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1. Technologies Considered for LTE Uplink

The LTE PHY should support high date rate packet transmission over 100 Mbps, high spectral efficiency up to 10 b/s/Hz, higher power efficiency, high mobility, high-quality data transmission, scalable bandwidth, capacity, and QoS [1,2]. New multiple-access scheme, radio transmission/reception technologies and even new network architectures should be adopted to meet these requirements. For example, the MIMO–based multicarrier parallel transmission could be a proper choice for air interface. Dynamic link adaptation and multiple access schemes are required for efficient utilizing the radio resource. Iterative reception is an effective way to improve the system performance. A distributed and self-organized network architecture can be considered to improve the coverage and maximize the system capacity. 
1.1 Multiple Access Schemes Considered

The desired multiple access schemes should support high data rate packet transmission, efficient MIMO transmission, high mobility and scalability of mobile terminals. Backward compatibility to existing systems is also desired if possible. In addition to the traditional multiple access (MA) schemes such as FDMA, TDMA, CDMA, new MA schemes such as interleaving DMA (IDMA) and smart spatial DMA (Smart SDMA) could also be considered. The former distinguishes users using different interleaving pattern. The latter can be realized with MIMO transmissions. 
To support data rate of ~100Mbps, much larger bandwidth is required. Traditional TDMA and CDMA are not suitable for a broadband single-carrier transmission. Moreover, the radio resource required for each user such as bandwidth varies with the different service type. Single carrier transmission always occupy the whole bandwidth, hence results in the non-flexibility in radio resource allocation. Multi-carrier transmission can easily utilize a large bandwidth, and is suitable to support flexible use of radio resource.
In LTE systems, orthogonal multiplexing schemes such as FDMA and TDMA should be considered with the first priority since they are free of mutual interference. TDMA divides a frame into time slots that are assigned to different users, thus packet transmission is well supported. FDMA divides the whole bandwidth into sub-channels so to flexibly support multiple users with different data rates. Scalability of mobile terminals can also be supported with FDMA because a UE can demodulate wanted subcarriers/subchannels but ignore others. The compatibility to existing system can also be realized by allocating one or several subchannels to the existing system. Moreover, both FDMA and TDMA effectively support MIMO transmission. Therefore, the combination of FDMA and TDMA is suggested for LTE PHY. 

Non-orthogonal MA schemes including CDMA, IDMA, and SSDMA can provide valuable complementarity to FDMA/TDMA transmission. The non-orthogonal schemes can further impress the mutual interference and improve the system performance. They provide additional MA dimensions, thus can realize smaller data granularity, thus provide further flexibility of radio resource allocation. They also enable the system to well adapt to continuously changing data rates, QoS, capacity, mobility and MIMO environments. Moreover, frequency reuse factor 1 is possibly achieved with the introduction of the non-orthogonal MA schemes.
1.2 MIMO and Distributed Network

MIMO technologies can greatly improve the channel capacity and spectral efficiency. And due to diversity by multiple antennas, less transmit power is needed and power efficiency is improved. The performance of a MIMO system may vary dramatically with different MIMO environments. For example, the channel capacity, and thus the supported data rate will be different between uncorrelated and non-correlated MIMO channels. Thus it is essential to adopt a MIMO transmission scheme suitable for various MIMO channels.
The introduction of distributed network based on multiple antennas will further increase the efficiency of the frequency reuse, and enhance the system capacity. Conventional cellular structure and sectorization in existing cellular systems will lead to a heavy loss of system resource due to frequent handovers. Inter-cell interference will also become more severe in future system due to the smaller cell size and the higher required mobility. In return, the potential of capacity enhancement is limited. The distributed radio network architecture provides a way to further increase the system capacity. In a distributed network, APs are distributed at different sites throughout the system topology. These APs merely contain the RF unit, but are connected to a baseband-processing unit via optical fibre. UEs can communicate with the system via neighbouring APs. Thus, the link budget of the UE can be optimised anywhere across the distributed network thanks to the smaller UE-to-AP distance and better transmission conditions. Then the required transmit power is reduced 

1.3  Multi-Tech design for LTE

As a summary, the multi-carrier parallel transmission based on hybrid MA scheme and MIMO technologies can maximize the flexibility of radio resource allocation in space domain, frequency domain, time domain, and even code domain. These provide the capability to support variant data rates through flexible radio resource allocation. Distribute radio network structure can improve the coverage of the system and avoid frequent handover, and thus further enhance the system capacity. 
2. The GMC Radio Transmission 

In this section, a generalized multicarrier (GMC) scheme is proposed. 

