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1 Introduction
This paper tries to find out the efficiency of solutions to improve the mobility performance by Control Plane dual connectivity in heterogeneous network scenarios with mixed macro cells and small cells, both inter-frequency and intra-frequency cases. Simulation results for different scenarios are compared and analyzed. 
2 Discussion
Fig. 1 indicates the cases for CP dual-connectivity deployment that occurs in the simulation: 
·  At mobility between small cells, the best macro cell provides additional assistance [case 1 and case 3 below]. 
·  At mobility between macro cell and small cell, target cell can provide signalling assistance while UE is connected to the source cell and vice versa [case 2]. 
·  At mobility between macro cells, sometimes a small cell can provide signalling assistance [case 4]. 
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Fig. 1: CP dual-connectivity deployment cases 
CP dual connectivity can have diversity gain in both inter-frequency and intra-frequency scenarios. In inter-frequency scenario, handover control messages can be transmitted on macro- and small cell layers. Error occurs on the control messages only if error occurs on two links. In intra-frequency scenario, handover control messages can be transmitted on the cell with best serving quality or combined with the signals from two links. 
3 Simulation
Dynamic system level simulation is performed based on the mobility simulation in [3]. The detailed simulation configurations can be founded in Appendix A in section 6. In the simulation, three handover control messages are modelled: measurement report (MR) in UL, handover command (HO CMD) in DL, and handover complete message (HO Comp) in UL. The information of these messages is shown in table 1 [4]. 
Table 1: handover control messages model 
	
	Message Size 
	Channel 
	# of RBs
	Modulation 
	Coding Rate 

	Measurement Report (MR) 
	152 bits (19B) 
	PUSCH 
	6 
	QPSK 
	0.1018 

	HO Command (HO CMD) 
	456 Bits (57B) 
	PDSCH 
	17 
	QPSK 
	0.09568 

	HO Complete (HO Comp) 
	40 bits (5B) 
	PUSCH 
	3 
	QPSK 
	0.08 


MR or HO CMD are retransmitted until it is successfully received or RLF occurs. If MR or HO CMD is successfully received, handover procedure will proceed to handover preparation or handover execution state, respectively. If RLF occurs before MR or HO CMD is successfully received, it is regarded as a failure case. For HO Complete message, if it is not successfully received after 4 retransmissions or RLF occurs during retransmission, it is regarded as a failure case. The retransmission interval is assumed to be 8ms for them. 

Full buffer traffic is evaluated for both DL and UL. The performance of failure number during handover is collected in the simulation, where failure numbers in different handover states and for different handover types (macro-macro, macro-small cell, small cell-macro, and small cell-small cell) are differentiated. In the following, intra-frequency and inter-frequency scenarios are evaluated. 
3.1 Scenario #1 (intra-frequency) 

In scenario #1, macro cells and small cells are deployed on the same carrier frequency (intra-frequency), and they are connected via non-ideal backhaul. 
In scenario #1, dual connectivity can also have benefit on CP robustness. In the following simulation, the failure performance of handover for three cases is evaluated, which includes: I) baseline, II) HO CMD best send, and III) HO CMD diversity. In case I, the normal handover without dual-connectivity in SCE network is evaluated, which is the baseline case. In case II, the handover command message is transmitted by the best cell. In case III, the handover command message is transmitted by two cells, which has diversity gain through dual-connectivity. 

Fig. 2 provides the failure number comparison among different cases. At the same time, the values are also provided in Table 2. 
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Fig. 2: Failure number of different cases in different state (scenario 1)

Table 2: Failure number of different cases in different state (scenario 1)
	Cases
	Failure Rate
	Failure Number: per UE per hour

	
	
	Total
	TTT
	MR
	HOP
	HOCMD
	HOComp
	Other

	Baseline
	0.070547501
	32.6
	8.4
	6.7
	8.7
	4.7
	1.8
	2.3

	HO CMD best send
	0.065760143
	29.5
	8.4
	6.7
	8.7
	1.6
	1.8
	2.3

	HO CMD diversity
	0.06486848
	29
	8.4
	6.7
	8.7
	1.2
	1.7
	2.3


From the simulation results, it can be found that RLF is the main reason for the failure during handover. The failure number cased by handover command only occupies about 15% of all failure during handover. By comparing case II, III with case I, it can be seen that the failure number cased by HO CMD during handover can be decreased about 75% with CP dual connectivity. 
Observation 1: In intra-frequency scenario, dual-connectivity can obtain the gain of about 75% on the failure number cased by the handover command transmission. 
3.2 Scenario #2 (inter-frequency)
In scenario #2, macro cells and small cells are deployed on different carrier frequencies (inter-frequency), and they are connected via non-ideal backhaul. 
During the handover, the radio link monitor (RLM) procedure is independent with the handover procedure. In scenario #2, UP data may be transmitted on two links. When two links are connected with the UE, the UE should monitor the quality of two links to determine the UP data transmission. Thus, CP dual-connectivity can have benefit on the RLM. In the following simulation, dual RLM is implemented. The failure performance of handover for six cases is evaluated, which includes: I) baseline, II) dual RRC message, III) signal RRC message, IV) dual HO MR, V) dual HO CMD, and VI) dual HO Comp. 

