failure), lower load (25%) and higher LPN density (8 LPNs), 

3.1
Handover Failure Rate

Handover failure (HOF) and HOF rate are defined in [1] as a measure of mobility performance. The baseline (to compare with) is a system without LPNs. 

3.1.1
Macro only

3.1.1.1
100% loading, dual antennas
At 100% loading, there is little issue with SRBoDCH (Figure 1) or eSCC with SRBoHS (Figure 7). At all combinations of E1D TTT and UE speeds the HOFs are nearly zero. SCC with SRBoHS (Figure 13) shows >10% HOF rate when the UE speed is high (90 kmph and above).
3.1.1.2
100% loading, single antenna

With single antenna, the HOF rates for all mobility procedures are elevated as shown in Figure 19, Figure 23 and Figure 27. This is true because single antenna offers less spatial diversity, leading to larger filtered measurement variance compared to dual antennas. Larger variance tends to reset the TTT timer more often and eventually delays the E1D reports.
3.1.2
HetNet – 4 LPNs per macro sector

3.1.2.1
100% loading, dual antenna, 30dBm LPN Tx power

Compared to the baseline, HetNet shows worse HOF performance. The HOF rates are slightly higher for SCC with SRBoDCH (Figure 3) or eSCC with SRBoHS (Figure 9), but SCC with SRBoHS (Figure 15) becomes degrading significantly when the UE speed is moderately high (>30kmph).

3.1.2.2
100% loading, single antenna, 30dBm LPN Tx power

With single antenna, the HOF performance further worsens as shown in Figure 21, Figure 25 and Figure 29. SCC with SRBoDCH and eSCC with SRBoHS start to show high HOF rates at high UE speeds (>90kmph). SCC with SRBoHS degrades at UE speeds less than 30kmph.
3.1.2.3
50% loading dual antenna, 30dBm LPN Tx power

With 50% loading, the geometry becomes roughly 3dB higher, which effectively lowers the HOF rates for all mobility procedures. Although SCC with SRBoHS (Figure 39) is still failing significantly at high speeds, SCC with SRBoDCH (Figure 31) and eSCC with SRBoHS (Figure 35) show negligible HOF rates at all UE speeds.

3.1.2.4
37dBm LPN Tx power

In this subsection, we present results on 37dBm LPN Tx power. We assume 100% system loading, 4 LPNs per macro sector and dual antenna configuration.

By comparing the 37dBm LPN Tx power case (Figure 33, Figure 37 and Figure 41) with the 30dBm case (Figure 3, Figure 9 and Figure 15), it can be observed that in general 37dBm LPN Tx power leads to lower HOF rate except rare exceptions. Overall, the difference is not significant.
3.1.2.5
4 versus 2 LPNs per macro sector

If we keep system loading at 100%, configure 30dBm LPN Tx power and dual antennas on the UE side, but deploy 2 LPNs per macro sector, the HOF rates shown in Figure 5, Figure 11 and Figure 17 are lower than 4 LPNs per macro sector (see Figure 3, Figure 9, Figure 15). It is evident that HOF rates are sensitive to LPN density.
3.2
Ping-Pong Rate

Another important mobility performance metric is the ping-pong rate, which measures how likely a HO is unnecessary from the resource utilization point of view. The baseline is still the macro only case. When collecting ping-pong statistics, the two consecutive handovers must be both successful.
3.2.1
Macro only

3.2.1.1
100% loading, dual antenna

At low UE speeds (3kmph), the ping-pong rates are high (Figure 2, Figure 8, Figure 14). The ping-pong rates are nearly zero for other UE speeds. The ping-pong rates are not sensitive to mobility procedures.
3.2.1.2
100% loading, single antenna

With single antenna, the ping-pong rates significantly increase at all UE speeds (Figure 20, Figure 24, Figure 28). This is due to the larger variance with the filtered measurements when spatial diversity is missing. Ping-pong rates decrease with increased UE speeds.
3.2.2
HetNet – 4 LPNs per macro sector

3.2.2.1
100% loading, dual antenna, 30dBm LPN Tx power
The ping-pong rates are about the same with the baseline at low UE speeds (Figure 4, Figure 10, Figure 16). The ping-pong rates at high UE speeds are appreciably higher than the baseline, but the ping-pong performance is still dominated by the low UE speed (notably 3kmph and 30kmph).
3.2.2.2
100% loading, single antenna, 30dBm LPN Tx power
The antenna configuration has a significant impact on the ping-pong performance. The larger filtered measurement variance associated with the single antenna causes more ping-pongs than the dual antenna configuration (Figure 22, Figure 26, Figure 30).

