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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]5G has been changing our lives, and it has become an industry consensus to continuously implement the rich content of 5G technology and realize the sustainable development of 5G. In April 2021, 3GPP officially confirmed 5G-Advanced as the official name of 5G evolution, and the development of global 5G technology and standards has entered another new stage.
Currently, reconfigurable intelligent surface (RIS) is widely regarded as an important potential technology for enhancing the radio interface because of the characteristics of low cost, low energy consumption and easy deployment [1].  As shown in Figure 1-2, RIS can assist gNB to increase the coverage especially in the scenarios with NLOS link between gNB and UE. 
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Figure 1-1 Illustration of RIS
As an important potential key technology of 5G-Advanced and beyond, integrated sensing and communication (ISAC) has drawn extensive attention. 3GPP has started discussing ISAC use cases and requirements. The research topic "Integrated Sensing and Communication Research" in 3GPP SA1 already contains 32 use cases and their corresponding requirements [2]. As shown in Figure 1-2, gNBs can transmit the sensing signal and utilize the reflected or scattered signals for sensing such as UAV, pedestrian and vehicle intrusion detection and tracking, etc.
[image: ]
Figure 1-2 Illustration of ISAC by gNB
In this contribution, we share the deployment and the corresponding test results of RIS and ISAC conducted by China Telecom and ZTE Corporation in venues of the 19th Hangzhou Asian Games [3]. These test results demonstrate that RIS and ISAC can effectively assist in the development of intelligent neighborhoods, low altitude economy, and achieve efficient wireless networks.
RIS deployment
Scenarios
Near the venues of the Hangzhou Asian Games, there stand numerous towering high-rise buildings. However, the interiors of commercial and office buildings have inadequate indoor coverage of 5G signals due to non-line-of-sight (NLOS) conditions. This situation results in poor user experience and areas with signal blind spots. Even the outdoor base stations deployed nearby are unable to meet coverage requirements within shops and parking garages. The low indoor signal strength further contributes to slow data rates and an unsatisfactory user experience.
[image: 图片1]
Fig. 2.1-1: Aerial view of RIS coverage in Hangzhou Asian Games Village: addressing coverage challenges in NLOS scenarios within buildings.
By utilizing rapidly deployable RIS, the expansion of base station coverage can be achieved within shops and parking garages. This is accomplished through intelligent reflection or refraction of base station signals. Leveraging dynamic coordinated beamforming algorithms based on RIS, the signals from the active antenna unit (AAU) are reshaped. This allows for dynamic tracking of beams between the base station and user UEs, optimizing coverage in weak signal areas and eliminating blind spots, thus achieving comprehensive indoor spatial coverage at a low cost and with low carbon emissions. Users can consistently maintain high downlink and uplink data rates while moving indoors.
[image: 15507288680672304388]
Fig. 2.1-2: Mobile RIS Cabinet: Easily deployable based on diverse scene requirements, can be set up at any time. RIS panels are positioned behind the blue advertising backdrop, ensuring aesthetics and commercial feasibility.
The following figures show that outdoor RIS enhances indoor coverage. The green color shows the beam shape reflected by RIS. 
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Figure 2.1-3 Outdoor RIS enhances indoor coverage.
 Test result
[bookmark: OLE_LINK1]In one case, UE was deployed on the ground floor of the Asian Games Village shops to assess the effect of RIS on communication performance. The test results indicate a significant improvement in performance. The average uplink data rate increased from 99.96 Mbps to 535.94 Mbps, 436% improvement, while the average downlink data rate increased from 1468 Mbps to 3134.73 Mbps, 114% improvement. The synchronization signal block (SSB) reference signal received power (RSRP) showed an increase of approximately 8.7 dBm, and the SSB signal to interference and noise ratio (SINR) increased by around 12.44 dBm.
[image: 商铺]
Fig. 2.2-1: Enhanced communication performance within shops after RIS deployment: The left image depicts communication performance with UE tracking using dynamic coordinated beamforming algorithms with RIS, while the right image depicts communication performance within shops without RIS deployment.
In another case, UE was deployed in the weak signal areas and blind spots of the parking garage to assess the impact of RIS on communication performance. The average uplink data rate increased from 99.84 Mbps to 524.46 Mbps, 425% improvement. Additionally, the average downlink data rate increased from 841.08 Mbps to 3406.49 Mbps, 305% improvement. The SSB RSRP showed an increase of approximately 22.2 dBm, and the SSB SINR showed an increase of 24 dBm.
The experimental results indicate that with the utilization of RIS and corresponding dynamic coordinated beamforming techniques, the effective coverage area of 5G-Advanced signals increases by approximately 30%. In typical scenarios, the downlink data rate improves by over 3-6 times, while the uplink data rate can increase by up to 20 times. RIS effectively resolves issues related to unstable communication, low data rates. The approach offers advantages such as easy deployment, extensive coverage, enhanced user experience, and manageability. The implementation of this groundbreaking technology will bring revolutionary changes to the global communication industry, providing a stronger network foundation for the development of future smart cities, industrial IoT and other domains.
[image: 车库2]Fig. 2.2-2: Enhanced communication performance within parking garage after RIS deployment: The left image showcases the communication performance with RIS, while the right image demonstrates the communication performance within the parking garage without RIS deployment.