Due to its immunity to multi-path interference, relatively low implementation complexity with the FFT, and good support for MIMO transmission, OFDM becomes an attractive choice for advanced mobile systems. However, OFDM will potentially face to problems in synchronization and peak-to-average power ratio (PAPR). In OFDM systems, uplink synchronization should be strictly kept between users. However, since in the uplink different sub-carriers may be allocated to distinct users located at different positions, the uplink synchronization becomes a tough task. On the other hand, OFDM with a large number of subcarriers will also result in a high PAPR. Hence improved multi-carrier transmission schemes are considered to overcome the disadvantages of OFDM while retaining its advantages. One of the schemes is GMC radio transmission. It is especially suitable for uplink transmission since it doesn’t need strict synchronization between different users and can effectively reduce the PAPR. 
2.1 Concept of Generalized Multi-carrier
The overall framework of the generalized multi-carrier radio transmission technique can be characterized as follows: 

(1). The system can work in basic mode or an extension mode. Under the basic mode, the whole bandwidth 
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 is divided into a parallel of subcarriers with 15dB bandwidth of 1.44MHz (easily changed to 1.25MHz to follow the LTE requirement). The multi-carrier synthesis and analysis is realized by a multi-carrier synthesis/analysis filter bank, which can be implemented with DFT efficiently. Under the extension mode, 3 adjacent sub-carriers is merged into an extension subcarrier with bandwidth of 4.32MHz (can be easily extended to 4-in-1 5MHz subcarrier). This provides a flexible use of the radio resources and the possibility of co-existence and backwards compatibility to existing systems.
(2). In each subcarrier, adaptive double cyclic timeslot structure, space-time coding, spatial multiplexing, adaptive MIMO transmission, and iterative detection/decoding are employed to efficiently support high date rate packet transmission. This can well fulfil the requirements of the LTE system in data rate, spectral efficiency and power efficiency. 
(3). Both the FDD or TDD modes can be supported, for both large area and hot spot coverages. 
(4). Flexible hybrid multiple access scheme can be adopted. FDMA and TDMA should be considered with the first priority, while CDMA, IDMA and smart SDMA could provide a valuable complementarity in some scenarios. 
The block diagram of a MIMO-GMC link is shown in Fig. 1. At the transmitter end, M parallel bit streams Tx1, Tx2, …, Tx M (the streams could be allocated to multiple users or one user) are passed through subcarrier Tx baseband units, generating the subcarrier digital baseband transmitted signals. The M subcarrier data streams corresponding to each transmit antenna are then combined through a multi-carrier synthesis filter bank (MCSFB) unit followed by a D/A converter and a Tx RF unit, generating the transmitted multi-carrier signal for each transmit antenna. At the receiver end, the received multi-carrier signal from each receive antenna is passed through a Rx RF unit, an A/D converter and a multi-carrier analysis filter bank (MCAFB) unit, and the M subcarrier digital baseband signals are recovered. The time/frequency synchronizations are performed for the subcarrier signals. Then the M parallel bit streams are demodulated from synchronized subcarrier signals by the Rx baseband units.
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Fig. 1 Block diagram of GMC system
In each TX sub-carrier baseband unit, the data bits are first channel encoded, interleaved and mapped into symbols. After the space-time transmit processing and pilots are insertion, the transmitted digital baseband signals for multiple transmit antennas are obtained. The space-time transmit processing can be space-time coding, spatial multiplexing, or adaptive space-time transmit processing with channel information feedback. 
At the receiver side, after the pilot-based channel estimation, an iterative detection/decoding can be performed to recover the transmitted information data stream. Thanks to the exchange of soft information between the soft-input-soft-output (SISO) detector and decoders, the iterative receiver can achieve a significant performance gain.
The main advantages of GMC over other transmission schemes include: 

(1). Low PAPR. Since GMC is a wide sub-band transmission scheme, the number of subcarriers is small. A UE can only use one subcarrier (This is not so feasible in OFDM systems), thus achieves a small PAPR. 
(2). Robust against frequency offsets. Since GMC is wideband transmission, the tolerable of frequency offset is relative large compared to OFDM system. 
(3). Possibility of backward compatibility. Since the bandwidth of existing system can be chosen as the subcarrier bandwidth of GMC, and CDMA can be adopted within a subcarrier, it provides the possibility of backward compatibility to existing system. 
2.2 Adaptive Timeslot Structure

