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1 Introduction

This document presents the first France Telecom R&D WCDMA-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 [4] for calibration purpose also, and which were consistent with the HSDPA simulation results given inTR25.848 [1]. The performance evaluation methodology is based on [3] and is presented in section 2. System level results in terms of Signal to Interference Ratio and sector throughput are given in sections 3 and 4 respectively.
2 System Level Evaluation Methodology 

The system level methodology used for calibration, based on [3], is presented in the current section.

It is noticeable that most of assumptions are compliant with the TR25.892 [2].
2.1 System level simulation methodology

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 [2]. Antenna pattern and orientation can be found in [2].

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
The simulation results are given in terms of average sector throughput versus average number of users per sector.
Let Nuser be the average number of users per sector.

Around one hundred of independent simulation runs of 300s each are performed to achieve sufficient statistics of shadowing, positions and traffic load.  

At the beginning of each run:

· random shadowing is generated (see the Annex);

· 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 300s (150,000 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 measurement and sends it to the Node B during the following TTI with no error; 
· for each sector, a packet scheduler selects the user that will receive data during next TTI;

· a subframe received by a user is determined to be erroneous or correct (after eventual combination to previous versions); then the user sends an ACK/NACK message to the Node B during next TTI.
At the end of the run, the throughput is collected.
The final throughput result is the average of the throughput over all runs (see section 2.7).
2.2 Channel Models and Interference

As in [2], the multi-path channel is generated every TTI, according to the Jakes channel model, and assumed to be constant over one TTI. The actual Signal To Interference Ratio (SIR) is a function of the current channel.

As in [3], the actual SIR (assuming a WCDMA Rake receiver) of one User Equipment (UE) served by the sector n is computed as follows:
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where:

· (i  is the actual complex amplitude of the ith path of the channel between the UE and its serving sector n;

· Gact is the actual geometry factor;

· Pdata  is the transmit power allocated the HS-DSCH (High Speed Data Shared Channel);
· Pmax is the maximum transmit power;
· J is the number of paths.
The actual Geometry factor is computed as follows:
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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;
The actual SIR is computed whenever a user receives a subframe from its serving sector or performs an SIR measurement for radio channel conditions tracking. As in [4], the actual SIR parameter is considered to be equal to the SNR parameter of the look-up table provided by link level simulations (see section 2.4) and is used to deduce the Block Error Probability.
2.3 Implemented mechanism
The following mechanisms are implemented in the simulator.

2.3.1 Channel quality evaluation
In the simulation, in the Node B, the filtered SIR SIRfil of a user is updated, when a new actual SIR measurement is received (i.e. every two TTI):

SIRfil(n)=0.7SIR(n)+0.3SIRfil((n-1))
We can notice that, in the simulator, the measurement used for channel quality evaluation is not the actual CPICH_Ec/Io but directly the expected received SIR if the user was allocated the HS-DSCH channel (computed according to section 2.2 formula). Thus, in the simulations, the SIRfil can be considered as equal to the SNR of the Look-Up Table of section 2.4.
2.3.2 Packet scheduling
Every TTI, in each sector, data are sent over the HS-DSCH to one user only. Every TTI, the packet scheduler selects the user having the best current SIRfil among users having bits to be received.

As in [4], a priority handling mechanism is used to bring some fairness in the scheduler. Each user can have up to two stop-and-wait ARQ processes (see [4]). Each ARQ process can only handle one packet at a time. At the first transmission of one packet, the ARQ process is in low priority. If the packet has not been received correctly and has not been re-scheduled for a time longer than 5TTI, it is set in high priority until next re-transmission. If a packet has not been received correctly and has not been re-scheduled for a time longer than 30 TTI, it is discarded. Packets with high priority are prior to packets with low priority.
2.3.3 Adaptive Modulation and Coding

For a given user, the Base Station selects the best Modulation and Coding Schemes that enables to achieve a BLER lower than 10% (using the look-up tables of section 2.4). In the case where the expected BLER is still larger than 10% with the MCS1, the MCS1 is selected though. 
2.3.4 Hybrid Automated Repeat request (Chase Combining)

As in [3], when a user receives a packet, it is combined (Chase Combining) to all previous received versions. In order to account for the Chase Combining gain, the simulator computes a combined SIR parameter. The combined SIR (in linear value) is the sum of the actual SIR (linear value) of all received versions. 

