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1 Abstract 

In October 2020, vivo Communications Research Institute (vCRI) released two 6G 

whitepapers [1,2], and proposed a 6G vision for a freely connected physical and digital 

integrated world. The first whitepaper, ñDigital Life 2030+ò, depicts, through many 

concrete use cases, a better scenario of digital life for the 6G era in 2030 and beyond. 

The second whitepaper, ñ6G Vision, Requirements and Challengesò, provides a 

preliminary analysis of the technical vision, requirements and challenges for 6G system. 

In the past two years, the industry is gradually forming a consensus on 6G services 

and key capability indicators; the research and development of 6G key enabling 

technologies is progressing. vCRI, together with our partners, has conducted numerous 

analysis and research of 6G business models, drivers, and application scenarios. vCRI 

has also been involved in research, evaluation and technical experiments on 6G system 

architecture and enabling technologies. This white paper presents the latest research 

findings and preliminary views on 6G services, capabilities, architecture and key 

technologies. It is expected that this white paper will contribute to the development of 

6G technologies. 

2 6G services 

2.1 From 5G services to 6G services 

From 1G to 4G, mobile communication system has evolved around the 

transmission of information, with the main goal of larger communication capacity, 

higher data rate and lower latency, a new generation every decade. 

5G supports three usage scenarios, i.e., eMBB (Enhanced Mobile Broadband), 

URLLC (Ultra-Reliable Low-Latency Communications) and mMTC (Massive 

Machine Type Communication). 5G expands mobile communications from the human-

oriented market to the Internet of Things and industrial applications. 5G provides basic 

telecommunication services such as short message service (SMS), voice over IP 

multimedia subsystem (VoIMS), with further enhancements to support next generation 

real time communication (NG-RTC); 5G provides on-demand mobile data connection 

with different QoS through control plane (CP) and user plane (UP) functions; 5G 

provides services such as UE positioning and network information to third-party 
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applications by means of NEF (Network Exposure Function) or common API 

(Application Program Interface) frameworks; and 5G provides edge computing 

services realized by means of the deployment of multi-access edge computing (MEC). 

In summary, 5G supports high-performance communication services for individuals 

and industries, and information services such as UE positioning and network 

information exposure, and 5G supports computing services through the deployment of 

MEC. 

Towards 2030+, people will pursue a better digital life, the digital upgrade of 

industry will greatly improve production efficiency, and digital social management will 

bring us a more harmonious and beautiful social environment. What services will 6G 

offer? 

The technical requirements of the 29 cases of life scenarios described in the 

whitepaper ñDigital Life 2030+ò can be summarized in three areas: on-demand 

connectivity everywhere, ubiquitous and sophisticated digitalization, and pervasive 

intelligence. The white paper, ñ6G vision, requirements and challengesò, presented the 

6G vision of a "freely connected physical-digital integrated world. Towards 2030 and 

beyond, 6G will build a ubiquitous digital world, enabling free connection between the 

physical world and the digital world to realize the tight integration of the two worlds. 

It will provide rich business applications to make an easy and happy digital life, and 

promote an efficient and sustainable development of society.  

Realizing a freely connected physical-digital integrated world requires ubiquitous 

sensing and information capturing capabilities to achieve accurate real-time digital 

acquisition of the physical world, ubiquitous connectivity and converged computing 

(including computing, storage, and intelligence) capabilities to build a digital world, 

and strong communication capabilities to achieve free connection between the physical 

and digital worlds to support digital applications in a wide range of industries. 

Therefore, communication, information and computing are the three most important 

fundamental capabilities for building a freely connected physical and digital world. 6G 

will natively support communication, information and computing services, and will 

serve as the network information cornerstone to support the efficient and sustainable 

development of future society. 

As shown in Figure 1, super communication, basic information, and converged 
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computing will be the three services offered by 6G system. Systems and technologies 

of communication, information and computing, together with new materials, new 

terminals, intelligent human-computer interaction, integrated circuits and other 

technologies, will build a freely connected physical-digital integrated world which 

supports digital life, digital governance and digital production in 2030+. 

