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1 Introduction

Single-carrier transmission (SC-FDMA) with cyclic prefix (CP) is the working assumption of E-UTRA uplink transmission. There are two data transmission schemes based on the sub-carrier mapping mode: distributed frequency division multiple access (D-FDMA), which is used for frequency diversity transmission, and localized frequency division multiple access (L-FDMA), which is used for frequency scheduling transmission. In LTE uplink, it is currently assumed that both distributed and localized data transmissions are allowed.
At TSG RAN1 #44bis the performance of DFDM and LFDM with frequency hopping (LFDM-FH) is presented in [1][2]. Results of these documents indicate that LFDM-FH always outperforms DFDM. In this contribution, we further investigate the performance of LFDM with frequency hopping. The link performance of DFDM and LFDM-FH using the ideal channel estimation (ICE) and real channel estimation (RCE) are compared in different scenarios.
2 Comparison of L-FDMA and D-FDMA transmission
The sub-carrier mapping determines which part of the spectrum is used for data transmission by inserting a suitable number of zeros at the DFT outputs. In distributed transmissions, the DFT outputs are mapped to uniformly separated sub-carriers over a large frequency band, which are considered as a complement to localized transmissions for the merit of additional frequency diversity. However, because of the relatively low pilot density over the frequency band, the real channel estimation performance of D-FDMA is worse than that of L-FDMA.

On the other hand, in localized transmissions, the DFT outputs are mapped to consecutive sub-carriers over a localized frequency band. Although it is not possible to have enough frequency diversity gain as D-FDMA, we can obtain good real channel estimation performance. The link simulation results of this document show that L-FDMA with frequency hopping always outperforms D-FDMA. Furthermore, in localized transmission, the reference signal can occupy a fraction of the spectrum confined within the same bandwidth as the data transmission, and the saved frequency resources can be used for multiple antennas or for CQ measurement. It has been verified in [3], the pilot overhead can be reduced to half or quarter of D-FDMA with negligible performance lost in L-FDMA transmission.
3 Simulation Setup
The following simulations are performed based on the numerologies defined in TR 25.814 [4]. Table 1 outlines the simulation assumptions and table 2 summaries the MCS schemes and corresponding transmission block size. Both in LFDM and DFDM, each user are assigned 3 physical Resource Units (RU), which equivalent to RPF=4 users share the 5MHz spectrum. 
The frequency channel estimation is performed on each short block (SB), and then the channel estimates from the two SBs are averaged to obtain the data sub-carrier channel estimates for low and moderate velocity (i.e. <=120km/h) cases, but for very high velocity (i.e. 350km/h) cases, linear interpolation of the two SBs is used. Stagger pilot structure is not applied in the following simulations.

In frequency hopping mode, the used frequency band is shifted sequentially per TTI, e.g., for LFDM-FH users, the first 3 RUs are used in the first TTI, and then the second 3 RUs are used in the next TTI, and so on. Figure 1 illustrates this hopping pattern.

Table 1 Simulation parameters

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carry Frequency
	2.0 GHz

	Channel Model
	Ray-6 TU

	Velocity
	3, 30, 120, 350km/h

	Sampling Rate
	7.68 MHz

	Channel Coding
	Turbo r = 1/3, 1/2

	Data Modulation
	QPSK, 16QAM

	Pilot Sequence
	CAZAC (zadoff-chu)

	Repeat Factor
	RPF = 4

	FH Period
	1 TTI (0.5ms)

	Antenna Configuration
	1 Tx, 2 Rx

	Channel Estimation
	Least Square (FFT)

	Equalizer
	FDE-LMMSE


Table 2 MCS parameters
	Modulation
	Code Rate
	TB Size

	QPSK 
	r=1/3
	300

	
	r=1/2
	450

	16QAM 
	r=1/3
	600

	
	r=1/2
	900
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Figure 1 Frequency Hopping Pattern
4 Simulation Results
The link level performance of DFDM, LFDM, DFDM with frequency hopping (DFDM-FH) and LFDM with frequency hopping (LFDM-FH) in different scenarios are illustrated in Figure 2 to Figure 17.
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Figure 2 QPSK, Turbo r=1/3, TU 3km
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Figure 3 16QAM, Turbo r=1/3, TU 3km
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Figure 4 QPSK, Turbo r=1/2, TU 3km
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Figure 5 16QAM, Turbo r=1/2, TU 3km
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Figure 6 QPSK, Turbo r=1/3, TU 30km
[image: image7.emf]2 3 4 5 6 7 8 9 10 11 12

