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Abstract: Channel prediction is an appealing technique to mitigate the performance degradation due to the inevitable feedback delay 

of the channel state information (CSI) in modern wireless systems. In the existing method, the 2-step algorithm fixes the prediction 

order, which first exploits temporal correlation temporal correlation and then follows spatial correlation. Our proposed method is 

selected flexibly from both spatial and temporal domains. We first propose a general MIMO-OFDM channel prediction framework, so 

that both the spatial and temporal correlation among antennas is exploited. Then our proposed predictor, reduced complexity FSS 

algorithm selects data for auto regressive (AR) predictor according to the proposed framework and chooses the data in heuristic way, 

which aims to reduce the computational complexity. An application to our algorithm is discussed to improve the precoding performance 

in multi-user MIMO-OFDM systems. Simulation results show that the proposed reduced complexity fss method can perform better even 

in the presence of feedback delay. 
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1. Introduction 
 

Multiple input multiple output orthogonal frequency 

division multiplexing (MIMO-OFDM) is considered to be a 

most important technique for wireless systems, which can 

provide high spectral efficiency and also high data rate 

transmission over frequency selective channels [1]. 

Recently, adaptive multi-user resource allocation [2] and 

precoding [3] techniques are introduced to modern MIMO-

OFDM systems to further improve the spectral efficiency 

and the system performance. However, the benefit of these 

techniques significantly depends up on the exact (to some 

level) channel state information (CSI) at the transmitter [4]. 

In frequency division duplex (FDD) systems, CSI can only 

be estimated at the receiver and then be fed back to the 

transmitter. While in mobile environments with the time 

varying channel, the CSI fed back to the transmitter would 

be outdated due to the feedback delay, which results in 

significant performance degradation. An effective mean to 

overcome the feedback delay is the channel prediction 

technique discussed in this paper, which predicts future 

channel coefficients based on the history data. 

 

2. Existing System 
 

Existing system is a lower complexity 2-step prediction 

algorithm, which first exploits temporal correlations using a 

classical single-input single-output (SISO) MMSE time 

domain prediction filter for each entry in the MIMO 

channel, followed by an MMSE spatial smoothing step to 

exploit the spatial correlations. Compared to the SISO and 

specular prediction approaches, this approach either 

achieves lower MSE with a slight increase in complexity, or 

comparable MSE with lower complexity, in a wide range of 

wireless channel conditions.  

 

 

Disadvantages of Existing System: 

The existing method, the 2-step algorithm fixes the 

prediction order, which first exploits temporal correlation by 

a SISO MMSE time-domain predictor, and then follows by 

an MMSE spatial predictor to exploit the spatial correlation. 

 

The proposed algorithms are an extension work from [29]. 

We give more detailed analysis and simulation results in this 

paper. Furthermore, we present an appealing application of 

the proposed prediction algorithms, which can improve the 

precoding performance in MU-MIMO systems. 

 

The rest of this paper is organized as follows. Section. In 

section III, describes the MIMO-OFDM system used in this 

paper. In section IV, we develop a general framework for 

spatial-temporal MIMO-OFDM channel prediction. In 

section V, prediction algorithms are presented. Their 

applications in multi-user precoding methods are presented 

in Section VI. Performance analysis and simulation results 

are provided in Section VII. Finally, we conclude the paper 

with some remarks in section VIII. 

 

3. MIMO-OFDM System Model 
 

OFDM System Model 

Consider a MIMO-OFDM system with M transmit antennas, 

N receive antennas, and K subcarriers. At the transmitter, the 

transmitted symbol Xm(i, k) is transformed into the time 

domain signal at the m-th transmit antenna, i-th symbol time 

and the k-th subcarrier using IFFT [29], [30]. Then, a cyclic 

prefix (CP) is inserted to avoid inter-symbol interference. At 

the receiver, the CP is removed before the FFT process. We 

assume that the CP is greater than the maximum delay 

spread of channel, and the time and frequency 

synchronization is perfect, such that the received symbol at 

the n-th receive antenna can be represented as 
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where Hn,m(i, k) is the frequency response of the channel 

impulse response (CIR) at the k-th subcarrier and the i-th 

symbol time for the (m, n)-th antenna pair. Zn(i, k) is the 

background noise plus interference term of the n-th receive 

antenna, which can be approximated as a zero mean 

additivewhite Gaussian noise (AWGN) with variance σ2Z 

 