ISAC deployment
Scenarios
The detection, positioning, and tracking of UAVs are important scenarios in research reports “Integrated Sensing and Communication Research” in SA1, as shown in figure 3.1-1 [2].

[image: ]
Figure 3.1-1 Sensing for UAV intrusion detection
As the UAV market continues to expand, more and more civilian UAVs have entered daily life. UAVs are widely used in various scenarios, such as aerial photography, commercial performances, logistics and distribution, etc. Low-altitude UAVs have characteristics as large number, small size, wide flying zone, widely used to execute complex and diverse tasks, which makes UAV supervision very difficult if only using the traditional radar system. 
During the Asian Games, UAV flying over the venues will bring potential dangers to the normal progress of the competition and the audience's viewing, as shown in figure 3.1-2. Therefore, how to provide low-altitude supervision in the Hangzhou Asian Games is an urgent problem to be solved.
[image: ]
Figure 3.1-2 UAV intrusion risks at the venue
5G radio signals can be used to provide wireless access for communication, meanwhile the 5G radio signals can also be used to generate sensing data for object detection e.g. sense presence or proximity of UAVs illegal flying in a specific area. 5G System could provide sensing service by processing sensing data and output sensing information (e.g. relative position, altitude, distance, velocity, direction, warning). 
In this test with millimeter wave, a single AAU base station is deployed at the entrance of the Asian Games Village, as shown in Figure 3.1-3. 

[image: ]
Figure 3.1-3 the deployment location of the ISAC base station
Test result
Electronic fences have been set up around the Asian Games Village, as shown in the blue area in figure 3.2-1. The 5G system periodically senses the restricted area and will provide warning alarm if there are UAVs flying into the restricted area border for the Asian Games Village. 
[image: ]
Figure 3.2-1 Illustration of the restricted area
As shown in Figure 3.2-2, when a UAV enters the sensing area of the base station, The base station will sense the presence of the UAV, its location, and even track the UAV. In this test, the sensing range of a single AAU can reach 1000m. The base station will send the 3GPP sensing data to 5G network and 5G network will derive the sensing result from the 3GPP sensing data and expose the sensing result to the third-party application. Further, the third-party applications will display sensing results in real-time in the application. As shown in Figure 3.2-2, the yellow dots are the sensed UAV trajectory. It can be observed that the location, velocity, and altitude of the UAV can be tracked, sensing range accuracy reaches the sub meter level.
When the UAV flies into the restricted area border for the Asian Games Village, the third-party application will trigger an electronic fence alarm and pop up an alarm prompt box.
[image: ]
Figure 3.2-2 Demonstration of UAV electronic fence intrusion

References
[1] ITU. ITU-R M. [IMT.FRAMEWORK FOR 2030 and Beyond]: Framework and overall objectives of the future development of IMT for 2030 and beyond[R]
[2] 3GPP TR 22.837, Feasibility Study on Integrated Sensing and Communication, V19.0.0, 2023-06.
[3] https://m.c114.com.cn/w127-1239511.html

14

image1.png




image2.png
gNB Sensing targets




image3.png
(1)

L1
il

1{





image4.png




image5.png




image6.png
RIS Beam ID 2050 RIS Beam ID ~--





image7.png
Uplink Rate

Downlink Rate

RIS Beam ID 2072

-
SSB RSRP
6738
S
SSB SINR

E

V1951

841.08
e

Downlink Rate

RIS Beam ID  ---

SSB RSRP
60

SSB SINR

1105




image8.png




image9.png




image10.png




image11.png




image12.png




