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In this article, we provide an overview 

of 3GPP standardization for XR in 5G 

and beyond. �e remainder of the article 

is organized as follows. In the next section, 

we present the typical scenarios of XR use 

cases and their speci�c Quality of Service 

(QoS) requirements. In the section titled 

“5G Media Centric Architecture for XR,” we 

introduce four types of key architectures for 

XR services and their corresponding tra�c 

characteristics. Finally, we summarize the 

potential standardization issues for XR in  

5G and beyond and conclude this article.

TYPICAL USE CASES  
AND SCENARIOS FOR  
EXTENDED REALITY
In this section, we introduce the basic types 

of use cases and scenarios for XR services 

according to their functions and QoS 

requirements. According to 3GPP TR 26.928 

[11], there are roughly seven types of XR use 

cases and scenarios as elaborated below.

O�ine Sharing of 3D Objects: �is type 

of use case deals mainly with the sharing 

of 3D objects/models and 3D XR scenes 

among users without interaction. In this 

scenario, user A can either download the 

media contents of 3D objects from the cloud 

or obtain them from other devices such as 

3D cameras. Once the object contents are 

generated and uploaded onto the cloud, user 

B can download them and render the 3D 

object in his/her own environment. �e XR 

scene that user B renders can be captured 

and fed back to user A. For example, when 

one of the users is shopping, the user can 

build a 3D model of an item with the depth 

camera of the smartphone and send it to 

other users via the Multimedia Message 

Service (MMS), and thus the other users 

can also see the item in su�cient detail and 

provide comments and suggestions. �is 

kind of service does not require real-time 

interaction. �erefore, its demand on latency 

is not stringent. However, depending on  

the quality of the 3D object, the required 

uplink/downlink data rates may be high.

Real-time XR Sharing: �is type of XR 

application is an augmentation of the pre- 

vious use case, i.e., O�ine XR Sharing, in 

which real-time interaction is now required. 

Users A and B need to conduct real-time 

XR multimedia streaming directly through 

[STANDARDS]

FIGURE 2. Timeline of major 3GPP standardization activities for XR services.

a bidirectional/unidirectional Audio/Video 

(A/V) channel or indirectly through the 

cloud. �e XR experience of user A can be 

a�ected by the input from user B and motion 

signals and e�ects from user A. Sharing XR 

experiences among di�erent users can be 

achieved with a Spatial Computing Server 

(SCS), which can support collocated users 

to simultaneously view and interact with 

XR objects using up-to-date position data. 

Digital Twin can be a possible speci�c 

application of this use case. One user can 

build the digital twin of a tangible object in 

the metaverse and share it with other users 

through XR in real time. In this case, as real-

time interaction is required, there is a high 

demand for latency, while the downlink/

uplink data rates still depend on the quality 

of what is being shared.

XR Multimedia Streaming: �is category 

includes both live and o�ine multimedia 

XR streaming, which is delivered from the 

content provider to users. �e most common 

use of this service is volumetric video streams  

applied in AR to support 3DoF and 3DoF+  

(referring to 3DoF with additional constrained  

movements, speci�cally, head movements, 

along the axes of X, Y, and Z) immersive 

experiences, which are already implemented 

by Google [14] to provide content services 

for other companies in production promotion,  

virtual touring, online shopping, etc. In this  

scenario, the user is able to receive XR stream- 

ing from the content server and render it  

with local graphic devices. �e user is also  

able to control the playback with information  

from various sources, including HMD, body  

gestures and positions, biometric information,  

etc. A typical use case of this scenario is 

emotional streaming. When the user is watch-

ing an AI-generated �lm, his/her emotional 

reactions are collected and transmitted back 

to the content provider to create a personal-

ized plot and style of the �lm. Multimedia 

streaming o�en requires low latency to pro-

vide a seamless experience, and the required 

downlink bitrate is usually high due to the 

high quality of audio and video content.

