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1. Introduction
With the development of modern society, especially the applications of Internet growing very fast, there are many types of data applications that require 3G system to provide higher data rate and less delay for data transmission. The aim of LTE is to satisfy these requirements for the future 10 years.

Time Division Duplex (TDD) is a duplex technique in the mobile communications system where both uplink and downlink traffic take place on the same spectrum. Downlink and uplink channels are separated in the time domain by dividing the time frame into slots. TDD mode is more flexible to be allocated spectrum, so it can get high spectrum efficiency.

For TDD mode, by allocating different numbers of time slots for uplink and downlink, asymmetric capacity can be obtained. Dynamic TDD systems are far more bandwidth efficient and flexible for the data-centric multimedia traffic, especially to support Internet related services.

The uplink and downlink channel responses of TDD system are reciprocal – a inherent feature of TDD system, which allows an easier access to channel-state information for advanced signal processing techniques.

Because of the characteristics of higher spectrum efficiency, more flexible for asymmetric transmission and advanced signal processing, TDD mode is a very promising duplex mode for Evolved UTRA which has many native advantages for transporting the data traffic.

2. Basic transmission scheme for Multi-Carrier CDMA

A multiple access scheme that can support high transport rate is needed in LTE, which can meet the demand of transport rate of about 100Mbps for the DL and 50Mbps for the UL. It can support a high mobility up to 350km/h and scaleable bandwidth, also should have a good backward compatibility.

Since LTE requires a wide bandwidth up to 20MHz, single carrier multi-access scheme has the advantage of a lower peak-average power ratio (PAPR), but the disadvantage is the higher processing complexity of the receiver, which needs a very complex equalizer to eliminate the ISI caused by multi-path. 

The way to resolve this problem, a broad bandwidth can be divided into many sub-carriers and the sub-carriers is non-orthogonal and without any overlapping each other. The sub-carrier can use some simpler equalization techniques because of its narrower bandwidth, such as the RAKE receiver in FDD and the Joint Detection technology in TDD.

Considering the commercial maturity of CDMA technology and migrating form UTRAN to LTE smoothly, multi-carrier CDMA technique for the UL and DL multiple access on the basis of existing TDD system is proposed in this contribution.

2.1 Downlink Transmission Scheme

For DL multi-carrier CDMA, a carrier with broad bandwidth can be divided into several sub-carriers of narrower bandwidth. Each sub-carrier can have a few timeslots, and different users can be distinguished by using CDMA technique in each timeslot. So it can make full use of the resources to meet different needs in the DL resource allocation, by using FDMA, TDMA and CDMA modes altogether. For the high speed packet data, the method of single code transmission with variable spreading factor is used.

For the DL multiple access, in order to make it easier to realize the equalizer at the receiver, it demands the limitation of the bandwidth of each sub-carrier from 1 to 2MHz, not too wide.

2.1 Uplink Multiple Access Scheme

For UL multi-carrier CDMA, a carrier with a wide bandwidth is also needed to be divided into several narrower sub-carriers by way of realizing a much simpler equalization technique. Each sub-carrier use TDMA and CDMA techniques to identify the different users, in this way it can allocate one or more timeslots for different users in one sub-carrier and one or more code channels for different users in one timeslot. According to the service’s need, the same user can occupy one or several sub-carriers.

Since the PAPR has great influence on the UL performance, a better method is to allocate a wider bandwidth for each sub-carrier, for instance, the bandwidth of UL sub-carrier can be 5MHz to minimize the PAPR.

For convenience, an example is given to illustrate the characteristics of the above scheme. Figure 1 is a frame structure example of multi-carrier CDMA based on the current frame structure of LCR TDD, the total carrier’s bandwidth is about 20MHz, the bandwidth of sub-carriers is about 1.6MHz for the DL and 5MHz for the UL, and the overlapping between the adjacent sub-carriers should be avoided.
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Figure1.An example: multi-carrier CDMA frame structure based on LCR TDD

In figure 1, the 20MHz bandwidth is divided into four groups. In each group, there are three downlink sub-carriers and one uplink sub-carrier. So it is much easier to support different scaleable bandwidth requirements, such as 5MHz, 10MHz, 15MHz and so on. In table 1 below, the sub-carrier number of DL and UL are also given in the different bandwidths. For the instances which bandwidth of frequency allocation is less than 5MHz, it can allocate the same bandwidth for both UL and DL, such as 1.6MHz.