4. Spatial-Temporal Channel Prediction 

Framework 
 

As indicated in [12], the time-domain predictor in OFDM 

systems has better MSE performance than the frequency 

domain predictor while maintaining a low complexity. Thus, 

we adopt the time-domain prediction approach (cf. Fig. 1) in 

this paper, which is an extension for MIMO-OFDM channel 

from the SISO model in [13].Firstly, the time-domain 

channel coefficient of every channel pair (m, n) can be 

estimated by conventional methods ,e.g. IFFT with 

interpolation, reduced LS and LMMSE [34],[35]. For 

instance, a K-points IFFT can be used to do the frequency-

time transformation job in Fig. 1, 

 
Figure 1: System model of the spatial-temporal MIMO-

OFDM channel prediction. 

Firstly, the time-domain channel coefficient of every 

channel pair (m, n) can be estimated by conventional 

methods, e.g. IFFT with interpolation, reduced LS and 

LMMSE [34] ,[35]. For instance, a K-points IFFTcan be 

used to do the frequency-time transformation job in Fig.1, 

 

Here, we suppose the channel delay τn,m(l) of every tapis an 

integer multiple of sampling interval. Then, all of the energy 

from the path will be mapped to the zero to L –1taps. In that 

case, it can be easily proved that zn,m(i, l) is also a zero 

mean AWGN with variance  

Subsequently, a MIMO predictor is performed to predict the 

time domain channel impulse response hn,m(i+p, l) for each 

delay l = 0, . . ., L −1, where L −1 represents the channel’s 

maximum delay, and p denotes the prediction length. Due to 

the WSSUS property, as mentioned earlier, hn,m(i + Δi, 

l)and are uncorrelated for . Therefore, the 

MIMO predictor for the l-th tap only needs to consider the 

corresponding tap of every channel pair (m, n) (as other taps 

are uncorrelated with the predicted tap, they are useless for 

prediction). Thus the multi-carrier MIMO prediction 

problem is transformed to the single-carrier MIMO 

prediction problem in this step. 

 

5. Prediction Algorithms 
 

The MIMO predictor showed in the red box of Fig.1 is 

discussed in detail in this section. We begin with the AR 

model, which can capture most of the fading dynamics 

[13].In fact, a thorough comparison of different channel 

prediction algorithms is performed in [12]. Their conclusion 

is that the AR approach outperforms other prediction 

modeling for measured channels. Define p as the prediction 

length. For every tap of the channel, Q current and previous 

estimated coefficients of the channel are considered. Denote 

 

To predict   

the data set ˆh is utilized, where 

 
 

A. Extreme predictors 

We first introduce two extreme prediction methods, which 

will be helpful to introduce our algorithms. 

1) SISO predictor: A traditional prediction algorithm is 

called the SISO predictor [26], which ignores the spatial 

correlation and only considers the temporal correlation. To 

predict  the data set is used with a 

Q-order MMSE filter ws as 

 
Where 

 

 
Where Rsis the Hermitian-symmetric and Toeplitz Q ×Q 

temporal autocorrelation matrix with entries 

  
The MSE is given by 

 
 

2) All-correlation predictor: Then, we introduce the 

prediction algorithm at the other extreme: all-correlation 

predictor, which exploits all the possible spatial-temporal 

correlations [18]. This method is also a general case of JST 

filtering method [28]. The JST filtering in [28] assumes that 
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different transmit antennas are uncorrelated and only 

considers the spatial correlation of receive antennas, while 

the all-correlation predictor considers both the temporal and 

spatial correlations. The data set h is used to predict 

ˆhpren,m(i+p,l), where a M × N × Q-order MMSE filter 

w2D is applied as 

 
 Similarly, we can get w2D in the SISO predictor’s way. 

Using the orthogonal principle, the all-correlation predictor 

should satisfy  

 After some simplifications, we have 

 

where denotes the (N*(m−1)+n)-th column 

of RMIMO. And the MSE is 

 
Since the all-correlation predictor exploits all the possible 

spatial and temporal correlations, we can expect that it 

outperforms the SISO predictor when the spatial correlation 

is present. However, the M ×N ×Q-order AR model requires 

a huge computation compared with the Q-order AR model. 

So we need a tradeoff between the prediction precision and 

the computational complexity, which is the motivation of the 

proposed algorithms in the following. 

