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1
Introduction
At RAN2 meeting #82, it was concluded that “there are mobility robustness issues in scenario 2 that may justify studying solutions in this SI” and that “companies should try to align simulation assumptions and potentially also evaluate expected technology potential (gain) with solutions proposed in this SI. Intention is to capture results in the TR during the next meeting.” 
In this contribution we therefore present performance results and observations on mobility performance and robustness for Rel-12 small cell scenario 2, where macro and small cells (picos) are deployed at separate carrier frequencies. Results are presented both for cases with and without DRX with single connectivity, as well as for cases with dual connectivity.

2
Discussion
In Rel-12 HetNet WI several solutions have been proposed for improving mobility robustness in HetNet scenarios. The main focus there has been in the co-channel scenario, though some of the proposed solutions can be applied in the inter-frequency as well. However, as the HetNet WI is still on-going and no solutions have been agreed yet, it is not possible to evaluate the final impact of the solutions when it comes to mobility robustness scenario 2. Especially not in the small cell scenario 2, which is inter-frequency scenario and thus not the main focus of the HetNet WI. Therefore in this paper we assess the performance of single connected UEs without taking into account any HetNet WI solutions or enhancements. 
In addition to UEs with single cell connectivity, we also consider the dual connectivity case where UEs are able to receive data from macro and small cell. For such cases it is assumed that UEs always has PCell at the macro, while SCell is configured (and activated) depending on whether the UE is in the coverage area of a pico. We compare the mobility robustness benefits of dual connectivity against the single connectivity baseline.

2.1
Simulation Setup
Fully dynamic system simulations have been executed using the following setup:

The simulation scenario consists of two frequency layers, macro layer with 21 cells and small cell layer. There is a clustered deployment of small cells (picos), having one cluster of 4 small cells per macro cell. For comparison, some of the results we present also for densely deployed small cells, where there is a cluster of 10 small cells per macro cells. The scenario is using wrap-around propagation and mobility. 30 UEs per macro cell are uniformly distributed and they move freely in the simulation area with straight line movement. In addition to pedestrian speed of 3 km/h also 30 and 60 km/h are simulated. Besides different UE speed we have also evaluated different DRX settings along with reference case without DRX. We considered Long DRX cycle lengths up to 640 ms and Short DRX cycle of 20 ms for 320 ms. Two traffic model options (FTP traffic and background traffic) are used to study differences caused by varying DRX activity. It is assumed that UE performs measurements every 40 ms during active time (monitoring PDCCH) i.e. at least once per DRX cycle, but more frequently e.g. during a long traffic burst.
In the single connectivity case we assume that both intra-frequency and inter-frequency handover decisions are based on RSRP A3 events (neighbour cell becomes offset better than PCell). A3 event is used for inter-frequency events so that the UE is in general connected to the best available cell, which should lead to robust mobility. UE RSRP measurement imperfections are modelled according to 3GPP TR 36.839.

In the dual connectivity case we assume RSRP A3 for PCell handovers at macro cell frequency. SCell addition and removal are based on RSRQ based A4 and A2, respectively. Intra-frequency SCell change on the pico-layer is triggered by RSRP A6 (signal level from another SCell candidate becomes a threshold better than current SCell). The basic philosophy is to offload UEs to the pico layer whenever a sufficiently good quality pico cell is available (i.e. when RSRQ is sufficiently good). This is a viable approach since there are typically much fewer schedulable UEs per pico (to share available resources), as compared to number of schedulable UEs per macro cell.
Table 1 summarizes the parameter settings for mobility events. Detailed simulation and scenario parameters are located in Appendix A. 
Table 1 Summary of parameter settings for mobility events
	Single connectivity 

	Intra-f HO (both on macro and pico carrier)
	RSRP A3 with 3 dB offset 

	Inter-f HO 
	RSRP A3 with 3 dB offset 

	Dual connectivity (PCell @ macro, SCell @ pico) 

