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Abstract: A promising technique for the next 6G network is terahertz (THz) communication. To reduce the
severe attenuation and excessive power utilization, massive MIMO(mMIMO) accomplished by hybrid
precoding has been broadly used for THz. However, frequency independent phase shifters as to be the typical
hybrid precoding architecture cannot survive to the beam split effect into THz mMIMO effected by the high
number of antennas and bandwidth. A full bandwidth array gain loss is caused by the beam split effect. In this
paper, the beam split effect causes a considerable performance loss in beam tracking algorithms developed for
narrowband with the typical hybrid precoding. To alleviate this problem, a DPP(delay phase precoding) facing
THz massive MIMO was recently developed. We verify the beam tracking system to easily manage the
angular coverage of frequency based beams through bandwidth. By analysing the array gain loss generated
through beam split effect in terahertz mMIMO systems, the severity of the problem may be shown and
quantified. We use a beam tracking method suggest to track numerous users physical directions at the
concurrent in always lot to generate many beams. The suggested beam track can concurrently track many user
physical directions by utilizing numerous frequency based beams generated through radio-frequency chains.
The analysis exhibits that the suggested system can attain the sum rate performance with short beam training
and considerably reduce the array gain the loss effected through beam split effect. We suggest TTD(true time

delayer) to recognize frequency based phase shifters on appreciating the idea of Delay Phase Precoding.
Keywords: massive MIMO, Beam tracking, Hybrid precoding.

I.  INTRODUCTION

Terahertz (THz) communication is considered a promising technology for future 6G wireless
communications. It offers a bandwidth of tens of GHz, enabling high data rates[1-2]. However, THz signals
face significant path loss due to their very high frequency. To overcome this, mMIMO technology. However,
the hybrid precoding structure commonly used in massive MIMO systems is insufficient to handle the beam
split effect genereted by the narrow bandwidth and high number of antennas in THz mMIMO systems[3-4].

The beams can’t align with the specify target user in a specific direction, leading to a loss in array gain and a
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decrease in achievable sum-rate. To address this issue, various precoding structures have been proposed,
including the use of time-delayers such as TTD array, array-of-subarray structure, and delay-phase
precoding.[5],[6].[7].

THz communications are currently limited to small-scale applications due to the significant path loss
bottleneck. The THz band is utilized in various cutting-edge applications[7]. nevertheless, path loss often
poses challenges for THz signals. For example, at 0. THz, a path loss of 110 dB/100 m can occur, making it
difficult to achieve desired coverage. Fortunately, the use of a precoding strategy can address the path loss
issue without the need to increase transmitter power. This technique allows for the generation of narrow

beams with high antenna array gain, effectively mitigating the impact of severe path loss[8].

Due to the extremely short wavelength of the THz band signal, THz communication requires the use of large-
scale antenna arrays. In 6G wireless networks, THz precoding is an essential technology used to minimize the
loss of THz signals during transmission. However, the unique properties of THz signals present new
challenges for 6G precoding methods, particularly when compared to existing hybrid precoding architecture.
In the current hybrid precoding architecture, the beams are linked to the spatial directions of the channel route
in the analog beamform.Yet,the spatial directions are at various sub carrier frequencies for the wide band
mmWave systems, The analog beamformer is valued by frequency independent PSs because it corrects for the
apparent array gain loss[9-10].To arrange through the outcome as beam squint,some systems have been

suggested in mm=Wave mMIMO systems[11],[12].
A.PriorWork:

In the hybrid precoding system, the analog beamform will outcomes in directed beams that both achieve
maximum array gain and are connected to the directions of the channel link components[8].Narrowband
systems perform well with an analog beamformer.Several approaches has suggested to mmWave
mMIMOI[9]-[12].In [9], [10], the array gain loss and the beams squint is not considerable, therefore these

methods[8]-[10] are active for enhancing the rate performance.

