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1 Introduction

At RAN WG1 #41bis meeting, we proposed a GMC (Generalized Multi-Carrier) transmission technique for E-UTRA systems which can meet the requirements of low-PAPR, low latency, high data rates, high mobile speed and scalable bandwidth for basic uplink transmission [1-4]. Another significant advantage of GMC is that the asynchronous operation for multi-users can be supported. This contribution gives the further results of GMC transmission scheme for Evolved UTRA uplink.
2 GMC Transmission Scheme for E-UTRA Uplink

To support the scalable bandwidth 1.25/2.5/5/10/15/20MHz for high data rates and low data rates such speech, we propose a solution with two parallel data channels, one high-speed data channel and another low-speed data channel. Because the subcarriers are not more than 16 for high data rates and 4 for low data rates respectively, the implementation complexity is very small. Here we only show the basic GMC transmission scheme for E-UTRA uplink, which can be easily extended to MIMO case as shown in [3]. The detailed explanation of the basic GMC transmission scheme will be given below.

2.1 Basic Principle of GMC

The basic operation mode of GMC is shown in figure 1 and in this case, only one sub-carrier is used to transmit data, which equals to conventional single carrier system and low PAPR can be achieved. Consider that an operator often may be distributed several MHz bandwidth in a local area, the scalable design of GMC is available by composing several sub-carriers to cover the dedicated bandwidth for this operator.
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Figure 1 Basic operation mode of GMC

In frequency domain, each sub-carrier is pulse shaped and several sub-carriers can compose a broadband filter bank (See Figure 2). The overlapping between adjacent sub-carriers is about –15dB below the filter peak and the transition band drops quickly to –40dB, therefore GMC can work in the asynchronous mode and is robust against multi-access interferences. The x-coordinate and y-coordinate in Figure 2 are normalized frequency and dB respectively.


Figure 2 Shaping of GMC Multi-Carrier Filter Bank

For multi-user case, we usually assume that each end user occupies a separate sub-band or some consecutive sub-bands for information transmission. Thus, the basic mode of GMC transmission could be described as conventional FDMA system, if the wireless packet scheduling has not been considered for radio resource management. Figure 3 shows the practical application scenario of GMC. 
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Figure 3 Typical application scenario for basic GMC
2.2 GMC Transmission Scheme for High Data Rates
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Figure 4 Block diagram of Localized GMC transmission for high data rates
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Figure 5 Block diagram of Distributed GMC transmission for high data rates
In Figure 4 and Figure 5, the occupied bandwidth of one sub-carrier is 1.2MHz and at most 16 subcarriers cover 19.2MHz occupied bandwidth. The input bit stream are mapped to a symbol stream and then converted to L parallel symbol streams. Here, L is the subcarrier number to be transmitted. If L is more than a predefined number, L parallel symbol streams must pass a Discrete Fourier Transform (DFT) operator in order to reduce the PAPR, otherwise DFT operation is not needed. Last these L data streams together with guard and pilot symbols are sent to the multi-carrier synthesis filter bank.

2.3 GMC Transmission Scheme for Low Data Rates

The granularity of 1.2MHz in frequency domain is too large, so we provide a low speed data channel, in which a 1.2MHz bandwidth subcarrier is further divided into four 300KHz bandwidth subcarriers. Figure 6 illustrates the principle of GMC transmission scheme for low data rates. Because only one subcarrier is used for a user, PAPR reduction via DFT operation does not used. Its corresponding receiver is shown in Figure 7.
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Figure 6 Block diagram of GMC transmission for low data rates
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Figure 7 Block diagram of GMC receiver for low data rates

3 Simulations

Table 1 shows the E-UTRA uplink simulation parameters for channel estimation and BER in different conditions, such as different velocities and antennas.

Table 1 Simulation parameters for E-UTRA uplink

	Carrier frequency
	2GHz

	Sub-frame length
	1ms (2TTI)

	Sub-frame structure
	Structure (b)

	Channel Model
	Typical Urban

	Tx antenna correlation
	None

	Rx antenna correlation
	None

	Sub-carrier number
	8

	Sub-carrier spacing
	1.2MHz

	Channel coding
	1/2 Turbo (11,13)

	Turbo interleaving
	S-random

	Channel interleaving
	S-random

	Modulation
	16 QAM

	Channel estimation
	MMSE/DCT interpolation


Figure 8 shows the PAPR reduction by using the DFT method. We can see from this figure that when more than one sub-carrier, DFT can reduce the PAPR significantly, which can almost achieve the PAPR of single carrier.
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Figure 8 PAPR distributions

Figure 9 shows the normalized channel estimation errors with DCT, spline and linear interpolations respectively by using sub-frame b structure at velocity of 120km/h. From this figure, we know the normalized channel estimation errors with DCT interpolation are less than those of other two methods, especially in high SNRs.

