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Abstract 
In this paper, we investigate the localization problem of nomadic HRIS-aided system, focusing on a downlink scenario where a multi-

antenna base station transmits multicarrier signals to a user via a Hybrid Reconfigurable Intelligent Surface (HRIS). The HRIS is equipped 
with a single Radio Frequency (RF) chain receiver, enabling tunable reflection and sensing through power allocation. Nomadic HRIS-aided 
positioning offers convenient deployment and provides reliable Non Line-of-Sight (NLoS). With such a system, we derive the Cramer-Rao 
lower bound (CRLB) and analysis its localization performance. 
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Ⅰ. Introduction 

In urban environments, wireless communication between 
ground infrastructure and ground vehicles often encounters 
challenges due to signal obstruction caused by tall buildings 
[1]. To address this issue, recent researches have proposed 
the utilization of Hybrid Reconfigurable Intelligent 
Surfaces (HRIS) equipped with Radio Frequency Chain 
(RFC) [2]. In this paper, by deploying HRIS on Unmanned 
Aerial Vehicles (UAVs) platforms, we aim to overcome the 
loss-of-sight (LoS) limitations commonly encountered in 
urban environments, offering enhanced communication 
capabilities in non-loss-of-sight (NLoS) scenarios [3]. We 
conduct a comprehensive analysis of the system 
performance using the Cramer-Rao Lower Bound (CRLB) 
framework. Through detailed simulations, we evaluate the 
efficacy of the nomadic HRIS-assisted system in terms of 
localization accuracy. 

Ⅱ. System Model 
As shown in Fig. 1, we consider a Multiple-Input Single-

Output (MISO) downlink wireless system, which consists 
of one 𝑀! -antenna BS with a known location 𝐩" =
[0, 0]# ∈ ℝ$ , one UE with an unknown location 𝐩% =
[𝑥& , 𝑦&]# ∈ ℝ$, and L HRISs with unknown location 𝐩' =
[𝑥' , 𝑦']# ∈ ℝ$,  l-th represents the index of HRIS. There 
exists an obstacle between the BS and UE, blocking LoS 
path. The BS broadcasts the OFDM signal across a set of N 
sub-carrier’s, with frequency spacing ∆(  and the frame 
duration 𝑇 = 1 ∆(⁄ . As described in [3], the power splitting 
ratio of HRIS controls the proportional distribution of its 
reflection signal part and sensing signal part. Here we use 
the common power splitting factor 𝜌 ∈ [0, 1]	to represent 
the percentage of sensing power at HRIS. The received 
signals at l-th HRIS and UE are denoted respectively as 𝒚' ∈
ℂ) and 𝒚& ∈ ℂ), which can be expressed as follows [4]: 

𝒚! = #𝜌𝑃𝒅'𝜏"#,!)𝐜!𝑻𝒂𝑹'𝜙#",!)𝒂𝑩𝑻'𝜃"#,!)𝐟! + 𝒏(,! , (1) 
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where 𝜃"*,' represents the angle-of-departure (AOD)	from 
the BS towards the l-th HRIS, based on the BS local 
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coordinate system, 𝜃*%,' and 𝜙*",' are the AOD from the l-
th HRIS to the UE and the angle-of-arrival (AOA) to the l-
th HRIS from the BS respectively, P is the BS’s transmit 
power, 𝒏,,'  and 𝒏&  represent the thermal noise following 
𝐶𝑁(0,𝑁-𝐼-). A combining vector 𝐜'𝑻  with |[𝒄']/| = 1 and 
beamforming vector 𝐟'  follow the discrete Fourier 
transform (DFT) codebook. The steering vectors at the BS 
and the HRIS are defined as follows: 
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where 𝜐 = I𝜃BR,𝑙, 𝜙RB,𝑙J  with 𝑀,  elements on each HRIS. 
The reflecting phase shift of the l-th HRIS, denoted by 𝝎' ∈
ℂ7", is given as 

𝝎' = L𝜔/,9, 𝜔/,$, . . . , 𝜔/,7"N
# , (4) 

with the m-th represents the element index of HRIS. The 
delay steering vector 𝒅(𝜏)  in the latter expressions is 
defined as [5]: 

𝒅(𝜏) = L1, 𝑒80$1;(<, … , 𝑒80$1()89);(<N# , (5)
where the time of arrival (TOA) 𝜏"*,' = ‖𝐩" − 𝐩'‖ 𝑐⁄ , 



𝜏"*%,' = ‖𝐩" − 𝐩'‖ 𝑐⁄ + ‖𝐩' − 𝐩%‖ 𝑐⁄  with c being the 
speed of light. 
 
Ⅲ. Parameters Estimation and CRLB Analysis 

In this paper, we focus on the estimation of the unknown 
channel parameters included in the vector 

𝜂 ≜ [𝝉, 𝜽,𝝓,!]# , (6) 
with 𝝉 = L𝜏"*,9, . . . , 𝜏"*,= , 𝜏"*%,9, . . . , 𝜏"*%,=N

#
, 

𝜽 = L𝜃"*,9, . . . , 𝜃"*,= , 𝜃*%,9, . . . , 𝜃*%,=N
#

 and 𝝓,! =
L𝜙,!,9, . . . , 𝜙,!,=N.  

The CRLB is a fundamental limit on the variance of any 
unbiased estimator of a parameter. Here the CRLB on the 
unknown parameter can be written as 

𝐶𝑅𝐿𝐵> =
1

−𝔼 b 𝜕𝜕𝜂 B
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the Fisher Information Matrix (FIM) of 𝜂 is 
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The CRBs corresponding to AOAs, AODs, and TOAs 
can be respectively represented as follows: 

𝐶𝑅𝐿𝐵𝝉 = sL𝐽>89N9:$=,9:$= , (9) 

𝐶𝑅𝐿𝐵𝜽 = sL𝐽>89N$=F9:G=,$=F9:G= , (10) 

𝐶𝑅𝐿𝐵H"! = sL𝐽>89NG=F9:A=,G=F9:A= . (11) 

 
IV. Numerical Results and Discussions 

In this section, some numerical results are presented 
using the simulation parameters summarized below, unless 
specified. The BS is located at [0, 0]# (m). With N = 100 
subcarriers employed for transmission and reception, a 
carrier frequency of 28 GHz was utilized. The number of 
HRIS is L=3. The antenna spacing is set to half the carrier 
wavelength to minimize sidelobes, with a bandwidth of 0.2 
GHz allocated for signal transmission. We set the power 
splitting factor 𝜌=0.5.	 

The results in Fig. 3. shows CRLB of estimation 
parameter as the number of HRIS elements change. As can 
be observed, with the number of HRIS elements increases, 
the CRLB of the channel parameters’ estimation decreases. 
This is because when the HRIS array is larger, the reflection 
benefit to the sensed signal is greater and therefore the 
localization performance is better. We can also find out that 
the CRLB of 𝜙,! is the lowest, which is due to the fact that 
the estimation of 𝜙,! directly depends on the estimation of 
BS-HRIS channel parameters.  
 
V. Conclusion 
  In this paper, we mount single RX-RF HRISs onto UAVs 
and setup a nomadic HRIS-aided system. We drive the 
CRLB and analyze it for the channel parameters and provide 
the performance simulation results of the AOA error bound, 
AOD error bound, and TOA error bound. For future work, 
we can consider extending this system to more complex and 
high mobility scenarios. 
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Fig. 3. CRLB vs. Number of HRIS elements 
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