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1 Introduction

This contribution intends to provide information on a reference OFDM physical layer configuration, which could be studied within the "Analysis of OFDM for UTRAN enhancement" study item. This contribution is based on former studies presented at RAN1#19 meeting (R1-01-0291 Tdoc, [1]), and also on recent contributions provided for the current OFDM Study Item [2]

 REF _Ref22461757 \r  \* MERGEFORMAT [3].

To complement the general contribution made at last RAN1#28bis meeting [4], the content of this contribution addresses Annex A and §5 issues of the OFDM TR under elaboration [5].

2 OFDM physical layer configuration

2.1 General assumptions

The study of the OFDM physical layer is based on Release 5 compatibility. OFDM downlink transmission will focus on providing high data rate services (background services as well as possibly real time services (Cf. MBMS scenarios), in a mobile environment. 

According to our view, the OFDM high data rate downlink transmission is complementary to HSDPA, as it addresses mobile environments, and also to cooperation with WLAN hot spots, as it would be directly included in UTRAN standard as a multi-cellular mobile option.

2.2 OFDM parameters

OFDM parameters shall be optimised with regard to 2 types of constraints:

· System requirements: net bit rate, packet transmission, channelization, sampling frequency, soft handover, Release 5 compatibility, …

· Propagation constraints: maximum delay spread, velocity, carrier frequency, multi-cell environment. 

The generic operations to derive parameters are recalled in [1] and are in line with [2] and [3]. The system requirements that we take into account are:

· Channelization of 5 MHz (as described in the OFDM SI scope), 

· Net bit rate per user as large as possible,

· Sampling frequency: in order to simplify the use of multi rates in the UE, we propose as in [3] a sampling frequency of 7.68 MHz, that is exactly twice the 3.84 MHz sampling rate defined for WCDMA,

· The total symbol duration (useful symbol + cyclic prefix) has to divide the Release 5 HSDPA TTI of 2 ms.

· Soft handover: if possible (with regard to cell sizes), OFDM parameters (especially cyclic prefix duration) shall be chosen to facilitate soft handover between adjacent cells (notion of Single Frequency Network )

Moreover, the OFDM parameters shall meet the following propagation constraints: 

· The cyclic prefix has to be longer than the maximum delay spread of the channel,

· The ratio between the OFDM useful symbol duration and the cyclic prefix duration must be as large as possible,

· The overall OFDM symbol duration must be small regarding the channel coherence time,

· The inter-carrier spacing must be small regarding the channel coherence bandwidth,

· The inter-carrier spacing must be much larger than the Doppler frequency.

The propagation conditions are still to be agreed within the OFDM Study Item working group. Our view is that either we focus on the conditions retained for HSDPA studies
 , or we consider cases 1, 2 3 and 4 .

In fact, this mainly impacts the choice of the cyclic prefix: either we consider the 20 s maximum delay of case 2 (and ITU Vehicular B) or not.

As a first attempt, we propose to stick to the HSDPA models (see [6]).

In that case, a cyclic prefix duration of around 5 s seems sufficient as the maximum delay spread of the channels retained for HSDPA is 3.7 µs (Pedestrian B channel model). A margin shall however be taken to facilitate a soft handover based on the Single Frequency Network principle .

In [1], we were proposing several sets of parameters, depending on the environment. Too many sets of parameters might be prohibitive with regard to network deployment, however 2 sets might be interesting to consider. In that case, we would propose the following parameters (details on the choice are given in [1] for set 1):

If we choose to stick only to 1 set, we would be in favour of the set 1 (see Table 1). Indeed, in comparison with sets proposed by Nortel and Atelier Telecom in [2] and [3], the choice of a 
600-points FFT leads to a larger inter-carrier spacing, which induces more robustness to Doppler.

And in our view, one advantage of the downlink OFDM transmission is to provide high data rate in mobile environment. In this case, it is indeed complementary to services provided by HSDPA.