 

Figure 1. 6G builds a freely connected physical digital integrated world  

Super communication service 

From its inception, cellular mobile communications were designed to provide 

seamless communication and connectivity in wireless mobile scenarios. 6G will 

continue this historic mission and provide super communication service. On the one 

hand, basic telecommunication services of 6G will support new services such as 

immersive extended reality (XR), holographic telepresence, and multi-sensory 

interconnection [3~6], in addition to 5G rich media voice, video, and SMS. On the other 

hand, 6G mobile data connection services will continue to improve in capacity, data 

rate, latency, reliability and many other aspects, broadening the range of users and 

increasing the value of services, with more end-to-end flexibility and adaptability to 

meet the needs of individuals and industries in more application scenarios. At the same 

time, 6G will further expand geospatial coverage, lower the access barrier of terminals, 

improve the accessibility of connections, expand the number of subscribers, and realize 

the free connection and information transmission between the physical and digital 
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worlds. 

Basic information service 

6G terminal or base station equipment transmits radio waves for communication, 

and meanwhile can measure the received signals for wireless sensing. Thus, the 

information of the radio propagation environment and the target objects can be obtained, 

such as location, speed, direction, material, or imaging, supporting rich sensing 

applications and scenarios. In addition, as a ubiquitously connected system, 6G will 

generate a large amount of valuable basic data information when supporting the 

connection between the physical and digital worlds. Compared with 5G that provides 

limited information services on UE positioning and network information provision, 6G 

is expected to provide comprehensive wireless sensing and positioning services, and 

further enhance network information provision. In addition, 6G can collect public 

information of industries such as sensor data and GIS (Geographic Information System) 

information, to empower all walks of life. This can avoid the duplicated collection of 

the information by different industry applications. In summary, 6G basic information 

services include wireless sensing, enhanced network information provision, and public 

information of industries. 

Converged computing service 

Computing power is the new productivity in the digital economy. It includes 

multidimensional resources such as networking, computing and storage. In a digital 

system based on 5G, the computations required for application services are typically 

performed at the terminal and in the cloud. 5G system merely provides link between 

terminals and cloud servers to assist the completion of computing tasks. However, many 

new use cases such as immersive XR, interactive 3D virtual digital human, 

collaborative robots, automated driving, and multi-sensory interconnection [3~6] will 

appear in the 6G era. The computing capabilities, such as computing power, storage, 

and intelligence, at the terminal is not enough to support these new use cases. The 

latency at the cloud side cannot meet the demands of the new use cases due to the 

distance. Although deployment of MEC in 5G networks can meet the needs of some 

use cases, the convergence of computing and network is not enough. Through the 

convergence of mobile network and computing, 6G will have natively converged the 

computing capability [7] and can provide converged the computing services including 
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AI (Artificial Intelligence), therefore enabling highly integrated physical and digital 

worlds. 

2.2 6G service use cases 

As mentioned earlier, 6G will provide three services including super 

communication, basic information, and converged computing. Based on one or more 

services, a variety of service use cases will be generated by considering several 

elements such as service users, service locations, service requirements, etc. For 2030+, 

more service use cases will involve two or three services, such as communication and 

information services, communication and computing services, and communication, 

information and computing services. Automated driving is a complex service use case 

that simultaneously requires communication, information, and computing services. A 

diagram of 6G services and service use cases is given in Figure  

 

Figure 2. 6G services and service use cases 

As the future social network information cornerstone, commercially, the main body 

of 6G services is 6G operators. The users of 6G services include the connected mobile 

subscribers and OTT (Over The Top) service providers in thousands of industries. The 

content of 6G services include three basic services, i.e., super communication, basic 

information and converged computing, as well as a variety of service use cases derived 

from the three basic services. Operators provide various services and create value for 
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different customers, through the network infrastructure and terminals in 6G system, 

constituting the fundamental business logic of 6G service system design. 

