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Massive multiple-input multiple-output systems (mMIMO) are the most prevalent candidates for the next generation of wireless communication. Yet even with mMIMO systems the joint optimization of spectral and energy efficiencies can be only attained by combining high order signal constellations and efficient power amplification. In order to push this limitation, the transmitter can spread the information into several amplification branches, which are the result of the decomposition of multilevel constellation symbols into quasi constant envelope signals. Nevertheless, the high number of antennas involved in this type of communication leads to an increase of the channel matrix's size and therefore the complexity of the equalization process can create drawbacks for the power consumption and latency. In this paper we will study the combination of a multi-layer transmitter with a low complexity receivers based on an iterative block decision feedback equalizer (IB-DFE). These receivers avoid the matrix inversion operation in the equalizer the feed-forward by replacing it with an equal gain combiner (EGC) or a maximum ratio combiner (MRC) module. Results show that can be used without penalties on performance provided that the number of antennas involved is high.

Introduction

Massive multiple-input multiple-output (mMIMO) systems allow many improvements in the communication performance bounds [START_REF] Larsson | Massive MIMO for next generation wireless systems[END_REF]. Additionally, to maximize spectral efficiency, high order multilevel constellations can be employed. However, high order multilevel constellations have high peak-to-average power ratio (PAPR) which restricts the efficiency of the amplification [START_REF] Dinis | Performance trade-offs with quasi-linearly amplified OFDM through a two-branch combining technique[END_REF]. In order to improve the power amplification efficiency, the symbols with high envelope fluctuations can be decomposed into low order modulation symbols, which benefit of low envelope fluctuations [START_REF] Astucia | On the use of Multiple grossly Nonlinear amplifiers for Higly Efficient Linear amplification of multilevel constellations[END_REF]. As example, we can decompose one 16 Quadrature Amplitude Modulation (QAM) symbol into four Binary Phase Shift Keying (BPSK) symbols or two Quadrature Phase Shift Keying (QPSK) symbols. By doing this, each component can be amplified separately without distortion by NonLinear (NL) power amplifiers, since the PAPR of a BPSK or a QPSK is much lower than the PAPR of the original constellation. Using not oversized amplifiers and working in their optimal operation zone, energy efficiency of each amplifier can be highly improved. In this architecture, each power amplifier is directly connected to a single antenna. This means that each antenna will transmit a single component from the decomposed higher order symbol, i.e. a BPSK or QPSK symbol. At the channel level, the original symbol can be obtained through the combination of all the components. In other words, at the receiver side, each antenna will receive the signal from all transmitting antennas which will add up to form the original high order constellation symbol. Moreover, a multi-layer system could be created using this approach. The first layer is composed by the multi-branch amplification structure, the second layer is composed by the antenna array connected to each amplifier's output and the third layer associated to spatial multiplexing is composed by several layers 1 and 2 in parallel.

However, the high number of antennas employed in the multi layered transmitter and receiver communication process will imply an increasing size of the channel matrix, which means a higher complexity in the equalization step due to matrix inversion operation. In order to overcome this problem, a low complexity receiver, combining an Iterative Block Decision Feedback Equalization (IB-DFE) and a Maximum Ratio Combiner (MRC) or an Equal Gain Combiner (EGC) is implemented for systems based on these multi layered transmitters and analyzed in this paper. These simplified receivers avoid the usual matrix inversion inherent to mMIMO conventional detection scheme, but as we shall see the conditions for such approach must be fulfilled to avoid any impact on system performance.

The rest of this paper is organized as follows: Section 2 characterizes the system's architecture; Section 3 contains the description of the system; Simulation results and performance analysis are presented in section 4; Section 5 resumes the paper.

System Architecture and Characterization

It was already shown that hig order constellations can be decomposed in polar components with the constellation symbols expressed as a function of the corresponding bits [START_REF] Dinis | Iterative Frequency-Domain Equalization for General Constellations[END_REF]. Let 𝒮 = {𝑠 0 , 𝑠 1 , ..., 𝑠 (N-1) } , a constellation with 𝑀 points (i.e., #𝒮 = 𝑀), where 𝑠 𝑛 ∈ ℂ. To each constellation point 𝑠 𝑛 we associate a set of 𝜇 = log 2 (𝑀) bits in polar form ℬ = {𝑏 𝑛 0 , 𝑏 𝑛 1 , ..., 𝑏 𝑛 (𝜇-1) }, with 𝑏 𝑛 (𝑖) = ±1 = 2𝛽 𝑛 (𝑖) -1 and 𝛽 𝑛 (𝑖) = 0 or 1. The set of 𝜇 bits can be decomposed in 𝑀 = 2 𝜇 different subsets