	
	Set 1
	Set 2 (identical to Atelier Telecom)
	Nortel

	Sampling frequency Fe (MHz)
	7.68
	7.68
	6.336

	FFT size
	600
	1200
	1024

	Cyclic prefix size (in samples) 
	40
	80
	80

	Useful OFDM symbol duration Tu (s)
	78.125
	156.25
	161.62

	Cyclic prefix duration Tg (s)
	5.2
	10.42
	5.05

	Overall OFDM symbol duration Ts (s)
	83.335

(= 500/6)
	166.67

(= 500/3)
	166.67

	Inter-carrier spacing f (kHz)
	12.8
	6.4
	6.1875

	Ratio Tg/Tu (%)
	6.67
	6.67
	3.12

	Nb of OFDM symbols per slots (0,667 ms = 2 ms/3)
	8
	4
	4

	Nb of OFDM symbols per TTI (2 ms)
	24
	12
	12

	Nb of OFDM symbols per frame (10 ms)
	120
	60
	60

	Actual modulated sub-carriers
	375
	750
	729

	Signal bandwidth Bsig
	4.8
	4.8
	4.511

	Raw QPSK symbol rate (Msymbol/s)
	4.5
	4.5
	4.37


Table 1: proposed set of parameters

Notes: 

· Set 1 slightly differs from the set proposed in [1] as we propose here to have more null sub-carriers on the spectrum borders, in order to stick to the 4.8 MHz signal bandwidth proposed in [3].

· Sets 1 and 2 propose an FFT size of type 2p*3d*5r. Fast algorithms exist for these kind of sizes, and for information, a size of 448 has been chosen for the DRM standard, aiming at providing digital radio broadcasting at frequencies < 30 MHZ with very low cost receivers.

2.3 OFDM framing

The frame length is chosen to be the same as in the Release 5 HSDPA standard. This size has been fixed to 2 ms according to several criteria among which constraints on buffers and electronic components. Here we will keep this value and adapt our parameters to allow a correct insertion of data in physical channels. Our aim is to be the most compatible with the HSDPA standard.

If we assume that we use the set 1 parameters, we would have TTI = 24 ( Ts and 375 modulated sub-carriers. 

In the following, we propose a solution to distribute the users in the time-frequency domain, according to the Modulation Unit (MU) concept.

2.3.1 Modulation Unit

A modulation unit MU is defined as the smallest time-frequency rectangle (in Hz ( s) used for data transmission. As one MU per frame would not provide high bit rates neither guarantee satisfying frequency diversity, we propose to regroup them in sets of nt MUs in order to cover a maximum bandwidth within one 2 ms frame. Interleaving is then performed over these sets.

We can suppose that designing a system with a theoretical capacity of a dozen users by cell may be sufficient for our application. Actually, we are looking to reach high data rates for the users so the total bandwidth will not be divided into hundred parts.

2.3.2 Resource allocation

2.3.2.1 Pilot insertion

Pilots are scattered in quincunx as shown on Figure 1. Such a pilots repartition is optimal to cover the whole frame and well adapted to transmission of continuous data flow. Note: the values of rf, rt and R are not fixed yet, the representation on Figure 1 is an example with rt = rf = 4 and R = 2. 

In both sets of parameters the pilot repartition can be the same. These sets have been designed in order to optimally fit the channel propagation parameters (Doppler and time spreading).

We need to respect the Shannon theorem both on time and frequency axis in order to avoid aliasing.

That is in frequency
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Where:

· f is the inter-carrier spacing, 

· Ts is the symbol duration,

· max is the maximum delay of the channel,

· fD is the maximum Doppler frequency,

· rf is the inter-pilot spacing on the frequency axis,

· rt is the inter-pilot spacing on the time axis.

2.3.2.2 Users repartition

With set 1, we have 375 modulated sub-carriers (375 = 53(3) and the number of OFDM symbols per TTI is 24 (= 23(3).