3.2.2.3
50% loading, dual antenna, 30dBm LPN Tx power
Comparing 50% system loading (Figure 32, Figure 36, Figure 40) with 100% system loading (Figure 4, Figure 10, Figure 16), it can be seen that with lighter system loading, the ping-pong rates are significantly elevated. This is because lower system loading causes lower HOF rates, such that more handovers contribute to the ping-pong count.

3.2.2.4
37dBm LPN Tx power
For the simulation of a HetNet with 37dBm LPNs (Figure 34, Figure 38, Figure 42), we assumed 100% loading, 4 LPNs per macro sector and dual antenna configuration. Compared with the 30dBm case (Figure 4, Figure 10, Figure 16), it can be observed that the ping-pong rates are not changed significantly from the 30dBm LPN Tx power case. Ping-pong rates are not sensitive to LPN Tx power.
3.2.2.5
4 versus 2 LPNs per macro sector

When the LPN density is lowered to 2 LPNs per macro sector, the ping-pong rates (Figure 6, Figure 12, Figure 18) are slightly lowered in general (except when UE speed is 30kmph). The reduction is more appreciable at high UE speeds.
	
	

	
	

	
	

	
	


	3.3 Results for SCC with SRBoDCH

The following results are shown in this section, for macro only and macro plus LPNs (Hetnet): SCC with SRBoDCH , using 100% loading, Dual Rx antenna, 30dBm LPN Tx, 4 and 2 LPNs per macro.
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Figure 1: HOF rates of SCC with SRBoDCH in the macro only case (100% loading and dual antennas).
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Figure 2: Ping-pong rates of SCC with SRBoDCH in the macro only case (100% loading and dual antennas).
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Figure 3: HOF rates of SCC with SRBoDCH in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 4: Ping-pong rates of SCC with SRBoDCH in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 5: HOF rates of SCC with SRBoDCH in a HetNet (100% loading, 2 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 6: Ping-pong rates of SCC with SRBoDCH in a HetNet (100% loading, 2 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
3.4 Results for E-SCC (with SRBoHS)

The following results are shown in this section, for macro only and macro plus LPNs (Hetnet): E-SCC (SRBoHS) , using 100% loading, Dual Rx antenna, 30dBm LPN Tx, 4 and 2 LPNs per macro.
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Figure 7: HOF rates of eSCC with SRBoHS in the macro only case (100% loading and dual antennas).
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Figure 8: Ping-pong rates of eSCC with SRBoHS in the macro only case (100% loading and dual antennas).
[image: image9.emf]3 30 60 90 120

0

0.1

0.2

0.3

0.4

0.5

0.6

UE speed - kmph

Handover Failure Rate

escc PA3 K=3 dual PD4 PP30

 

 

1D TTT = 160ms

1D TTT = 320ms

1D TTT = 640ms

1D TTT = 1280ms


Figure 9: HOF rates of eSCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 10: Ping-pong rates of eSCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 11: HOF rates of eSCC with SRBoHS in a HetNet (100% loading, 2 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 12: Ping-pong rates of eSCC with SRBoHS in a HetNet (100% loading, 2 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).

	


3.5 Results for SCC with SRBoHS

The following results are shown in this section, for macro only and macro plus LPNs (Hetnet): SCC with SRBoHS , using 100% loading, Dual Rx antenna, 30dBm LPN Tx, 4 and 2 LPNs per macro.
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Figure 13: HOF rates of SCC with SRBoHS in the macro only case (100% loading and dual antennas).
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Figure 14: Ping-pong rates of SCC with SRBoHS in the macro only case (100% loading and dual antennas).
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Figure 15: HOF rates of SCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 16: Ping-pong rates of SCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 17: HOF rates of SCC with SRBoHS in a HetNet (100% loading, 2 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 18: Ping-pong rates of SCC with SRBoHS in a HetNet (100% loading, 2 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).


4
Observations and Conclusions
This contribution paper evaluates mobility performance (handover failures and ping-pong) of three types of mobility procedures , SCC with SRBoDCH, SCC with SRBoHS and eSCC, in heterogeneous networks. 
The main observations are summarized below:
· Handover Failure rate is sensitive to (increases with) 1D TTT, UE speed, LPN density and load. 

· With proper HO settings, SCC with SRBoDCH and eSCC show good HO performance in most scenarios (suffering only at very high speeds, or with large e1D TTT). 
SCC with SRBoHS shows poorer HO performance, especially when system is high loaded. As loading decreases, HOF rate for SCC with SRBoHS also decreases.

