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1. Introduction

At the 3GPP TSG RAN #26 meeting, the study item (SI) description regarding the “Evolved UTRA and UTRAN” [1] was approved. The objective of evolved UTRA study item is to develop a framework for the evolution of the 3GPP radio-access technology towards a high-data-rate, low-latency and packet-optimized radio-access technology. Furthermore, at the RAN #27 meeting (Tokyo), text proposals for the requirement TR were agreed upon as a first step. One of the main issues for RAN1 is the choice of multiple access technology to efficiently share the available system resources among a large number of users in wireless cellular systems [2]. This contribution proposes SHRCWC (Shanghai Research Center for Wireless Communications)’s uplink multiple access scheme for the Evolved UTRA.
2. Uplink transmission scheme

2.1. General requirements

According to the general requirements proposed in[1] and consideration by SHRCWC, the UL of EUTRA should have at east the following characteristics：

· Scalable radio bandwidths should be able to be configured for different wireless operators or specific wireless usages. So, for the UL of EUTRA, channel bandwidths based on 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20MHz should be considered at least at the side of base station. 
· Support of high spectrum efficiency should be considered seriously. Because data rates up to 50Mbps at the UL transmission need be provided in a multi-cellular environment, high frequency reuse efficiency, wireless scheduling and adaptive link transmission must be applied to work co-ordinately. At the same time, multiple antennas based on spatial multiplexing may be used for the enhancement of spectrum efficiency.
· Virtual multi-carrier (VMC) schemes should provide the most flexible solution for signal transmission. Fundamentally, VMC is a class of CP-based multi-carrier schemes. However, to improve throughput for hotspot coverage, while keeping high-level of resistance to other-cell interference at cell boundaries, flexible VMC must be considered as key candidate for ETURA air interface.
· Intra-users orthogonality must be kept at the receive side of base station. For the uplink transmission, multiple access interference (MAI) has already become the dominant factor influencing system performance. So separation in the time, frequency, code and space dimensions must be considered seriously. Besides this, to achieve a higher throughput than conventional single carrier communications, wireless scheduling among different users must be used for improvement.  As a result, FDMA based VMC schemes are preferred for the main candidate. 
· Good radio coverage, high PA efficiency and long battery life become the most important factors from the point of practice. With the increased bandwidth, the computational complexity increases accordingly. Meanwhile, if an end user terminal uses many VMC sub-carriers for simultaneous transmission, the PA efficiency will decrease greatly because of relatively high PAPR figure. So if a large coverage is desired, high PA efficiency and lower PAPR ratio must be considered seriously.
· Support of two-layered wireless scheduling should be considered for the UL transmission. In practice, it is preferred to divide wireless frame scheduling into two layers: multi-user scheduling for user diversity and, single user scheduling for adaptive link transmission. So, it is proposed that the multi-user scheduling is implemented in a FDMA fashion according to the slow-fading effect, while the single user scheduling is usually implemented by use of adaptive modulation and coding because of fast-fading impairments. 

· Different radio environments should be supported for VMC schemes. Typically, CP-based VMC should be adapted according to different requirements. For example, for single cell or hotspot coverage, OFDMA like features must be supported. While at the same time, for multi-cellular environments, CDMA like features should also be provided for co-channel interference suppression as well. 
· Low mobility is optimized for downlink transmission, while high mobility support need also be view as a necessity. For the current VMC solutions, low mobility acts as the major focus, but for the future ones, optimization for high mobility must also be provided.
2.2. Multiple-band filter bank (MBFB) based VMC

Multiple-band filter bank has many well-known benefits when used for uplink transmission. So, according to the above mentioned requirements, it could be modified and enhanced to meet the respective ones. As a result, the so-called MBFB based VMC scheme is formed to work for the uplink of SHRCWC proposed concepts: 

· Scalability of radio bandwidth by use of MBFB is quite easy for uplink transmission. For example, a subband occupies a bandwidth of 1.25MHz, while multiple subbands occupy more bandwidth, accordingly. Hence, each end user can be configured by some specific number of subbands, to provide specific bandwidth scalability.

· High spectrum efficiency can be supported by use of multiple antennas, especially at the base station. Meanwhile, two-layered wireless scheduling can be applied to enhance spectrum utilization. That is, multi-user scheduling for  multiple bands is used for throughput improvement, while single user scheduling for adaptive link transmission within each subband specific a particular end user. 

· To compose a MBFB based MC, it is proposed that, except for frequency separation between neighboring users, CP-TDM, CP-FDM, as well as CP-CDM should also be considered similarly for single user signal composition. So, based on all this schemes, the MBFB based MC is constructed. However, as the subband bandwidth is usually designed from the system perspective, noise enhancement can not be avoided with the above mentioned CP-XXX schemes. So, we will later propose OFTDM (orthogonal frequency and time division multiplexing) based MBFB VMC scheme, which overcomes such problems relatively quite well.

· At the receive side of base station, MAI interference can be suppressed greatly by use of MBFB based VMC since each user occupies different subbands for transmission. Generally, it is a FDMA and TDMA based composite scheme.

· Low PAPR is an inherent feature of MBFB based VMC scheme since in the extreme case, one user only relies on a single subband for uplink transmission. So large radio coverage, and high PA efficiency could be achieved as desired.

· Frequency diversity can be achieved since each user can be assigned multiple sub-bands simultaneously or different sub-band by use of frequency hopping. Meanwhile, through frequency hopping at cell boundaries, co-channel interference can be averaged and frequency reuse one can be approached.

· Spatial diversity is quite suitable for UL implementation at the receiver because of the giant computational capability at .base station. Meanwhile, macro diversity is also preferred in practice to accumulate signals by soft combining from different cell sites.

· At present, we propose MBFB based VMC for multiple cellular, outdoor, and outdoor to indoor coverage. But for indoor coverage, with the coherence bandwidth increased, two-layered scheduling may reduced to a single-layer scheduling, thus TDMA becomes the dominant uplink MA scheme. Hence, for indoor coverage, we prefer to use low complex OFDM based VMC for UL transmission.

· MBFB based VMC can be enhanced by use of OFTDM modulation. We defer the discussions in the next proposal.

2.3. OFDM based VMC
OFDM based VMC has a special form, which we now call it OFDMA for the uplink transmission. In general, it also has many advantages compared with conventional single carrier solutions. For SHRCWC proposal, we also agree with such a scheme currently mentioned in IEEE802.16e, that is, sub-carrier based grouping is used to form so-called multiband, and within each subband, multiple subcarriers perform the particular CP-FDM operations.

3. Conclusion

In this proposal, the CP based virtual-MC is supposed for the uplink transmission of Evolved UTRA. We have proposed two types of VMC schemes, i.e, MBFB based and OFDM based VMC. To support such a scheme, multiple technologies have been considered to work coordinately. Of them, scalability in radio bandwidth, high spectrum efficiency, two-layered wireless scheduling, high PA efficiency and good coverage are of the most important features to be implemented.
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