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1 Introduction
Fast Carrier Hopping (FCH) is a multi-carrier uplink transmission technique proposed in a response to a new study item [1] aiming HSUPA uplink enhancement. FCH is a candidate technology to address objective 8 of the study item looking for uplink load balancing solutions [1]. 
FCH operation is applicable to a scenario where multiple (at least two) uplink carriers are available and the UE switches between them. FCH is meant for increasing transmission speed by equalization of improperly balanced load of the carriers. The gain mechanism of FCH is as follows. If the situations where the load over carriers is imbalanced happen frequently, then switching some part of the transmitting UEs from the carriers with higher load to the carriers with a lower load will lead to the increase of the system throughput. 

System level simulation results for carrier selection made in the random manner (the load agnostic approach) were provided in [2] and the present contribution provides simulation results for a load-based carrier selection approach. In that case the load is monitored at different carriers and UEs are placed to equalize the loads. The purpose of this document is to estimate the potential FCH gains for the cases when initial carrier assignment and then further carrier switches are done based on the carrier load information. 
2 Simulation Assumptions
The simulations were performed using a typical 3GPP Macrocell deployment scenario and the multipath channel profile Ped A, 3 km/h. Table 1, Table 2 and Table 3 provide a summary of the deployment model parameters, traffic model parameters, and system level assumptions correspondingly.
Table 1. Deployment model simulation assumptions

	Parameter 
	Value

	Deployment scenario
	3GPP Macrocell

	Cell layout
	Wrap-around hexagonal grid, 

19 sites with 3 sectors per site 

	Inter-site distance 
	1000 m

	Path loss and shadow fading
	3GPP, equal path loss and shadow fading for all carriers

	Node B antenna pattern
	Parabolic

	Dimension of Node B antenna model
	3D

	Node B antenna gain (bore sight) 
	17 dBi

	Node B antenna pattern azimuth width
	70º

	Node B antenna pattern elevation width
	15º

	Node B antenna tilt angle
	8º

	UE antenna pattern
	Omnidirectional

	UE antenna gain 
	0 dBi 

	UE power
	23 dBm 

	Node B noise figure 
	7 dB 

	Thermal noise power 
	-174 dBm/Hz 

	Minimum distance between UT and serving cell 
	25 m 

	Carrier frequency
	2.0 GHz 

	Penetration loss
	10 dB

	Channel model profile
	Ped A, independently generated channels for all carriers

	Correlation of channel realization between the TX and RX antennas
	0

	Correlation of channel realizations between two FCH carriers
	0

	User distribution
	Randomly and uniformly distributed over the area

	User mobility model
	Doppler spectrum

	Users speed
	3 km/h

	Interference modeling
	Explicitly modeled interference

	Maximal number of active UEs per sector per carrier
	10


Table 2. Traffic model simulation assumptions

	Parameter
	Value

	Traffic model
	Poisson bursty traffic

	Packet size
	Fixed packet sizes of 10 kB and 512 kB

	Offered load
	800 kbit/s and 1400 kbit/s per sector per carrier

	Simulation drop length
	200 000 TTIs


Table 3. System level simulation assumptions

	Parameter 
	Value

	Transmission mode
	SIMO

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI
	2 ms

	T2TP
	≤10 dB (depending on the E-TFC)

	Channel estimation
	Realistic

	Pilot SINR estimation
	Ideal, by an analytic formula 

	Node B receiver
	Rake (MRC)