·  In case I, the normal handover without dual-connectivity in SCE network is evaluated, which is the baseline without any benefit of dual-connectivity. 
·  In case II, all handover related control messages are transmitted in two links, which has the optimal performance. Diversity gain from dual-connectivity can be obtained in this case. 
·  In case III, all handover related control messages are transmitted in one link. Only the gain of dual RLM can be obtained by comparing this case with the baseline. 
·  In case IV, V, and VI, handover measurement report, handover command, and handover complete message are transmitted in two links, respectively. These three cases can obtain the gain of different messages in dual-connectivity. 

Fig. 3 provides the failure number comparison among different cases. At the same time, the values are also provided in Table 3. 

[image: image3.png]25

20

15

10

m Other
®HOComp
®HOCMD
mHOP
EMR

mTTT





Fig. 3: Failure number of different cases in different state (scenario 2)

Table 3: Failure number of different cases in different state (scenario 2)
	Cases
	Failure Rate
	Failure Number: per UE per hour

	
	
	Total
	TTT
	MR
	HOP
	HOCMD
	HOComp
	Other

	Baseline (I)
	0.055506019
	24.9
	6.4
	5.1
	6.8
	3.4
	1.5
	1.7

	Dual RRC Msgs (II)
	0.02496656
	11.3
	2.8
	2.1
	2.9
	1.3
	0.6
	1.6

	Signal RRC Msg (III)
	0.034106108
	15.3
	2.8
	3.8
	2.8
	3
	1.3
	1.6

	Dual HO MR(IV)
	0.029870709
	13.4
	2.8
	2.1
	2.7
	3
	1.2
	1.6

	Dual HO CMD(V) 
	0.029647793
	13.3
	2.8
	3.8
	2.8
	1.3
	1
	1.6

	Dual HO Comp(VI)
	0.032545698
	14.6
	2.8
	3.8
	2.8
	3
	0.6
	1.6

	
	
	
	
	
	
	
	
	

	HO CMD sent by target cell
	0.052385198
	23.5
	6.4
	5.1
	6.8
	2
	1.5
	1.7


For the baseline and the dual RRC messages cases, the failure numbers in different types of handover are presented in figure 4 and table 4. 
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Fig.4: Failure number of different types for baseline and dual RRC message 

Table 4: Failure number of different types for baseline and dual RRC message 

	Baseline
	Dual RRC message
	Gain

	Types
	Failure Num
	Types
	Failure Num
	

	macro-macro
	11.2
	macro-macro
	5.5
	0.508929

	small cell-macro
	2.6
	small cell-macro
	0.9
	0.653846

	macro-small cell
	4.2
	macro-small cell
	2.1
	0.5

	small cell-small cell
	6.9
	small cell-small cell
	2.8
	0.594203

	Sum.
	24.9
	Sum.
	11.3
	0.546185


It can be also found that RLF is the main reason for the failure during handover. From the simulation results in table 3, the failure number can be decreased greatly (about 40%) by dual RLM by comparing case III with case I. Thus, dual RLM is an effective method to increase the RLF and HOF performance.
Observation 2: In inter-frequency scenario, dual RLM increases the mobility performance. 
By comparing the simulation results of dual RRC messages with the baseline, it can be seen that high gain (about 55%) can be obtained from dual-connectivity. 
Cases IV, V, and VI show the performance gain of diversity from handover measurement, handover command, and handover complete messages, respectively. The gain of about 50% on the failure performance during handover can be obtained by the RRC diversity.
Table 4 shows the failure performance of different types for the baseline and dual RRC message cases. It can be seen that most of the failure transmission occur in macro-macro, macro-small cell, and small cell-small cell handover. With CP dual-connectivity, the gain of about 50%~60% can be obtained. 
Observation 3: In inter-frequency scenario, CP dual connectivity can obtain the gain of about 50%~60% on the failure performance in different types of handover.
Moreover, for the transmission of handover command message in the simulation, we find that channel quality of target cell is better than that of source cell in many cases. It means that the error of handover command is caused by the too late handover in these cases. Thus, for the mobility robustness enhancement, the handover command can be transmitted on by the target cell. In this solution, the target cell should be prepared during the handover. If anchor-based architecture is deployed in SCE network, all small cells are assumed to be prepared. The simulation results in table 3 show that this solution can obtain the gain of about 41% on the failure performance caused by handover command message. 
Observation 4: In inter-frequency scenario, the solution that handover command is transmitted from the target cell can enhance the failure performance during handover.
Observation 5: In both intra-frequency and inter-frequency scenarios, dual-connectivity has benefit on the mobility robustness, the performance enhancement being most significant for the inter-frequency scenario. 
We also modeled the mobility performance with DRX.  
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Fig.5: Failure number of different types for baseline and dual RRC message 

Table 5: Failure number of different types for baseline and dual RRC message 

	Case
	No DRX
	DRX Cycle (ms)

	
	
	80
	160
	320
	640
	1280

	Normal HO
	24,9
	30,7
	36,1
	44,5
	47,9
	59,6

	Dual RLM + Dual RRC Msg
	11,3
	13,1
	15
	17.8
	19,4
	26,2

	Gain 
	55%
	57%
	58%
	60%
	60%
	56%


Observation 6: The observations on the gain of dual RRC connectivity w.r.t. mobility performance is applicable also in cases where DRX is used. 
4 Conclusion
Observation 1: In intra-frequency scenario, dual-connectivity can obtain the gain of about 75% on the failure number cased by the handover command transmission. 