	Intra-f PCell HO (macro-only) 
	RSRP A3 with 3 dB offset 

	SCell addition 
	RSRQ A4 with -14 dB threshold 

	SCell remove 
	RSRQ A2 with -17 dB threshold 

	SCell change (intra-f) 
	RSRP A6 with 1 dB offset 


2.2
Simulation Results
Figure 1 shows the total HO failure rates with FTP traffic for single connectivity and dual connectivity cases at different UE speeds and for different DRX cycle lengths.As seen from the results at 3 km/h there are no HO failures with or without DRX, but when UE speed is increased handover failure rate starts appearing. With single connectivity the HO failure rate is between approximately 0.5-2.5 % at 30 km/h and 2-4.5 % at 60 km/h depending on the DRX configuration. These levels of HOFs are of course not as severe as what we have observed in the co-channel scenario as well as in HetNet SI [1]. This is due to not having similar interference problems between the small cells and macro cells as in co-channel deployment. Thus timely triggering of the HOs is less influenced by macro-pico interference leading to higher HO success rate (due to the clustered deployment of pico cells, there is though pico-pico interference, which places importance on triggering timely pico-pico HOs). 
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Figure 1 HOF rate [%], FTP traffic, 3, 30, 60 km/h

Looking at the dual connectivity results, it can be seen that we can improve the mobility robustness compared to the single connectivity. With dual connectivity the HO failure rates drop to 0-0.5 % at 30 km/h and to 0.5-1.5 % at 60 km/h depending on the DRX. This result shows that dual connectivity can improve mobility robustness also in scenario 2. Reason for the improved mobility robustness is due to the fact that for dual connectivity the mobility is handled only on macro layer (i.e. macro to macro cell mobility) and does not include pico cell related mobility. 
Figure 2 shows HO failure rate statistics with single connectivity and background traffic for sparsely deployed pico cells (4 pico cells per cluster). Figure 3 shows similar results but for densely deployed small cells (10 pico cells per cluster). The difference to FTP traffic is that here the UE spends more time inactive and thus is more often taking advantage of DRX opportunities. As seen from the figures, the HO failure rates reach higher levels here going well above 5% at higher UE speeds and with longer DRX cycle lengths. It should be noted that DRX has a significant impact on UE power consumption, so getting good mobility performance also with longer DRX cycles is important. Comparing the results with sparsely and densely deployed small cells we can observe that in denser deployment the number of HO failures increases significantly. This is because there is more pico-pico interference.
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Figure 2 HOF rate [%] in sparse deployment (4 picos per cluster), background traffic 3 second inter-arrival time and 30 second inter-arrival time

[image: image4.png]HOF rate [%]

Percentage of failed handovers ( Hotspot:off Algorithm:baseline Traffic:bg3)

100 ‘ : ‘ ‘
I ( Speed:3 Load:50)
oo || I ( Speed:30 Load:50) |
[1( Speed:60 Load:50)
gol) ] ( Speed:3 Load:100) |
I ( Speed:30 Load:100)
I ( Speed:60 Load:100)
700 |
60 |
50 |
401 |
30 |
20 |
0 = -. =) .l =l -’_‘\

off 80 320 640
DRXcycle



[image: image5.png]HOF rate [%]

Percentage of failed handovers ( Hotspot:.off Algorithm:baseline Traffic:bg30)

100 ‘ : : ‘
I ( Speed:3 Load:50)

oo || I ( Speed:30 Load:50)
[1( Speed:60 Load:50)

gol) ] ( Speed:3 Load:100)
I ( Speed:30 Load:100)
I ( Speed:60 Load:100)

700

60

50

401

30

20

0 =i -. =i .l =l -’_‘\

off 80 320 640
DRXcycle





Figure 3 HOF rate [%] in dense deployment (10 picos per cluster), background traffic 3 second inter-arrival time and 30 second inter-arrival time
The simulation results shown in this paper indicate that even though less severe than in scenario 1, mobility robustness does still have some problems also in scenario 2. As Rel-12 HetNet WI is focusing on co-channel scenario, not on inter-frequency scenario, and it has not yet concluded on any solutions, it is too early to conclude that SCE SI should not study solutions for improving mobility robustness in scenario 2. Moreover, the simulation results indicate that dual connectivity could substantially improve the mobility robustness in scenario 2.
3
Conclusion
The following is observed from the simulations:

-
The single connectivity mobility performance in Rel-12 small cell scenario 2 shows some problems in terms of HO failures. With FTP type traffic, performance is good at low UE speed of 3 km/h, but at 30-60 km/h some problems start appearing and HO failure rate can increase up to around 5% with even higher failure rates for the pico-macro and pico-pico HOs. With background type traffic, the HO failure rates can go much higher, even up to 30%. Denser deployment of small cells leads to increased number of HO failures.
-
Dual connectivity can significantly reduce the mobility problems in the scenario 2. This is because the UE will always have PCell at macro and thus experience the mobility robustness of macro layer.
We therefore propose the following:

Proposal: It is proposed to capture the presented results in the TR 36.842 summarizing that there are mobility robustness problems in scenario 2 especially with DRX and medium to higher speed UEs. These problems could be significantly reduced by dual connectivity. As the Rel-12 HetNet mobility WI is discussing enhancements that can potentially improve the mobility robustness in scenario 2 as well, we propose to take into account conclusions from HetNet mobility WI before studying mobility robustness for Rel-12 small cell scenario 2. 
4
Text proposal for TR 36.842
Beginning of Text Proposal

5.2.1
Mobility robustness
This section analyses mobility performance in Rel-12 small cell scenario 2, where macro and small cells are deployed at separate carrier frequencies. Results are presented both for cases with and without DRX with single connectivity, as well as for cases with dual connectivity. For the sake of simplicity, we denote small cells as picos. More details on parameters and simulation settings are given in Appendix A. The mobility event parameters are summarized in the table below.

Table 1 Summary of parameter settings for mobility events

	Single connectivity 

	Intra-f HO (both on macro and pico carrier)
	RSRP A3 with 3 dB offset 

	Inter-f HO 
	RSRP A3 with 3 dB offset 

	Dual connectivity (PCell @ macro, SCell @ pico) 

	Intra-f PCell HO (macro-only) 
	RSRP A3 with 3 dB offset 

	SCell addition 
	RSRQ A4 with -14 dB threshold 

	SCell remove 
	RSRQ A2 with -17 dB threshold 

	SCell change (intra-f) 
	RSRP A6 with 1 dB offset 


Figure 1 shows the total HO failure rates with FTP traffic for single connectivity and dual connectivity cases at different UE speeds and for different DRX cycle lengths.As seen from the results at 3 km/h there are no HO failures with or without DRX, but when UE speed is increased handover failure rate starts appearing. With single connectivity the HO failure rate is between approximately 0.5-2.5 % at 30 km/h and 2-4.5 % at 60 km/h depending on the DRX configuration. These levels of HOFs are of course not as severe as what we have observed in the co-channel scenario as well as in HetNet SI [1]. This is due to not having similar interference problems between the small cells and macro cells as in co-channel deployment. Thus timely triggering of the HOs is less influenced by Macro-pico interference leading to higher HO success rate (due to the clustered deployment of pico cells, there is though pico-pico interference, which places importance on triggering timely pico-pico HOs). 

Looking at the dual connectivity results, it can be seen that we can improve the mobility robustness compared to the single connectivity. With dual connectivity the HO failure rates drop to 0-0.5 % at 30 km/h and to 0.5-1.5 % at 60 km/h depending on the DRX. This result shows that dual connectivity can improve mobility robustness also in scenario 2. Reason for the improved mobility robustness is due to the fact that for dual connectivity the mobility is handled only on macro layer (i.e. macro to macro cell mobility) and does not include pico cell related mobility.
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Figure 1 HOF rate [%], FTP traffic, 3, 30, 60 km/h

