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1. Introduction
In R1-050402 and R1-050290, we have proposed that a filter bank based GMC (Generalized multi-carrier) scheme could be considered as a potential solution for the uplink of EUTRA. However, from the following discussions, we noted that is was still not so clear for some people to know the key concepts for such a scheme. So this paper is written again to explain the basic ideas and possible details of the so-called GMC.
As is now well known, some of the key requirements have been recognized for the uplink of EUTRA. According to our knowledge, some comments could be listed as follows:
· Scalable radio bandwidths should be able to be configured for different wireless operators or specific wireless usages. 

· Support of high spectrum efficiency should be considered seriously. 
· Intra-users orthogonality must be kept at the receive side of base station. 

· Good radio coverage, high PA efficiency and long battery life become the most important factors from the point of practice. 

· Support of wireless packet scheduling should be considered. 

· Different radio environments should be supported. 
· Low mobility is optimized for downlink transmission, while high mobility support need also be view as a necessity. 
So, based on the above mentioned requirements, we try to depict the GMC scheme in the following sections.
2.  Proposed GMC for the uplink of EUTRA
By now, we have considered two typical types of GMC transmitters, i.e., GMC for SISO or MIMO application scenarios. But for the basic frequency spectrum utilization, as described in figure 1, we could find that for separate users, separate sub-bands are allocated for transmission at the same time. So in fact, GMC is a special realization for the single carrier FDMA (SC-FDMA) system. 
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Figure 1  Sub-band separation based multiple access (MA) proposed for GMC scheme

But for practical implementation, GMC applies parallel sub-band filters or filter bank for spectrum division and sub-band filtering, which has the smallest frequency angularity as depicted in figure 2. 
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Figure 2 Parallel sub-band filter based GMC implementation
2.1 Basic GMC scheme
2.1.1 SISO/MIMO-GMC framework

In general, GMC has two basic forms, i.e. SISO or MIMO based implementation. In figure 3, we describe the general picture for sub-band signal synthesis and analysis operations at transmit and receive sides, respectively. So for end users to transmit signals, it only uses sub-band filters to synthesis or shape the base band signals for transmission. Meanwhile at the receive side, the corresponding sub-band filters are used for matched-filtering of each user’s signals, following which the sub-band equalization and detection are performed for symbol recovery. 
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Figure 3 General MIMO-GMC framework

2.1.2 Spectrum division and sharing

For the basic configuration, we usually assume that each end user occupies a separate sub-band or some consecutive sub-bands for information transmission. So, the basic GMC transmission could be described as conventional FDMA system, if the wireless packet scheduling has not been considered for radio resource management. Figure 1 illustrates such a case and figure 4, the practical application scenario. 
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Figure 4 Typical application scenario for basic GMC
2.1.3 Sub-band transmission

For basic GMC transmission, each end user prefers to use conventional single carrier schemes or cyclic prefix (CP) prefixed ones. Hence, at the receive side of base station (BS), multiple equalization and detection schemes may be considered as candidates. For example, the SC/FDE scheme performs rather well when the frequency selectivity is not so severe for some sub-band. Figure 5 describes one of the link chains we have used for performance evaluation, for which the pilot acts as the CP prefix or not depending on the practical usage for transmission, while the iterative receiver performs the signal detection and equalization at the base station. Meanwhile, we also apply the pilot for channel estimation and channel tracking for better receiver performance. 
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Figure 5 Single-user signal transmission and detection
Besides, we prefer to propose that a single antenna would be used for the side of end users when the basic GMC configuration is considered.  However at the side of base station (BS), a single antenna or multiple antennas could be applied with equal possibility, so that the space diversity might be used for large radio coverage and performance improvement. 
2.1.4 Channel acquisition and tracking

When compared with other uplink schemes, i.e. IFDMA, OFDMA or DFT-S-OFDM, GMC has its inherent advantages in the channel synchronization aspect. From figure 1, we could find that some guard band may be inserted between neighboring sub-bands, which decouples the signals from different end users at the side of base station. As a result, the channel acquisition and tracking could be performed as the conventional single carrier systems. In addition, when CP prefix is added to the data part of end users, the timing accuracy could be relaxed greatly in comparison with those without CP prefix. Figure 6 illustrates such a special case. 

