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1	Introduction
An emerging trend in future wireless networks involves the integration of communication and localization. This integration offers improved key performance indicators (KPIs) by effectively managing radio resources based on the real-time locations of mobile terminals. By utilizing NR reference signals for both communication and location purposes, the combination of positioning and communication becomes a preferred option for maximizing the efficient use of radio resources and cost-effective sharing of wireless infrastructure. However, the development of positioning and communication has so far occurred separately within the 3GPP standard [1-3]. By intelligently integrating NR data communication and NR positioning, significant benefits can be achieved [4-6]. These benefits include enhanced accuracy, reduced latency, improved efficiency, as well as increased reliability, spectrum efficiency, and reduced power consumption in data communication. This contribution aims to present our perspectives on the potential SI/WI related to integrated positioning and communication in Rel-19 [7]. This integration seeks to unlock the full potential of NR wireless networks in facilitating both positioning and communication.

2	Discussion
2.1 Potential Benefits
﻿﻿2.1.1 Location-aided communication
Accurate location related information enhances both location-based services (e.g., advertising, autonomous driving) and communication performance, known as location-aware or location-aided communication. This field has gained significant attention in 5G-and-beyond networks, enabling reduced communication overhead, lower delays, minimized energy consumption, and increased capacity. The location related information can be used to support location-assisted dynamic spectrum management, handover, network planning, and resource optimization, as discussed in many open publications, e.g., [4-6].
Note: In order to address privacy concerns, the information regarding the UE location discussed here may not be the indication of the precise location of the UE. Instead, it may include other relevant details such as UE positioning measurements, RSRP, AOA, DOA, and so on.
From the physical layer perspective, location related information can be used for channel estimation, beamforming, and generating radio environment maps (REM) to reduce interference and signalling overhead. Accurate angle of departure and angle of arrival of the line-of-sight path enable location-aided beamforming, reducing channel estimation overhead and energy consumption, and improving user throughput and time-frequency resource efficiency. High-precision REMs can be created by combining accurate location related information with channel quality metrics, which include radio elements like large-scale fading knowledge and location-based radio conditions, enabling radio resource management without full-band channel state information between gNBs and UEs. Motion information like velocity and orientation can be used to predict UE locations. By combining radio environment maps and predicted UE locations, proactive radio resource management can be achieved, maintaining communication performance and adapting to upcoming events. Other location-aided communication applications include location-aided MIMO interference channels and coordinated multi-point transmission.
From the MAC/RRC layer perspective, accurate location related information plays a crucial role in radio resource management, including location-based multicasting and broadcasting, scheduling, and load balancing. Geographical location-aided broadcasting, known as geo-casting, is particularly important. Traditional broadcasting methods based on flooding suffer from issues like large bandwidth consumption and the broadcast storm problem. Geo-casting leverages location-related information such as distance and angle between the transmitter and receiver, achieving high reachability and bandwidth efficiency. 
Another notable application involves location-aided radio resource scheduling. Location-aided scheduling algorithms can be used to address the challenges posed by fractional frequency reuse to minimize intra-cell interference. Compared to alternative methods that rely on instantaneous channel knowledge and require extensive channel state information feedback from all users, the location-based approach requires less feedback and achieves higher total throughput. 
Furthermore, the UE location related information can also be used for improving reliability, reducing latency, and signaling overhead in mobility management, such as initial access and handovers.
While it is a common understanding that UE location related information is very useful for improving data communication, including spectrum management, handover, network planning, and resource optimization, etc., the UE location related information is so far only stored in LMF, but not shared with the serving gNB and neighbouring gNBs, due to the positioning and communication are traditionally developed separately in 3GPP standard.
[bookmark: O1]Observation 1: UE location related information is highly valuable for data communication. It has the potential to enhance reliability, minimize latency, and reduce signalling overhead in mobility management, among other benefits. However, the UE location related information is currently confined to the location server (LMF) and is not accessible to the gNBs 