ℬ 𝑚 , 𝑚 = 0,1, . . . , 𝑀 -1.
Having 𝑀 constellation points in 𝒮 and 𝑀 different subsets of ℬ, ℬ 0 , ℬ 1 , ..., ℬ 𝑀-1 , we can write

s n = ∑ M-1 m=0 g m ∏ b n (i) ∈ℬ m b n (i) , n = 0,1, . . . , M -1, (1) 
which corresponds to a system of 𝑀 equations (one for each 𝑠 𝑛 and 𝑀 unknown variables 𝑔 𝑚 ). Moreover, by doing 𝑚 = (𝛾 (𝜇-1,𝑚) , 𝛾 (𝜇-2,𝑚) , . . . , 𝛾 (1,𝑚) , 𝛾 (0,𝑚) ) we can associate 𝑚 to its corresponding binary representation with 𝜇 bits, which turns possible to define ℬ 𝑚 as the set of bits where the bit 𝑏 𝑛 (𝑖) is included if and only 𝛾 (𝑖,𝑚) is 1. Based on that we may write

𝑠 𝑛 = ∑ 𝑀-1 𝑚=0 𝑔 𝑚 ∏ 𝜇-1 𝑖=0 (𝑏 𝑛 (𝑖) ) 𝛾 (𝑖,𝑚) . ( 2 
)
The transmitter layered structure of Fig. 1 takes advantage of this decomposition in polar components, and uses a mMIMO scheme with 𝑁 𝑣 × 𝑁 𝑚 × 𝑁 𝑏 antenna elements, arranged in 𝑁 𝑣 sets of 𝑁 𝑚 × 𝑁 𝑏 antennas. Conventional beamforming schemes could be implemented by a layer 2 with 𝑁 𝑏 antenna elements connected to each one of 𝑁 𝑚 amplification branches. For spatial multiplexing a layer 3 with a set of 𝑁 𝑣 × 𝑁 𝑚 antennas is needed, where the 𝑁 𝑚 antennas of layer 1 are associated to the signal components of the constellation symbol and 𝑁 𝑣 sets of 𝑁 𝑚 antennas are used to transmit simultaneously 𝑁 𝑣 different constellation symbols (an example of a transmitter based on a layer 1 and layer 3 combination can be seen in Fig. 2). It follows that power efficiency comes improved due the lower PAPR of the component signals and the possible use of NL amplifiers in layer 1 [START_REF] Astucia | On the use of Multiple grossly Nonlinear amplifiers for Higly Efficient Linear amplification of multilevel constellations[END_REF][START_REF] Montezuma | Design of TC-OQAM Schemes Using a Generalised Nonlinear OQPSK-type Format[END_REF]. Another important aspect lies on uncorrelated signals associated to each RF chain, which means an omnidirectional radiation pattern for each set of 𝑁 𝑚 antennas. But it is important to mention that each set of 𝑁 𝑚 antennas implements directivity at information level, since the constellation points of the transmitted signal maintain their positions at the desired direction Θ but are scrambled for other directions. In Fig. 3 it can be seen that the transmitted components will arrive to the receiver with different delays, related with the spacing 𝑑 between antennas and the desired transmission angle Θ. However, these delays are compensated by introducing phase shifts between antennas related to the spacing between the amplification branches in the transmitter. This means that in direction Θ the receiver sees a symbol constellation without any distortion due to phase rotations of signal components. In other directions, phase shifts between antennas do not compensate the phase shifts due the different propagation delays and the received symbol suffers distortions since it results from the combination of signal components with the wrong phases. Obviously antenna spacing can be adjusted to assure the desired configuration of information directivity for a specific direction. Therefore, any user can demodulate the received signal if is in the desired direction while other users in other directions receive a scrambled constellation. Hence, to decode the information, each 𝑗 user needs to be in the right direction Θ 𝑗 . 