 

Figure 3. 6G services systems 

3 6G capabilities 

6G natively supports communications, information, computing, and related 

integrated services. To support 6G technology selection and system design which 

enable these services, 6G capabilities need to be defined, which include performance 

indicators and efficiency indicators. 6G performance indicators refer to the reachable 

performance of 6G services, which directly affects the service experience of the users. 

6G efficiency indicators reflect the cost and efficiency of the provision of 6G services. 

Defining reasonable 6G efficiency indicators is a prerequisite to ensure sustainable 6G 

network. As shown in Figure 4, 6G performance indicators include communication 

performance, information performance and computing performance; 6G efficiency 

indicators include spectral efficiency, energy efficiency, cost efficiency, etc. 

 



6G Services, Capabilities and Enabling Technologies 

 

Figure 4. 6G performance indicators and efficiency indicators 

3.1 6G performance indicators 

3.1.1 Performance indicators of super communication 

In order to define 6G communication performance indicators, the similar approach 

can be followed as in 5G communication performance indicators [8,9], but demanding 

much higher requirements compared to 5G. To support advanced service use cases such 

as holographic telepresence, intelligent interaction, immersive XR, real-time remote 

control, and intelligent connection of all things, 6G data rate (including peak data rate 

and user experience rate), communication latency and area traffic capacity and other 

performance indicators are several times or even order of magnitude higher than that in 

5G [2,4,10]. The definitions and suggested values for the 6G communication 

performance indicators are given in Table 1. 

Table 1. Comparison of communication performance indicators between 5G and 6G 

Communication 

performance 

indicators 

Definition 
5G 

requirements 

6G 

requirements 

Peak data rate Maximum data rate achievable 

per user/device under ideal 

conditions 

20 Gbps >100 Gbps 
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User 

experienced data 

rate 

Achievable data rates for 

mobile users/devices in the 

target coverage area 

0.1-1 Gbps >1 Gbps 

Communication 

latency 

Time span from sending 

packets at the source to 

receiving them at the 

destination 

1 ms 0.1 ms 

Area traffic 

capacity 

Total traffic throughput 

provided per unit geographic 

area 

10 Mbit/s/m2 1Gbit/s/m2 

Connection 

density 

The total number of connected 

and/or accessible devices per 

unit area 

1/m2 10-100/m2 

Mobility The maximum relative speed 

between the transmitter and 

receiver when meeting certain 

QoS 

500 km/h 1000 km/h 

Reliability Probability of success in 

transmitting a fixed size packet 

within the specified maximum 

time 

0.99999 0.9999999 

Timing accuracy Time synchronization accuracy 

between devices 

Microsecond 

level 

Nanosecond 

level 

In addition to the above quantifiable performance indicators, coverage is also a 

very important system performance indicator. On the one hand, 6G will support the full 

coverage of space, air, ground and sea through the technologies of satellite 

communication and high-altitude platforms. On the other hand, 6G will further extend 

the terminal access range, integrate technologies such as backscatter communication, 

support very low power terminal communication, and improve the performance of near-

field scenarios such as body area networks. 

3.1.2 Performance indicators of basic information 

6G basic information services include wireless sensing, enhanced network 
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information provision, and public information of industries, of which the performance 

indicators are divergent. 

Performance indicators of sensing 

6G will support object and environment sensing, as well as UE positioning which 

is also supported by 5G. Without loss of generality, the key performance indicators for 

6G sensing services are defined in Table 2, with the reference to the definitions in the 

field of radar sensing. 

Table 2. Sensing performance indicators 

Sensing performance 

indicators 
Definition 

Sensing accuracy Sensing accuracy refers to the degree of deviation between 

the true results and the sensing results at a certain 

confidence level, which can be characterized by the 

sensing error, e.g., root mean square error. The smaller the 

sensing error, the higher the sensing accuracy. Sensing 

accuracy includes distance accuracy, velocity accuracy, 

angle accuracy, etc. 

