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1 Introduction

Carrier aggregation (CA) has been widely discussed in RAN1 [1~15] in 3gpp meetings.  Often three kinds of CA are involved. They are the aggregations for continuous carriers, non-continuous intra-band carriers and non-continuous inter-band carriers respectively. LTE-A mobility is discussed in [16~19] including the evaluation methodology, initial mobility estimation and serving cell association. In this contribution, the impact of CA on mobility is researched in detail by the system simulation including handover measurement delay, RSRP measurements and event A3 trigger time in different scenarios. 

2 The impact on measurement delay
Under the case of CA, more than one carriers which are in one band or multi-bands are aggregated. The corresponding measured frequency points (FP) are increased. Assuming the aggregated FP number is 
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 and the delay for measuring one FP is 
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ms, then, for LTE UE, 
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 ms will be required for measuring 
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 FPs.  Besides the longer delay, the power consumption is increased too. For LTE-A UE, if it may measure multi-FPs simultaneously, then the measurement delay is not increased, but the power consumption is increased. For resolving the above issues, one candidate resolution is to compress the measured FPs. The principle is following. 
Assuming 
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.are the reference FP and its adjacent FP. 
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are the Reference signal received power (RSRP) corresponding to 
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respectively. RSRP is determined for a considered cell as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth [20]. 
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are the transmitting powers and path losses (including large fading) in 
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 respectively. Then the following formula may be deduced. 
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For certain channel model, the path loss may be calculated. For example, in [20], 
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 is calculated by formula (5). 

[image: image22.wmf](

)

(

)

(

)

5

10

log

21

10

log

6

.

37

83

.

58

r

r

r

f

R

L

+

+

=


Where, 
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is the reference frequency point and 
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is the distance from transmitter to receiver. Usually
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and the channel model are known in the network planning phase. Then, the 
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 may be estimated. The 
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 may be adjusted in the actual field test and actual networks by the means of the real data. But, here, in the calculation, only path loss and slow fading are considered. Then, 
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 may be updated based on the actual fast fading model, for example, Spatial Channel Model (SCM). Another candidate is that using mobility model, when the location, speed and direction of one UE are known by eNB, the measured FPs for handover may be compressed more. Therefore, when the needed measuring FPs are reduced, the measurement delay will be reduced. 

2.1 Continuous carrier aggregation (scenario 1)
In this case, all aggregated carriers are adjacent to each other and belong to the same frequency band. When the difference between FPs is smaller, theΔu is smaller too. For example, when the 
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changes from 10 MHz to 20 MHz, the 
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changes from 0.11 dB to 0.22dB.  Aside, for adjacent carriers, the fast fading is approximate too. For this case, multi-FP may be compressed. The measurement delay may be reduced more. 
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Fig.1 The impact on pass loss in scenario 1 and 2
2.2 Non-continuous intra-band carrier aggregation (scenario 2)
In this case, as the 
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space becomes large, theΔu becomes large. From the Fig. 1, it is found when Δf changes from 10 MHz to 50 MHz, the change of Δu is from 0.11 dB to 0.55dB. Relative to the scenario 1, the path loss error brought by the difference of frequency points increases a little. The FP compressing method in 2.1 may be used in this scenario too. But if the 
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becomes large more, the error in compressing FPs method will be increased more.
2.3 Non-continuous inter-band carrier aggregation (scenario 3)
 In this scenario , because the 
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space is increased, theΔu is increased more. From the Fig. 2, it is found when 
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 is1300MHz, theΔu is 8.463dB. The FPs compressing method in 2.1 is not used in this scenario. 
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Fig.2 The impact on pass loss in scenario 3

3 The impact on RSRP 
3.1 System simulation parameters 
The following research is based on the system simulation. The simulation parameters are listed in Table 1.