The total bandwidth is divided in 15 subsets of 25 adjacent sub-carriers.

The TTI is divided in 12 subsets of 2 OFDM symbols.
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Figure 1 – Pilots scattered in quincunx over the frame

The size of one modulation unit is 25 sub-carriers (320 kHz) over 2 OFDM symbols (166.7 µs).


Figure 2 – A modulation unit

Figure 2 shows one modulation unit. Each square represents a sub-carrier at one given symbol time.

Each user will be given a set of 12 modulation units. In order to increase their bit rate, users may combine several sets of MUs as they can use more than one code in WCDMA.

The data is interleaved in one MUs set over one TTI.

Each user demodulates the 5 MHz bandwidth.

With such a users repartition, the maximum number of users is 15 just as in [6] where 15 spreading codes are available.

The sets of MUs are designed to maximize time and frequency diversity. The 12 MUs are located at distinct times and sub-bands. On Figure 3 the sets of MUs are represented and the first set has been colored in green.

We can see in Figure 3 that at each time the MU is cyclically shifted of 4 sub-bands. As 4 and 15 (the total number of sub-bands) are prime with each other the 12 MU are located at distinct sub-bands.


Figure 3 – Modulation Unit Sets

Advantages of this repartition:

· The channel estimation does not need to be performed over the whole frame. As one user's data is concentrated on certain MUs, we just need to estimate the channel within these MUs. Moreover we do not need all pilots' information, but only from the ones located in the MUs and their neighborhood.

· Time and frequency diversity are almost maximum as one user transmits data in each OFDM symbol and covers almost the total bandwidth during one TTI. The diversity in [2] may be a little better but leads to a much more complex channel estimation.

Net bit rate per user are indicated in the Table 2 below (signalization and pilot symbols are assumed to represent 10 % of the bit rate and are already subtracted in the following results) :

	Modulation
	Coding Rate
	User bit rate
	Total bit rate

	QPSK
	1/3
	180 kb/s
	2.70 Mb/s

	
	3/4
	405 kb/s
	6.07 Mb/s

	16 QAM
	1/3
	360 kb/s
	5.40 Mb/s

	
	1/2
	540 kb/s
	8.10 Mb/s

	
	2/3
	720 kb/s
	10.80 Mb/s

	
	3/4
	810 kb/s
	12.15 Mb/s


Table 2 – Bit rates with different modulations and coding rates

2.3.2.3 Inter-cell interference reduction

Frequency hopping can be used to reduce the inter-cell interference.

Here frequency hopping is viewed as hopping between the different sets of MUs from one frame to another, so we will call it set hopping. The set hopping sequences are pseudo-random sequences and are different from one cell to another.

In [2], null bandwidth (viewed as a phantom user with null transmit power) is multiplexed with the real users in order to reduce interference between cells. Such a technique can be applied by forcing one or more sets of modulation units to zero. The combination of this technique with set hopping can combat efficiently the inter-cell interferences.

3 OFDM physical layer performances

3.1 Simulation chain

3.1.1 Synoptic
The principle of OFDM transmission chain is recalled in the Figure 4.
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Figure 4 – Transmission chain synoptic

3.1.2 Simulation conditions

The OFDM parameters are described in Table 1(Set 1). Simulation conditions used to provide the following simulation results are summarized in Table 3.

	Parameter
	Value
	Comments

	Carrier frequency
	2 GHz
	Corresponds approximately to the UMTS bands 

	Sampling Frequency
	7.68 MHz
	Twice Tchip defined in CDMA

	Channel bandwidth
	4.8 MHz
	2(100 kHz of guard band 

	Propagation condition
	OIA3, OIB3, VA30, VA120
	These channels were chosen for HSDPA evaluation. We will consider the VA250 channel in later studies.

	Vehicle speed
	3/30/120/(250) km/h
	

	Channel Estimation
	Ideal 
	Realistic channel estimation will be considered in later simulation results.