Sensing resolution Sensing resolution refers to the ability to distinguish 

multiple sensing targets in different dimensions, including 

distance resolution, velocity resolution, angular resolution, 

etc. 

Sensing range Sensing range refers to the valid range of certain sensing 

parameters under the premise of satisfying certain sensing 

indexes, including sensing distance range, sensing speed 

range, sensing angle range, etc. 

Sensing latency Sensing latency is used to quantitatively describe the real-

time requirements of a sensing service, such as the 

maximum latency from the generation of a sensing service 

request to the feedback of the sensing result. 

Sensing update rate The sensing update rate is the inverse of the time interval 

between two adjacent sensing results. 
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6G sensing performance depends on the frequency band, the system bandwidth, 

the structures of transmitter and receiver, the number of antennas, and the accuracy of 

transceiver synchronization of the 6G integrated sensing and communications systems. 

Table 3 gives the sensing performance indicators for two system configurations. The 

measurements are based on the radar SNR (Signal-to-Noise Ratio) calculation method 

and the sensing accuracy calculation method [11]. 

Table 3. Sense performance indicators for two system configurations 

System parameters 

 
system 

configuration 1 

system 

configuration 2 

Central frequency 6 GHz 30 GHz 

Bandwidth 400 MHz 2 GHz 

Number of antenna 

elements/element 

gain 

256 /8 dBi 512 /8 dBi 

Transmitting power 

of BS 

55 dBm 40 dBm 

Inter-site distance 500 m 200 m 

Reference RCS  0.1 m2 0.1 m2 

Target maximum 

velocity 

120 km/h 120 km/h 

Coherent processing 

interval 

5 ms 1 ms 

Sensing performance 

at cell edge 

Distance resolution 0.375 m 0.075 m 

Velocity resolution 5 m/s 5 m/s 

Angular resolution 

(azimuth /zenith) 

7.2£/7.2£ 3.6£/7.2£ 

Distance accuracy ͘0.1 m ͘0.1 m 

Velocity accuracy ͘1 m/s ͘7 m/s 

Angular accuracy 

(azimuth /zenith) 

͘2£/2£ ͘5£/10£ 
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Other performance indicators of basic information 

In addition to wireless sensing, 6G basic information services include the enhanced 

network information provision and public information of industries, and their potential 

performance indicators include availability, responsiveness, etc.  

3.1.3 Performance indicators of converged computing 

6G will support converged computing services such as computing offloading, in-

network computing, AI services, etc. The performance of AI services [12~15] includes 

achievable performance (e.g., AI performance such as normalized mean square error, 

cosine similarity, etc., and communication performance such as data rate, coverage, 

block error rate, etc.), AI model complexity, convergence speed (or training time), 

generalization capability, data dependency, inference time, computational resource 

overhead for training, transmission resource overhead for model transfer, and storage 

overhead. The performance of AI services depends mainly on the development of 

computing technologies such as AI algorithms and big data technologies in 2030 and 

beyond. 

6G computing performance indicators should be determined by the resources and 

performance of both computing and communication deployed in 6G system. When we 

define system-level and user-level performance indicators of 6G computing services, it 

is necessary to consider the typical service use cases of computing, and the related user 

density and business model, etc.  

Interactive 3D virtual digital humans are expected to be one of the prevalent 

applications in the 2030+ metaverse era [16]. We assume that the target number of 

geometries (triangles or faces) of the future high-precision and intelligent interactive 

virtual digital human is more than 500,000. The preliminary evaluation shows that the 

computing capacity required by the driving and rendering of the 3D virtual digital 

human may be no less than 10 Tera FLOPS (floating-point operations per second). Most 

smartphones cannot meet such a high computing demand. Meanwhile, the real-time 

interactive experience between the digital human and the real human requires that the 

total round-trip time delay does not exceed 200 ms. It can be predicted that the 

computing latency requirement should be between 10 ms to 100 ms, excluding other 

latency (e.g., transmission latency). The rendering deployed in a centralized cloud can 
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hardly meet the above delay requirement. The low-latency and high-capacity 

computing services required by the interactive 3D virtual digital human can be provided 

by 6G system. We assume that the density of active users is one person per 5 m2; the 

average time per person per day using the virtual digital human application is 30 

minutes; the concentration rate (the ratio of the volume of computing in the busiest hour 

to the volume of computing throughout the day) is 10%; and the cell coverage area is 