﻿﻿﻿2.1.2 Communication-aided positioning
﻿5G NR massive MIMO offers a remarkable advantage in terms of achieving high spectral efficiency for communication. With the use of a large number of antennas, massive MIMO systems can simultaneously serve numerous UEs with high data rates through dense spatial multiplexing. This is made possible through beamforming/precoding techniques, which utilize large antenna arrays with high angular resolution. Beamforming entails transmitting coherent signals that concentrate the signal power in a specific direction, resulting in increased signal-to-noise ratio and throughput, known as beamforming gain. Leveraging enhanced beamforming capabilities in three-dimensional space (3D) is beneficial for mitigating the effects of high path loss in mmWave bands and reducing interference from various directions by forming narrow beams. The beamspace channel response obtained by the transmitter and receiver not only contains spatial information about the link ends but also provides insights into the objects or humans present in between, making it valuable for localization purposes. Accurate angular information extracted from this data can be utilized for localization.
The effectiveness of beamspace processing relies on advancements in channel estimation techniques, including angular and delay domain profiles, which are crucial for localization algorithms. Channel estimation becomes particularly critical in challenging scenarios characterized by non-line-of-sight (NLOS) propagation and high user mobility. 
DL beam management for IDLE UEs is based on SSB signals, while the DL/UL beam management are based on SSB, CSI-RS and SRS signals. Beam management comprises basically the four distinct operations:
· Beam sweeping, which involves transmitting and receiving a set of beams at predefined intervals and directions to cover a spatial area.
· Beam measurement, which evaluates the quality of the received signal at the gNB or UE.
· Beam determination, which involves selecting suitable beams based on measurements obtained during the beam measurement procedure, either at the gNB or UE.
· Beam reporting, which facilitates the transmission of beam quality and decision information from the UE to the network.
The information obtained during the beam management operations is all useful in the context of localizing and tracking active mobile users in a dynamic environment, including the estimation of the angle of arrival (AoA) or angle of departure (AoD) of the UEs.
[bookmark: O2]Observation 2: UE beam and channel information may play a crucial role in UE positioning. They can be utilized to significantly enhance the accuracy of the angle of arrival (AoA) or angle of departure (AoD). However, beam and channel information is currently kept within the UE and gNBs, without being shared with the location server (LMF).

2.2 Integrated positioning and communication
For Rel-19, we propose to support information sharing between positioning and communication as shown in Figure 1.
Communication-aided positioning: 
UE/gNB can provide the physical layer related communication information (beam management, channel estimation, radio environment maps, etc.), as well as the MAC/RRC layer related information (Initial access and mobility management, multicasting, broadcasting, scheduling, and load balancing, etc.) to the LMF for increasing the positioning accuracy, reducing the positioning latency, and improving the positioning reliability.
Positioning-aided communication: 
LMF can provide the UE positioning information, such as the timing measurements (RSTD, RTOA, UE/gNB Rx-Tx time difference measurements, carrier phase measurements, etc.), the power measurements (RSRP, RSRPP), the directional measurements (AOA, AOD, etc.), etc., to the gNBs for improving the performance of the data communication, including the throughput, reliability, latency, signalling overhead, initial access and mobility management, RF resource management, location-based multicasting and broadcasting, scheduling, and load balancing, fractional frequency reuse, etc.
[image: ]
Figure 1. Integrated positioning and communication

[bookmark: P1]Proposal 1: Support Integrated Positioning and Communication in which the information and resources are shared between NR positioning and communication systems to improve the performance of both NR positioning and NR communication in Rel-19 with the following objectives:
· Study the benefits of integration of NR positioning and data communication
· Study and specify the solutions of position-aided data communication (e.g., position-aided channel estimation, beamforming, initial access and mobility management, RF resource management)
· Study and specify the solutions of communication-aided positioning (e.g., UE positioning aided by beamforming information and estimated channel state information, etc.)
· Study and specify the solutions for resource sharing of NR positioning and data communication (e.g., the resource scheduling and optimization for supporting both positioning and data communication).

3	Conclusion
In this contribution, we share our views on Integrated Positioning and Communication in RAN Rel-19, and provide the following observations and proposal: 
Observation 1: UE location related information is highly valuable for data communication. It has the potential to enhance reliability, minimize latency, and reduce signalling overhead in mobility management, among other benefits. However, the UE location related information is currently confined to the location server (LMF) and is not accessible to the gNBs 
Observation 2: UE beam and channel information may play a crucial role in UE positioning. They can be utilized to significantly enhance the accuracy of the angle of arrival (AoA) or angle of departure (AoD). However, beam and channel information is currently kept within the UE and gNBs, without being shared with the location server (LMF).
Proposal 1: Support Integrated Positioning and Communication in which the information and resources are shared between NR positioning and communication systems to improve the performance of both NR positioning and NR communication in Rel-19 with the following objectives:
· Study the benefits of integration of NR positioning and data communication
· Study and specify the solutions of position-aided data communication (e.g., position-aided channel estimation, beamforming, initial access and mobility management, RF resource management)
· Study and specify the solutions of communication-aided positioning (e.g., UE positioning aided by beamforming information and estimated channel state information, etc.)
· Study and specify the solutions for resource sharing of NR positioning and data communication (e.g., the resource scheduling and optimization for supporting both positioning and data communication).
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