	Number of TX antennas
	1

	Number of RX antennas
	2

	Soft handover
	Enabled

	Softer handover
	Disabled

	Inner loop power control
	On

	Outer loop power control
	On

	ILPC delay
	2 slots

	ILPC period
	1 slot

	TPC error rate
	No errors, ideal feedback

	OLPC delay
	4 TTI

	Target BLER
	10% after the 1st transmission attempt

	Maximum number of HARQ attempts
	4

	Scheduler
	Round-robin

	Target RoT
	6 dB

	Number of carriers
	2


Two carrier selection cases are evaluated in this contribution. The first case is a load-based carrier selection at the beginning of each packet call (i.e. no FCH operation or ‘FCH off’). This case is referred to as modified baseline assuming that it corresponds to the legacy (baseline) operation but also being modified relative to the random carrier selection at the beginning of each packet call [2]. 
The second case is the considered load-based FCH technique (‘FCH on’). If FCH is applied, the carrier for a transmission is selected by the RNC at the beginning of the packet call the same way as for the baseline and during the transmission time the Node B can switch the UE to another carrier that is more preferable according to the load-based metric (in contrast to the random carrier switching performed in [2]).
Both modified baseline and load-based FCH are simulated for two types of the load metrics: a ‘simple’ one taking into account only the load in the current sector (defined as the current number of users at different carriers) and a ’smart’ one additionally taking into account a possible difference in the power of other cell interference at different carriers.

Curves for the original baseline from [2] with random carrier selection are also included in the presented set of simulation results as a reference.

3 Simulation Results

This section provides system level simulation results for FCH. The results are plotted as CDFs of the packet service time and the packet transmission. The packet service time is the time elapsed from the moment of packet arrival to the UE transmit buffer up to the moment when the packet is completely transmitted. The packet transmission time which is the time elapsed from the beginning of the packet transmission to the moment when the packet is completely transmitted (i.e., excluding the waiting time in the buffer relative to the service time).

3.1 Packet Size of 10 kB and Offered Load of 800 kbit/s
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Figure 1. CDF of the transmission time for the packet size of 10 kB and the offered load of 800 kbit/s
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Figure 2. CDF of the service time for the packet size of 10 kB and the offered load of 800 kbit/s
3.2 Packet Size of 10 kB and Offered Load of 1400 kbit/s
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Figure 3. CDF of the transmission time for the packet size of 10 kB and the offered load of 1400 kbit/s
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Figure 4. CDF of the service time for the packet size of 10 kB and the offered load of 1400 kbit/s

3.3 Packet Size of 512 kB and Offered Load of 800 kbit/s
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Figure 5. CDF of the transmission time for the packet size of 512 kB and the offered load of 800 kbit/s
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Figure 6. CDF of the service time for the packet size of 512 kB and the offered load of 800 kbit/s

3.4 Packet Size of 512 kB and Offered Load of 1400 kbit/s
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Figure 7. CDF of the transmission time for the packet size of 512 kB and the offered load of 1400 kbit/s
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Figure 8. CDF of the service time for the packet size of 512 kB and the offered load of 1400 kbit/s
Table 4. Average values and 90% percentiles of the packet transmission time

	Packet size, kB
	Offered load, kbit/s
	Metric
	Transmission time, s
	FCH gain

	
	
	
	Simple metric
	Smart metric
	Simple metric
	Smart metric

	
	
	
	FCH on
	FCH off
	FCH on
	FCH off
	
	

	10
	800
	Average
	0.07
	0.07
	0.08
	0.07
	-1.6%
	-20.1%

	
	
	90% CDF
	0.17
	0.16
	0.19
	0.16
	-2.4%
	-19.8%

	
	1400
	Average
	0.49
	0.40
	0.51
	0.41
	-22.7%
	-24.3%

	
	
	90% CDF
	0.99
	0.90
	1.06
	0.91
	-10.0%
	-16.8%

	512
	800
	Average
	1.91
	1.88
	2.09
	1.82
	-1.4%
	-15.0%

	
	
	90% CDF
	3.31
	3.26
	3.86
	3.11
	-1.7%
	-24.0%

	
	1400
	Average
	3.51
	3.71
	7.01
	3.25
	5.4%
	-115.9%

	
	
	90% CDF
	7.08
	7.63
	17.13
	6.60
	7.2%
	-159.6%


Table 5. Average values and 90% percentiles of the packet service time

	Packet size, kB
	Offered load, kbit/s
	Metric
	Service time, s
	FCH gain

	
	
	
	Simple metric
	Smart metric
	Simple metric
	Smart metric

	
	
	
	FCH on
	FCH off
	FCH on
	FCH off
	
	