10,000 m2. Taking these assumptions as an example, the performance indicators 

required by the 3D virtual digital human scenario are shown in Table 4. Due to the 

diversity of computing use cases, the operator's 6G computing capacity needs to be 

planned and deployed according to the corresponding requirements. 

Table 4. The performance indicators of computing services 

Performance indicators of 

converged computing 

services 

Definition 

Requirements 

based on virtual 

digital human use 

cases 

System-level 

performance 

indicators 

Computing 

power density 

The amount of computing 

power that can be delivered 

per coverage unit area of 

mobile communication 

network 

~100000 Tera 

FLOPS/km2 

Connection 

density for 

computing 

The number of computing 

service connections that 

can be provided per 

coverage unit area of 

mobile communication 

network 

~10000 / km2 

User-level 

performance 

indicators 

Peak 

computing 

power 

The available peak 

computing power for a 

single user 

~10 Tera FLOPS 

Computing 

latency 

The total latency from the 

time a user initiates a 

request for a computing 

10 ms ï 100 ms 
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service to the time a 

computing response is 

received 

3.2 6G efficiency indicators 

Efficiency indicators of communication services usually include spectral efficiency, 

energy efficiency and cost efficiency, which can be basically reused to wireless sensing 

services belonging to information services. The computing services do not involve the 

use of radio waves, so spectral efficiency is not involved. The definitions and 

requirements of efficiency indicators for communication, sensing and computing are 

given in Table 5. 

Table 5. 6G efficiency indicators 

6G 

efficiency 

indicators 

Communication 

indicators 
Sensing indicators 

Computing 

indicators 

Spectral 

efficiency 

Definition: throughput 

provided per cell per 

frequency resource 

6G requirements: 2-3 

times higher than 5G 

The time and 

frequency resources 

required to complete 

one sensing task 

N/A 

Energy 

efficiency 

Definition: number of 

bits that can be 

transmitted per unit of 

energy, or the amount of 

energy required to 

transmit 1 bit 

6G requirements:  

More than 100 times 

improvement in network 

energy efficiency 

Energy required to 

complete one sensing 

task 

Number of 

operations 

available per unit 

of energy 
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In addition to the above quantitative efficiency indicators, 6G efficiency indicators 

includes the following aspects. 

· Flexibility: 6G system shall be easily deployed and maintained. 6G system 

shall support adaptation and tailoring of system functions to enable new use 

cases and new business opportunities, and support smooth evolution from 5G 

to 6G. 

· Intelligence: AI-based network management and O&M, and programmable 6G 

system which achieves flexible and efficient management of network 

resources shall be supported. 

· Green: In addition to supporting higher energy efficiency indicators compared 

to 5G, 6G can support the use of renewable energy to ensure the sustainability 

of the network; 6G will also support extremely low power communication 

through ambient energy supply and other means, so as to greatly enhance 

connectivity accessibility and support the Internet of Everything. 

· Resilience: 6G system can quickly and autonomously detect and identify 

network anomalies, equipment failures, operational errors and network attacks, 

compared to 5G. 

10 to 100 times 

improvement in terminal 

energy efficiency 

compared to 5G. 

Cost 

efficiency 

Definition: the number 

of bits that can be 

transmitted per unit cost, 

or the cost required to 

transmit 1 bit. 