This combined SIR is considered to be equal to the SNR of the Look-Up Table given in section 2.4, and is used to deduce the current Block Error Probability. A random variable uniformly distributed between 0 and 1 is drawn. If the variable realization is lower than the current Block Error Probability, the block is determined to be in error, otherwise, it is considered to be correct.
2.4 Look-Up table
For the purposes of the current evaluation and for direct comparison with [4], only four MCS combinations were considered: QPSK rate 1/2, 16QAM rate 1/2, 16QAM rate 3/4, and 64QAM rate 3/4. 10 codes are allocated to HS-DSCH.
	MCS Combination
	CDMA Payload Size (bits)

	QPSK, rate 1/2
	5100

	16QAM, rate 1/2
	10200

	16QAM, rate 3/4
	15300

	64 QAM, rate 3/4
	22950


Table 2‑1:  Payload sizes per TTI for MCS combinations
The look-up table giving BLER versus SNR has been derived from the curves given in [4].
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Table 2‑2: Look-Up Table
2.5 System Level Setup

The assumptions used in the system-level simulations are listed in Table 2‑3 and are taken from [4].

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	19 cell layout, with two tiers (6 and 12 cells, respectively), surrounding the central cell. 
See [2].

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio
	See [2]

	Site to site distance
	2800 m
	

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

	CPICH power
	-7 dB
	20% of total transmission power

	Other common channels
	-10 dB
	10% of total transmission power, resulting in a total overhead of 30% for pilot and signalling channels

	Power allocated to HSDPA data transmission
	Max. 70 % of total cell power
	

	Slow fading
	As modelled in UMTS 30.03, B 1.4.1.4
	See Annex

	Standard deviation of slow fading
	8 dB
	See Annex

	Correlation between sectors of slow fading
	1.0 
	See Annex

	Correlation between sites of slow fading
	0.5 
	See Annex

	Correlation distance of slow fading
	50 m 
	See Annex

	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
	15
	Retransmissions by fast HARQ.  Does not include the initial transmission.

	Fast HARQ scheme
	Chase combining

Dual channel stop-and-wait 
	See [3]

	Scheduling algorithm
	Max C/I with prioritization
	

	BS total Tx power
	42.3 dBm  (17 W) 
	

	Specific fast fading model
	Jakes spectrum
	

	HSDPA TTI length
	2 msec (3 time slots)
	

	MCS feedback delay
	5 TTIs
	Delay between the end of the reception of one packet and the beginning of the measurement of the SIR that has been used to select the MCS of this packet.

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

	MIMO configuration NT:NR
	1:1
	

	Channel width
	5 MHz
	

	Frequency Re-use
	1
	


Table 2‑3:  Downlink system-level simulation assumptions
2.6 Data Traffic Model

For the purpose of calibration, data for transmission was generated according to the bursty web traffic model defined in [4].  The parameters for this model are reproduced in Table 2‑4.  TCP/IP rate control has not been modelled.

	Process
	Probability Distribution
	Parameters

	Packet call size
	Truncated Pareto
	α = 1.1

k = 4.5 Kbytes (36,000 bits)

m = 2 Mbytes (16,000,000 bits)

µ = 25 Kbytes (100,000 bits)

	Time between packet calls
	Geometric
	µ = 5 seconds

	Packet size
	Deterministic
	12000 bits

	Packets per packet call
	Deterministic
	Based on packet call size and packet size

	Packet inter-arrival time (open loop)
	Geometric
	µ = packet size / peak link speed

Peak link speed is assumed to be 2 Mbps


Table 2‑4:  Bursty traffic model description and parameters
2.7 Measurement Metrics

The following statistics related to data traffics have been generated. 
1. Average sector Over The Air (OTA) throughput [kbps/cell] is used to study the network throughput performance, and is measured as

[image: image5.wmf]å

å

=

=

÷

÷

ø

ö

ç

ç

è

æ

´

´

=

N

i

k

k

k

TTI

i

n

i

b

N

R

1

2

0

)

(

)

(

3

1


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.

2. Average sector Service 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, T is the simulation run duration in seconds, N is the number of independent simulation runs.

3. Radio Offered load

The radio offered load is the ratio of the number of bits that the Node B tries to send during one simulation run divided by the simulation duration and the number of sectors.
The average radio offered load is the offered load averaged over all runs.

3 System level SIR validation

In this section, SIR statistics obtained with the simulator are compared with those obtained by other 3GPP contributors.  
3.1 Geometry

For each Mobile, for each cell, and for several runs the average geometry value Gave has been collected.

The average Geometry is computed as follows:
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where:

· g,n(UE) is the antenna gain of sector n in the direction of the UE;
· PLUE,k the path loss between the UE and BS k;

· SHUE, k the shadowing loss between the UE and the BS k;
The cumulative density function is given in Figure 3‑1below. As shown in figure below, there is a good agreement between the system level simulator and results from [6].
[image: image8.emf]Geometric factor cummulative density function

Inter-site distance = 2800m, shadowing stdv = 8dB, decorrelation length =50m

-0,2

0

0,2

0,4

0,6

0,8

1

1,2

-15 -10 -5 0 5 10 15 20

X in dB

Probability G<X

R1-04-0097 Nokia

Simulation 84 runs


Figure 3‑1: Geometry factor G distribution

3.2 Actual SIR

Statistics of actual SIR have been obtained by collecting a large number of actual SIR measurements in the following conditions:

· 100 users have been uniformly distributed over the 3 central sectors;
· 105 independent runs have been performed;

· Each run lasted for 100 TTI;

· Every TTI, the actual SIR that each user would experience if it was receiving a subframe has been computed and collected.