	10
	800
	Average
	0.08
	0.08
	0.09
	0.08
	-1.7%
	-23.0%

	
	
	90% CDF
	0.18
	0.18
	0.21
	0.17
	-3.4%
	-23.0%

	
	1400
	Average
	19.99
	14.15
	22.11
	14.34
	-41.2%
	-54.2%

	
	
	90% CDF
	72.25
	49.47
	81.18
	51.91
	-46.1%
	-56.4%

	512
	800
	Average
	1.97
	1.95
	2.17
	1.88
	-1.2%
	-15.4%

	
	
	90% CDF
	3.44
	3.40
	4.05
	3.24
	-1.1%
	-25.0%

	
	1400
	Average
	4.06
	4.40
	9.63
	3.60
	7.7%
	-167.0%

	
	
	90% CDF
	7.92
	8.69
	22.19
	7.36
	8.8%
	-201.4%


3.5 Discussion

The presented simulation results demonstrate that the transmission and service times can be reduced in the considered scenarios if initial assignment of the UE to the carrier is done taking the current load into account. But there are no visible performance gains of the load-based FCH relative to the modified (load-based) baseline. The only observed exception is the case of the packet size of 512 kB and the offered load of 1400 kbit/s where a marginal gain of ~8% is visible when the ‘simple’ metric is used.
The absence of any essential gains of FCH may be physically interpreted as follows. For the small packet size (10 kB) where duration of the packet transmission is quite short (0.1 – 0.5 s or 5-25 TTIs on average) the optimal assignment of the packet in the beginning of the transmission takes all the potential gain of load balancing. For the long packet (512 kB) there is some potential for the FCH gain in the situation when a packet transmission finishes and that changes the interference environment quite essentially so that reallocation of the UEs may improve the performance results. However, the simulation results demonstrate that a small positive effect of the FCH technique is present only for a high offered load. In this traffic scenario many packets are transmitted in parallel and the probability of packet transmission ending during ongoing transmission of another packet is higher. On the other hand, for a higher number of packets being transmitted in parallel, termination of a single packet transmission has a weaker impact on the carrier load because of the interference environment being contributed by multiple ongoing transmissions. That explains the insufficient system performance gain observed in the simulation results.
A comparison of simulation results for different carrier load metrics demonstrates (especially for the long packet of 512    KB) that the initial assignment of UEs to carriers has slightly better performance if the ‘advanced’ metric is used with taking into account the interference levels on the carriers. However, the FCH degradation is higher for the ‘advanced’ metric as it is found to be less stable making some unnecessary switches due to either channel variations or carrier switches in the neighboring sectors. The gains of those switches are insufficient to compensate for the degradation caused by the carrier change. The ‘simple’ metric is more robust in that respect making UE switches only when some UE finishes its packet transmissions and thus provides a better performance as demonstrated by the simulation results. 
Comparison of the results for active FCH (‘FCH on’) versus the baseline with random carrier selection demonstrates that there are noticeable gains of the FCH approach (up to 60%) using the ‘simple’ metric in most of the cases. The only exception is the case of the packet size of 10 kB and the offered load of 1400 kbit/s where the service times for FCH and the random baseline are similar. The situation when the UE does not have enough information to make initial carrier selection optimally (with account of the load status) may be often in a practical network. Hence, an introduction of the FCH mechanism can bring gains by switching to a better carrier if the initial selection was not the optimal one.
4 Conclusion
This documented presented system level simulation results for Fast Carrier Hopping (FCH) for the cases when initial assignment of UEs to carriers and then their switching between carriers are done taking into account the carrier load status. The documented extends the set of SLS FCH results presented earlier in [2] where both initial carrier selection and switching are performed randomly.

It is demonstrated that accounting for carrier load information at initial carrier selection takes most of the FCH load balancing gain so that further switching of UEs between carriers does not allow reducing the service and transmission times of the system. However, FCH provides sufficient performance gains relative to the random carrier selection in the beginning of a packet call that is considered to be a practically important situation.
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