 

B. Forward-stepwise subset (FSS) predictor 

A reduced order AR predictor is proposed in this subsection, 

which aims to reduce the computational burden of the all 

correlation predictor. In this algorithm, the observations are 

not considered to be equally important for prediction. Some 

observations just offer little information for the AR model. 

Particularly, if a datum is independent with the predicted 

datum, then the datum has no help for prediction. Therefore 

we come up with the idea that the most helpful data can be 

chosen to create the AR prediction model, considering both 

the spatial and temporal correlations. The key problem 

remained is how to measure the helpfulness of each datum. 

Suppose we have already chosen 𝑄′ data from ˆh, where 𝑄′ 

is a tradeoff between the prediction precision and 

complexity, to form a 𝑄′ ×1 vector ˜h. The prediction AR 

model is 

 
According to the MMSE criterion, we get 

 
Similarly, using the orthogonal principle, (23) can be written 

as 

 
where the MSE is 

 
Since the proposed prediction algorithm exploits the most 

useful observations, it outperforms the SISO prediction 

algorithm even using the same order of AR model. 

However, the process of data choosing is a huge 

computational burden. An inversion of k ×k matrix is needed 

to measure the MSE in the k-th step. In total, 

(2MNQ−𝑄′ _)𝑄′ _/2 computations are needed to find the 

optimal model.  

 

C. Reduced-complexity FSS predictor In this subsection, a 

prediction algorithm is introduced which aims to further 

reduce the computational complexity of FSS method. The 

key idea is to select the data incrementally for prediction 

from the correlation’s view. If the new observation has a 

high correlation with the selected data in previous steps, then 

the new observation cannot provide more new information 

and may help little. Therefore, the considering value ˜h k in 

the k-th step can be chosen by the analysis of the selected 

data [˜h1, . . . ,˜hk−1]. Based on this idea, the k-th element is 

chosen as follows. 

 

First-step: according to MMSE criterion and AR model 

we get wR, where ˜h 

=[˜h1, . . . , ˜hk−1]T 

 

Second-step: define residual = hn,m(i + p, l) − wHR˜h, the 

˜hk is the selected data which is most correlated with the 

residual. The complete prediction algorithm which aims to 

create the 𝑄′  -order desired AR model The proposed 

reduced-complexity FSS predictor reduces the times of 

computing MSE to 𝑄′, and only needs one timeinversion of 

a 𝑄′ ×𝑄′ matrix in each selection. 

 

6. The Application of Proposed Prediction 

Methods 
 

To further investigate the application of the proposed 

prediction methods, the multi-user MIMO-OFDM (MU-

MIMOOFDM) system with precoding is considered in this 

section. In this section, we will apply the proposed reduced-

complexity FSS predictor to overcome the outdated problem 

(cf. Fig. 2).Suppose there are P users communicating with 

the BS simultaneously. User p(p = 1, . . ., P) has Np receive 

antennas. The predicted channel matrix of BS to the p-th 

user at thek-th subcarrier and the i-th symbol time can be 

represented 

 
Figure 2: A MU-MIMO-OFDM system with predicted 

precoding 

 

by the Np ×M channel matrix 

 
 

where ˜H jp,m(i, k) denotes the predicted frequency response 

of the channel impulse response (CIR) at the k-th subcarrier, 
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the i-th symbol time and the (j,m)-th antenna pair of user p. 

Define the whole predicted channel as 

 
And P(i, k) is the precoding matrix at the k-th subcarrier and 

the i-th symbol.  

 

In order to validate the performance improvement of the 

proposed prediction method, three classic MU-MIMO 

precoding schemes [36] are used as follows based on the 

predicted channel coefficients. 

 

A. Zero Forcing 

In the ZF scheme, P(i, k) is chosen such that each user 

receives no interference from other users,  

B. MMSE 

The MMSE precoding scheme can be considered as an 

improvement of ZF 

 

C. Block Diagonalization 

The block diagonalization (BD) scheme can be considered 

as a generalization of channel inversion for situations with 

multiple antennas per user.  

 

7. Performance Analysis And Simulations 
 

A. Prediction Performance of Different Spatial 

Correlation Cases 

We investigate the effect of spatial correlation on predictors 

in this subsection. A 2 × 2 MIMO-OFDM system is 

considered in Fig. 3-6. In order to show the effect of the 

spatial correlation, we consider the high, medium and low 

correlation cases one by one. As the velocity increases, the 

time correlation decreases and the spatial correlation is more 

significant for the prediction method. The performance 

difference of SISO method and the proposed methods in Fig. 