[image: image8.emf]-10 -5 0 5 10 15 20

-24

-22

-20

-18

-16

-14

-12

-10

-8

-6

-4

Performance of channel interpolation

SNR(dB)

Normalized MSE(dB)

DCT Interpolation

Spline Interpolation

Linear Interpolation


Figure 9 Normalized channel estimation errors with different interpolation methods

Figure 10 shows the BER curves using turbo iterative receiver with low complexity and low latency and Frequency Domain Equalization (FDE) receiver at velocity 120km/h respectively. In Figure 10, the antennas in transmitter and receiver are 2-by-2 and 4-by-4 respectively.
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Figure 10 Performance comparison for turbo receiver and FDE receiver

Figure 11 shows the BER curves of distributed GMC UL and DFT-s-OFDM against multiple users’ effect due to frequency offset. Distributed GMC UL is sturdier against the multiple users’ effect due to existing frequency offset.
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Figure 11 Comparison the robustness of multiple users’ effect due to frequency offset between distributed GMC UL and DFT-s-OFDM system.
4 Conclusion
In this contribution, we give further detailed explanations about the generalized multi-carrier (GMC) transmission technique. To summarize, we draw following conclusions that GMC can:
· be robust against Multi-Access Interferences (MAI) because of less overlapping between adjacent filter banks

· be robust against uplink synchronization errors because of tails

· meet the low PAPR requirement for E-UTRA

· support both high and low data rate transmission

· support 0.5ms sub-frame structure

· achieve high data transmission efficiency because of less guard used

· have low implementation complexity for fast algorithms exist in multi-carrier synthesis and channel estimation

References

[1] 3GPP R1-050622, “Principles for the Evolved UTRA radio-access concept”, Sophia Antipolis, France, June 2005
[2] 3GPP TR25.814 v011, “Physical Layer Aspects for Evolved UTRA”, Sophia Antipolis, France, June 2005
[3] 3GPP R1-050609, “GMC Transmission Technique for E-UTRA systems”, Sophia Antipolis, France, June 2005
[4] 3GPP TR25.913 v700, “Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)”, Sophia Antipolis, France, June 2005
* Notification: This paper is mainly based on the work in Southeast University, China and Shanghai Research Centre of Wireless Communications.

0.3





0.2





0.1





0





-0.1





-0.2





-0.3





-0.4





 





0.4





 





10





 





0





 





10





-





 





20





-





 





30





-





 





40





-





 





50





-





 





60





-





 





 





 





 





 





 





 





 





 





 





 








3GPP TSG-RAN-1 Meeting #42
London, UK, Aug 30-Sept 3, 2005

Page 7

_1185864531.doc














Serial to Parallel Converter







Bit to Symbol Mapping



























DFT



















Add Guard



&



Pilot







1







L



























Multi-



Carrier



Synthesis



Filter



Bank







0







0







0







0







0







Input Bit Stream







0












_1185878885.doc


fm







Bit to Symbol Mapping















Pulse



Shaping







































m-th User



Input Bit Stream
















_1186035855.doc














Serial to Parallel Converter







Bit to Symbol Mapping







0























DFT



















Add Guard



&



Pilot







1







L



























Multi-



Carrier



Synthesis



Filter



Bank







0







0







0







0







0







Input Bit Stream







0







0












_1185879583.doc






Multi-



Carrier



Analysis



Filter



Bank











User M



Receiver







User m1 Receiver











User1



Receiver







1.2MHz



























Multi-



Carrier



Analysis



Filter



Bank



















300KHz







300KHz







Input Bit Stream







User m4 Receiver







1.2MHz







1.2MHz












_1185864562.doc


fk







Bit to Symbol Mapping















Pulse



Shaping







































k-th User



Input Bit Stream
















_1180441048.vsd