In traditional cellular systems, the timeslot structures are usually fixed. This is structure is designed for maximum supported moving speeds, hence leads to a waste of radio resource. To improve the efficiency, a timeslot structure adaptive to the speed of UEs is proposed. The adaptive selection of the timeslot structures can be performed on the basis of the estimation of Doppler shift. Fig. 2 shows the principle of adaptive timeslot structure. Each timeslot consists of one or more sub-timeslots (the number of the sub-timeslot is chosen adaptively according to the speed of the UE). Each sub-timeslot consists of a cyclic guard G, a pilot P and data period D. The length of cyclic guard LG should be no shorter than the maximum channel delay spread but shorter than that of the pilot sequence LP, The last LG bits of P constitute the cyclic guard that is useful for channel estimation. The pilot sequence is the same for all sub-timeslot. Hence the slot structure contains two cyclic structures: 

Small cyclic structure: G provides a “cyclic guard” to the following pilot P.

Large cyclic structure: (G+P) provides a “cyclic guard” for the following data segment D.
The small cyclic guard can be employed to obtain an effective channel estimation. The large cyclic guard is helpful for the detection of D.
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Fig. 2 Adaptive time slot structure
Channel estimation is a crucial problem for a MIMO system. In the double-cyclic timeslot structure, the cyclic-shifted orthogonal sequences contained in the (G+P) can serve as pilot sequences for the MIMO channel estimation. Thanks to the “small cyclic guard” prior to each P, the orthogonality between the pilot sequences can be remained at the receiver end. With the dedicated cyclically orthogonal pilot sequences, the received pilot matrix can be well constructed. This allows a low-complexity optimal LS channel estimation based on the MMSE algorithm. Thus more accurate channel estimates can be obtained by exploiting the correlation in time domain, and the channel coefficients for data and control segments can be estimated via interpolation.
2.3 MIMO Transmission

For the MIMO transmission, spatial multiplexing, space-time coding and adaptive space-time transmission with channel information feedback can be adopted to improve the data rate and system performance. Spatial multiplexing, by parallel transmission of independent data streams, can achieve a significant system capacity gain. Space-time coding improves the robustness of the system in terms of BER. Adaptive space-time transmission can be adopted to further improve the system performance by making use of a priori information of the MIMO channel. 
2.4 Iterative Reception
Iiterative detection and decoding can be employed to achieve near channel capacity performance. The MMSE turbo equalization introduced in [3] for single-carrier systems is on the basis of the MMSE-filtering-based soft interference cancellation (IC). This approach can be directly applied to MIMO systems. With the insertion of the cyclic guard prior to each data block, a DFT-based fast algorithm can also be employed for MMSE soft IC [4,5], which has lower complexity. However, this approach suffers a performance loss in high-speed scenario because it assumes the channel coefficients keep constant during a data block. Unlike in OFDM systems, the subcarrier baseband system does not employ a block-based detector that requires the above assumption. Each sub-timeslot can be divided into several detection blocks, in which the channel nearly keeps constant. Then the iterative soft IC detection and decoding can be performed. A soft-information-reserved iterative detection and decoding algorithm has been proposed [5]. For the spatially correlated MIMO channels, spatial-filtering-based iterative soft IC detection can be adopted [6].
2.4 Synchronization
To efficiently support hybrid multiple access, timing synchronization is performed on the subcarrier basis. For high accurate synchronization, oversampling on the received subcarrier signals is needed. The higher the oversampling factor adopted, the higher the synchronization accuracy obtained, but also the higher the complexity for the multi-carrier analysis filter bank. S-fold interpolation of the 2-fold oversampled subcarrier signals can be used to get 2S-fold oversampled signals. In this way, the synchronization accuracy of 1/(2S) symbol can be obtained from the 2-fold oversampled subcarrier signals. A well-designed energy-window-based timing synchronization algorithm has been developed with the 2-fold oversampled subcarrier signals [7].
3. Flexible Multiple Access with GMC and Performance Evaluation on ByTENs