Observation 2: In inter-frequency scenario, dual RLM increases the mobility performance. 

Observation 3: In inter-frequency scenario, CP dual connectivity can obtain the gain of about 50%~60% on the failure performance in different types of handover.

Observation 4: In inter-frequency scenario, the solution that handover command is transmitted from the target cell can enhance the failure performance during handover.

Observation 5: In both intra-frequency and inter-frequency scenarios, dual-connectivity has benefit on the mobility robustness, the performance enhancement being most significant for the inter-frequency scenario. 
Observation 6: The observations on the gain of dual RRC connectivity w.r.t. mobility performance is applicable also in cases where DRX is used.  
We have following proposals:
Proposal 1: Include relevant results in the TR. 

Proposal 2: Agree that Control Plane dual connectivity shall be recommended in the TR as a solution to enhance mobility performance, at least for the inter-frequency scenario. 

Proposal 3: Control Plane dual connectivity in the UE should include dual TX of control messages, dual RX of control messages, and joint RLM evaluation for RLF triggering. 
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6 Appendix: Further Simulation Configurations
The mobility model in the simulation is shown in Fig. A-1, where UEs in the center cell move away from the center cell until hit the bouncing circle. When the distance between the UE and small cell is smaller than 10m, the UE will turn to another direction. 
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Fig. A-1: UE trajectories model

We apply the following simulation settings based on the reference [3]. 

	Parameters
	Values
	Description

	General Settings

	Scenario 1
	Co-channel
	
	

	Scenario 2
	Non-Co-channel
	
	

	Carrier frequency 1
	
	2.0GHz
	

	Carrier frequency 2
	
	3.5GHz
	For scenario 2

	Layout
	
	19 cells, Hexagonal grid, 3 sectors per site

	site2siteDist
	
	0.5 km
	

	System bandwidth per carrier
	
	10MHz
	

	Total Tx power 
	Macro
	46dBm
	

	
	Small cell
	30dBm
	

	Antenna num
	Macro
	2Tx
	

	
	Small cell
	2Tx
	

	Antenna gain + connector loss
	Macro
	17dBi
	

	
	Small cell
	5dBi
	

	Antenna gain of UE
	
	0dBi
	

	Antenna height
	Macro
	25m
	

	
	Small cell
	10m
	

	UE Antenna Height
	
	1.5m
	

	Thermal Noise Level
	
	- 174dBm / Hz
	

	SF STD
	Los
	4dB
	LogNormal Shadowing Standard Deviation

	
	Nlos
	6dB
	

	SF Corr. Dis.
	Los
	0.073km
	De-Correlation Distance for Shadow Fading

	
	Nlos
	0.013km
	

	Path loss mode
	Macro-UE
	ITU Uma
	

	
	Small cell-UE
	ITU Umi
	

	Fast fading channel
	
	ITU model VA30
	

	Number of Ues per sector
	
	10
	

	Number of small cells per sector
	
	10
	

	UE Speed
	
	30km/h
	

	UE Droping
	
	Randomly
	

	Small cell droping
	
	Randomly
	

	Handover related Settings

	timeGranularity
	
	100ms
	UE locations are generated every timeGranularity ms

	UE mobility model
	
	UE Moving Trajectory Model 1 
	UEs in the center cell move away from center cell until hit the bouncing circle

	layer3FilterCoeff
	
	4 (weight 0.5)
	Refer to TS 36.331 5.5.3.2 layer 3 filtering, 4 - 50% wight on the latest measurement

	timeToTrigger
	
	160ms
	

	triggerCondition
	
	Event Dependent
	triggerCondition

	a3offset
	
	0dB
	a3offset

	handoverMargin
	
	3dB
	handoverMargin

	cellSpecificOffset (Ocn, Ocp)
	
	0
	cellSpecificOffset (Ocn, Ocp)

	frequencySpecificOffset (Ofn, Ofp)
	
	0
	frequencySpecificOffset (Ofn, Ofp)

	ncrWindow
	
	30000ms
	t - Evaluation (36.304) window length for counting Unber cell changes

	qIn
	
	-6dB
	

	qOut
	
	-8dB
	

	t310
	
	1000ms
	

	n310
	
	1
	Counters

	n311
	
	1
	

	rlfProcessingBoundary
	
	10ms
	in-sync/out-of-sync processing boundary

	rrcConnectionTime
	
	250ms
	Connection re-establishment delay (After RLF)

	layer3FilterPeriod_max
	
	200ms
	

	layer3FilterPeriod_min
	
	10ms
	

	hoDelay
	
	50ms
	HO prepare time

	hoExeutionTime
	
	40ms
	

	measurement gap
	
	40ms
	For non-co-channel scenario 
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