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1. Introduction

In the RAN1 LTE AH meeting in June, it has been agreed that OFDM will be included into the RAN1 Evolved UTRA TR 25.814. This contribution presents initial system level simulation results for OFDM downlink operated in localized mode according to the agreed parameters defined in [1] for agreed simulation cases 1, 2 and 3 as defined in [2]. Simulation results are shown for full queue traffic and the single transmit antenna case for frequency scheduling (Round Robin, Proportional Fair, MAX C/I) applied to two different sub‑band sizes (225kHz, 300kHz).
2. Simulation Assumptions

2.1. Basic Simulation Parameters

The basic simulation assumptions are given in Tables 1 and 2 below.

Table 1 – Basic Simulation Parameters 


	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 7cell sites, 3 sectors per site, wrapped‑around

	Inter-site distance (ISD)
	500m or 1732m, depending on simulation case (Table 2)

	Distance-dependent path loss
	L=128.1 + 37.6log10(R) dB, R in km

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4 [3]

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss (PLoss)
	10dB or 20dB, depending on simulation case (Table 2)

	Carrier frequency, Bandwidth
	2GHz, 10MHz

	Channel model
	Typical Urban (TU)

	Inter-cell Interference model
	Colored interference (per resource block)

	UE deployment
	Uniform random spatial distribution over all cells

	Minimum distance between UE and BS
	33.5m

	Frequency reuse factor
	1

	Traffic Model
	Full queue traffic, best effort

	Hybrid ARQ scheme
	Chase combining

	Max number of hybrid ARQ retransmissions
	8

	Thermal noise density
	-174dBm/Hz

	Antenna pattern (horizontal)
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	Total BS TX power
	46dBm

	BS antenna gain (incl. cable loss)
	14dBi

	BS transmitter
	1 antenna

	UE speed 
	3 km/h or 30 km/h, depending on simulation case (Table 2)

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Handover
	UE connected to best sector

	Channel estimation
	Ideal

	Shared control channel
	Ideal reception

	Link to system level interface
	AVI


Table 2 –EUTRA simulation cases
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3


2.2. Localized Mode Physical Channel Structure

The physical channel structure is defined according to Figure 3 in [4] and is shown in Figure 1 below. A sub‑frame of 0.5ms duration consists out of 7 OFDM symbols, where the first symbol in each sub-frame carries either a common pilot or shared control information (alternating between subcarriers). The remaining 6 symbols are used for data transmission. In total 600 subcarriers are allocated for transmission, where N adjacent subcarriers build a sub‑band. Hence, a resource block spans over one sub-band and one sub-frame. Simulations have been performed for 30 sub‑bands (RB30) with N = 20 and for 40 sub‑bands (RB40) with N = 15.

The link adaptation (MCS selection) and user allocation is performed per single resource block, i.e. scheduling is performed in frequency domain as well as in time domain.

Further details on the physical channel structure are given in Table 3.
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Figure 1 – Physical Channel Structure
Table 3 – Physical Channel Parameters
	Parameter
	Assumption/Value

	Pilot channel 
	According to Figure 1 (7.1% overhead)

	Control channel 
	According to Figure 1 (7.1% overhead)

	Subcarrier spacing
	15kHz

	Cyclic Prefix overhead
	7.1 % (short CP)

	Physical channel mapping
	According to Figure 1

	Number of OFDM symbols per sub frame
	7

	Sub-frame duration
	0.5 ms

	Resource block size
	Subcarriers
	RB30: 20 (sub-band width = 300kHz)

RB40: 15 (sub-band width = 225kHz)

	
	Sub-frames
	1 (0.5 ms)

	Total number of sub-bands
	RB30: 30
RB40: 40

	Modulation symbols per resource block
	RB30: 140 (120 for data)

RB40: 105 (90 for data)

	Modulation and coding schemes
	QPSK (R = 1/8, 1/4, 1/2, 3/4),

16QAM (R = 1/2, 3/4)
64QAM(R = 2/3, 3/4)

	Coding for data channel
	3GPP Turbo coding and Rate-matching

	Scheduling algorithms
	Frequency (sub-band) domain and time domain scheduling: Proportional Fair (PF), MAX C/I, Round Robin (RR)


2.3. CQI Feedback

It is assumed that each UE sends a CQI feedback for each sub-band in each sub‑frame, i.e. per resource block. Further details on the CQI feedback are given in Table 4. 

Table 4 – CQI Feedback

	Parameter
	Assumption/Value

	UE CQI estimation error
	Lognormal distributed

(1dB standard deviation)

	CQI feedback delay
	2 sub-frames

	CQI feedback loss rate
	1 %


3. Simulation Results

3.1. Simulation Case 1 (ISD = 500m, Ploss = 20dB, UE Speed = 3km/h) 
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Figure 2 – Sector Throughput vs. UEs per Sector (Simulation Case 1)
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Figure 3 – User Throughput vs. Sector Throughput (Simulation Case 1)

3.2. Simulation Case 2 (ISD = 500m, Ploss = 10dB, UE Speed = 30km/h)
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Figure 4 – Sector Throughput vs. UEs per Sector (Simulation Case 2)
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Figure 5 – User Throughput vs. Sector Throughput (Simulation Case 2)

3.3. Simulation Case 3 (ISD = 1732m, Ploss = 20dB, UE Speed = 3km/h)
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Figure 6 – Sector Throughput vs. UEs per Sector (Simulation Case 3)
 [image: image9.wmf]0

0.5

1

1.5

2

2.5

3

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

User v.s. Sector Service Throughput

Sector Service Throughput [b/s/Hz]

User Service Throughput [b/s/Hz]

5

5

5

10

10

10

20

30

20

20

30

30

50

50

50

Case3 RB30 MAX C/I

Case3 RB30 PF

Case3 RB30 RR

Case3 RB40 MAX C/I

Case3 RB40 PF

Case3 RB40 RR


Figure 7 – User Throughput vs. Sector Throughput (Simulation Case 3)
Summary of Simulation Results

Table 5 summarizes the simulation results for the most relevant Proportional Fair scheduler shown in the previous sections. For the given assumptions and settings the following observations are made:

· The sector throughput performance is nearly identical for the RB30 (300kHz sub‑band width) and the RB40 (225kHz sub‑band width) case, i.e. a sub‑band width smaller than 300kHz does not provide additional frequency scheduling gain.

· The sector throughput for simulation cases 1 and 2 is identical (about 1.44 b/s/Hz for high loads), i.e. the additional penetration loss in simulation case 1 and the increased speed in simulation case 2 do not effect the system performance.

· The sector throughput for simulation case 3 (about 1.37 b/s/Hz for high loads) is about 5% less than for simulation cases 1 and 2, i.e. the increased sector sizes slightly decrease the sector throughput performance.

Table 5 –  Average Sector Throughput (PF @ 30UEs per Sector)

	Simulation Case
	RB30
Sector Throughput [b/s/Hz]
	RB40
Sector Throughput [b/s/Hz]

	1
	1.44
	1.43

	2
	1.44
	1.43

	3
	1.37
	1.36


4. Conclusion
In this contribution initial downlink system level simulation results for OFDM localized mode have been shown. For the given (optimistic) assumptions and settings, the results for the most relevant scheduler (Proportional Fair) show a sector throughput of ~1.4 b/s/Hz for simulation cases 1,2 and 3 (high load). Furthermore, the results show that from a frequency scheduling gain point of view, for the used TU channel model a sub‑band size of 300kHz is sufficient.
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