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1. Introduction

In this document some system level simulation results concerning the effect of 64 QAM on the system performance of HSDPA in a macro cell environment are presented.  The simulations are performed with the use of multicodes. Also single code case is simulated for comparison.  The simulation results suggest that the use of 64 QAM is not very significant in a macro cell environment when the maximum number of code channels allocated to one user is high.  The reason for this is that when multicodes are involved, higher bitrates can be allocated to a user also with the lower MCSs and thus the significance of 64 QAM is not critical.
2. System Model

HSDPA is simulated with a radio frame of 3 slots, which corresponds to a duration of 2 ms.  Fixed total DSCH power is used, but the power level per code channel can vary.  Even though the DSCH power control is disabled, the outerloop and fast power controls of DCH are still available.  In all simulations, the MIMO feature is not modelled.  In addition, FCS feature is not used in these simulations.
2.1 Adaptive Modulation and Coding

In the network simulation, the link level error performance is not produced in real-time.  Instead, they are tabulated, and are available to the network simulator as a form of a look-up table. The bitrates used in the link level results are tabulated in Table 2.1. 

Table 2.1 Modulation and Coding Scheme with the corresponding bitrates.
	Modulation and Coding Scheme (MCS)
	Bitrate [kbps]

	QPSK ½
	120

	QPSK ¾
	180

	16 QAM ½
	240

	16 QAM ¾
	360

	64 QAM ¾
	540


In the network simulation, the assumption is that the link level behaviour does not change with higher bitrates (that is with the multi-codes) given the same modulation and coding is used. In all MCS, the spreading factor used is 32. The above table shows the peak bitrate, which can be achieved using a single orthogonal variable spreading factor (OVSF) code. Higher bitrate per DSCH connection can be achieved when multiple OVSF codes are used in parallel. 

2.2 







2.3 Hybrid ARQ (HARQ)

When a packet is sent first time, the SIR of each slot in a frame is calculated.  During re-transmissions, for each slot, SIR of 1st transmission and following re-transmissions are calculated and summed together in linear scale.  After SIR is calculated for each slots of a frame FER is defined by using look-up table from the link level. Finally, erroneous frames are randomly generated.

3. Evaluation Criteria

Two output parameters are selected as the evaluation criteria, in order to take into account the network performance as well as the user quality of service. 

Average DSCH bitrate [kbps/cell/MHz] is used to study the network throughput performance, and is measured as 
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where b is the total number of correctly transmitted bits by DSCH from all base stations in the simulated system over the whole simulated time, k is the number of cells in the simulation, T is the simulated time B is the bandwidth [5 MHz]. 

Transfer delay [ms] is computed for the documents.  It is the 95th percentile of the transmission time of the individual packets within the document.  The transmission time is the delay from the packet arrival in the device buffer to its correct delivery over the air interface.  The attribute is analogous to the transfer delay of the service data unit (SDU) in the 3GPP concept.  The SDU is an IP packet whose maximum size is 1,500 bytes.
4. Simulation Assumptions

The following simulations focus on the effects of using 64 QAM as a part of the MCS in the HSDPA. A number of cases have been simulated.  By default, DSCH is allocated for one user for one frame, and AMC selection is done every frame, which is 2.0 ms.  In all cases, hybrid ARQ type I with soft combining is used, and FCS is not used.  The DSCH total power allocation per connection is 8 W, which is 40% of the base stations total power, but as noted before, power per code channel can vary.  The maximum number of DCH per sector is 20, and that of the DSCH is 1. The default DCH bitrate is set to be 1 kbps in order to minimize its effect, and to isolate the effect of the DSCH.  The selection of the modulation and coding scheme is based on the link level simulation results.  Any combination of an MCS and number of code channels per user can be used and thus the power level per code channel can vary.  The assumed channel model is single-tap channel which is Rayleigh faded.  