3 where Doppler frequency is 70 Hz is bigger compared 

with Fig. 5 whose Doppler frequency is 5 Hz. To show the 

benefit of spatial correlation brings, we choose a middle 

velocity scenario whose Doppler is frequency 70 Hz. In Fig. 

3, Fig. 4, and Fig. 5, the all-correlation approach has the 

lowest NMSE among all the algorithms for all parameter 

configurations. 

 

 
Figure 3: Prediction performance of a high correlation 

scenario ,M = 2,N = 2, doppler frequency is 70 Hz. 

 
Figure 4: Prediction performance of a medium correlation 

scenario ,M = 2,N = 2, doppler frequency is 70 Hz. 

 

 
Figure 5: Prediction performance of a high correlation 

scenario ,M = 2,N = 2, doppler frequency is 5 Hz. 

 

Our proposed prediction methods and 2-step method 

outperform the SISO approach, which proves that the spatial 

correlation is really helpful. It is also observed that the 

proposed method perform better than 2-step algorithm, 

particularly when the SNR is low. Medium correlation 

scenario is considered in Fig. 4. It can be seen that proposed 

algorithm and the 2-step method outperform the SISO 

method slightly, and the performances of the proposed 

algorithms lie between the 2-step and all-correlation 

methods. It is observed that exploiting the spatial correlation 

has a little help to improve the prediction performance, when 

the spatial correlation is low. 
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Figure 6: Prediction performance of a medium correlation 

scenario ,M = 4,N = 2, doppler frequency is 70 Hz. 

 

Furthermore, when the spatial correlation is zero and only 

the temporal correlation exists, the all correlation, 2-step and 

proposed method degrade to the SISO method. 

 

B. Uncoded BER Performance of Precoding with the 

Reduced-complexity FSS Predictor 

We finally investigate the uncoded bit error rate (BER) 

performance of the overall MU-MIMO-OFDM system with 

precoding using predicted channel coefficients of the 

proposed reduced complexity FSS predictor, the results are 

showed in Fig.7 and Fig.8. The outdated error caused by the 

feedback delay is acceptable, when the channel changes 

slowly. However, when the channel changes rapidly, the 

outdated error results in significant performance 

degradation, So, we expect to improve the precoding 

utilizing the predicted channel information. Three classic 

precoding methods (ZF, BD, and MMSE) with the reduced-

complexity FSS predictor are tested to evaluate the 

performance improvement In the simulations, two users are 

considered to form a MU-MIMO group, and each user has 

two receive antennas.  

 
Figure 7: Performance of precoding with predicted channel 

coefficient of a high correlation scenario, P = 2,M = 4,Np = 

2, doppler frequency is 5 Hz. 

 
Figure 8: Performance of precoding with predicted channel 

coefficient of a high correlation scenario , P = 2,M = 4,Np = 

2(p = 1, 2), doppler frequency is 70 Hz. The base station is 

equipped with eight transmitted antennas. Slow velocity 

scenario with Doppler frequency 5 Hz is used in Fig. 7. It is 

showed that the performance of all the considered precoding 

methods (ZF, BD, and MMSE) which exploit the predicted 

channel coefficient are only slightly better than those 

corresponding unpredicted precoding methods’. However, in 

Fig. 8 with the Doppler frequency 70 Hz, it is illustrated that 

the precoding schemes which using the predicted channel 

coefficient outperform than those corresponding unpredicted 

precoding methods. 

 

8. Conclusion 
 

There are two main contributions in our work. First, we 

derive a novel channel prediction framework for MIMO 

OFDM systems which takes both spatial and temporal 

correlations into account. Second, we propose MIMO 

prediction algorithm which select the useful data for AR 

modeling. 

 

Simulation results show that the prediction performance can 

be effectively improved by exploiting the spatial correlation, 

especially when the spatial correlation is relatively high. 

 

References 
 

[1] H. Sampath, S. Talwar, J. Tellado, V. Erceg, and A. 

Paulraj, ―A fourth generation MIMO-OFDM broadband 

wireless system design, performance, and field trial 

results,‖ IEEE Commun. Mag., pp. 143– 149, Sept. 