· 70% of the maximum BS transmission power was allocated to data, and 30% to common channels.
· The multi-path Pedestrian A channel model is used (with velocity of 3 km/h) for the channel between one user and its serving sector.

A total number of 1 050 000 actual SIR measurements has been gathered. Then, the cumulative density function of the actual SIR has been computed, based on these measurements, and has been compared to the one obtained in [7] in the same conditions. As shown by Figure 3‑2 below, there is good agreement between the two CDF.
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Figure 3‑2: Actual SIR cumulative density function
4 System-Level Throughput Validation

Table 4‑1 contains our system-level throughput results for CDMA and Nortel' results respectively.  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 141 times and then averaging the results.  Each individual simulation was run for 300 seconds of simulated time.

	
	HSDPA performances

R1-03-0249(Nortel)
	HSPDA performances
(France Telecom R&D)

	Number of simulation runs
	200
	141

	# Users per sector
	12
	12

	Average Over The Air Throughput in Mbps

(3GPP definition)
	1.55
	1.54

	Average Service Throughput in Mbps
	0.46
	0.46

	Radio Offered Load in Mbps
	0.46
	0.46


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

5 Conclusion
The system throughput results and the SIR statistics presented here are in accordance with earlier HSDPA results in [4], [6] and [7]. The agreement between the new CDMA results with existing HSDPA results is good enough to give us some confidence in the simulator results and provide then further results.
France Telecom R&D has developed the system level simulator on the basis of the IST project MATRICE system level simulator which has been designed and developed by France Telecom R&D and the University of Surrey. For that matter, France Telecom R&D would like to acknowledge the University of Surrey.

6 Annex

The spatially correlated shadowing is generated as follows.

One spatial function Fmob(x,y), having a log-normal distribution, is generated according to [5] (the standard deviation is taken equal to the shadowing standard deviation 
[image: image10.wmf]s

). 

For each Base Station j, a spatial function Fj(x,y) is generated according to [5] (the standard deviation is taken equal to the shadowing standard deviation 
[image: image11.wmf]s

).

The shadowing between one user at position (x,y) and one Base Station j is then derived:

F(x,y) = 
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This allows to generate random shadowing values that fulfil the following requirements:

· the shadowing follows a log-normal law;

· the inter-site correlation is 0.5;

· the spatial correlation of the shadowing is 
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7 References

[1] 3GPP, “TR 25.848: Physical layer aspects of UTRA High Speed Downlink Packet Access”, Version 4.0.0, March/2001.

[2] 3GPP, “TR 25.892: Feasibility Study for OFDM for UTRAN enhancement”, Version 1.0.0, Feb/2004.

[3] Nortel, R1-03-0224 "Update of OFDM SI simulation methodology", 3GPP TSG-RAN-1 Meeting#31,18th-21st February, 2003 Tokyo, Japan. 

[4] Nortel, R1-03-0249 "Validation of System-Level HSDPA results for CDMA & OFDM in a Flat Fading Channel", 3GPP TSG-RAN-1 Meeting#31,18th-21st February, 2003 Tokyo, Japan. 
[5] Xiadong Cai, Member IEEE, and Geargios B. Giannakis, Fellow, IEEE, A two-Dimensional Channel Simulation Model for Shadowing Processes, IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 52, N. 6, NOVEMBER 2003.
[6] NOKIA, TSG-Ran WG1 Ad-Hoc Meeting, R1-04-0045, Helsinki, Finland, January 27th-30th, 2004, "Text proposal based on comments in R1-03-1378 (Answer LS from RAN WG4).

[7] Nortel, TSG-RAN-1 meeting #33 R1-03-0786; August 25-29, 2003, NY city, USA

[8] Information Society Technologies; IST-2001-32620; MATRICE (MC-CDMA Transmission Techniques for Integrated Broadband Cellular Systems) project; http://matrice.av.it.pt/












































































































































































































































































































































































































3GPP TSG-RAN-1 Meeting #37


Montréal, Canada, May 10 – 14, 2004

Page 1

_1144582145.unknown

_1144583302.unknown

_1144588010.unknown

_1144140154.unknown

_1144158233.unknown

_1144158385.unknown

_1144158094.unknown

_1144140067.unknown

