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1. Background 
The Objective 3 of the Work Item Description (WID) on NR sidelink evolution [1] is: 

Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (Determine in 
RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18) 
- Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. 

[RAN1] 
- Work is limited to the support of sidelink beam management (including initial beam-pairing, beam 

maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing 
Uu beam management concepts wherever possible. 
o Beam management in FR2 licensed spectrum considers sidelink unicast communication only. 

 
The focus for Objective 3 in 4Q 2022, as stated in the current WID, is on updating the evaluation methodology for 
commercial deployment scenarios. At the October RAN WG1 #110-bis-e meeting, several aspects of the evaluation 
methodology were discussed, concluding in numerous agreements.  Topics included evaluation scenario, channel 
model, antenna model, traffic model, and performance metric [2].   
 

2. Discussion 
In 3GPP FR2 represents frequencies in the range 24.25 – 52.6 GHz. These frequencies offer large bandwidths but 
significantly higher attenuation compared to frequencies below 7 GHz. Therefore, in addressing Objective 3’s current 
focus on updating the evaluation methodology for commercial deployment scenario, several modifications need to be 
considered for sidelink FR2 operations, several of which were discussed at the #110-bis-e meeting. Scenario 
agreements were reached for both indoor and outdoor layouts including channel models.  Future sidelink FR2 
scenarios will demand extremely high data rates for next-generation UEs.  As antenna technology advances producing 
systems with higher gains, it is desirable to anticipate these advanced designs in the next-generation UEs.  Antenna 
system model design modifications, multi-beam antenna evaluations, and antenna port enhancements are important 
considerations for sidelink FR2 operations and should be supported by the evaluation methodology. 

 Antenna Types and Modeling 
The antenna modelling agreement reached in the #110-bis-e meeting is the following [2]: 

“Agreement 

In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for UE antenna 
parameters, reuse the antenna element pattern and antenna array configuration for pedestrian UE and cellular UE 
as in Table 6.1.4-6 and Table 6.1.4-7 of TR 37.885.”  



 

 

Although this agreement was reached, there are still opportunities to incorporate enhanced antenna system models for 
next-generation UEs as part of the evaluation methodology for commercial deployment scenario.   

At FR2 frequencies, the composite antenna consists of multiple panels where analog weights are used among the 
elements in the panel and digital weights are used at the outputs from the panels. The rectangular panel array antenna 
shown in Figure 1 is defined using the tuple !𝑀,𝑁, 𝑃,𝑀!, 𝑁!&,	where 𝑀	and 𝑁 are, respectively, the number of antenna 
elements in each column and row of a panel, 𝑃 is the polarization, and 𝑀! and 𝑁! are, respectively, the number of 
panels in the column- and row-dimensions.  

TR 37.885 [3] lists some values for the antenna parameter values for the UE in V2X applications. In particular, Table 
6.1.4-7 of this report (referenced in the aforementioned agreement) lists the parameter values for pedestrian UE and 
cellular UE as (2,4,2,1,2), that is a single dual-polarized panel of size 2 × 4 antenna elements mounted back-to-back 
on the UE. The size of this panel is very small, about 0.6	cm × 1.2	cm at 50 GHz, and even at 30 GHz, this is small 
(1	cm × 2	cm). Because antenna technology has evolved since publication of this report and it is desirable to use 
antennas with higher gains for next generation UEs, it is reasonable to use multi-panel antennas that support digital 
beamforming. Figure 2 shows a 4-panel antenna array for each side of the UE with a total of 8	 × 4 × 2 elements on 
both sides of the UE, with corresponding tuple (2,4,2,2,4). 

 

 

Figure 1. Antenna panel model (from TS 38.901 [4].)  

 

 

Figure 2. A 4-panel antenna array for each side of the UE. (Dimensions at 50 GHz.) 

 

Observation 1: For faster beam acquisition and adaptation, and to support higher data rates,  it is desirable to 
support digital beamforming at the sidelink UE.  

