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Discussion

1
Introduction

A study item about dual cell HSDPA operation was agreed in RAN #39 [1] and simulation assumptions for evaluation in [2].
Purpose of this document is to present initial simulation results of dual carrier operation.
2
Simplified analysis results
Most of the gain achievable due to utilization of dual carrier is actually caused by frequency domain scheduling. Theoretical analysis of achievable gain is shown in Figure 1. Analysis has been done so that UEs are randomly placed to a cell, geometry and random one tap fast fading channel coefficients, independent between carriers, are generated. After this corresponding channel capacities for each link are calculated. The maximum capacity of the link is limited by taking into account the maximum modulation order of the WCDMA system. Max C/I scheduling and no receiver diversity are assumed to simplify analysis. Due to usage of max C/I scheduler shown capacities can be considered to be upper bounds of what can be achieved by using other scheduling methods. Cases compared in figure are:
· Both carriers allocated to best user

· Best user selected to a carrier (frequency selection)
· Two separate 5MHz carriers

As can be seen most of the dual carrier gain can be obtained using only frequency selection. Usage of dual carrier increases capacity only by a few percent. Gain due to dual carrier also diminishes when number of users is increased.

[image: image1]
Figure 1 Theoretical analysis of multicarrier capacity gains
3
System results

System simulation results in Pedestrian A channel are shown in Figure 2 and Figure 3 assuming fairness factors 0.1 and 0.001, respectively. Actually first fairness factor is such that scheduling is pretty close to round robin. Results are shown both with and without receiver diversity. As can be seen in the results in Figure 3 receiver diversity reduces gain due to multicarrier somewhat. In this case also sector throughput seems to be higher for 2xSC with receiver diversity than for multicarrier withour receiver diversity except the case where there is only one user per sector. Multicarrier gain reduces as number of users per sector increases. Highest gain of roughly 100% is achieved in a special case when there is only one user per sector since in that case multicarrier user can utilize both carriers all the time.
Results match quite well to the results of simplified analysis. 
Parameters used in simulation are presented in detail in Annex A and are compliant with the scenario agreement in [2]. Full buffer traffic is used in all simulations.
[image: image2.emf]PA3, 1000m, 3 sectors, Proportional fair, Full buffer, FF=0.1

0

2000

4000

6000

8000

10000

12000

0 1 2 3 4 5 6 7

Users per sector area 2^x

Average throughput [kbps/sector]

MC 1x1

2xSC 1x1

MC 1x2

2xSC 1x2


Figure 2 Average sector throughput in case of fairness factor 0.1
[image: image3.emf]PA3, 1000m, 3 sectors, Proportional fair, Full buffer, FF=0.001
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Figure 3 Average sector throughput in case of fairness factor 0.001
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Conclusions

Initial dual carrier simulation results have been presented in this contribution. It is shown that multicarrier gain decreases as number of users per sector increases and reaches peak value when there is only one user in sector.
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Annex A

Table 1 System simulation parameters
	Parameter 
	Value

	Cellular system 
	WCDMA – HSDPA

	Carrier bandwidth 
	5 MHz

	Number of carriers 
	2

	Carrier 1 frequency 
	2150 MHz

	Carrier 2 frequency 
	2155 MHz

	Sectors per cell 
	3

	Site-to-site distance 
	1000 m

	Minimum BS and MS separation 
	35 m

	HS-PDSCH transmit power 
	75 %

	CPICH transmit power 
	10 %

	Thermal noise 
	-99 dBm

	BS total transmit power 
	43 dBm

	Propagation model 
	16 + 37.6 log10(d[m])

	Correlation between sites 
	0.5

	Correlation between sectors 
	1.0

	Standard deviation of slow fading 
	8 dB

	Mobile speed 
	3 km/h

	Mobile receiver type 
	LMMSE chip equalizer

	ITU channels 
	Extended Ped A

	Number of multicodes 
	15 (variable)

	CQI set 
	0.5 QPSK, 0.75 QPSK, 0.5 16QAM, 0.75 16QAM

	AMC feedback delay 
	3 TTIs

	AMC packet-error-rate target 
	50 %

	Fast HARQ scheme 
	Chase combining

	HARQ processes 
	6

	HARQ transmissions 
	4

	Packet scheduler 
	proportional fair

	Traffic model 
	Full buffer


[image: image4.emf]Multi vs single carrier, 1000m, 3 sectors, Macro cell, Identical G distributions
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