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Background 
1. ﻿With the development of millimeter-wave (mmWave) 
communication systems, large-scale reconfigurable intelligent 
surfaces (RISs) have gained considerable attention as a promising 
technology for signal strength enhancement and coverage 
extension.  

2. ﻿To mitigate the high overhead of obtaining ﻿accurate channel 
state information (CSI), codebook design and beam training are 
widely employed to offer efficient transmission schemes even in 
the absence of precise channel information. Front In
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Motivation 
In RIS-assisted OFDM communication systems, ﻿new challenges 
have arisen due to large antenna arrays and large bandwidths: 

1. ﻿As the scale of the antenna increases and the operating 
frequency rises, the boundary between the near and far fields, 
e.g., the Rayleigh distance in classical electromagnetic (EM) 
theory, also expands. Such near field expansion leads to 
degraded performance of far-field codebooks based on the planar 
wave model. 

2. ﻿The widening band exacerbates the beam split phenomenon 
in both the near and far fields, resulting in significant disparities in 
the beam directions across different subcarriers in orthogonal 
frequency division multiplexing (OFDM) systems. 
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Main contributions 
1. We analyze the beam split effect in RIS-assisted OFDM 
communication systems. Using such an effect, we propose a beam-
split-aware codebook with fewer codewords compared with 
existing narrow-band codebooks. 

2. ﻿Based on the proposed beam-split-aware codebook, we propose 
a three-stage beam training mechanism to obtain the optimal 
codeword with low time overhead.  

3. ﻿Simulation results demonstrate the effectiveness of the proposed 
codebook design and beam training mechanism. Compared with 
existing near-field and far-field codebook-based beam training 
schemes, our proposed scheme performs better in terms of both 
beam training resolution and sum rate in the hybrid near–far field. 
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Framework 

﻿Schematic of the transmission model in 
the RIS-assisted communication system 
 (BS: base station; CP: cyclic prefix; DFT: 
discrete Fourier transform; IDFT: inverse 
DFT; RF: radio frequency; UE: user 
equipment) 
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1. ﻿We first analyze the beam split effect of RIS-assisted OFDM 
communication systems in the near–far field. 

﻿Beam split in the far field (a) and near field (b) 

Method 
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2. ﻿﻿We then design a beam-split-aware codebook capable of 
effectively covering the near–far field. We decompose the 
codebook design into angular sampling and distance sampling. 
After acquiring the position of sampling points, codewords are 
finally designed. 

﻿Coverage range of beam-split-aware codewords  

Method 
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3. ﻿﻿Finally, ﻿a three-stage beam training mechanism characterized 
by low training overhead is presented which can be extended 
to ﻿multi-user scenarios. 

﻿Illustration of the proposed three-stage beam training mechanism 

Method 
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Major results 
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Conclusions 

1. ﻿Considering both near-field and far-field EM propagation 
characteristics, the proposed scheme is universally applicable to 
RIS-assisted near–far field wideband systems. 

2. ﻿Benefiting from staged beam training, the proposed scheme 
significantly reduces training overhead compared to exhaustive 
search, while achieving comparable rate performance. 

3. ﻿By taking into account the beam split effect, the proposed 
scheme outperforms conventional schemes in terms of the beam 
training resolution and sum rate. 
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