System Description

Consider now the MIMO scenario shown in fig. 4 characterized by a point-to-point communication link between a transmitter with 𝑇 = 𝑁 𝑣 × 𝑁 𝑚 antennas and a receiver with 𝑅 ≥ 𝑇 receive antennas. The transmitter's configuration has the layered structure shown in fig. 2, but were Layer 3 is composed by a set of 𝑁 𝑣 transmitters each one composed by 𝑁 𝑚 amplification branches in parallel (for a 16-quadrature amplitude modulation (16-QAM) decomposition into QPSK or BPSK components we have 𝑁 𝑚 = 2 and 𝑁 𝑚 = 4 , respectively). This means a third layer with 𝑇 = 𝑁 𝑣 × 𝑁 𝑚 antennas that transmits simultaneously 𝑁 𝑣 symbol constellations (more exactly the components of 𝑁 𝑣 symbols from a 16-QAM constellation). The transmitter configuration is known and the receiver is assumed to be in the right direction Θ (in which the constellation is optimized).

Coupling effects among antennas are avoided by a horizontal spacing of 𝜆/2 between antennas of layer 1 and a vertical spacing of 𝜆 between each set of 𝑁 𝑚 antennas. It is assumed that all antennas at transmitter are assigned to an authorized receiver with 𝑅 antennas.

It is assumed that we have frequency slective channels linking transmit and receive antennas and a SC-FDE block transmission technique. To compensate the channel's frequency selectivity it can be adopted an IB-DFE receiver with the structure shown in fig. 3 [START_REF] Benvenuto | Block Iterative DFE for Single Carrier Modulation[END_REF][START_REF] Dinis | Iterative Layered Space-Time Receivers for Single-Carrier Transmission over Severe Time-Dispersive Channels[END_REF]. At transmitter the 𝑡 𝑡ℎ antenna sends the block of 𝑁 data symbols {𝑥 𝑛 (𝑡) ; 𝑛 = 0,1, . . . , 𝑁 -1} being {𝑦 𝑛 (𝑟) ; 𝑘 = 0,1, . . . , 𝑁 -1} the received block at the 𝑟 th receiver's antenna. As usual, a cyclic prefix with duration higher than the overall channel delay is appended to each transmitted block and removed at the receiver. Under these conditions, the corresponding frequency-domain received block {𝑌 𝑘 (𝑟) ; 𝑘 = 0,1, . . . , 𝑁 -1} is given by 1) . .. 𝑌 𝑘 (𝑅) ]

𝐘 𝑘 = [𝑌 𝑘 ( 
𝑇 = 𝐇 𝑘 𝐗 𝑘 + 𝐍 𝑘 , (3) 
where 𝐇 𝑘 denotes the 𝑅 × 𝑇 channel matrix for the 𝑘th frequency, with (𝑟, 𝑡)th element 𝐻 𝑘 (𝑟,𝑡) , 𝐗 𝑘 = [𝑋 𝑘 (1) . .. 𝑋 𝑘 (𝑇) ] 𝑇 and 𝐍 𝑘 represents the channel noise.

In an iterative Minimum Mean Squared Error (MMSE) receiver the data symbols in each iteration are obtained through the inverse discrete Fourier transform (IDFT) of the block {𝑋 ̃𝑘 (𝑡) ; 𝑘 = 0,1, . . . , 𝑁 -1}, and are given by

𝐗 ̃𝑘 = [𝑋 ̃𝑘 1 . . . 𝑋 ̃𝑘 (𝑅) ] 𝑇 = 𝐅 𝑘 𝐘 𝑘 -𝐁 𝑘 𝐗 𝑘 , (4) 
(see details in [START_REF] Silva | Frequency-domain multiuser detection for CDMA systems[END_REF], e.g.). Interference cancelation is done using 𝐗 𝑘 = [𝑋 0 . . . 𝑋 𝑁-1 ], with 𝑋 𝑘 denoting the frequency-domain average values conditioned to the FDE output for the previous iteration, which can be computed as described in [START_REF] Silva | Estimation of the feedback reliability for IB-DFE receivers[END_REF][START_REF] Silva | Frequency-domain multiuser detection for CDMA systems[END_REF].

