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1. Introduction
In WG1#21, it was promoted that 64QAM provides almost no gain with Round Robin scheduler in indoor environment [1]. 

In this contribution, we evaluate the effectiveness of 64QAM in 1 path and 2 paths Rayleigh fading environments. Not only Round Robin scheduler, but also Proportional fairness [2] is simulated. As a traffic model, we assume that network transmits infinite amount of data for each user continuously. 

The results show that 64QAM improves system throughput by 4-14% and by 0-6% in 1 path and 2 paths fading environment, respectively.  

Continuously, we will evaluate the effectiveness of 64QAM by assuming burst traffic model (e. g. modified ETSI web browsing model [3]) 

2. Simulation model

HSDPA systems are simulated by SIR-base simulator with 2 ms time duration. Table 1 shows MCS levels employed in this evaluation. 

Table 1.  MCS levels 

	
	Case with 64QAM
	Case without 64QAM

	MCS #1
	QPSK (R=1/2)
	QPSK (R=1/2)

	MCS #2
	QPSK (R=3/4)
	QPSK (R=3/4)

	MCS #3
	16QAM (R=1/2)
	16QAM (R=1/2)

	MCS #4
	16QAM (R=3/4)
	16QAM (R=3/4)

	MCS #5
	64QAM (R=3/4)
	N.A. 


In this simulation, we set transmit power of HS-DSCH, CPICH and other channels to 80%, 10% and 10% of total transmit power respectively. HS-DSCH is allocated 10 codes of SF=16. SIR estimation by a UE is assumed ideal. Delay of AMCS is set to 3 [TTI].  Number of users per sector is set to 16.7 [users]. As a traffic model, we assume that network transmits infinite amount of data for each user continuously. We employ Round Robin and Proportional fairness [2] for HS-DSCH MAC scheduler. Chase combining is assumed as Hybrid ARQ combining scheme. 

Other simulation parameter is listed in Table 2. (These parameters is basically based on document [3]. )

Table 2.  System simulation parameters

	Cell layout
	19-cell, 3 sector/cell

	Cell radius
	1617 m

	Propagation model
	L=128.1+37.6Log10R

	Tx diversity
	OFF (1 Tx antenna)

	Slow fading
	As modelled in UMTS 30.03 B 1.4.1.4

	Std. Deviation of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Correlation distance of slow fading
	50 m

	Carrier frequency
	2000MHz

	BS antenna gain
	14 dB

	UE antenna gain
	0dBi

	UE noise figure
	9 dB

	Max number of retransmission
	No limitation

	BS total Tx power
	43 dBm

	Fast fading model
	1 path (FRP=1.0, 0.98)

2 paths equivalent power level

	Maximum Doppler frequency
	5.56[Hz]


3. Simulation results

3.1. Flat fading environment

In this subsection, we show simulation results of 1-path fading environment. 

Figure 1 and figure 2 shows C.D.F of user throughput in the case that FRP is 1.0 and 0.98 respectively, where user throughput is defined as follows. 
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As are shown in these graphs, 64QAM improves the throughput of users in good channel condition. Especially the case of proportional fairness scheduler, throughput of users in good environment is largely improved. 

Table 3 shows the comparison of average user throughput between the case with 64QAM and the case without 64QAM. As shown in this table, although the improvement by using 64QAM is below 10% in the case that Round Robin scheduler is used, it is over 10% in the case that proportional fairness is used. 
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Figure 1. C.D.F of user throughput (FRP=1.0)
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Figure 2. C.D.F of user throughput (FRP=0.98)

Table 3.  Average values of user throughput (1 path Rayleigh fading)

	FRP
	Scheduler
	With  64QAM
	Without

  64QAM
	Improvement

	1.0
	RR
	2.54e+6
	2.39e+6
	6 %

	
	PF
	5.96e+6
	5.21e+6
	14 %

	0.98
	RR
	2.37e+6
	2.28e+6
	4%

	
	PF
	5.62e+6
	5.02e+6
	12%


3.2. Multipath fading environment

In this subsection, we show simulation results in 2-path fading of equivalent level. Assuming the receiver with MPIC or equalizer, cancel factor is defined as follows. 
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We set the cancel factor to 0.0 corresponding receivers without IC, and 0.9 corresponding receivers with IC.  Figure 3 and figure 4 shows the results in the case that cancel factor is 0.0 and 0.9 respectively. 

As is shown in figure 3, 64QAM provides no gain without IC because of severe multipath interference. On the other hand, as is shown in figure 4, throughput of users in good channel conditions are improved by using 64QAM, if IC can cancel 90% of multipath interference from own cell. 

Table 4 shows the comparison of average user throughput. 
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Figure 3. C.D.F of User throughput (Cancel factor=0.0)
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Figure 4.  C.D.F of User throughput (Cancel factor=0.9)

Table 4.  Average values of user throughput (2 path Rayleigh fading)

	Cancel factor
	Scheduler
	With  64QAM
	Without

  64QAM
	Improvement

	0.0
	RR
	1.72e+6
	1.72e+6
	0%

	
	PF
	3.33e+6
	3.33e+6
	0%

	0.9
	RR
	2.63e+6
	2.60e+6
	1%

	
	PF
	4.76e+6
	4.47e+6
	6%


4. Discussion

The simulation results show that

· In 2-path fading environment, throughput improvement by using 64QAM is relatively small (0-6%) even with IC. However, the improvement is 4-14% in 1 path fading environment. 

· Proportional fairness scheduler enlarges the improvement by using 64QAM compared to Round Robin scheduler.  

Consideration on burst data traffic case

In this simulation, we assume continuous traffic model in which the amount of data to transmit each user is infinite. In practical situation, packet data for each user is generated intermittently and it’s size is finite. In that case, the improvement by using proportional fairness scheduler might be small because the number of users having data to be transmitted in each TTI gets small. 

On the other hand, in burst traffic situation, channel condition of each user might be better than that in continuous traffic model especially the case that traffic is not crowded. That is because transmit power of HS-DSCH in each sector is not always maximum power in such a situation. Such a less crowed environment should be taken into account for the study of 64QAM, because each sector is not always crowed in actual HSDPA systems. 

5. Conclusion & Recommendation

In this contribution, we evaluate the effectiveness of 64QAM in 1 path and 2 paths Rayleigh fading environments. Not only Round Robin scheduler, but also Proportional fairness is simulated. As a traffic model, we assume that network transmits infinite amount of data for each user continuously. 

The results show that

· In 2-path fading environment, throughout improvement by using 64QAM is relatively small (0-6%) even with IC. However, the improvement is 4-14% in 1 path fading environment. 

· Proportional fairness scheduler enlarges the improvement by using 64QAM compared to Round Robin scheduler.  

Continuously, we will evaluate the effectiveness of 64QAM by assuming burst traffic model (e. g. modified ETSI web browsing model [3]). 

At present, we think 64QAM might improve system performance in some situations from the results shown above. Our opinion is that 64QAM should not be removed from current working assumption unless sufficient evaluation results show the uselessness of 64QAM.
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