Owing to the THz transmissions have a broader bandwidth and require a greater number of antennas, beams at
various sub carriers will split into fully divided physical directions.Which presents a significant difficulty for
THz communications since it is the primary distinction among the mmWave and mMIMO THz system.This
shows that only beams at the centre frequency are capable of achieving significant array gain.The beam split
effect will cause an attainable rate deterioration, with the achievable rate gain in THz mMIMO systems
benefiting from the increased bandwidth.The many antennas used in the current works[11] might, however,

result in excessive power consumption, particularly for precoding, which transmits several data streams.
B.Our Contribution

Wideband systems with the conventional hybrid precoding structure experience performance abasement
required to the beam split effect. We present beam tracking algorithms for these systems. The beam split
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effect should cause no performance loss, and narrowband systems should compensate for it. The following is

a brief summary of the paper's resources.

The beam tracking approach is demonstrated using the coverage of such beams may be compliantly tracked to
attain a necessary arrange using an extensive arrangement of time delays. We may construct numerous beams

concurrently with only one RF chain using this technology for dynamically managing angular coverage.\\

We present a solution to the wide band beam tracking problem on the beam tracking mechanism. In the
proposed method, several frequency dependent beam track several user directions in each period. After
tracking the whole variation range of the user's directions, the BS may calculate the optimal beam based on
the signal power acquired by the user.

Il. SYSTEM MODEL

The wideband THz multi-user mMIMO system is considered. The Base Station use N-antennas to serve K

single-antenna users over a band width B,and OFDM with M subcarriers is employed.
A. Channelmodel

We explore the beam-based channel model in wideband terahertz channel. The channel hxm € CN** of user K

at sub carrier m,indicating to

L-1
hk,m = Zﬂ:m aN (l//:m) ) 1
1=0

where ' —g' e ™" with gl ,7 indicating is the time delay of the I-th path, and fm is the

frequency of sub-carrier m agreeable f = f_ +%(m—1—(M —1)) .eam selection algorithms are almost ideal

because THz communication rely on the LoS path due to the significant path loss[17].Each user in the beam
selections supplied by a beam that is pointed in the same physical direction because of the ultra-wide
bandwidthand a large number of antennas.This effect is called the beam split effect. The beam fx

will be aligned with the physical direction 6xm at subcarrier m as

gk,m :(fc/ fm)goa 2
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Where . = fc/ fm. It is clear from (2) that fc may point to frequency-dependent physical directions at

different subcarriers.Therefore, as shown in Fig. The typical hybrid precoding structure will experience a

significant attainable sum-rate loss as a result[16].
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Fig 1: (a) Hybrid precoding structure; (b) Delay phase precoding structure[16].

I11.  DELAY-PHASE PRECODING FOR THz MASSIVE MIMO

A terahertz massive MIMO system utilizes a conventional hybrid precoding technique. However, Analog

Beamforming and Spatially sparse precoding methods have certain limitations. To address these drawbacks,

we propose a new technique called DPP (Digital Precoding with Time-Delay). In this study, we examine a

THz mMIMO system that incorporates conventional hybrid precoding. The Base Station (BS) is equipped

with an array of Nt antennas, and the RF chain is represented by NRF. Each user is provided with Nr
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antennas, and Ns data streams are transmitted simultaneously (where NS = iNr, i< iNRF, and i<< iNt). In
order to achieve consistent wideband transmission, we employ orthogonal frequency division multiplexing
with M subcarriers[19,20]. Additionally, we introduce a TD (time-delay) between the traditional analog

beamform and the digital precoder.Every RF chain being sub connected to K TD components, which are in
turn sub connections to P = % conventional frequency independent PS. As a result, the m™ subcarrier of

signal received may be written as

y, = pHMAD,S, +n, 3

Where H,, € CV*Nrdenotes the channel at the m™" subcarrier,A € CNe*NrF jsthe analog beamforming

provided by the frequency based PSs. Dm is the the precoderat the m-th sub carrier and N eC"is

additive white Gaussian noise (AWGN) at the m-th sub carrier .
S d . - d . -

hon =Zgl5(t—T.—(nr—l)zsqu—(nt ~)_sin). 4
1=1

Where L is the paths, ¢, and T, denotes the path gain and path delay of the I"path, 6.