The values of the parameters used in the simulations are like suggested in [3].  The following values were used: 

Table 4.1 System level simulation assumptions for HSDPA simulations.
	 Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal cell grid
	

	Cell radius
	933 m
	corresponds to the site to site distance of 2 800 m

	Source bit rate 
	2048 kbps
	

	Air interface data rate
	1 kbps (DCH) and 120, 180, 240, 360 or 540 kbps (DSCH in AMC with 1 code, with multicodes the bitrates are multiples of these)
	DSCH bitrate is different for different modulation and coding schemes (MCSs)

	UE speed
	3 kmph
	

	Antenna pattern
	Both horizontal and vertical pattern used
	

	CPICH power
	36 dBm
	

	Slow fading
	-----
	-----

	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
	2000 MHz
	

	Minimum coupling loss
	70 dB
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dB
	

	Noise power in the receiver for downlink 
	-99 dB
	

	Max. number of re-transmissions
	10
	

	H-ARQ scheme
	Type I H-ARQ  with soft combining
	

	FER-target for downlink packet bearers
	50%
	

	BS total Tx power
	43 dBm
	

	Active set size
	3
	

	window_add
	1 dB
	

	window_drop
	3 dB
	

	t_tdrop
	250 ms
	

	branch deletion delay
	100 ms
	

	softer addition delay
	140 ms
	

	soft addition delay
	280 ms
	

	HO measurement error deviation
	0 dB
	

	Frame length
	2.0 ms
	

	AMC measurement error
	0 dB
	

	MCS update rate 
	once per 2.0 ms
	

	AMC update delay
	1 frame
	

	Number of subscribers
	50 000
	

	The used modulation and coding schemes
	QPSK R=½, QPSK R=¾, 16QAM R=½, 16QAM R=¾ , 64QAM R=¾
	

	Packet scheduler
	Round Robin scheduler
	




	
	
	

	
	
	

	
	
	

	

	


	

	
	
	

	
	
	

	
	
	

	
	
	


5. Simulation Results

In the following, the maximum number of code channels is denoted as 
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. Simulations were conducted for 
[image: image5.wmf]max

N

 = 1,4,10 and 20 with and without 64 QAM. Figure 5.1 shows the DSCH throughput as a function of 
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 per user. The results show as can be expected that the throughput significantly increases as 
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 increases since higher bitrates to be allocated to the users are available when 
[image: image8.wmf]max

N

is higher.  The results also show that the DSCH performance improvement due to the presence of the 64 QAM decreases with an increasing number of the DSCH code channels per user, and with big 
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 no gain is achieved.  Thus, in practice, if 
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 >> 1 is used, the effect of the 64 QAM is not significant.  The reason for such observation is that as 
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 becomes greater, more choices are available for improving the DSCH user bitrate since when the maximum number of code channels is high, also with the lower MCSs higher bitrates can be achieved because the use of the multi-codes is available.  Thus, the use of higher order modulation would become less critical.  From the system performance point of view, one major disadvantage of using 64 QAM is that higher Eb/Io requirement is needed for a given frame error rate.  If more multi-codes are used, the gain from the higher order modulations would not be significant.  If the bitrate difference between the N th and N+1 th MCS is not very large due to the effect of multi-codes, the use of the N th MCS with a slightly lower retransmission might yield slightly better system throughput than that of the N+1 th MCS.  Thus, given a channel condition, if the use of multi-codes can provide a similar bitrate between the lower order modulation and the higher one, the system can “save” some retransmissions by using the lower order modulation.
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Figure 5.1 The average DSCH bitrate as a function of the maximum number of code channels per user.
In Figure 5.2 the transfer delays as a function of maximum number of code channels per user are depicted. The results indicate, as expected, that the transfer delay decreases as the number of code channels available increases. This is due to the fact that as more code channels are available, also higher bitrates are available and thus the transmission of the packets in a document can be completed faster. The results also indicate that when 64 QAM is not used the delay is a little bit longer for every value of 
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Figure 5.2 The average transfer delay as a function of maximum number of code channels per user. 









	
	
	

	

	
	
	
	

	
	
	
	

	
	
	
	



























6. Conclusion

In this paper, the results for system level simulation performance results for HSDPA with and without 64 QAM were presented.  The results show that quite small gain from the use of the 64 QAM in the macro cell environment can be seen, if the maximum number of DSCH codes per user is quite small.  When more DSCH codes are available for a single user, higher bitrate can be assigned simply by the use of multi-codes.  Thus, the significance of the higher order modulation is reduced, and no gain from the use of 64 QAM can be seen.
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* In the simulations presented in this document the cell radius is 933 m.
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