2005. 

[2] X. Wang and G. B. Giannakis, ―Resource allocation for 

wireless multiuser OFDM networks,‖ IEEE Trans. Inf. 

Theory, vol. 57, no. 7, pp. 4359–4372, July 2011. 

[3] M. Joham, P. M. Castro, W. Utschick, and L. Castedo, 

―Robust precoding with limited feedback design based 

on predcoding MSE for MU-MISO systems,‖ IEEE 

Trans. Signal Process., vol. 60, no. 6, pp. 3101–3111, 

June 2012. 

Paper ID: SUB157940 202



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438 

Volume 4 Issue 9, September 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[4] C. Shen and M. P. Fitz, ―MIMO-OFDM beamforming 

for improved channel estimation,‖ IEEE J. Sel. Areas 

Commun., vol. 26, no. 6, pp. 958–959, Aug. 2008. 

[5] A. Du-Hallen, S. Hu, and H. Hallen, ―Long-range 

prediction of fading signals: enabling adaptive 

transmission for mobile radio channels,‖ IEEE Signal 

Process. Mag., vol. 17, no. 3, pp. 62–75, May 2000. 

[6] S. Prakash and I. McLoughlin, ―Predictive transmit 

antenna selection with maximal ratio combining,‖ in 

Proc. 2009 IEEE GLOBECOM, pp.1–6. 

[7] A. Duel-Hallen, ―Fading channel prediction for mobile 

radio adaptive transmission systems,‖ Proc. IEEE, vol. 

95, pp. 2299–2313, Dec. 2007. 

[8] H. Hallen, A. Duel-Hallen, T. S. Y. S. Hu, and M. Lei, 

―A physical model for wireless channels to provide 

insights for long range prediction,‖ in Proc. 2002 

MILCOM, vol. 1, pp. 627–631. 

[9] A. Heidari, A. K. Khandani, and D. McAvoy, ―Adaptive 

modelling and long-range prediction of mobile fading 

channels,‖ IET Commun., vol. 4, pp. 39–50, Jan. 2010. 

[10] J. K. Hwang and J. H. Winters, ―Sinusoidal modeling 

and prediction of fast fading processes,‖ in Proc. 1998 

IEEE GLOBECOM, pp. 892–897. 

[11] M. Chen, T. Ekman, and M. Viberg, ―New approaches 

for channel prediction based on sinusoidal modeling,‖ 

EURASIP J. Adv. Signal Process., 2007. 

[12] S. Semmelrodt and R. Kattenbach, ―Investigation of 

different fading forecast schemes for flat fading radio 

channels,‖ in Proc. 2003 IEEE VTC – Fall, vol. 1, pp. 

149–153. 

[13] D. Schafhuber and G. Matz, ―MMSE and adaptive 

prediction of timevarying channels for OFDM systems,‖ 

IEEE Trans. Wireless Commun., vol. 4, no. 2, pp. 593–

602, Mar. 2005. 

[14] I. C. Wong, A. Forenza, R. W. Heath, and B. L. Evans, 

―Long range channel prediction for adaptive OFDM 

systems,‖ in Proc. 2004 IEEE ACSSC, vol. 1,  

[15] Y. Li, L. J. Cimini, and N. R. Sollenberger, ―Robust 

channel estimation for OFDM systems with rapid 

dispersive fading channels,‖ IEEE Trans.Commun., vol. 

46, pp. 902–915, July 1998. 

[16] S. Semmelrodt and R. Kattenbach, ―A 2-D fading 

forecast of timevariant channels based on parametric 

modeling techniques,‖ in Proc.2002  

[17]  I. C. Wong and B. L. Evans, ―Sinusoidal modeling and 

adaptive channel prediction in mobile OFDM systems,‖ 

IEEE Trans. Signal Process., vol. 56, no. 41, pp. 1601–

1615, Apr. 2008. 

[18] I. Wong and B. Evans, ―Exploiting spatio temporal 

correlations in MIMO wireless channel prediction,‖ in 

Proc. 2006 IEEE GLOBECOM, 

[19] D. S. Shiu, G. J. Foschini, M. J. Gans, and J. M. Kahn, 

―Fading correlation and its effect on the capacity of 

multielement antenna systems,‖ IEEE Trans. Commun., 

vol. 48, no. 3, pp., Mar. 2000. 