5 [-n/2, w/2] are the frequency independent directions of the 1" path at the BS
1

A.Beam split effect
As illustrated in Fig.2, the effect of beam split occur when the array gain is harshly degraded[13]
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Fig 2. (a) Beam Spilt effect; (b)Beams generated by the DPP.
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We start with I path component, which has a spatial direction 8im in THz m MIMO channel

without loss of generalization. Typically 4, :Pm, is used to generate a beam on the I-th path’s

spatial direction at f. and & = f.(6 )

|77(a|’0I,c)|:| ft(el,c)Ha‘l |:| ft(el,c)H ft(el,c)lzl 5

Narrowband systems demonstrate the highest array gain within their bandwidth, fm and fC should not be

overlooked. Consequently, the path components exhibit different spatial directions at various subcarriers.

f
=00 =0 6

C

f . . . .
Where &, = f—m is the comparative frequency. In THz communications, Based on the problem given above,

[

we suggest a new precoding method for the DPP.
B. True-time-delayers based DPP

The frequency-independent beam shape produced by the PSs in the traditional hybrid precoding design would
suffer substantial array gain loss as a result of the beam split effect. We'll suggest a precoding architecture
called DPP in this subsection to address this issue. Fig. 1 illustrates the comparison with the hybrid precoding
architecture.

We investigate the |I-th channel route component without Ilosing generality.Wenow use the
frequency aim instead of the frequency-independent a; to indicate the analog beamform vector created
through the Delay Phase Precoding, because the TD network can give frequency based phase shifts.The

frequency based analog beamform vecto aim, for example, may be written as

8, =blkdiag ([ 1,851 8 ]) Pim 7
Whered, , €l k=123 -, K represents the analog beamform vector concluded through PSs

connected to the k-th Time Delay elements.

The user may then be covered by the beams across the whole bandwidth, resulting in a gain for the
array that is close to ideal. First, we will employ frequency based PS to build a beam pointed in the desired
physical direction to fulfill this design objective. 6, at all M sub-carriers in order to compensate for the

substantial array gain loss caused by the beam split effect.
[@,a5, 1= () 8
Then,we use frequency dependence for the direction which the beams [Ei,Tl,zisz, ...... @T,K =f.(4) is
arrenged from 6, to & . In particular,due to the frequency based phase shifts —2f.t,, =—(K-1)4 , with
k=1,2,....K, B, satisfies
—[Le A g VP Hn | o WK DA 9

P

1,m[K]
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To obtain the almost ideal array gain across the full bandwidth, we developed a DPP design, and a new Time

Delay network is interposed among the PS network and the RF chains as.
We have proposed DPP architecture ,a new TD network is presented among the PS network and the

RF chains in the hybrid precoding to afford the near optimal array gain over the fully wide bandwidth.
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Fig.3:The proposed TTD-DPP structure.

Therefore, the received signal Y, at the m-th sub carrier in(3) can be denoted as

ym = \/;H: AJ ATITTD DmSm + nm 10
A,, € CNe*NrF js the analog beamformer with the formation as
A =[AL Az A Nee] 11

Where A, =blkdiag([q,,,d,,,...d «]) indicates the analog beamform and ALTP € CXNrFXNrFis the
frequency based phase shifts fullfilled by the TTD network, which statisfies the following conditions

A = blkdiag([e 1?7 g 12 e 71w ) 12

Algorithml:HybridprecodingforTTD-DPP

Inputs: Spatial directions 0ic, channel Hm;
Outputs: FRFQFBBmAED;
1. for 1 € {1, 2, . .., Nrr } do

2: Generate Fu by[d,,d,,.... a0 =106.);

3:S|=—PHI'C'

2
4o _JK-1=DISIT.6, >0
P i[sT,.6,, <0’

S t|,i :[tl,l'tI,Z"""tl,K];
6: end for
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7 FRFu :[FRFM’ FRFUVZ""’ FRFUVNRF];

8 forme{l 2, ..., M} do

9: AP =blkdiag([e 1> e 17" . g7 1¥ e ])
10: Hy = H: FRFu A1\T/|D;

11: Fyg = Vy eqping 1 Hieg =Um,eqzm,qumf'eq:

12: end for

13: return Fe , Fgg  and A

C. Beam Tracking Scheme Using DPP
The beam codebook generates the prospective beam matched with a certain directions for each
codeword. For beam tracking, BS delivers training pilot sequences to every user at various times using distinct
code words from the codebook[19].The beamforming vector for the following frame is then chosen from the

codeword with the highest received power.
The frame of the k™ user is to physical direction is indicated by Héﬂ) . In general, the angle tracking range may

be reduced using information about the user's movement.The method of the standard beam tracking method

in[19] utilising the Delay Phase Precoding may be expressed as
6,0 =09 —a+ (2t 1) %] 13
In physical directions of thed,\",t = 1, 2,..,T can covering the tracking ranges [} —a, 6" +a].Thenthe

BS sends pilot sequence with the beam aligned to the physical direction 0{}” to the k-th user in the t-th

time slot.

(! % 1)-th lrame (£ 4 1)4h leame

Heam at the (¢ + 1)-1h ==
Beam af the -1 e _‘} timse sdot ol fy, fr.0 fu LJ

g
gt
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Fig.4.The typical beam tracking scheme [19] adapted to the DPP structure: (a) the beams generated
by the DPP structure at the t-th time slot; (b) the beams generated by the DPP structure at the (t +
1) time slot

The Algorithm 2 is Beam's tracking method to find the physical directions of users 6., for all K users k
=1, 2,..,.K. At 1% the user the user that will be tracking in the t-th time slot are calculated in stepsl
and 2,where <9kfcen indicates the central direction that will be tracking at the m-th subcarrier in the t-th

time slot as

ek—i(t) e(t) -I-(l é’l)a Zé/ gl(é/ 1)0{ 14

T GG =T

In step 3, a target direction set I,VL” is created by combining all probable users directions that will be

monitored throughout T time intervals.To ensure that the whole angle tracking range will be explored, the
target direction set is tracked in T time slots once it has been constructed. In the t-th time slot, beams that

(2t-2)x

cover the t-th fraction of tracking range [0, -+ =

,6’k(ﬂ)+1—0!+2:-—a] are caused by the DPP

structure in steps 5-9.

9 k, flgen + (1 é,l) — 15
S; ZE[¢“MJ 6
2 (é/M - gl)T

Then, in step7 and 8,when ¢ and S, satisfy (15) and (16).The beams generated by
fl =AMtei2*h% 'm = 1 2. M which is corresponding to the target users directions in w," Based on
Af’t and t, the t-th time slot Atﬂ of the analog beamform is calculated insteps 8 and 9.

In step 10, Atn is the analog beamformer as calculated, the Base Station transmits training pilot

sequence. The pilot sequences of the received signal for K users Y, eC"?at subcarrier m can be

indicated as

Yoo =Ko Ho ALQ, + N 17

where Q) =[0; 1,0y, O] denotes the pilot sequences of all K users

Algorithm2:Proposed Beam Tracking Scheme
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Inputs:
Physical directions Qf,i; Variation range of user physical direction o; The number of

pilots in each time slot Q;
Outputs:

N (2t-)o

160, =09 -«
’ T

k,i,cen

200 =0 1-6)F + 22t D

i+ — — — —-(2 —(2 —
3: l//k ' = [ekgll) ' ek(Zl)l’ """ ' Hk,SI),i ! ek,g,i)’ek,(z,i) U ek(l\;)l]
4: for tef1,2,....., T} do

=) ¢I§ zelzz,cen +(1_§1)%

t__E ¢, 2uga
e 2 (¢k+(§M _é/l)T)

7. A =diag(a, (¢))e’ )
8 fkt :Af,tejhrfm

9: A, =[fln Fomreees feml
10: Y, =k, H,A,Q, + N

11: end for

@

12: (t,,m,) = argmax
tel,2,.....,T,mel,2,..M

t
Ym,t,[k,:]qk,m
. 0 _ ot
13: G =V

14: return 6.,

IVV. Simulation & Results:

The performance of different precoding approaches is demonstrated in this section using numerical

simulations. The system parameters are shown in Table 1. We analyze the rate performance of DPP, Hybrid

