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1
Introduction
This paper presents preliminary simulation results based on the models described in [1].
2
Initial simulation results for mobility performance in carrier aggregation
2.1 Simulation setup
We simulated deployment scenario #1-#3 in Annex A and carrier frequency set as bellow.

 Freq set 1: F1=800MHz, F2=2GHz
Freq set 2: F1=2GHz, F2=2GHz
We select these parameters to evaluate the effect of coverage difference. We utilized simulation parameters in Annex B, which is based on [1]. 
We also assumed two types of PCC determination. 
Type 1: Fix the PCC with one carrier frequency (=F1). 
Type 2: Change the PCC with a neighbour cell in non-PCC layers (including SCC) in the inter-freq HO between PCC and the cell in non-PCC layers (Event A3)
SCC addition and removal was determined based on Event A4 and A2, respectively. The threshold values were tuned from RSRP CDF-graph of prior simulation evaluations as in Fig. 2 in Annex C
2.2 Simulation Results
Fig.1 shows the sojourn time ratio of PCC stayed in F1.
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Fig.1 Sojourn time ratio of PCC stayed in F1
From Fig.1, PCC is almost always stayed in F1 when the carrier frequency (coverage) is different (even in the case of “scenario #3, Freq set 1, and Type 2”). This is because the difference between the coverage of F1 and F2 is very large, i.e. 8.4 dBm in RSRP. The spots, in which the RSRP of F2 becomes higher than that of F1, becomes only 2~3 degree from the centre direction of F2 in scenario #3, even if the sector antenna gain is taken into account.
The results indicate that it would be better to utilize Freq set 2 than Freq set 1 in the evaluations, where PCC change would happen.
3
Conclusions
Preliminary simulation results were presented for mobility performance in carrier aggregation. 
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Annex A. Carrier aggregation deployment scenarios
Table 2. Carrier aggregation deployment scenarios 1-5 (F2 > F1).
	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image3.emf]

	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image4.emf]

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	
[image: image5.emf]

	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image6.emf]


Annex B. System simulation assumptions
Table 1. Key simulation parameters
	Feature/Parameter
	
	Value/Description

	PCC/SCC configuration


	Operation Bandwidth
	5 + 5 MHz (Two CCs, 5 MHz BW each)

	
	Carrier Frequency
	(F1 = 2 GHz, F2 = 2 GHz)
(F1 = 800 MHz, F2 = 2 GHz)

	
	eNodeB tx Power
	43dBm per CC

	Physical layer parameters
	IFFT/FFT length
	512

	
	Duplexing
	FDD

	
	Number of sub-carriers / CC
	300

	
	NW synchronicity
	Asynchronous NW

	
	Sub-carrier spacing
	15 kHz

	
	Resource block bandwidth
	180 kHz

	
	Sub-frame length
	1 ms

	
	Number of symbols per TTI
	14

	Simulation Scenario
	cellular layout
	Hexagonal grid, 19 cell sites, 3sector/cell site

	
	Macro cell ISD
	500 m

	
	Antenna pattern (vertical)
	10-degree vertical beam width and 15-degree electrical downtilt

	
	Antenna pattern (horizontal)
	70-degree horizontal beam width

	Propagation parameters
	Distance-dependent path loss formula
	2 GHz: 128.1 + 37.6log10(r)

800 MHz: 119.7 + 37.6log10(r)

	
	Penetration loss
	20 dB

	Shadowing 


	Standard deviation
	8 dB

	
	Correlation distance
	50m

	
	Correlation between sites
	1.0

	
	Correlation between cells
	0.5

	Channel profile


	Multipath delay profile
	TU

	
	UE Speed
	50 kmh

	
	Receiver
	2RX MRC

	RSRP measurements
	Measurement Bandwidth
	25 RBs

	
	Measurement Interval
	40ms

	
	Measurement Period
	5 measurement samples

	
	L3 Filter Coefficient
	4

	HO related parameters
	Time-to-Trigger (TTT)
	400ms

	
	SCC addition threshold
 (A4 event)
	RSRP: -109.7 dBm
 (10 percentile of CDF in 2GHz)

	
	SCC removal threshold
 (A2 event)
	RSRP: -106.7 dBm
 (5 percentile of CDF in 2GHz)

	
	inter/intra freq HO Margin
 (A3 event)
	3dB

	RRC message
	Measurement Report
	TBS = 224 bits, R = 0.47

	
	HO Command
	TBS = 448 bits, R = 0.29

	
	HO Complete
	TBS = 104 bits, R = 0.48

	Other parameters
	Simulation time
	1000 s (100 UE)

	
	Traffic load
	1.0 (full load)


Annex C. RSRP distribution
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Fig.2 RSRP distribution
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