[20] M. K. Ozdemir, H. Arslan, and E. Arvas, ―MIMO-

OFDM channel estimation with spatial correlation,‖ in 

Proc. 2004 IEEE WAMI. 

[21] T. Svantesson and A. L. Swindlehurst, ―A performance 

bound for prediction of MIMO channels,‖ IEEE Trans. 

Signal Process., Feb. 2006. 

[22] L. zhang, Z. Jin, W. Chen, and X. Zhang, ―An improved 

adaptive channel prediction for MIMO-OFDM 

systems,‖ Commun. Netw., , Aug. 2008. 

[23] C. Min, N. Chang, J. Cha, and J. Kang, ―MIMO-OFDM 

downlink channel prediction forIEEE802.16e systems 

using Kalman filter,‖ in Proc. 2007 WCNC,  

[24] K. J. Kim, M.-O. Pun, and R. A. Iltis, ―Channel 

prediction for limited feedback precoded MIMO-OFDM 

systems over time-varying fading channels,‖ Inf. 

Sciences Syst., Mar. 2008. 

[25] A. S. Khrwat, B. S. Sharif, C. C. Tsimenidis, S. 

Boussakta, and A. J. Al-Dweik, ―Channel prediction for 

limited feedback precoded MIMOOFDM systems,‖ in 

Proc. 2012 ICT, pp. 1–6. 

[26] Y. Li and H. J. Wang, ―Channel estimation for MIMO-

OFDM wireless communications,‖ in. 2003  

[27] Y. Li, N. Seshadri, and S. Ariyavisitakul, ―Channel 

estimation for OFDM systems with transmitter diversity 

in mobile wireless channels,‖ IEEE J. Sel. Areas 

Commun., vol. 17, pp. 461–471, Mar. 1999. 

[28] H. Miao and M. J. Juntti, ―Space-time channel 

estimation and performance analysis for wireless 

MIMO-OFDM systems with spatial correlation,‖ IEEE 

Trans. Veh. Technol.,. 2003–2016, July 2005. 

[29] L. Liu, H. Feng, B. Hu, and J. Zhang, ―MIMO-OFDM 

wireless channel prediction by exploiting spatial 

correlation,‖ in Proc. 2012 WCSP, pp. 

[30] J.-W. Choi and Y.-H. Lee, ―Complexity reduced 

channel estimation in spatially correlated MIMO 

OFDM systems,‖ IEICE Trans. Commun., Sept.2007. 

[31] A. Goldsmith, Wireless Communication. Cambridge 

University Press, 2005. 

[32] K. I. Pedersen, J. B. Andersen, J. P. Kermoal, and P. 

Mogensen, ―A stochastic multiple-input-multiple-output 

radio channel model for evaluation of space-time coding 

algorithms,‖ in Proc. 2000 IEEE 

[33] 3GPP, ―3rd generation partnership project (3GPP); 

evolved universal terrestrial radio access (E-UTRA); 

physical channels and modulation (release 10),‖ Tech, 

Dec. 2010. 

[34] H. Zhang, J. T. Y. Li, and A. Reid, ―Channel estimation 

for MIMOOFDM in correlated fading channels,‖ in 

Proc. 2005 ICC, 

[35] J. J. van de Beek, O. Edfors, M. Sandell, S. K. Wilson, 

and P. O. Borjesson, ―On channel estimation in OFDM 

systems,‖ in Proc. 2010 IEEE VTC 

[36] P. Liu, M. Q. Wu, C. X. Xu, and F. Zheng, ―Multi-user 

MIMO linear precoding schemes in OFDM systems,‖ in 

Proc. 1995 ICCSIT, pp.  

[37] Y. R. Zheng and C. Xiao, ―Simulation models with 

correct statistical properties for rayleigh fading 

channels,‖ IEEE Trans. Commun., June 2003. 

[38] 3GPP, ―3rd generation partnership project (3GPP); 

evolved universal terrestrial radio access (E-UTRA); 

user equipment (UE) radio transmission and reception 

(release 10),‖  

[39] —, ―3rd generation partnership project (3GPP); evolved 

universal terrestrial radio access (E-UTRA); user 

equipment (UE) radio transmission and reception 

(release 10),‖ Tech. Rep. TS 36.211 V9.1.0, Dec. 2010. 

Paper ID: SUB157940 203