Precoding, and Analog Beamforming for L=4 and L=16 in Figures 5 and 6. The proposed DPP outperforms

the other approaches, achieving over 96% performance compared to the benchmark, as depicted in the graph.
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Fig5: SE versus SNR for different PNRs (L=4)

When Ns=4, Fig. 5 and 6 compare the performance of the suggested TTD-DPP and various hybrid
precoding methods in terms of the average attainable rate. The spatially sparse precoding in [8], the attainable
rate optimisation [9], and the analogue beamforming [12] are examples of existing solutions.We can clearly
observe in Figs. 5 and 6 that the beam split effect causes a rate loss of about 50% for the spatially sparse
precoding [8].While the attainable rate loss generated by the beam split effect can be substantially alleviated
by the analogue beamforming[12] and achievable rate optimization[9] developed for mm-wave mMIMO
systems.

—%— Optimal precoding
—#— Proposed TTD-DFP
Spartially sparse precoding [8]
—%— Optimization based hybrid precoding(9]
—&— Analog Beamforming

-
o

=2
o

&n
(=}

40 r

30 r

20

Acheivabel rate per subcarrier (bits/s/Hz)

-
o

=

Figure 6: SE versus SNR for different PNRs (L=16)

Fig.7 gives where Ns=4, the performance of the average achievable rate K, SNR=10dB, to illustrate
the outcome of the no.of TTDs K on the proposed TTD-DPP are considered. That the recompense for array

gain losses effected within the beam split examine the whole total bandwidth. Observe from Fig. 7 that the
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performance of the achievable rate for the suggested TTD-DPP improves as K rises and reaches the almost

ideal possible rate at K=16.

-
™

— — —Optimal precoding
—=&— Proposed TTD-DPP| 4

-
o

Z
-
=

-
%]

-
[=]

Achievable sum-rate (bps/s/H

Fig 7: Achievable rate performance versus the No.of TTd’s K

Table I:Simulation Parameters for Precoding Techniques

The no. of the BS’s antennas(Nt) 256
The no. of the user antennas(Nr) 1,2,4
The no. of channel paths(L) 4,16
The central frequency(f) 0.1THz
Bandwidth(B) 30GHz
No. of the subcarriers(M) 128
No.of RFchains(Nrr) 4
No. of TD elements( K) 16
Physical directions paths(&,, @) ulz /2,7 /2]
Transmission SNR( p/c?) -20-15dB

In Figure 8, we show the sum-rate performance versus the no.of beam tracked time slot T with k user,
the best fully digital Zero Forcing precoding [14], beam selection with suitable physical directions [17] and
selection of the beam to the situated on the physical direction tracked by the traditional beam schemes [19]
that uses a DPP structure. Physical directions are chosen for the beam using a hybrid precoding structure[8].
We can see from Fig. 8 that the suggested beam tracking system may be used to take advantage of the beam

choice to attain near-optimal possible sum-rate with minimal training overhead.
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— — —Optimal fully-digital precoding [14]
16 F Optimal beam selection [17]

Beam selection with the proposed scheme
—+&— Beam selection with the traditional scheme [19] | |

Achievable sum-rate (bps/s/H

0 5 10 15 20 25 30
Beam training overhead

Fig 8: Achievable sum-rate vsheam training over head

V. Conclusion:

In this research, we have addressed the problem of wideband beam tracing in THz-mMIMO systems
and first demonstrated that the beam tracking mechanism can dynamically regulate the angular coverage of
the rays caused by the Dealy Phase Precoding, i.e, unlike conventional methods the frequency dependent
beams can usually be caused by the RF chain, the suggested approach uses several frequency based beams
caused by a single RF chains to track various directions of the user simultaneously, which is achieved by
dynamically changing the beam-splitting effect. Compared with the various beam-tracked methods, the
suggested method can perfectly tracking the user's mobility with a decreased beams-training overhead of
about 95\%, as shown by theoretical values and simulation results. Moreover, in the physical directions
covered by the proposed approach, the recommended ray tracing method can achieve about 99\% of the

achievable sum rate, which makes the desirable for massive THz MIMO systems.
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