Online XR Gaming: �is category covers 

various types of online gaming with XR 

devices. �e game server is capable of 

simultaneously providing service for multiple 

online gamers. Each User End (UE) of the 

player receives the XR game streaming from 

the server and feeds back control signals, 

which are supposed to determine how the 

game is being played. Other users may join 

the online game as spectators. �ey can 

also receive the XR game streaming from 

the game server. �e streaming may be 

exactly the same as one player receives if the 

spectator wants an immersive perspective 

as the speci�c player, or it could be from a 

perspective independent of all the players. 

As online gaming o�en requires real-time 

feedback and interaction among users, its 

latency demands can be low or ultra-low, 

and the required bandwidth depends on  

the resolution of the game scene. 

XR Mission Critical: �is special-use  

case describes the scenario of a team of 

users, each equipped with multiple mission 

gears connected to a centralized control 

center. �e control center provides XR 

graphics such as maps, indicative texts 

and pointers of other team members, 

hostiles, or just objects in the surroundings 

to support the mission. It also allows 

control drones equipped with cameras to 

collect and extract important information 

from the �eld with its capabilities of A/V 

processing. For instance, in a police mission 

with AR, each team member is equipped 

with a helmet deployed with AR glasses, 

stereo headphones/microphones, 360° 

VR cameras, and 5G connectivity with very 

accurate 5G localization. One or several 
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drones are also deployed, which can be 

controlled by the team or command center 

to enhance their AR experience. �e latency 

of the communications between the team 

and command center and among the team 

members must be extremely low to ensure 

the commands and feedback are up to date.

XR Conferencing: �e conference space 

shared in the form of XR in this scenario can 

be divided into three types: First, a physical 

space shared with remote participants of an 

immersive stream; second, a virtual space 

that simulates the physical space sent to both 

local and remote conference participants; 

third, a completely virtual space provided by 

an application server. Each user end needs to 

capture the user’s media information such as 

actions, motions, and expressions, meanwhile 

rendering the received multi-media stream 

from the conference server. �e conference 

server is concentrated on processing all the 

session signals and setting up communication 

channels for the exchange of media data and 

metadata. A typical use case of this scenario 

is a virtual convention/poster session. In this 

setting, the poster session includes both real 

and remote attendees. Each remote attendee 

wears an HMD to obtain a VR conference 

hall experience, in which he/she can walk 

from poster to poster and present his/her 

own poster with a VR controller. By using 

AR glasses, a real participant can see the 

remote attendees as if they were physically 

present in the scene. �ey can listen to the 

presentation and interact with a remote 

presenter. �is kind of application requires 

real-time feedback as two conference 

attendees communicate; thus, the required 

latency shall be low or ultra-low.

Spatial Audio Multiparty Call: �is type 

of use case is o�en implemented with AR 

functions on a mobile phone. Captured by 

the front-facing camera, each party can see 

other parties displayed in an AR manner on 

the phone with 2D video streaming. If the 

user equipment is replaced by AR glasses, 

then with the spatial information collected, 

the user can receive more accurate stereo 

voice from other parties, thus he/she is able 

to enjoy a more immersive experience. �is 

case demands low latency as it is a type of 

real-time communication.

Di�erent types of use cases for XR services 

and their corresponding QoS requirements 

are summarized in TABLE 1, which is accord- 

ing to 3GPP TR 26.928 [11].

5G MEDIA CENTRIC 
ARCHITECTURE FOR XR
In this section, based on the core use cases 

introduced in the previous section, we 

now discuss how to incorporate the core 

technologies in 5G media centric architectures 

to meet the demands of XR applications.

Before presenting the architectures, we �rst 

introduce the general tasks of XR services:

•  Displaying and viewport (referring to  

an area within the XR devices from  

which the user can view information) 

rendering to generate an XR scene with 

the content delivered;

•  Capturing real-world content including 

tracking and pose generation;

•  Media coding/decoding and media 

content delivery;

•  Fixing media formats, meta data and 

other data;

•  Utilizing 5G communication system;

•  Spatial location estimation.