10

-3

10

-2

10

-1

10

0

EsNo(dB)

BLER

16QAM, Turbo r=1/3, RPF=4, 2Rx, TU 30km

ICE DFDM

ICE LFDM

RCE DFDM

RCE LFDM

RCE DFDM-FH

RCE LFDM-FH


Figure 7 16QAM, Turbo r=1/3, TU 30km
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Figure 8 QPSK, Turbo r=1/2, TU 30km
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Figure 9 16QAM, Turbo r=1/2, TU 30km
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Figure 10 QPSK, Turbo r=1/3, TU 120km
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Figure 11 16QAM, Turbo r=1/3, TU 120km
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Figure 12 QPSK, Turbo r=1/2, TU 120km
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Figure 13 16QAM, Turbo r=1/2, TU 120km
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Figure 14 QPSK, Turbo r=1/3, TU 350km
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Figure 15 16QAM, Turbo r=1/3, TU 350km
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Figure 16 QPSK, Turbo r=1/2, TU 350km
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Figure 17 16QAM, Turbo r=1/2, TU 350km
From the above link simulation results we have the following observations,

1
With ideal channel estimation (ICE), localized FDM outperforms distributed FDM at low SNR, while distributed FDM outperforms localized FDM at high SNR. DFDM shows approximately 1.0dB gains over LFDM at 10% BLER in all conditions.
2
With real channel estimation (RCE), LFDM has better performance than D-FDMA at low SNR case. However, DFDM outperforms LFDM at high SNR case.
3
When frequency hopping is employed, in case of real channel estimation, LFDM-FH achieves obvious improvement compared with LFDM without frequency hopping. The overall gain is about 1.0dB at 10% BLER in case of low and moderate velocities. From the results we also observed that LFDM-FH performs better than DFDM at low SNR cases. From this perspective, the benefit of localized FDM with frequency hopping should be considered and evaluated further for uplink data diversity transmission
5 Conclusions

In this contribution, link performance of localized FDM with frequency hopping and distributed FDM is presented. The link simulation results show that LFDM with frequency hopping may outperform LFDM and DFDM, it implies that additional frequency diversity can be achieved by subframe based frequency hopping in localized transmission besides distributed transmission. Therefore LFDM with frequency hopping is an alternative uplink diversity transmission scheme without the need for frequency scheduling; it should be considered and further evaluated.
>>>>>>>>>>>>>>>>>>>>>>>>>START OF TEXT PROPOSAL>>>>>>>>>>>>>>>>>>>>>>

1.1 9.1.1
Basic transmission scheme

The basic uplink transmission scheme is single-carrier transmission (SC-FDMA) with cyclic prefix to achieve uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the receiver side. Frequency-domain generation of the signal, sometimes known as DFT-spread OFDM, is assumed and illustrated in Figure 9.1.1-1. This allows for a relatively high degree of commonality with the downlink OFDM scheme and the same parameters, e.g., clock frequency, can be reused,
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Figure 9.1.1-1 Transmitter structure for SC-FDMA.

The sub-carrier mapping determines which part of the spectrum that is used for transmission by inserting a suitable number of zeros at the upper and/or lower end in Figure 9.1.1-2. Between each DFT output sample L-1 zeros are inserted. A mapping with L=1 corresponds to localized transmissions, i.e., transmissions where the DFT outputs are mapped to consecutive sub-carriers. With L>1, distributed transmissions result, which are considered as a complement to localized transmissions for additional frequency diversity. For uplink data diversity transmission, both localized FDM with sub-frame based frequency hopping and distributed FDM should be considered and further evaluated.
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Figure 9.1.1-2 Localized mapping (left) and distributed mapping (right).

>>>>>>>>>>>>>>>>>>>>>>>>>END OF TEXT PROPOSAL>>>>>>>>>>>>>>>>>>>>>>
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