· Majority of HOFs appear in the Macro to LPN direction
· For SCC with SRBoHS, RBR failure accounts for the majority of HOFs, while for eSCC and SCC with SRBoDCH ASU (1A) failures are predominant..

· Dual antenna UEs show significantly better HO performance than single antenna UEs.

· With higher LPN Tx power, the HOF rate is reduced but the change is not significant.

· Ping-pong rates are mostly insensitive to the type of mobility procedure.

· Ping-pong mainly happens at low UE speeds, thus not much sensitive to the LPN density.

· Single antenna experiences much higher ping-pong rates than dual antennas.

· Ping-pong rates are not sensitive to LPN Tx power.
Proposal: RAN2 should discuss the above results and observations and determine if any enhancement (or further study) is needed to improve SCC and E-SCC performance in HSPA Heterogeneous networks.  
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Annex A – Basic Simulation Assumptions

The basic simulation assumptions used in this contribution, as proposed in [1], are summarized below.
Table 1 HetNet mobility simulation assumptions

	Macro-pico deployment type
	Co-channel

	Cell loading [%]
	100

	Number of sites/sectors
	19/57

	LPN deployment method
	Random placement: LPN randomly and uniformly placed within a macro cell satisfying the distance requirement


	UE speed  [kmph]
	3, 30, 60, 90,120

	UE movement
	Random

( After initially being dropped at a random location, the UE will randomly select a direction and move in a straight line at a constant speed)

	Event 1A, 1B Reporting Range [dB]
	1A 4.5, 1B 4.5

	Event 1A, 1B, 1C TimeToTrigger [ms]
	1A320, 1B:640 1C:320

	Event 1A, 1B, 1C Hysteresis [dB]
	1A:0dB, 1B:0dB, 1C:1dB

	Event 1A, 1B Maximum Network Delay [ms]
	200 for SRB over DCH and 100 for SRB over HSPA

(the interval between the time UE sends a mobility event report (E1a, E1b) on the UL till the time it receives a L3 confirmation on the DL ( ASU ))

	Event 1D TimeToTrigger [ms]
	160, 320, 640

	Event 1D Hysteresis [dB]
	3

	Event 1D Maximum Network Delay [ms]
	200  for SRB over DCH and 100 for SRB over HSPA

(the interval between the time UE sends a mobility event report (E1d) on the UL till the time it receives a L3 confirmation on the DL ( RBR or PCR))

	Tmeasurement period intra [ms] 
	200

	Layer3 Filter Parameter K

(corresponding to 458ms filter time constant with Tmeasurement period intra =200 ms)
	3

	CIO [dB]
	0dB for macro cells and 3dB for LPNs

	Max active set size
	3

	Threshold for receiving RBR/ASU, Ecp/Ioth [dB]
	-20dB for single rx, -23dB for dual rx


Performance metrics

For UEs, a handover failure is declared if
· after event 1D is triggered for the target cell, UE fails to receive the RBR from the source cell, or
· after the event 1A or event 1C was triggered for the same target cell, UE failed to receive the ASU that added the target cell in the active set.
Handover failure rate

· defined by (number of HO failures) / (Total number of HO attempts).

Ping-pong handover：
· Period during UE hand-in a cell and hand-out this cell less than define threshold (i.e. 1 second).

Ping-pong handover ratio：
· defined by (number of Ping-Pong HOs) / (Total number of HO attempts- number of HO failures).

Annex B – Additional Results
This annex includes results for all single antenna cases (macro only and HetNet, at 100% load), 50% system loading (HetNet), and 37dBm LPN Tx power (Hetnet), for each of the three mobility procedures.
B-1: 100% loading

- Single antenna, 30dBm LPN Tx, 4 LPNs per macro
SCC with SRBoDCH
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Figure 19 HOF rates of SCC with SRBoDCH in the macro only case (100% loading and single antenna).
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Figure 20 Ping-pong rates of SCC with SRBoDCH in the macro only case (100% loading and single antennas)
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Figure 21 HOF rates of SCC with SRBoDCH in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and single antenna).
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Figure 22 Ping-pong rates of SCC with SRBoDCH in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and single antenna).

	
	


	eSCC (SRBoHS)
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Figure 23 HOF rates of eSCC with SRBoHS in the macro only case (100% loading and single antenna).
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Figure 24 Ping-pong rates of eSCC with SRBoHS in the macro only case (100% loading and single antennas).
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Figure 25 HOF rates of eSCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and single antenna).
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Figure 26 Ping-pong rates of eSCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and single antenna).
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Figure 27 HOF rates of SCC with SRBoHS in the macro only case (100% loading and single antenna).
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Figure 28 Ping-pong rates of SCC with SRBoHS in the macro only case (100% loading and single antennas).
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Figure 29 HOF rates of SCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and single antenna).
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Figure 30 Ping-pong rates of SCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and single antenna).