According to the execution locations 

of the above tasks, we can have roughly 

four types of architectures to support XR 

applications. Generally, all the use cases of 

XR can be attributed to mainly two types,  

[STANDARDS]

 Types of Use  
Latency Bitrates/Bandwidth

 Packet 

Reliable   Cases and     Error Rate    

Delivery    Scenarios     (PER) 

 Downlink (DL) Uplink (UL) DL UL
 Packet Loss    

     Rate (PLR)

 QoS Requirements

O�ine Sharing Non-critical1 Non-critical Depending on the quality of the 3D Object representation Low Required 
 of 3D Objects   

XR Multimedia Low2 Moderate High2  Depending on the type  Non-critical Not      
    Streaming    of controlling information  Required 

    Online XR Depending on the type of Depending on the quality of the game Moderate Non-critical Not
     Gaming game can be low or ultra-low scene, mostly 2Mbps [11] is enough     Required

XR Conference Low or Ultra-low Depending on the type of capture/ Moderate and Non-critical Not
    user representation transmitted [11] almost constant  Required

  Real-time XR Low Depending on the quality of the 3D Object representation Non-critical Not 
      Sharing    Required

   XR Mission Ultra Low High  Non-critical Not 
      Critical    Required

 Spatial Audio Low Depending on the quality of the video call Multiparty Call Non-critical Not  
    Required

TABLE 1. Types of Use Cases and Their QoS Requirements

Note 1: The metric of latency is according to the threshold of Roundtrip Time (RTT). Ultra-low: 50ms; Low: 100ms; Moderate: 200ms; Non-critical: >200ms.  
Note 2: With viewport adaptive streaming and split rendering, the requirements on bitrates can be lower, meanwhile the latency requirement is higher.
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 Packet 

Reliable   Cases and     Error Rate    
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 Downlink (DL) Uplink (UL) DL UL
 Packet Loss    
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O�ine Sharing Non-critical1 Non-critical Depending on the quality of the 3D Object representation Low Required 
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    Online XR Depending on the type of Depending on the quality of the game Moderate Non-critical Not
     Gaming game, can be low or ultra-low scene, mostly 2Mbps [11] is enough     Required

XR Conference Low or Ultra-low Depending on the type of capture/ Moderate and Non-critical Not
    user representation transmitted [11] almost constant  Required

  Real-time XR Low Depending on the quality of the 3D Object representation Non-critical Not 
      Sharing    Required

   XR Mission Ultra Low High  Non-critical Not 
      Critical    Required

  Spatial Audio Low Depending on the quality of the video call Non-critical Not  
 Multiparty Call    Required

TABLE 1. Types of Use Cases and Their QoS Requirements

Note 1: The metric of latency is according to the threshold of Roundtrip Time (RTT). Ultra-low: 50ms; Low: 100ms; Moderate: 200ms; Non-critical: >200ms.  
Note 2: With viewport adaptive streaming and split rendering, the requirements on bitrates can be lower, meanwhile the latency requirement is higher.
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3) Edge/Cloud Rendering and Processing: 

In future XR services, Edge/Cloud processing 

and rendering will be a promising key tech- 

nology to simultaneously reduce power 

consumption and latency, which is critical 

for some XR use cases such as online XR 

gaming. Some work has been done aiming 

to reduce localization error and achieve 

fairness among users [19]. However, the 

following aspects of standardization still 

need to be considered:

• Generalized XR cloud and split 

rendering application framework.

• Formats and protocols that support 

content delivery and XR tracking 

information delivery at su�ciently  

high frequency.

• Distribution of computing resources  

in the 5G system network.

• 5G QoS Identi�ers and other 5G system  

capabilities de�ned for edge/cloud 

rendering and processing of XR 

services. 

• AI-enabled and AI-oriented edge 

computing for XR applications in  

the metaverse [20].