Table 1. the number of UL and DL sub-carriers according to different bandwidths

	 bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	DL sub-carrier number 
	3
	6
	9
	12

	UL sub-carrier number
	1
	2
	3
	4


Multi-carrier CDMA can gain a very good performance at the elimination of multi-user interference, users can be differentiated by using FDMA\TDMA\CDMA combination. There are frequency intervals between sub-carriers to avoid the inter-channel interference (ICI), the interference between users in one sub-carrier can be reduced by using timeslots or orthogonal codes.

Since the neighboring cells use different scrambling code, it is easy to organize same-frequency network, with a frequency reuse factor of 1.

3. Physical Layer Techniques

3.1 Diversity

Frequency diversity:

For multi-carrier CDMA, one user data can be transmitted on the different sub-carriers to obtain frequency diversity gain. Due to the effect of frequency selective fading, the data on different sub-carries have different fading characteristics, the receiver can gather the multiple sub-carriers’ data at the same time against deep fading which will damage the receive performance.

Time diversity:

For multi-carrier CDMA, one user data can be transmitted on one sub-carrier, which interleave the data first, then allocate the data on the different time slots. The receiver can get time diversity gain by de-interleaving and decoding. For fast fading, as fading characteristics are different on the different time slots, using interleaving against burst errors. Time diversity greatly improves the performance for those fast moving mobiles.

Space diversity:

With prominently improving on the space diversity, it will be one of main research directions on advanced signal processing techniques in the future.

3.2 Modulation

Downlink supports QPSK, 16QAM and 64QAM modulation schemes. For high level modulation, the features of RF apparatus must be cautiously considered. Due to the effect of driving oscillator shift, there exists the limitation of the EVM of RF apparatus. Some simulation results have shown that if adopting 64QAM modulation, the SINR should be over 25dB in order to obtain prominent improvement on the performance, thus requirements for the performance of EVM must be more stringent.

Uplink supports QPSK and 16QAM modulation schemes. Comparing with QPSK, using 16QAM needs higher PAPR.

3.3 Link Adaptation

Adaptive link technology supports adaptive modulation, adaptive coding and adaptive power control. Adaptive link technology can fully utilize the reciprocity of TDD channels to obtain users’ CSI, then using AMC adjusts the modulation and coding rate, thus improving the spectrum efficiency to obtain higher system throughput. 

Multi-carrier CDMA supports open-loop and close-loop power control against deep fading, eliminating near-far effect, and fighting multi-user interference.

3.4 Multiple Antenna Techniques

Multiple antenna technology adopts multiple antennas to transmit and receive data at MS and BS, mainly including smart antenna and MIMO technology. Multi-carrier CDMA combines these two technologies according to different application environment and channel characteristics.

Smart antenna:

Multi-carrier CDMA adopts the reciprocity of TDD channels (uplink and downlink share one sub-carrier frequency) can easily achieve CSI which can be used by smart antenna to improve performance.

Smart antenna technology can improve spectrum efficiency of wireless channels, system capacity and coverage, and suppress interference. Smart antenna technology can be used outdoors where there are small scatters; it can use beamforming to transmit signals according to the CSI, thus prominently improving BS’s receive sensitivity and equivalent transmit power, greatly reducing inter-system interference and intra-cell interference, and increasing spectral efficiency of the system by an order of magnitude without increasing the cost of the user terminal. Smart antenna technology is especially suitable for LTE which proposes higher cell edge data rate and suppressing interference in order to improve the signal quality on the cell edge. At the same time, smart antenna technology can also cut down device cost and improve the system economic benefit as well.

MIMO:

MIMO is a multiple input and multiple output technology; that is, it uses multiple antennas to transmit and receive data. MIMO is mainly used indoors where there are many scatters, especially suitable for slow mobility environment. 

Using different space time coding schemes, MIMO can utilize diversity and space multiplexing technology to transmit data. Due to adopting multiple antennas to transmit and receive data, MIMO can prominently increase data rate and improve spectrum efficiency; so it is one of the most promising technology to improve performance at present. Considering the complexity of device, Multi-carrier CDMA should support
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 , antenna deployment in the downlink.