The GMC provides a flexible multi-carrier transmission to fulfill flexible multiple access requirements. The number of sub-carriers and the bandwidth can be adapted to the available spectrum. Each subcarrier can be assigned to different users independently, thus FDMA is easily supported. In each subcarrier, well-designed block transmission is adopted. One frame is divided into several time-slots, which can be assigned to different users independently. Thus TDMA is naturally supported. In each time slot of each subcarrier, CDMA, IDMA, and smart SDMA can be employed if necessary. Adaptive MIMO transmission has been developed, and will be extended to support smart SDMA.
To evaluate the performance of the GMC transmission, simulations are performed on the third-party test platform ByTENs (China High-Tech. 863-FuTURE test environments) for GMC transmission, under different conditions. Some results are provided as follows:
Fig.3 illustrates the BER performance of a single-user system in the independent MIMO channel (simulations will be performed for 3GPP SCM model). 12 subcarriers are used (spacing is 1.44MHz), and the whole bandwidth is 17.28 (1.25MHz-subcarrier system will be simulated). Rate 1/2 Turbo code and 16 QAM is used, and a 4(UE)×8(BS) MIMO configuration is considered, the three curves correspond to the velocity 5 km/h (1101), 120 km/h (1102), and 250 km/h (1103) respectively. Tested data rate is 101.6 Mbps. The simulation also suggests that the PAPR of the signal is about 8 dB.
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Fig. 3 Simulation results for 101.6 Mbps for one user in one cell
Fig.4 shows the BER performance of single-user single-subcarrier transmission (bandwidth is 1.44MHz). The tested data rate is 8 Mbps. Rate 1/2 Turbo code and 16QAM is used, the MIMO configuration is 4×8, the three curves correspond to the velocity 5 km/h (1101), 120 km/h (1102), and 250 km/h (1103) respectively. The tested PAPR is about 5 dB.
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Fig. 4 Simulation results for 8 kbps for one user in one cell

The simulation result for a two-user system is shown in Fig.5. Each user uses 6 subcarriers respectively to realize data rate of 50.08 Mbps (whole bandwidth is 17.28 MHz). Rate 1/2 Turbo code and 16 QAM is used, the MIMO configuration is 4×8, the three curves for each user correspond to the velocity 5 km/h (1101), 120 km/h (1102), and 250 km/h (1103) respectively. The tested PAPR is about 8 dB. 
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Fig. 5 Simulation results for two 50.08 Mbps of two users in one cell 

Fig. 6 illustrates the performance of a two-cell system. Each cell serves one user (uses 12 subcarriers). Tested data rate is 101.6 Mbps. Rate 1/2 Turbo code and 16 QAM is used, the MIMO configuration is 4×8, the three curves for each user correspond to the velocity 5 km/h (1101), 120 km/h (1102), and 250 km/h (1103) respectively. The frequency reuse factor is 1 for this simulation.
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Fig. 6 Simulation results for two 101.6 Mbps for two users in two cells

The above simulation results show that the MIMO-GMC can meet the requirements in data rate and could support efficient multiple access. Further evaluation on the multiple access performance is now undergoing.

4. Some Basic Procedures

4.1 HARQ

The HARQ protocol can be performed on the subcarrier basis. The ARQ combining scheme can be based on incremental redundancy. Chase combining is considered to be a particular case of Incremental Redundancy. The UE soft memory capability shall be defined according to the needs for Chase combining. The soft memory is partitioned across the HARQ processes in a semi-static fashion through upper layer signalling. The RAN should take into account the UE soft memory capability when configuring the different transport formats (including possibly multiple redundancy versions for the same effective code rate), and when selecting transport formats for transmission and retransmission. 
4.2 Scheduling

Scheduling scheme should fairly arrange the radio resource units for UEs’ uplink services based on the channel conditions and QoS levels of UEs. Modified Round Robin (MRR) or Modified Max C/I (MMCI) can serve as the optional scheduling schemes. 
4.3 Link Adaptation

4.3.1 Adaptive MIMO transmission
A unifying MIMO transmission adaptive to various channel conditions has been developed, and will be extended to support smart SDMA. Based on the evaluation of the channel conditions, the MIMO transmission mode, power allocation, bit allocation, modulation scheme and coding rate can be adjusted adaptively to provide a robust and efficient transmission and resource multiplexing. 

4.3.2 Adaptive Time Slot Structure 

The double cyclic guarded adaptive time slot structure is described in the previous section. Low-complex Doppler frequency estimation supporting adaptive timeslot structure has been developed
4.4 Cell Search

When a MT is powered on, it should first search the camping cell. When in handover procedure, it should search for new cells to camp.

4.5 Power Control

Open-loop power control and close-loop power control should be used.
5. Conclusions
Future mobile communication system should support more efficient radio resource sharing. Hybrid multiple access techniques combining orthogonal multiplexing (FDMA, TDMA) with non-orthogonal multiplexing (CDMA, IDMA and SSDMA) are the desired approaches to meet the requirements. A GMC transmission scheme is introduced and relative key techniques have been developed and evaluated.  The flexible multi-carrier transmission is an attractive hybrid multiple access scheme, especially for uplink.
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