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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 main topic for RAN1 will be to decide on the UL&DL multiple access schemes that will be used within the following (WI). At the RAN1#40-bis meeting (Beijing), most of contributions have considered OFDM-based radio access in the downlink. This document presents SHRCWC’s concepts and proposals for the downlink multiple access schemes for LTE. 

2. Downlink Transmission Scheme

2.1. General requirements

According to the general requirements proposed in[1] and consideration by SHRCWC, the DL 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 DL 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 100Mbps at the DL transmission need be provided in a multi-cellular environment, frequency reuse one, 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.
· Support of shared whole bandwidth must be satisfied from the side of DL users. In fact, every end user within a cell is able to hear all the information transmitted by the base station. So in base band processing, each user can view the received DL signal as his part and use many advanced technologies for improvement. On the other hand, the base station can also apply this characteristic to distribute control and traffic signals over the time-frequency domain flexibly, while reducing much of capacity overhead for coordination. 

· Support of two-layered wireless scheduling should be considered for the DL 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. OFDM based VMC

OFDM has many well-known benefits, especially for the downlink applications. So, according to the above mentioned requirements, it could be modified and enhanced to meet the respective ones. As a result, the so-called OFDM based VMC scheme is formed to work for the downlink of SHRCWC proposed concepts: 

· Scalable bandwidths could be accommodated by use of two-layered wireless scheduling or direct radio channel planning for OFDM based VMC. In the former case, some end users are restricted to use only part of the whole bandwidth. While at the same time, other end users are possible to use much wider or narrower bandwidths. But for the latter case, only a specific bandwidth resource is allocated for cell coverage and radio services. So, the schemes proposed by Nokia could also be considered. 

· OFDM based VMC also has its inherent advantages in supporting multiple antennas, especially in lowering implementation complexities. So, the spectrum efficiency could be improved in proportion to the minimum number of Tx or Rx antennas. Meanwhile, because OFDM based VMC can exploit accurate information in the frequency domain, adaptive link transmission will behave idealized performance in practice. But for frequency reuse one application over multi-cellular environments, the OFDM based VMC needs support of spectrum diversity and interference averaging. So, SHRCWC proposes two types of methods: frequency hopping and static multi-code multiplexing. But as some companies mentioned that, additional inter-code interference, or unacceptable co-channel interference can not be suppressed as well as the conventional singe-carrier CDMA system.

· OFDM based VMC usually behaves like the conventional OFDMA in outdoor hotspots. But as the end user steps into the cell boundaries, co-channel interference becomes the dominant factor. So for signal quality improvement, frequency diversity, multi-cell transmission and soft combing must be integrated into the two-layered wireless scheduling. When considering the above two typical cases, theoretically, each user can share the whole bandwidth from the viewpoint of base station in the long term.

· When two-layered wireless scheduling is focused, we mention that multi-user scheduling and single user scheduling at the same time. If propagation shadowing could be provided for the base station, multi-carrier based group scheduling for different users is implemented. After fixing the group for specific users, then within a relatively long time, adaptive link transmission is used for respective users to improve capacity, while keep certain levels of BER/FER performance. 

· For SHRCWC, the evolved UTRA should support radio transmission over different radio bands. For the time being, 2 GHz and 900 MHz are the frequency bands to be firstly considered. Meanwhile, other radio spectrum, such as 700 MHz, may not be neglected and need also be focused for future potential wireless communications.

· The 3G cellular infrastructure should be first respected and considered when discussing the multi-cell deployment of the Evolved UTRA. The reuse factor 1 or 3 seems need to be considered regarding the OFDM based VMC, time-frequency resource partition and user distinguish. 3/6 Sector and sector beam should be supported for high throughput of base station.

· The same sub-carrier spacing, in other words the same useful symbol duration, is supported for the flexible deployment in multiple channel bandwidth allocated from 1.25 to 20MHz. this characteristic can keep the same frame structure and seamless air interface infrastructure for wide area coverage and hot spot local area. The sub-carrier spacing considered should be appropriate to accommodate the channel propagation environment, larger than the maximum Doppler frequency and smaller than the channel coherent bandwidth.
2.3. OFTDM based VMC

The details will be presented in later proposals, where OFTDM is the short for Orthogonal Frequency-Time Division Multiplexing, which increases a new dimension compared with the conventional OFDM scheme. 

3. Conclusion

In this proposal, the CP based virtual-MC is supposed for the downlink transmission of Evolved UTRA. 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, hotspot coverage optimization and co-channel interference averaging are of the most important features to be implemented.
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