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1 Introduction

It has been agreed in the last LTE workshop that discussions on different multiple access concepts for the Evolved UTRA(EUTRA) will start in RAN WG1 from RAN1#40Bis meeting. This document provides our views on the requirements for such a multiple access concept and lists a set of options for uplink multiple access for EUTRA.
2 Features required for Uplink Multiple Access Schemes
Before explaining the concepts for Uplink Multiple Access, we would like to describe required features for such a scheme -
· High frequency and time diversity
User transmissions to the Node B need to make use of the maximum possible time and frequency diversity present in the channel to ensure proper system performance. Additionally, if user transmissions can be scheduled to use only those frequencies with benign channel conditions, the user throughput can be further improved by allocating higher MCS values
· High multipath tolerance
In EUTRA, higher bandwidth and higher order modulation will be used to realize enhanced data rate. In such cases, multipath distortion becomes more severe compared to HSUPA. Benefits of OFDM based communications in multipath channels have been documented in [1]. It is expected that similar observations are valid in the uplink as well

· High user orthogonality

Maximum allowable user orthogonality is desirable in the uplink to eliminate the effect of other user interference. WCDMA is an interference limited system and system performance suffers when there are multiple non aligned user transmissions at the receiver, as is generally the case at the Node B receiver. Performance in such a case is greatly dependent on the cross correlation properties of the codes of the multiple users. It is greatly desired that the new multiple access scheme provides greater orthogonality support to reduce/eliminate intra and inter cell interference
· Wide Coverage

Coverage of proposed technique should be superior to that of Release 6 UTRA(HSUPA). This need not necessitate higher peak power requirements in the uplink for the UE since power consumption is one of the key issues to be considered in UE implementation. PAR issues are also a concern in the uplink for multicarrier based systems and have been one of the major reasons for their non adoption in cellular systems requiring small and relatively inexpensive handsets. This further necessitates the need to investigate various PAR reduction schemes for usage in EUTRA specially considering the higher order modulation schemes that are supposed to be a part of the evaluation process
· Low Implementation Complexity

Support/Need for advanced demodulation techniques for proposed multiple access techniques should also be identified. It can be noted that it was identified during the OFDM SI that the incremental complexity of OFDM was marginal. In order to maintain reasonable complexity, it is important that whatever multiple access technique is chosen, it can provide the targeted performance with reasonable complexity at the receiver
· Low Power Consumption in UE
Power consumption is one of most important issues to be considered for UE. It should be discussed with PAR and ratio of transmission period. One possible method to reduce power consumption in packet transmission is to maximise Tx-off duration (power saving operation time) by utilising highest available data rate all the time when in transmission
· MIMO extension capability
Although MIMO techniques have principally been considered in the downlink, the proposed multiple access scheme should allow efficient and low complexity extensions to MIMO techniques in the uplink as well
3 Proposed Uplink Multiple Access Schemes
For uplink multiple access with features described in Section2, two possible candidates are OFDM-based multicarrier approach and single carrier approach.

3.1. OFDM-based multiple access

It has been noticed during the OFDM SI that even a simple “textbook” multicarrier concept can outperform WCDMA in certain conditions even under the worst case full load carrier scenario for downlink. Similar observations can be expected in the uplink as well.
Additionally, high frequency and time diversity is available by interleaving over frequency and time domain.
High multipath tolerance is available by Guard Interval insertion at transmitter. In case over 5MHz bandwidth is supported, diversity effect of OFDM will significantly increase with keeping high multipath tolerance. Further, appropriate choice of the guard interval ensures that there is no need for an equalizer at the UE as long as the channel delay is less than the guard interval duration.
One cell reuse can be realized by introducing spectrum spreading as shown in Fig. 1 at least into cell edge users. As spectrum spreading methods, Direct Sequence[3] and Frequency Hopping[4] , shown in Fig. 2, are available. 
With Direct Sequence, symbols are spread over full bandwidth by spreading factor of SF and power density reduced to 1/SF whereas with Frequency Hopping, symbols are spread over full bandwidth by subcarrier frequency hopping. 

The choice of the most appropriate spectrum spreading method can be made during the study after analysing the performance under agreed simulation conditions.
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Fig. 1 Structure of transmitter in OFDM-based methods with Spectrum Spreading
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(a) Direct Sequence                                                (b) Frequency Hopping

Fig. 2 Spectrum Spreading for OFDM-based method

Complexity in receiver is simple as shown in Fig. 3. 

[image: image4.wmf] 

Channel

 

Dec

oding

 

Received

 

Signal

 

Spectrum

 

Des

preading

 

FFT

 

GI

 

Deletion

 


Fig. 3 Structure of receiver in OFDM-based methods with Spectrum Spreading

MIMO extension can be implemented with low complexity and high performance as each sub-carrier can be regarded as coherent single carrier[5].
The principal concern with multicarrier techniques is the high PAR in the uplink. Solutions for PAR reduction have been detailed in the technical literature (eg. Mapping selection, precoding, clipping etc), but it requires further study to decide on their merits. 
3.2. Single carrier multiple access

Single carrier multiple access schemes with/without CDM(Code Division Multiplexing) are alternatives uplink candidates with superiority  in PAR issue. They can realize high multipath tolerance by introducing equalization in either time or frequency domain. However, complexity of equalization should be discussed and be an important criterion in the decision process. MIMO extension should also be discussed with considering complexity and performance.
4 Conclusion
In this contribution, we have discussed that OFDM-based methods are promising uplink multiple access since they fulfil most of the requirements for such a scheme. However, when considering the high PAR issue and the associated amplifier back-off and complexity, single carrier multiple access with/without CDM with reasonably complex receivers can be alternatives. We recommend analysis of both these techniques within this working group before a decision on the uplink multiple access scheme for EUTRA is made within 3GPP.
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