[image: image3]
Figure 6 GMC with guard-bands between neighboring sub-bands

2.1.5 Multiple access and adaptive time-slot consideration
For the uplink of GMC, we prefer to use FDMA and TDMA based hybrid access scheme. So for FDMA, it is mainly based on the wireless packet scheduling for sub-band allocation. However for TDMA, it depends on the time-slot allocation strategy for the resource sharing between different end users within a single sub-band. Meanwhile, GMC can be configured to work in different radio environments. As an example, for indoor communications, the overhead caused by pilot insertion within a time slot could be decreased. Otherwise for outdoor and highly moving communications, the overhead could also be increased relatively depending on the acceptable performance. That is the basic motivation for the proposal of adaptive time-slot structuring, which is described in figure 7.

[image: image4]
Figure 7 Different structuring for one GMC time slot
2.2 Enhanced GMC scheme
For capacity enhancement, we prefer to use MIMO and adaptive link transmission technologies. 
2.2.1 MIMO technology
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By now, MIMO technology has been proven to be quite effective in capacity enhancement for some specific mobility scenarios and radio environments. For the current time, one of the most important problems we are faced is to how to adapt it to different radio environment, while maintaining low complexity. Meanwhile, how to unify different conventional MIMO schemes with a single framework becomes another critical issue. Figure 8 presents the sub-band space-time processing of MIMO-GMC.
Figure 8 Sub-band space-time processing for MIMO-GMC
2.2.2 Adaptive link transmission
Another important technology for link capacity enhancement and quality improvement is the well known adaptive link transmission technology. In practice, we usually apply adaptive modulation and coding (AMC), adaptive power control (APC), and other such technologies for implementation. For the above mentioned basic GMC, adaptive link transmission could be performed on the basis of a single sub-band or consecutive sub-bands occupied by a single end user. But for MIMO-GMC, it is not so easy to select the most proper scheme. For the time being we are investigating such technologies in the time, frequency and space domains, hoping to find the most efficient scheme to increase link level throughput. 
3 Simulation results
Link level simulations were performed for the MIMO-GMC scheme in frequency-selective Rayleigh MIMO channel. The main parameters are listed in table 1. In basic mode, the total bandwidth of 17.28MHz is divided into 12 subband with 3dB bandwidth of 1.28MHz. There are two guide subbands at each end of the GMC filters. 

The simulation results for the MIMO-GMC scheme are shown in Figure 9, where SIC represents soft interference cancellation iterative detector, SF-SIC represents spatial filtering based soft interference cancellation iterative detector, perfect CE and MMSE CE represent ideal channel estimation and MMSE channel estimation respectively. In the Figure 4, the 
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 is defined as the total energy of the transmitted signal divided by the total number of the transmitted bits. From the simulation results, we can see that with the perfect CE, the performance approaches the channel limits with a gap of no more than 3dB and 1.5dB for the 4×4 and 4×8 MIMO configurations respectively, and with the MMSE CE, there is about one 1dB loss in performance. Further results will be provided later.

Table 1 Simulation parameters

	Carrier frequency
	3.2 GHz

	Velocity
	250 km/h

	Channel model
	COST207, Vehicle

	MIMO configuration
	4×4, 4×8

	Bandwidth
	17.28 MHz, divided into 12 subcarriers

	Sub-carrier spacing
	1.44 MHz

	Channel coding
	1/2 Turbo (11,13)

	Turbo interleaving
	S-random

	Channel interleaving
	S-random

	Modulation
	16 QAM
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Figure 9 Simulation results of two MIMO configurations

4. Summary
Based on the above discussions and simulation results, we could draw some conclusions as follows:

· GMC is in fact a special case of SC-FDMA
· Similar to single carrier systems, GMC has quite low PAPR ratio, so higher PA efficiency could be achieved. As a result, good radio coverage could be achieved at the same power consumption.
· GMC can perform robustly in the uplink synchronization
· GMC is not sensitive to multiple access interference, since guard-bands can be inserted between neighboring sub-bands
· GMC is quite robust against timing errors, if sub-band CP is prefixed to the data part of end users
· Based on end user’s sub-bands, adaptive transmission technologies can be adopted for optimization of link capacity

· Besides basic configuration, GMC could also be extended to MIMO cases

· Wireless packet scheduling can be used to schedule sub-bands over different end users, so that system throughput will be greatly improved
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