4) XR Awareness in RAN: Another 

intriguing aspect for further standardization 

work is to improve the performance of XR 

services by introducing and enhancing the 

ability of XR awareness in 5G RAN. If the 

RAN is able to identify which �ow belongs 

to the XR service, one can optimize the 

transmission by adapting its priority, radio 

resource allocation, packet discarding and 

forwarding, with other network features  

to improve the experience of a speci�c  

XR application.

5) Support of Multi-party and Conversa-

tional: With the 5G Media Streaming archi-

tecture well established in 3GPP TS 26.501 

[15], we can adapt it to �t XR applications. 

However, in conversational XR use cases 

with multi-party, such architecture may not 

�t very well, as it includes lots of metadata, 

spatial information, and audio/video from 

multiple resources. �us, there is a need for 

standardization on the 5G network designed 

for multi-party and conversational XR cases, 

including the transport of spatial informa-

tion, content delivery protocol, and other 

important issues.

In  3GPP  TR 26.998 [13], 3GPP  has already 

introduced the 5G Media Access function 

of AR glasses. However, there are still mainly 

two aspects that need further study. First, 

more XR devices other than AR glasses should 

be taken into account. Second, a uni�ed 

de�nition or protocol of interface for all XR 

devices and 5G functionalities is needed.

2) Tra�c Characteristics and Models: Up 

to now for many XR services, their tra�c 

characteristics have not been speci�cally 

de�ned. It should be a prime work to survey 

and collect data from typical XR applications. 

�e main interest in tra�c characteristics 

may include the following aspects:

• DL/UL data rate ranges;

• Maximum DL/UL Packet Delay Budget;

• Maximum Packet Error Rate;

• Maximum Roundtrip Time;

• Tra�c Characteristics at the IP level 

including packet sizes in both DL/UL.

With these characteristics identi�ed, 

we shall be able to establish 5G QoS �ows 

optimized for speci�c types of XR applications.

[STANDARDS]

 Architecture DL Rate UL Rate DL Packet UL PDB RTT DL UL Tra�c Tra�c �le size  
  Range Range Delay Budget   PER Range PER Range Periodicity distribution 
    (PDB)     Range

 Viewport  HTTP   Referred to   Almost Almost 
 independent 100Mbps Requests 300ms 300ms Adaptive 10e-6  10e-6 Constant Constant 
 streaming  every second;   Streaming
   TCP   and TCP 
   handshake.   connection.

 Viewport  More Frequent   Referred to   Almost Almost 
 dependent 25Mbps HTTP requests 300ms 300ms Adaptive 10e-6  10e-6 Constant Constant 
 streaming  every 100ms;   Streaming 
   TCP   and TCP 
   Handshake.   connection.

 Raster-based        Almost FFS 
 Split 100Mbps 500Kbps 20ms 10ms 50ms FFS FFS Constant 
 Rendering 
 with Pose  
  Correction

 XR   Meet the requirements of real-time   Almost >50Mb during 
 Conference 3~50Mbps 3~50Mbps communication, ideally less FFS FFS Constant start-up 
  per user  than 150ms    Then depending 
        on media 
        consumption or 
        almost constant

TABLE 2. Tra�c Characteristics for the Four Typical Architectures

NOTE 1: DL PDB and UL PDB are according to suitable 5QIs value de�ned in 3GPP TS 26.501 [15] for adaptive streaming over HTTP.  
NOTE 2: FFS stands for “For further study.”  
NOTE 3: RTT, UL and DL PDB can't apply simultaneously.
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CONCLUSIONS
�is paper provided an overview of the 

ongoing 3GPP standardization of 5G NR in 

support of XR applications. In this survey, we 

�rst discussed why cellular systems were of 

great importance to support XR services and 

reviewed the history of 3GPP standardization 

on this topic. �en, we introduced the typical  

use cases of XR applications and their cor-

responding QoS requirements. To meet the 

requirements of these cases, four architectures 

were presented. We concluded this article 

with a discussion of future work. n
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