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1 Introduction

The goal of this paper is to present system level simulation results for both OFDM-HSDPA and WCDMA-HSDPA. The system level simulation platform used for this comparison has been previously validated in [2] and [3]. Section 2 gives the common simulation methodology, section 3 presents the common system level simulation assumptions and section 3 provides results.
2 System Level simulation methodology

The system level simulation methodology presented in this sub-section is compliant with [1] assumptions. To provide further results than those already agreed in last meetings, this paper focuses on the comparison between OFDM and WCDMA on a particular point: the ability of the system to select high Modulation and Coding Schemes (MCS). This will allow us to make a comparison which will be independent from the type of scheduler and the traffic load, and only dependant on the environment.
2.1 Global simulation methodology

The global system level simulation methodology for OFDM-HSDPA is almost the same as the methodology used for WCDMA-HSDPA and described in section 2.1 of [2] except that the packet scheduler is not simulated. We can then focus on SIR measurement independently from the packet scheduler.
The studied network is a hexagonal network of 19 tri-sector Nodes B (3 tiers of Nodes B) as illustrated by Figure 2‑1 below coming from [1]. Antenna pattern and orientation can be found in [1]. Users are simulated in the central tiers only. The other 18 neighbouring sectors are assumed to be transmitting with full power and are modelled to compute downlink inter-cell interference.
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Figure 2‑1:  Configuration of adjacent tiers of neighbouring cells, sectors, and Node-Bs
Let Nuser be the average number of users per sector.

Nrun of independent simulation runs of Ntti TTI each are performed to achieve sufficient statistics of shadowing, positions. The simulations were run with a full queue traffic model.  

At the beginning of each run:

· random shadowing is generated (see the annex of [2]);

· 3(Nuser users are uniformly distributed over the 3 sectors of the central cell. When a user's position is chosen, it is attached to the best cell in terms of average received power. If the serving sector is not one of the 3 central sectors, the user position is drawn again. 

The positions of the users and the shadowing are kept constant during all the simulation.

Then, each run is constituted of a dynamical simulation of Ntti TTI. 

For each TTI, the simulator performs the following operations:
· the fast fading propagation channel is updated;

· waiting queues are updated according to the traffic model;

· users perform actual SIR measurements which are collected by the simulator; 

As a full loaded scenario is assumed, all the sectors are transmitting with maximum transmission power. 

2.2 WCDMA-HSDPA expected throughput 
For WCDMA-HSDPA, for each TTI, the actual SIR ( is computed according to section 2.2 from [2]. The best MCS k enabling to achieve a BLER lower than 10% is determined. Then the corresponding expected throughput is computed according to the following formula:
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where:

· Dk is the data block payload in bits for the MCS k;  

· TTI = 2ms.

· BLER(() = the block error probability derive from section 2.5 tables, corresponding to SIR = (. 

If no MCS achieves a BLER lower than 10%, the expected throughput is zero.
The expected throughput and the selected MCS are computed and stored by the simulator every TTI, and for each user in the network.
2.3 WCDMA-OFDM expected throughput

For OFDM-HSDPA, for each TTI, the list of the effective SIRs 
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 (where M is the number of MCS and 
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 is the stored effective SIR evaluated by the user for MCS i) is computed according to section 2.2 from [3]. At a given time, for a given UE, the best MCS k allowing to achieve a BLER lower than 10% is determined. Then the corresponding expected throughput is computed according to the following formula:
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where:

· (j  is the parameter given in [2] for MCS j;

· Dj is the data block payload in bits;
· BLER(SIRi) = the block error probability derive from section 2.5 tables, corresponding to SNR = SIRi 
The expected throughput and the selected MCS are computed and stored by the simulator every TTI, and for each user in the network.

2.4 Metrics

The final following results of the simulation are given for both systems:

· the cumulative density function of the expected throughput;

· the histogram of the selected MCS.

The value of the CDF function F for the expected throughput x is computed as follows (in %):
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Where:

· nF(x) is the number of times the value of the expected throughput collected by the simulator was lower than x;

· Nsamples is the total number of samples collected by the simulator during the Nrun runs and the Ntti TTI.

The value of the histogram H of the selected MCS k Peak Link Throughput Tmaxk is computed as follows:
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Where:

· nH(k) is the number of times the MCS k has been collected as a selected MCS by the simulator;

· Nsamples is the total number of samples collected by the simulator during the Nrun runs and the Ntti TTI.

2.5 Look-up Table
 Nine MCS out of the ten MCS described in [1] are used.

We recall these MCS characteristics and their corresponding ( values in Table 2‑1 below.
	Modulation
	Code Rate
	Information Bit Payload
	( value

	QPSK
	1/3
	4800
	1.49

	QPSK
	1/2
	7200
	1.57

	QPSK
	2/3
	9600
	1.69

	QPSK
	3/4
	10800
	1.69

	QPSK
	4/5
	11520
	1.65

	16QAM
	1/2
	14400
	4.56

	16QAM
	2/3
	19200
	6.42

	16QAM
	3/4
	21601
	7.33

	16QAM
	4/5
	23041
	7.68


Table 2‑1: MCS characteristics
The corresponding BLER versus SNR tables (Table 2‑2 and Table 2‑3) have been used for the simulation.

