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1 Introduction

This document presents the first France Telecom R&D OFDM-HSDPA system level simulation results, for calibration and validation purposes. The simulation results are compared with the simulation results which have been provided by Nortel in [1]. The performance evaluation methodology is based on TR 25.892 [2] and is presented in section 2. System level results in terms of sector throughput are given in section 4.
2 System Level Evaluation Methodology 

The system level methodology used for calibration, is based on TR 25.892 [2] and on [1].
2.1 System level simulation methodology

The global system level simulation methodology for OFDM-HSDPA is the same as the methodology used for WCDMA-HSDPA and described in section 2.1 of [5].The main difference stays in the computation method of the channel quality information. The channel quality information used is the effective SIR defined for OFDM in TR25892 (section A4.3.2.1). The effective SIR mapping function depends on the MCS. Thus, instead of reporting a unique effective SIR value the UE reports a list of effective SIRs: one for each Modulation and Coding Scheme (MCS), (see section 2.3.1).
2.2 Channel Models and Interference

The multi-path channel is generated every TTI, according to the Jakes channel model, and assumed to be constant over one TTI. The effective Signal To Interference Ratio (SIR) is computed as a function of the current channel and the current MCS, according to the formula given in section A 4.3.2.1 of [2]. 
In the current sub-section, the way the effective SIR is computed in the system level simulator is detailed. 

Let be hp, the complex amplitude of the pth path of the multi-path channel between the UE and its serving sector at a given time. The channel coefficients are normalized so that the channel average power is 1, i.e. that the following equation is verified:
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The received power Pk on each sub-carrier k is then computed according to the following equation:
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where:

· Tp is the delay between the pth path and the first path;

·  fk is the relative frequency offset of the kth sub-carrier;
· J is the number of paths in the multi-path channel between the user and its serving sector n.

As in [6], a subset of Nu representative subcarriers (spaced of Ndata/Nu subcarriers) was used for estimating the SIR.
The relative frequency offset fk of the kth representative sub-carrier is computed using the following equation:
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where:

· Nu = 47;

· Ndata = 705;.

· Δf = 6.375kHz.

The values listed above correspond to the Set 2 of the TR 25.892 [2]. For simulator calibration purpose, we believe it  is sufficient to simulate only one set of parameters. The proposed value of Nu representative subcarriers seems to be enough according to [6].




Then, the actual Geometry factor between the UE and its serving sector n is computed as follows (exactly as in [5]):
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where:

· (k is the complex amplitude of the single path of the channel between the UE and sector k; 

· g,n(UE) is the antenna gain of sector n in the direction of the UE;
· gUE is the UE receiver gain;

· Pnoise is the receiver thermal noise power;

· PLUE,k, is the path loss between the UE and sector k;

· SHUE, k is the shadowing loss between the UE and the sector k;
· N is the number of interfering sectors.
Then, the actual SIR (k of the of the kth sub-carrier is defined by the following equation:
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where:
· Nfft =1024

· Np = 64;

· RD = 0.8;

· NSD = 15×480 = 7200;

· NST = 705×12 = 8460.
The values above correspond to the Set 2 of the TR 25.892 [2].
Finally the effective SIR 
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 that a UE experiences when receiving a packet with MCS i is computed in function of the SIRs per sub-carrier  
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 and the adaptation parameter (i given in section A4.5.1 of [2]:
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The effective SIR is computed every TTI for each user and each MCS. As inter-cell interferences are assumed to be AWGN in our evaluation, this effective SIR is considered to be equal to the one listed in the BLER versus SNR tables in section 2.4. Thus, for a given UE, the expected throughput Ti for a given MCS i, can be computed in function of its actual SIR
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where:

· Di is the data block payload in bits;  

· TTI = 2ms;
· BLER(SIRi) = the block error probability derive from section 2.4 tables, corresponding to SNR = SIRi.

Every TTI, the list of actual SIRs per MCS 
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 (where M is the number of MCS) is computed by the simulator.
2.3 Implemented mechanisms
The following mechanisms are implemented in the simulator.

2.3.1 Channel quality evaluation
In the simulation, in the Node B, for each user, the list of the effective SIRs per MCS 
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 (where M is the number of MCS) is updated whenever a new list of effective SIR measurements has been received by the Node B (i.e. every two TTI).
In the simulator, the measurement used for channel quality evaluation is directly the expected received SIR if the HS-DSCH channel was allocated to the user (computed according to section 2.2 formula). Thus, in the simulations, the effective SIR is equal to the SIR of the Look-Up Table of section 2.4.
2.3.2 Packet scheduling and Adaptive Modulation and Coding
For each UE that has bits waiting in queue to be transmitted by the Node B, the Node B computes the expected throughput Ti according to section 2.2 for each MCS i. 
For each UE, the MCS k that maximises the expected throughput is determined among MCS that allows it to achieve a BLER lower than 10%. Let Thmax(UE) be the maximum expected throughput of the UE, i.e. the throughput corresponding to the MCS k.

When no UE can achieve a BLER lower than 10% even with the lowest MCS, the Node B doesn't send any data.

2.3.3 Hybrid Automated Repeat request (Chase Combining)
Chase Combining HARQ is modelled as in [3].
The random interleaving described in [4] is applied to each subframe.
2.4 Look-Up table
Nine MCS out of  the ten MCS described in [2] are used.
These MCS characteristics and their corresponding ( values are described 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)

2.5 System Level Setup

The assumptions used in the system-level simulations are listed in Table 2‑4 below and are taken from [2].

	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
	Or 1000 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
	See Annex of [5]

	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
	

	Max. # of retransmissions
	3
	Retransmissions by fast HARQ.  Does not include the initial transmission. Programmable

	Fast HARQ scheme
	Chase combining 
	

	Scheduling algorithm
	 TBD
	

	BS total Tx power
	Up to 44 dBm 
	

	Specific fast fading model
	Jakes spectrum
	

	HSDPA slot length
	2 msec
	

	MCS feedback delay
	2 TTIs 
	

	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 2‑4: Simulation parameters
3 Measurement Metrics

The same metric as in [5] and in [2] has been used
.
 The Average sector Over The Air (OTA) throughput [kbps/cell] is used to study the network throughput performance, and is measured as
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where bk(i) is the total number of correctly received data bits in the sector k during simulation run i. nk(I ) is the number of TTI when sector k has been transmitting during the simulation run i, TTI is the Transmission Time Interval duration (2 ms), N is the number of independent simulation runs.

· 
· 
4 System-Level Throughput Validation

Table 4‑1 contains our system-level throughput results for OFDM and Nortel' results respectively, for full queue traffic model and for pedestrian A.  Note again that the average aggregate throughput values in this table represent the throughputs per sector.  These results were obtained by running each particular simulation scenario X times and then averaging the results.  Each individual simulation was run for 300 seconds of simulated time.

The slight differences between France Telecom R&D and Nortel's results are due to the low number of runs from France Telecom R&D.
	
	OFDM performances

 (Nortel [3])
	OFDM performances
(France Telecom R&D)

	Number of simulation runs
	100
	21

	# Users per sector
	10
	10

	Average Over The Air Throughput in Mbps

(3GPP definition)
	10.77
	10.41

	
	
	

	
	
	


Table 4‑1:  HSDPA throughput performance for OFDM (centre cell)

5 Conclusion
The system throughput results and the SIR statistics presented here are in accordance with earlier OFDM-HSDPA results in [3]. The agreement between the new results with existing OFDM-HSDPA results is good enough to give us some confidence in the simulator results and provide then further results.
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