 

ETSI 

ETSI TR 138 901 V17.0.0 (2022-04)253GPP TR 38.901 version 17.0.0 Release 17

The rectangular panel array antenna can be described by the following tuple . 

 

Figure 7.3-1: Cross-polarized panel array antenna model 

The antenna radiation power pattern of each antenna element is generated according to Table 7.3-1. 

Table 7.3-1: Radiation power pattern of a single antenna element 

Parameter Values 
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Horizontal cut of the 
radiation power pattern 
(dB) 
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3D radiation power 
pattern (dB) 
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Maximum directional gain 
of an antenna element 
GE,max 

8 dBi 

 

7.3.1 Antenna port mapping 
Legacy BS array antennas, i.e. uniform linear arrays with fix phase shifts between its M elements to obtain a beamtilt in 
vertical direction are modelled using complex weights 
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where m=1, …, M, etiltθ  is the electrical vertical steering angle defined between 0° and 180° (90° represents 

perpendicular to the array). λ  denotes the wavelength and Vd  the vertical element spacing. 

7.3.2 Polarized antenna modelling 
In general the relationship between radiation field and power pattern is given by: 
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Observation 2: The size of an 𝟐 × 𝟒	element antenna panel is quite small at FR2 frequencies, especially, for 
larger UE types, e.g., laptops, tablet computers. 

Proposal 1: Multi-panel antennas that can be used for digital beamforming should be considered as an option 
in the evaluation model and the simulation results.  

 Use of Multibeam Antennas 
Multibeam antennas are capable of providing significant advantages including faster beam acquisition and higher data 
rates at lower latencies. However, because the sidelink mode 2 scheme is based on a half-duplex technique it is 
desirable to operate the multiple beams independently of each other, simultaneous use of the multiple beams in the 
sidelink may lead to significant technical challenges that have to be studied and evaluated in detail.  
 
 

  

Figure 3. Simultaneous use of multiple beams: B1 transmit, B2 receive (left-side figure); B1 transmit, B2 
transmit (right-side figure). 

Figure 3 shows a UE with two beams used at the same time: beams B1 and B2 in transmit and receive directions (left-
side figure); and both beams in the transmit direction (right-side figure). In the former case, since the beams are 
intended to operate independently, in-band emissions from beam B1 will overwhelm the same time-slot receptions 
from beam B2. In the latter case, the  half-duplex time slots excluded in the sidelink resource allocation scheme in 
each beam may have to include the time slots corresponding to both beams.  

Observation 3: Using multiple beams in both transmit and receive directions in the same time slot leads to 
significant in-band emissions at the receive beam. 

Observation 4: When using multiple transmit beams, to avoid inter-beam interference, half-duplex exclusions 
in one beam may have to include time slots corresponding to other beams.  

Proposal 2: Number of simultaneous beams together with the respective beam isolations should be used in the 
evaluation methodology and simulation results.  

 

3. Summary of Proposals and Observations 
Observation 1: For faster beam acquisition and adaptation, and to support higher data rates,  it is desirable to 
support digital beamforming at the sidelink UE.  

Observation 2: The size of an 𝟐 × 𝟒	element antenna panel is quite small at FR2 frequencies, especially, for 
larger UE types, e.g., laptops, tablet computers 

Proposal 1: Multi-panel antennas that can be used for digital beamforming should be considered as an option 
in the evaluation model and the simulation results.  



 

 

Observation 3: Using multiple beams in both transmit and receive directions in the same time slot leads to 
significant in-band emissions at the receive beam. 

Observation 4: When using multiple transmit beams, to avoid inter-beam interference, half-duplex exclusions 
in one beam may have to include time slots corresponding to other beams.  

Proposal 2: Number of simultaneous beams together with the respective beam isolations should be used in the 
evaluation methodology and simulation results.  
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