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1 Introduction

The evolved UTRA (EUTRA) downlink is to be designed and optimized for services provided from the packet-switched domain, see [1]. This requirement is a logical step in a decade-long ongoing process where focus is shifted from dedicated physical channels (for circuit-switched services) to shared physical channels (for packet-based services). A critical component of this process has become a NodeB scheduler appearing in the downlink UTRA standard. We believe that a NodeB scheduler, even more than in the current HSDPA standard, will play a key role in an evolved downlink UTRA, and in particular, its multiple access solutions.

Besides the packet-switch transmission as a design paradigm for the EUTRA multiple access, the selection of radio transmission technology has a decisive influence on the performances. The previous system-level performance evaluation results of an OFDM based HSDPA system with realistic inter-cell interference [2] demonstrated that the OFDM transmission technology with additional time-frequency (T-F) orthogonal multiplexing of concurrent physical channels offers an increased cell throughput not just on dispersive channels, but also on the flat fading channel. This unique property of OFDM systems that the colored nature of the inter-cell interference can be used to actually boast the performances of the overall system is the major motive behind the consideration of OFDM transmission with T-F orthogonal addressing as the candidate for the multiple access solution in EUTRA.

In the sequel we shall outline the key features of an OFDM based multiple access solution that combines scheduling, orthogonal T-F addressing, MIMO and LDPC coding, in an attempt to fulfil the performance requirements of EUTRA in the most efficient way.

2 Multiple access on OFDM / MIMO physical channels

The key components of the EUTRA downlink multiple access approach considered here are

· Scheduler-controlled multiple access in time, frequency and space 
· OFDM / MIMO physical channels
· LDPC coding
2.1 Scheduler-controlled multiple access in time, frequency and space 

A base-station scheduler assigns physical channels based on feedback information from the users, thus effectively controlling the multiple-access mechanism in the cell. In the case of concurrent transmission of multiple channels during an assigned transmission time interval (TTI), however, we need an addressing mechanism that orthogonally separates physical channels at the transmitter. 

There are two contradicting requirements for the design of the physical channels addressed by a scheduler. At one side, it is desirable to maintain or amplify the differences between the instantaneous quality of the physical channels from the different users and thus alleviate the selection of the one with the best channel conditions. On the other side, as the scheduler has a finite update capability (finite TTI), and errors in the feedback, it is also advantageous to maximise the potential diversity gain of the transmission scheme within a TTI. Thus the DL multiple access solution should reflect an optimum balance between these contradicting requirements.

2.2 OFDM/MIMO physical channels

OFDM has several advantages over other transmission formats. 
· Good scheduler operation: OFDM provides the scheduler with flat-fading channels maintaining the richness of the channel and is therefore most suitable for providing a multiuser diversity performance gain to the system. 

· Gain from coloured inter-cell interference: In [2] it was shown that OFDM (without spreading) not only yields a performance gain over CDMA on dispersive channels, but also even on flat fading channels, provided that multiple access is performed in an appropriate fashion. Table 1 is taken from [2] and repeats the key results. The cell throughput gain (almost 20%) of OFDM under realistic interference circumstances in the near-flat Pedestrian A over the code multiplexing scheme (CDMA-MMSE)  is solely due to a  properly designed user multiplexing scheme. This gain is not visible when the evaluation is performed applying a white-noise assumption for the interference. 

Table 1: Cell throughput for Round-Robin scheduling

	Cell throughput [Mbps]
	Pedestrian A, 3 km/h
	Pedestrian B, 3 km/h

	CDMA-RAKE
	2.5
	1.4

	CDMA-MMSE
	2.7
	2.2

	OFDM (realistic interference)
	3.2
	2.9

	OFDM (white noise interference)
	2.6
	2.7


Thus, OFDM modulation with a well-designed user multiplexing scheme allows for better immunity against realistic intercell-interference and therefore improves the cell-edge performance better than other modulation/multiple-access schemes.

· OFDM is well-suited for operation with MIMO

A MIMO scheme is needed to fulfil some requirements on spectral efficiency and peak data rates [1]. OFDM effectively yields flat fading channels and thus allows for simple MIMO-receivers without chip-level equalizers. Moreover, MIMO in a multiple-stream form potentially allows for scheduling in space which, in turn, potentially introduces more multiuser diversity into the system. 

2.3 Channel coding: LDPC codes

LDPC codes are already adopted in the IEEE 802.16e standard, primarily due to their advantages in terms of decoding complexity, i.e. reduction of link-level latency. The same arguments in favour of LDPC codes can be used for the design of channel codes for EUTRA. Besides, the channel interleaver can be eliminated and its function incorporated in the LDPC code design, further reducing the overall latency. Finally, LDPC codes can be designed to take into account MIMO transmission in which case they can outperform turbo codes significantly.

3 Conclusion

In conclusion, we advocate that

· Scheduler-controlled multiple access in time, frequency and space ,
· OFDM / MIMO physical channels, and
· LDPC coding
should become the key components of the EUTRA downlink multiple access scheme.
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