6G requirements: more 

than 100 times 

improvement compared 

to 5G 

Cost to complete one 

sensing task 

Number of 

operations 

available per unit 

cost 
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and then self-recover and self-cure to guarantee the availability and robustness 

of the network and services. 

· Security, privacy and trustworthiness: 6G needs to meet the needs of 

trustworthiness, security and privacy when providing communication, 

information and computing services, as well as the related service use cases. 

For example, basic information services need to observe local laws and 

regulations, ensure the security of data and information, and protect user 

privacy. Converged computing needs to consider computing security, storage 

security, data privacy, algorithm privacy, etc. 

3.3 6G usage scenarios 

Six communication performance indicators, i.e., data rate, mobility, latency, 

reliability, area traffic capacity and connection density, and information-based 

performance indicators and computation-based performance indicators, are considered 

in Figure 5. The three basic services, i.e., super communication, basic information and 

converged computing, are associated to the above indicators according to the 

importance of performance indicators (high, medium or low). Among them, super 

communication is further divided into three sub-scenarios, i.e., eMBB 2.0, URLLC 2.0 

and mMTC 2.0. Given the diversity of 6G service use cases and the scalability of 6G 

system, in addition to the five usage scenarios mentioned above, 6G will further support 

more flexible scenarios based on super communications, basic information and 

converged computing services within the capability boundaries. 
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Figure 5. 6G usage scenarios 

4 6G enabling technologies 

As mentioned earlier, 6G will support higher capabilities and service expansion 

compared to 5G. Table 6 summarizes the different characteristics of 5G services and 

6G services. 

Table 6. 5G services and 6G services 

Service type 5G services 6G services 

Communication Basic 

telecom 

business 

Basic telecom 

services, VoNR, 

new voice, 5G 

messaging, etc. 

XR, holographic telepresence, 

multi-sensory interconnection, 

etc. 

Data 

connection 

On-demand 

mobile data 

connectivity 

Higher-performance on-

demand mobile data 

connectivity 

Information UE positioning, 

some network 

Natively support basic 

information service including 
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information wireless sensing, enhanced 

network information provision, 

and public information of 

industries 

Computing MEC Natively support converged 

computing services including 

computing power, storage, AI, 

etc. 

To support 6G services and capabilities, as shown in Figure 6, on the one hand, 

the system functional framework for 6G needs to be designed to support a wide variety 

of 6G service use cases. On the other hand, the key enabling technologies need to be 

studied to meet the various performance and efficiency indicators of the 6G system. 

  

Figure 6. Logic diagram of 6G services, capabilities and enabling technologies 

4.1 System functional framework 

5G provides main communication services including VoIMS, SMS and NG-RTC, 

and provides positioning services based on location management function (LMF). The 

computing services provided by the external central cloud or MEC are related to the 

application data carried by 5G, which are beyond the scope of 5G system. 6G will 
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enhance the existing communication services and IMS communication services, and 

further meet the transmission requirements of new use cases such as immersive XR, 

holographic telepresence, multi-sensory interconnection, etc. Moreover, the services 

offered by 6G will also be further enriched with the addition of basic information 

services, converged computing services. 

As shown in Figure 7, corresponding to 6G services, the existing communication 

functions, such as access management, mobility management, session management, 

policy control, and UP (User Plane) data transmission, need enhancement. Meanwhile, 

the new network functions, such as sensing function, computing function and data 

function, need to be introduced to achieve integration of sensing and communication, 

convergence of mobile network and computing, cross-domain data interaction and AI-

native system. From the perspective of resource set, 6G will expand the computing 

resources and storage resources required for computing services, and further expand 

spectrum resources and wired network resources for all the three services. 6G will 

support real-time management and scheduling of all the resources to meet the needs of 

system flexibility. 

 

Figure 7. 6G system functional framework 

4.2 Convergence of mobile network and computing 

The convergence of mobile network and computing focuses on the convergence of 

communication function and computing function in 6G system to provide computing 

services for users with computing requirements, where the computing services include 




















































