	Fast fading model
	Jakes spectrum
	Generated by Jakes.

	Symbol period
	83.33 µs
	

	Inter-carrier spacing
	12.8 kHz
	

	Channel coding
	Turbo-code (6 iterations)
	

	Channel code rate
	1/3
	Simulations with coding rates ½, 2/3 and ¾ will be carried out later.

	Interleaving depth (TTI)
	2 ms
	Same TTI as defined for Release 5 HSPDA in [6]

	Number of bits per symbol constellation
	2,QPSK 
	16 QAM will be evaluated later.

Higher level constellation can be achieved, depending on the required throughput.

	Pilot energy / data symbol energy
	TBD
	Simulations are carried out with perfect channel estimation. This ratio will have to be defined for realistic channel estimation

	Number of simulated bits
	3 and 30 km/h: 10 Mbits

120 and 250 km/h: 5 Mbits
	


Table 3 - Simulation parameters

3.2 Simulation results

The results provided in this section refer to link simulation where the system is full loaded with one user only. Results in BER and BLER on HSDPA channels are illustrated on Figures 5 and 6 below. In these simulations we measure the C/N ratio and convert it in Eb/N0, taking into account: the code rate, the number of bits per symbol, the number of modulated carriers, the length of the cyclic prefix. 

[image: image5.wmf]
Figure 5 – BER on ITU channels

Figure 5 shows the bit error rate over the 4 ITU channels defined for simulations in Release 5 HSDPA. Note that the interleaving depth is the same over the 4 channels (2 ms). 

	Channel
	Coherence time
	Coherence bandwidth 

	OIA 3
	91 ms
	~2.5 MHz

	OIB 3
	90 ms
	~270 kHz

	VA 30
	9 ms
	~400 kHz

	VA 120
	2.25 ms
	~400 kHz


Table 4 – Coherence time and bandwidth for the simulation channels

[image: image6.wmf]
Figure 6- Block Error Rate on the ITU channels

The packets considered in these simulations are 5400 information bits long; they correspond to a full loaded system with one user over 2 ms (TTI).

Time diversity on channel Vehicular A at 120 km/h guarantees better performances than channels at lower velocity. This difference in performance is due to the low ratio Interleaving time/Coherence time for channels OIA3 and OIB3, (see Table 4). At 3 km/h the channel is almost static during one TTI, so a fading hole can affect a whole frame. The main part of the errors is then located in these noisy frames. This is not the case at 120 km/h where the coherence time is equivalent to the interleaving time, as shown in Table 4.

These simulations also show that with the choice of a large inter-carrier spacing, Doppler effects can be combated efficiently. 

3.3 Perspectives for further simulations

One user only: 

· Evaluation of performances loss due to realistic channel estimation. 

· Evaluation of an advanced OFDM modulation enhancing overall spectral efficiency [7].
Multi-user: Further simulations will be carried out implementing the multiple access scheme.

These simulations aim at providing tables of quality for system level simulations. The exact content of the tables of quality shall be precisely determined in the current SI.

4 Conclusion

This contribution investigates on OFDM parameters for the reference configuration to be studied within the OFDM Study Item. Regarding these parameters, the main issue shall be on the FFT size. We are in favour of an FFT size facilitating high mobility services. We also address the propagation condition issue: the precise propagation conditions (HSDPA or Cases 1, 2, 3, 4) shall be agreed on (within Annex A of the TR [5]) in order to ease the provision of adapted simulation results.

More simulation results will be provided in later contributions. Finally, we also address the multiple access scheme, and provide some advantages to it.
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� In HSDPA, the  ITU channels Outdoor-to-Indoor A (also called Pedestrian A) at 3km/h, Outdoor-to-Indoor B (Pedestrian B) at 3km/h, Vehicular A at 30 and 120 km/h have been retained for simulations
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