Table 1 System simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Load
	Average 33 UE per sector

	Inter-site distance
	500 m

	Distance-dependent path loss
	L= 58.83 + 37.6log10(R) + 21log10(f), R in km and f in MHz

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model (SCM)

	Bandwidth
	40MHz in 2 carrier aggregation

	RRU transmit power
	46 dBm

	UE maximum transmit power
	24 dBm(250 mW)

	Minimum distance between UE and cell
	>= 35 m

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	

	Users dropped uniformly in entire cell
	


	UE speed
	120 km/h

	UE noise figure
	9dB

	BLER Target 
	10%

	TTI duration
	1 ms

	UE arrival rate
	0.01 UEs/sector/s in Poisson process

	Average call duration
	120 s in exponential distribution

	Traffic model
	NRTV

	GBR requirement
	1500kb/s

	Modulation and channel coding scheme
	QPSK[1/3,1/2,2/3]

16QAM[1/3,1/2,2/3]
64QAM[1/3,1/2,2/3,3/4,4/5]

	Hysteresis (RRC event A3)
	3 dB


3.2 RSRP difference 
Different carriers incur different fast fading and path loss. The RSRP of different FPs will be different. Based on the above parameter configuration and mobility module, the RSRP measurement values of the UE are illustrated in the Fig. 3, Fig. 4 and Fig. 5 for scenario 1, 2 and 3 respectively. In Fig. 3 (in scenario 1), the RSRP difference is almost the same.  But in the Fig. 4(in scenario 2), the difference of 
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 is increased a little relative to scenario 1. In scenario 3, the difference is increased more which is illustrated in the Fig. 5. 
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Fig.3 RSRP change in continuous CA 
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Fig.4 RSRP change in non-continuous intra-band CA 
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Fig.5 RSRP change in non-continuous inter-band CA 
4 The impact on trigger time 

In the previous section, it is found RSRP differences are large for scenario 3. Now it is found that the impact on A3 event trigger time. 
4.1 Simulation topologies 
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Fig.6 Simulation topology
 In cell 0, the two carriers
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in the serving cell have the same RRU transmitting power 
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. Because the loss of the high frequency is larger than the low frequency’, the coverage of the carrier
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is smaller than the coverage of the carrier
[image: image50.wmf]L

f

showed in Fig. 6 respectively. In cell 1, the coverage with
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are the same. So the transmit powers of the carrier 
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 is（46+8.46）dBm based on the assumption in the table 1 and the formula (5). 
4.2 The impact on trigger time 

The used simulation topology is illustrated in the Fig. 6. The aggregated carriers are 850MHz and 2150MHz (inter-band aggregation). The measurement interval is 20ms. In this case, because the RSRP values of different carriers are different which are illustrated in the Fig. 5, the times for triggering the event A3 are different. In the Fig.7, the relation of the cumulative distribution function (CDF) and the trigger interval is illustrated. From this figure, it is found that the differences of trigger times are centralized in 20ms. It may be speculated on the differences will be shortened when the speed of the UE is increased. In the Fig. 8, the relation between the Event A3 trigger number and trigger interval is illustrated which is corresponded with Fig. 7. From Fig. 8, the same conclusions may be obtained as in Fig. 7. 
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Fig. 7 Trigger time CDF vs. trigger interval 
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Fig.8 Trigger number vs. trigger interval
5 Conclusions
In this contribution, the impact of CA on mobility including handover measurement delay, RSRP measurements and event A3 trigger time are discussed in detail by simulation and data analysis. The following conclusions are obtained. 

· In the continuous carrier aggregation, if the space between aggregation carriers is smaller than 20MHz, the compression method of FP can be used. The shorter of the space of carriers, the smaller of the estimation error of the compression of FP is. The measurement delay may be reduced. But in the inter-band aggregation, this method can not be used because the error is large.
· In the inter-band aggregation (scenario3), the differences of RSRP are very large. These differences will impact on the trigger time for different events, for example, A3 event. 
· In this assumption of this simulation, the trigger times of event A3 are centralized in 20ms. The trigger time is depended on the speed of the UE, actual topologies and material radio environments. When the speed increases, the interval of the trigger time will be decreased. Next, the impacts of the CA on target cell selection, event trigger thresholds, handover failure probability, outage probability and throughput will be researched more. 
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