Coefficients 𝐹 𝑘 , 𝐵 𝑘 and the correlation coefficient 𝜌 can be computed as described in [START_REF] Dinis | Iterative Frequency-Domain Equalization for General Constellations[END_REF][START_REF] Dinis | Iterative Layered Space-Time Receivers for Single-Carrier Transmission over Severe Time-Dispersive Channels[END_REF][START_REF] Silva | Frequency-domain multiuser detection for CDMA systems[END_REF]. In first iteration no information is available about the transmitted symbols and 𝐗 𝑘 = 𝟎 , which means that this receiver is equivalent to the linear frequency-domain MMSE receiver. Subsequent iterations use the average values conditioned to the receiver's output from previous iteration to remove the residual intersymbol interference (ISI). Due to matrix inversions the IB-DFE receiver has a computational complexity of 𝑂(𝑁 𝑅 3 ). To avoid this problem other two low-complexity iterative frequency-domain receivers, denoted as maximum ratio detection (MRD) and equal gain detection (EGD) are also considered [START_REF] Borges | Low complexity MRC and EGC based receivers for SC-FDE modulations with massive MIMO schemes[END_REF]. Similarly to [START_REF] Borges | Low complexity MRC and EGC based receivers for SC-FDE modulations with massive MIMO schemes[END_REF] the ratios 𝑅/𝑇 between receiving and transmitting antennas considered here are at least equal or higher than 4.

As mentioned in [START_REF] Borges | Low complexity MRC and EGC based receivers for SC-FDE modulations with massive MIMO schemes[END_REF], the MRD receiver (see Fig. 3 B) is characterized by

𝐗 ̃𝑘 = 𝚿𝐇 𝑘 𝐻 𝐘 𝑘 -𝐁 𝑘 𝐗 𝑘 , (5) 
and

𝐁 𝑘 = 𝚿𝐇 𝑘 𝐻 𝐇 𝑘 -𝐈, (6) 
where 𝚿 denotes a diagonal matrix in which the (𝑡, 𝑡) th element is given by

(∑ 𝑁-1 𝑘=0 ∑ 𝑅 𝑟=1 |𝐻 𝑘 (𝑟,𝑡) | 2 ) -1
, takes advantage of the fact that

𝐇 𝑘 𝐻 𝐇 𝑘 ≈ 𝑅𝐈, (7) 
which is accurate when 𝑅 >> 1 and the correlation between different channels have small correlation (i.e., different transmit and receive antennas). On the other hand, the EGD characterized by

𝐁 𝑘 = 𝚿𝐀 𝑘 𝐻 𝐇 𝑘 -𝐈, (8) 
where 𝚿 denotes a diagonal matrix whose (𝑡, 𝑡) th element is given by

(∑ 𝑁-1 𝑘=0 ∑ 𝑅 𝑟=1 |𝐻 𝑘 (𝑟,𝑡) |) -1
, takes advantage of the fact that for mMIMO systems with 𝑅 ≫ 1 and small correlation between the channels associated to different transmit and receive antennas, the elements outside the main diagonal of 𝐀 𝑘 𝐻 𝐇 𝑘 [START_REF] Silva | Estimation of the feedback reliability for IB-DFE receivers[END_REF] are much lower than the ones at its diagonal, where (𝑖, 𝑖′)𝑡ℎ element of the matrix 𝐀 is [𝐀] 𝑖,𝑙 = exp(𝑗arg([𝐀] 𝑖,𝑙 )).

Results

Bit error rate (BER) results are obtained through Monte Carlo experiments (at least 150 error events are considered for each value of BER). A 16-QAM constellation is adopted in Layer 1, where the decomposition applied can be based on QPSK or BPSK components. This means that in first case we have 𝑁 𝑚 = 2 branches with QPSK components and in second case we have 𝑁 𝑚 = 4 BPSK components. In both cases the transmitted symbols 𝑠 𝑛 are selected with equal probability from the original constellation. It is assumed linear power amplification at the transmitter and perfect time and frequency synchronization conditions at the receiver. The results are expressed as function of

𝐸 𝑏 𝑁 0
, where 𝑁 0 /2 denotes the noise variance and 𝐸 𝑏 represents the energy of the transmitted bits. The number of users is always settled at 𝑇 = 5. For EGD, MRD and IB-DFE receivers the number of iterations is 4 (previous study and showed than there is no advantage to consider higher number of iterations, since there are no significant improvements in performance) [START_REF] Borges | Low complexity MRC and EGC based receivers for SC-FDE modulations with massive MIMO schemes[END_REF]. Results shown in Figs. 5 and 6 refer a layer 1 with both 𝑁 𝑚 = 2 and 𝑁 𝑚 = 4 and angular separation to the direction Θ of ΔΘ = 0 𝑜 (i. e. the user is placed in the correct direction where the components add in phase). Values of 𝑅/𝑇 between 4 and 10 are also adopted. From the comparison of the results, it is clear that when the ratio 𝑅/𝑇 grows, the performance improvement in ZF receiver can be considered as negligible. However for the other receivers only values of 𝑅/𝑇 higher than 6 turn performance improvements to be considered as negligible (this means that the validity conditions for the approach done to avoid the matrix inversion stands for 𝑅/𝑇 equal or higher than 6). As expected ZF and EGD perform worst that IB-DFE and MRD receivers, with the two later ones showing similar performances. Another important conclusion is the fact there is no performance disparity between both cases adopted for layer 1, since performances for the decomposition into BPSK and QPSK components are the same. It is important to mention, that the results for ΔΘ = 0 𝑜 are the same obtained by a conventional spatial multiplexing scheme, which means that combination of layer 1 and layer 3 can be employed without compromising system's performance.