	QPSK, Rate 1/3
	QPSK, Rate 1/2
	QPSK, Rate 2/3
	QPSK, Rate 3/4
	QPSK, Rate 4/5

	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER

	-1.94
	1.00E+0
	0.62
	1.00E+0
	2.67
	1.00E+0
	3.98
	1.00E+0
	4.66
	1.00E+0

	-1.74
	9.95E-1
	0.82
	9.45E-1
	2.87
	9.90E-1
	4.18
	9.40E-1
	4.86
	9.94E-1

	-1.54
	8.03E-1
	1.02
	3.95E-1
	3.07
	6.76E-1
	4.38
	3.98E-1
	5.06
	7.28E-1

	-1.34
	1.79E-1
	1.22
	2.76E-2
	3.27
	9.97E-2
	4.58
	3.97E-2
	5.26
	1.38E-1

	-1.14
	4.10E-3
	1.32
	4.13E-3
	3.47
	6.50E-3
	4.78
	3.30E-3
	5.46
	4.97E-3


Table 2‑2: Reference TTI BLER curve points for an AWGN channel (QPSK link modes)

	16QAM, Rate ½
	16QAM, Rate 2/3
	16QAM, Rate 3/4
	16QAM, Rate 4/5

	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER

	5.82
	1.00E+0
	8.47
	1.00E+0
	10.18
	1.00E+0
	11.07
	1.00E+0

	6.02
	9.94E-1
	8.67
	9.92E-1
	10.38
	8.95E-1
	11.27
	9.51E-1

	6.22
	5.89E-1
	8.87
	6.67E-1
	10.58
	2.79E-1
	11.47
	3.60E-1

	6.42
	4.49E-2
	9.07
	1.08E-1
	10.78
	2.00E-2
	11.67
	2.42E-2

	6.52
	5.70E-3
	9.27
	1.11E-2
	10.98
	1.57E-3
	11.77
	3.30E-3

	
	
	9.37
	3.80E-3
	
	
	
	


Table 2‑3: Reference TTI BLER curve points for an AWGN channel (16QAM link modes)

3 System Level Setup

The assumptions used in the system-level simulations are listed in from [1]. 
	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio
	

	Site to site distance
	2800 m
	

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometers

	CPICH power
	-10 dB
	

	Other common channels
	-10 dB
	

	Power allocated to HSDPA transmission, including associated signalling
	Max. 80 % of total cell power
	

	Slow fading
	As modelled in UMTS 30.03, B 1.4.1.4
	

	Standard 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
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	Thermal noise density
	-174 dBm/Hz
	

	BS total Tx power
	Up to 44 dBm
	

	Specific fast fading model
	Jakes spectrum
	

	HSDPA slot length
	2 msec
	

	UE spatial distribution
	Uniform random spatial distribution over elementary single cell hexagonal central Node-B
	

	MIMO configuration NT:NR
	1:1
	

	Channel width
	5 MHz
	

	Frequency Re-use
	1
	


Table 3‑1:  Downlink system-level simulation assumptions
In our simulations, the number of independent runs Nrun is 28, the number of simulated TTI per run Ntti is 99 and the number of users  Nuser per sector is 100. Thus the total number of samples of actual SIR measurements, expected throughput, and selected MCS is 28*99*300=831,600.
4 Results
Simulations have been run according to the methodology given in section 2, and with the simulation assumptions of section 3, for different environments: flat fading, pedestrian A, pedestrian B. 
The histogram of the selected MCS as defined in section 2.4 is given for these different environments and for both WCDMA-HSDPA and OFDM-HSDPA.
As shown by the figures below (Figure 4‑1, Figure 4‑2 and Figure 4‑3), OFDM receiver can select higher MCS than the Rel5 WCDMA-Rake receiver. As expected, results are very similar in the Flat fading case (Figure 4‑1) but even over almost flat Pedestrian A channel (Figure 4‑2), the selection occurrence of high MCS is much larger with OFDM than Rake. As shown by figures below (Figure 4‑4 and Figure 4‑5), OFDM leads to a larger improvement over the Rake if the channel dispersion (and thus the frequency diversity) is increased. These results confirm that OFDM is less sensitive to multipath than the WCDMA-Rake receiver. Moreover, OFDM takes advantage from frequency diversity. 
The corresponding expected throughput CDF are given in the Annex.
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100 users/sector; 28 runs of 99TTI; 831600 actual SIR measurement

MCS Selection criteria: BLER < 10%
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Figure 4‑1: Flat Fading: MCS histogram
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100 users/sector; 28 runs of 99TTI; 831600 actual SIR measurements

MCS Selection criteria: BLER < 10%
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Figure 4‑2: Pedestrian A: : MCS histogram
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100 users/sector; 28 runs of 99TTI; 831600 actual SIR measurement

MCS Selection criteria: BLER < 10%
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Figure 4‑3: Pedestrian B: : MCS histogram
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100 users/sector; 28 runs of 99TTI; 831600 actual SIR measurement

MCS Selection criteria: BLER < 10%
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Figure 4‑4:WCDMA-HSDPA: : MCS histogram
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100 users/sector; 28 runs of 99TTI; 831600 actual SIR measurement

MCS Selection criteria: BLER < 10%
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Figure 4‑5: OFDM-HSDPA: : MCS histogram



5 Conclusion
A system level comparison between OFDM-HSDPA and WCDMA-HSDPA has been performed. This comparison focuses on the ability of each system to select high Modulation and Coding Schemes, in a full loaded scenario. This comparison is independent from the type of packet scheduler and only depends on the type of environment. From the simulation results presented in this paper we can draw some conclusions: the OFDM-HSDPA is able to select higher MCS than the WCDMA-HSDPA Rake and contrary to WCDMA, OFDM takes advantage from channel dispersion. 
6 Annex
In the current section we provides the CDF of the expected throughput for different environments.
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Figure 6‑1: flat fading
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Figure 6‑2: Pedestrian A
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Figure 6‑3: Pedestrian B
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