Figure 2 shows HO failure rate statistics with single connectivity and background traffic for sparsely deployed pico cells (4 pico cells per cluster). Figure 3 shows similar results but for densely deployed small cells (10 pico cells per cluster). The difference to FTP traffic is that here the UE spends more time inactive and thus is more often taking advantage of DRX opportunities. As seen from the figures, the HO failure rates reach higher levels here going well above 5% at higher UE speeds and with longer DRX cycle lengths. It should be noted that DRX has a significant impact on UE power consumption, so getting good mobility performance also with longer DRX cycles is important. Comparing the results with sparsely and densely deployed small cells we can observe that in denser deployment the number of HO failures increases significantly. This is because there is more pico-pico interference.
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Figure 2 HOF rate [%] in sparse deployment (4 picos per cluster), background traffic 3 second inter-arrival time and 30 second inter-arrival time
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Figure 3 HOF rate [%] in dense deployment (10 picos per cluster), background traffic 3 second inter-arrival time and 30 second inter-arrival time

The following is observed from the simulations:

-
The single connectivity mobility performance in Rel-12 small cell scenario 2 shows some problems in terms of HO failures. With FTP type traffic, performance is good at low UE speed of 3 km/h, but at 30-60 km/h some problems start appearing and HO failure rate can increase up to around 5% with even higher failure rates for the pico-macro and pico-pico HOs. With background type traffic, the HO failure rates can go much higher, even up to 30%. Denser deployment of small cells leads to increased number of HO failures.

-
Dual connectivity can significantly reduce the mobility problems in the scenario 2. This is because the UE will always have PCell at macro and thus experience the mobility robustness of macro layer
In summary, there are mobility robustness problems in scenario 2 especially with DRX and medium to higher speed UEs. These problems could be significantly reduced by dual connectivity. As the Rel-12 HetNet mobility WI is discussing enhancements that can potentially improve the mobility robustness in scenario 2 as well, we propose to take into account conclusions from HetNet mobility WI before studying mobility robustness for Rel-12 small cell scenario 2.
End of Text Proposal

References

[1] 3GPP TR 36.839 Mobility enhancements in heterogeneous networks
[2] 3GPP TR 36.842 Study on small cell enhancements for E-UTRA and E-UTRAN - Higher-layer aspects
[3] 3GPP TR 36.872 Small Cell Enhancements for E-UTRA and E-UTRAN Physical Layer Aspects (Rel-12)
Appendix A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	DRX
	Long cycle length

Short cycle length

Short cycle duration

Inactivity timer

On duration timer
	80, 160, 320, 640 ms

20 ms
16x short cycle length 
10 ms

5 ms

	Intra and inter-frequency handover parameters
	Handover criteria

A3 baseline offset

A3 baseline time-to-trigger
	Event A3 RSRP

3 dB

256 ms

	Traffic parameters
	Traffic type “background”:

Packet interval options

Traffic type “bursty”:
File size

Reading time

	Average 3, 30 seconds from geometric distribution

0.5 Mbytes

5 seconds average from geometric distribution

	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
	21 sectors/7 BSs

	
	Inter site distance (ISD)
	500 m

	Pico cell layout
	Cluster distance to macro
	Minimum 75 m

	
	Distance between clusters
	Minimum 100 m

	
	Distance between picos
	Minimum 20 m

	
	Cluster radius
	50 m

	
	Cluster location
	Random

	
	Clusters/macro cell
	1

	
	Picos/cluster
	4, 10 (FTP results only with 4 picos)

	Macro-pico deployment type
	
	Inter-frequency

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	50 m

13 m

	Multipath delay profile
	
	Typical Urban

	UE speed
	
	3, 30, 60 km/h

	Intra and inter-frequency measurement
	L1 measurement cycle

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size

L3 filtering
	40 ms or DRX cycle length

6 RBs

2 dB

5

Disabled

	Handover preparation time
	
	50 ms

	Handover execution time
	
	40 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310
	-8 dB

-6 dB

1000 ms

	Cell detection model
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	30 UEs per macro cell so totally 630 UEs with 100 second calls


Appendix B: Additional simulation results for single vs. dual connectivity
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Figure 4 HOF rate from small cell to macro cell [%], FTP traffic, 3, 30, 60 km/h
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Figure 5 Ping-pong rate [%], FTP traffic, 3, 30, 60 km/h