B-2: 50% system loading & 37dBm LPNs
The following cases are shown here, for reference, for the three mobility procedures:
· 50% loading with 4 LPNs per macro sector and dual antennas, 30dBm LPN Tx power 

· 100% loading with 4 LPNs per macro sector and dual antennas, 37dBm LPN Tx power 
SCC with SRBoDCH
	[image: image31.emf]3 30 60 90 120

0

0.1

0.2

0.3

0.4

0.5

0.6

UE speed - kmph

Handover Failure Rate

scc PA3 K=3 dual PD4 PP30

 

 

1D TTT = 160ms

1D TTT = 320ms

1D TTT = 640ms

1D TTT = 1280ms


Figure 31 HOF rates of SCC with SRBoDCH in a HetNet (50% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 32 Ping-pong rates of SCC with SRBoDCH in a HetNet (50% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 33 HOF rates of SCC with SRBoDCH in a HetNet (100% loading, 4 LPNs per macro sector, 37dBm LPN Tx power and dual antennas).
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Figure 34 Ping-pong rates of SCC with SRBoDCH in a HetNet (100% loading, 4 LPNs per macro sector, 37dBm LPN Tx power and dual antennas).


E-SCC (SRBoHS)
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Figure 35 HOF rates of eSCC with SRBoHS in a HetNet (50% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 36 Ping-pong rates of eSCC with SRBoHS in a HetNet (50% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 37 HOF rates of eSCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 37dBm LPN Tx power and dual antennas).
	[image: image38.emf]3 30 60 90 120

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

UE speed - kmph

Ping-pong Rate

escc PA3 K=3 dual PD4 PP37

 

 

1D TTT = 160ms

1D TTT = 320ms

1D TTT = 640ms

1D TTT = 1280ms


Figure 38 Ping-pong rates of eSCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 37dBm LPN Tx power and dual antennas).


SCC with SRBoHS
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Figure 39 HOF rates of SCC with SRBoHS in a HetNet (50% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 40 Ping-pong rates of SCC with SRBoHS in a HetNet (50% loading, 4 LPNs per macro sector, 30dBm LPN Tx power and dual antennas).
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Figure 41 HOF rates of SCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 37dBm LPN Tx power and dual antennas).
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Figure 42 Ping-pong rates of SCC with SRBoHS in a HetNet (100% loading, 4 LPNs per macro sector, 37dBm LPN Tx power and dual antennas).


Annex C – Other Results

C.1 HO rates (number of handovers per second)
Scenario: dual rx, 30dBm LPN, 100% loading
SCC with SRBoDCH
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E-SCC
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SCC with SRBoHS
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Main observations 

HO rate is:
· Proportional to LPN density
· Insensitive to the type of mobility procedures

C.2 HO failures per handover direction (M2M, M2P, P2M, P2P)

Scenario: dual rx, 30dBm LPN, 4LPNs, 100% loading

Legend: M2M = Macro to Macro; M2P = Macro to Pico (LPN), P2M = Pico (LPN) to Macro; P2P = Pico (LPN) to Pico (LPN).
SCC with SRBoDCH
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E-SCC
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SCC with SRBoHS
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Main observations 

HOF ratio is generally worse for the LPN to Macro direction.
NOTE: given the low number of HOFs for SCC with SRBoDCH and E-SCC, some results may be affected by a reduced statistical confidence. 
C.3 HOF cause (ASU vs RBR failures)

Scenario: dual rx, 30dBm LPN, 4LPNs, 100% loading
SCC with SRBoDCH

[image: image55]
E-SCC 
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SCC with SRBoHS
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Observations

For SCC with SRBoHS
· RBR failure accounts for the majority of HOF
· followed by ASU (1A) failures, followed by ASU (1C) failures.
In eSCC and SCC with SRBoDCH, ASU (1A) failures dominate
C.4 Other results

a) 25% Load (4LPNs) – HOF ratio
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b) 25% Load (4LPNs) – Ping-Pongs
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Observation: while HOFs are sensitive to load, Ping-pong is insensitive.
c) 8 LPNs (100% load) – HOF ratio
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d) 8 LPNs (100% load) – Ping Pongs
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Observation: while HOFs are sensitive to LPN density, Ping-pong is insensitive.
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