To analyze the impact of errors in the alignment of the users with the direction Θ, we consider a fixed ratio of 𝑅/𝑇 = 6 and two values of ΔΘ (0º and 5 𝑜 ). The results are presented in Figs. 7, 8 and 9 for different receivers compared with ZF. From the comparison of figures, it becomes clear that when the ratio 𝑅/𝑇 grows, the gap between the MRD and the EGD receiver vanishes (as we can see in Figs. 7 and8 performance curves of receivers overlap which is not the case of Fig. 5). It is also clear that despite the performance improvement achieved by the higher value of 𝑅/𝑇, the performance impact of constellation shaping due to the decomposition of the constellation into into BPSK components is higher than QPSK case. Indeed, when at layer 1, it is adopted a decomposition in BPSK components the data link becomes compromised for the ZF receiver, due to a BER of 0.5. Even the other receivers only have reasonable values of BERs for the decomposition into QPSK components. It is also observed that the IB-DFE exhibits more robustness to the constellation shaping, even for the angular error of ΔΘ = 5 𝑜 . On the other hand, both MRD and EGD are severely affected by the angular error. Also, as expected the IB-DFE and the MRD receivers perform better than the EGD one. From the results of Figs. 7, 8 and 9 it is clear that both IB-DFE and MRD receivers have similar performances . Also, as expected, these two receivers perform better than the EGD one. On the other hand, better security is assured. This can be seen in the results regarding the ZF and EGD receivers where it is obvious the higher impact on system performance of any angular error for 𝑁 𝑚 = 4. For ΔΘ = 5 𝑜 the BER near 0.5 means that users can't decode any useful information. Regarding the security level assured by this transmitter, it is evident that the decomposition into BPSK components applied in layer 1 will be more effective than the decomposition into QPSK components. Performance results also show that security due to constellation shaping is achieved independently the type of adopted receiver, since the performance of all receivers is severely affected when ΔΘ ≥ 5 𝑜 for 𝑁 𝑚 = 4. More interestingly, good physical security can be assured in point-to-point communication links with only 4 antennas (for 𝑁 𝑚 = 2 previous results showed good tolerance against ΔΘ ≤ 5 𝑜 , which can compromise the security). Thus, angular shaping of the transmitted symbol performed in layer 1 can be used to separate user streams and achieve security between them (clearly the angular separation between users should be equal or higher than 5 𝑜 or the the number of components could be increased). Security can be even increased if beamforming is adopted at layer 2, which will be analyzed in further works.

It should be mentioned that in modern communication systems such as long term evolution (LTE) or further 5G system, various kinds of channel coding and error correction techniques are employed in different layers (mainly in physical and logical layers) to correct residual errors associated to a specific degree of BER. Thus, the BER level of 10 -4 the bit error rate attainable by the proposed tranmission schemes is more than sufficient to achieve the desired quaility of service, since when combined with an error correction we may see much lower error rate than the without error correction (shown in previous figures). Block error rate (BLER) of frame error rate (FER) are commonly used to assess the system performance, since they result from the sum of contributions of the several error correction techniques employed in the layers. This also means that the previous BER results are within the perfomance ranges employed in physical layer of modern communication systems. 

Conclusions

In this paper it was shown that a double layer structure with information directivity and spatial multiplexing could be employed at the transmitter to improve power amplification efficiency and to assure physical security. For an aligned receiver (𝑖. 𝑒. ΔΘ = 0 𝑜 ) , since BER results achieved by both decompositions options are similar to those of classical spatial MIMO multiplexing, we may say that both higher power amplification efficiency and physical layer security come without sacrificing system's performance. Despite of using more antennas than the traditional scheme, in further millimetric wave communication systems this factor will be not a restriction.
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