3.5 Channel Coding

Convolution code, turbo code and LDPC code can be considered for multi carrier CDMA. Each code scheme has its own characteristic. Convolution code has lower decoding complexity and shorter time delay which can be used to lower-layer control signaling. Both turbo code and LDPC code are good candidates for the data traffic transmission. 

Incremental Redundancy (IR) should be used for both uplink and downlink .HARQ. Note that Chase combining is a special case of IR. 

3.6 Joint Detection

In a TDD-CDMA system, users may be simultaneously active on the same channel (the same frequency and the same timeslot) and are distinguished by their specific orthogonal codes. As a result of complexity of radio channel (multi-path and time-varying), the receiver will have ISI and MAI inevitable when receiving a user’s signal.

The performance of conventional single user detection algorithm is not very good since it treats ISI and MAI as noise. Joint detection can use the more multi-user channels information to improve the detection performance.

Multi-carrier CDMA can reduce interference and improve system performance by using joint detection technique at the receiver. Furthermore, joint detection can also reduce inter-cell interference. The user’s SINR at cell edge can be improved so as to improve user throughput at cell edge.

3.7 Uplink Synchronization

Uplink synchronization means uplink signal transmitted by different users which use the same frequency and the same timeslot is synchronous at the receiver of base station. Uplink synchronization can reduce interference multi-user interference due to orthogonal channelization code. At the same time, using uplink synchronization can simplify data processing and reduce complexity of baseband signal processing. Also using uplink synchronization will benefit for the applications of joint detection and smart antenna.

4. Conclusion

In this contribution, multi-carrier CDMA has been proposed as a TDD LTE access scheme. In this multi-carrier access scheme, different sub-carrier bandwidth has been used since different characteristic for UL and DL. FDMA/TDMA/CDMA combination can be used by users to access into system. In addition, some key techniques used for Multi-carrier CDMA physical layer has also been introduced. And the detailed performance analysis and information for these techniques will be provided later.
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7
Downlink concept
7.1 Basic transmission scheme

For DL multi-carrier CDMA, a carrier with broad bandwidth can be divided into several sub-carriers of narrower bandwidth, and there are non-overlapping between the adjacent sub-carriers. Multi-carrier CDMA can make full use of the resources to meet different needs in the DL resource allocation, by using FDMA, TDMA and CDMA modes altogether.

For the DL multiple access, the limitation of the bandwidth of each sub-carrier from 1 to 2MHz is needed, not too wide.

7.1.1 Modulation scheme 

Downlink supports QPSK, 16QAM and 64QAM modulation schemes. 

7.1.3 Channel Coding and physical channel mapping 

Convolution code, turbo code and LDPC code can be considered for multi-carrier CDMA. Each code scheme has its own characteristic. Convolution code has lower decoding complexity and shorter time delay which can be used to lower-layer control signaling. Both turbo code and LDPC code are good candidates for the data traffic transmission.

7.1.4 MIMO

Multiple antenna technology mainly includes Beamforming and MIMO technology. Multi-carrier CDMA combines these two technologies according to different application environment and channel characteristics.

7.2.2 Link adaptation

Adaptive link technology supports adaptive modulation and coding. Adaptive link technology can fully utilize the reciprocity of TDD channels to obtain users’ CSI, then using AMC adjusts the modulation and coding rate, thus improving the spectrum efficiency to obtain higher system throughput.

7.2.3 HARQ

Incremental Redundancy (IR) should be used for both uplink and downlink .HARQ. Note that Chase combining is a special case of IR. 

7.2.5 Power control

The open-loop and close-loop power control are supported for against deep fading, eliminating near-far effect, and fighting multi-user interference.

9
Overview of techniques for evolved UTRA UL

9.1 Basic transmission scheme

For UL multi-carrier CDMA, a carrier with a wide bandwidth is needed to be divided into several narrower sub-carriers and there are non-overlapping between the adjacent sub-carriers. Each sub-carrier use TDMA and CDMA techniques to identify the different users. According to the service’s need, the same user can occupy one or several sub-carriers. The bandwidth of UL sub-carrier is suggested to be 5MHz.

For the instances which bandwidth of frequency allocation is less than 5MHz, it can allocate the same bandwidth for both UL and DL, such as 1.6MHz.

9.1.1 Modulation scheme

Uplink supports QPSK and 16QAM modulation schemes.

---------------------------------End of Text Proposal---------------------------------------------
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