3GPP TSG RAN Rel-18 workshop










RWS-210088
Electronic Meeting, June 28 - July 2, 2021
Agenda Item:
4.2
Source: 
Xiaomi Communications
Title:  
Car communication via 5G NR 
Document for:
Discussion and Decision

1 Introduction

Due to the rapid growth on the number of the smart cars and the smart devices implemented in car, the diverse user/car equipments would require various communication servcies to be carried via the car or directly via the gNB. Some communication protocols (e.g. MirrorLink [1] and Miracast [2]) are developped to improve the in-car communication. In this contribution, we provide the emerging marketing requirements of the in-car device communciation and the potential challenges of the current NR techniques.
2 Discussion  
2.1 ECO-Communication System in Car
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Figure 1: ECO-Communication System in Car
A smart car could be equipped with a MMWS (Multi-Mode Wireless Station) which is connected with the internet via the 3GPP Uu interface, and various in-car devices are connected to the MMWS of the car via diverse communication access techniques (e.g. Wi-Fi, Ethernet, BlueTooth and 3GPP Sidelink/Uu). The in-car devices may also need to communicate with each other via the wireless station. For example, the thermal sensor or the video camera may periodically send the captured data to the remote smart car data centre, and a user in car could use its smart phone to monitor the status (e.g. temperature and battery volume) of the smart car (via the local/remote database or directly from the sensor), or to play games (e.g. via the imbedded/localized/remote entertainment system) with other users inside/outside a car. Thus, the 5G NR should provide the following functions for a MMWS to support the car communication system:

· Support mobility between different gNBs.

· Support the local breakout service to multiple UEs.

· Support various access technologies (e.g. Wi-Fi and 3GPP Sidelink/Uu).
In addition, the MMWS needs to support connectivity options for a mobile device within the car. For example, RAN needs to consider the following cases:

· Case 1 (Single-link): A mobile device connects to a gNB via the multi-mode wireless station
· Case 2 (Multi-link): A mobile device has multiple wireless links, e.g. one link directly connected to the gNB via the Uu interface and another link connected to the multi-mode wireless station.
Observation 1: A smart car can be equipped with a multi-mode wireless station which provides the internet service (e.g. via 5G NR) and the localized wireless communication service (e.g. local breakout) to mobile devices in car.
Observation 2: The multi-mode wireless station would support various wireless techniques (e.g. Wi-Fi, BlueTooth, and 3GPP Sidelink/Uu), which allows the mobile devices of different wireless techniques to be connected to the multi-mode wireless station.
Observation 3: A mobile device in a car could have multiple wireless links, one link directly connected to the gNB via the Uu interface and another link connected to the multi-mode wireless station.
2.2 Technical challenges
According to the current NR techniques, we could have the following two alternatives to provide the required multi-mode wireless station functionality and the 5G NR services:
· Alternative 1: IAB (Integrated Access and Backhaul)
· Alternative 2: Sidelink U2N relay
Considering the requirements of the multi-mode wireless station in car, the current functions of IAB and sidelink relay have the following deficiencies:
	
	Lack of functions supporting the requirements of MMWS in car

	IAB node
	· Unable to support sidelink or non-3GPP connection with a UE.
· Unable to support mobility.
· Unable to support local breakout service (i.e. direct data transmission between multiple remote UEs connected to the IAB node).
· Unable to support multiple links of a remote UE, one link directly connected to the gNB via Uu and another link connected to the IAB via Uu/non-3GPP interface.

	Sidelink relay
	· Unable to support Uu or non-3GPP connection with a remote UE.
· Unable to support local breakout service (i.e. direct data transmission between multiple remote UEs connected to the relay UE).
· Unable to support multiple links of a remote UE, one link directly connected to the gNB via Uu and another link connected to the relay UE via PC5.


In order to support the local breakout function, the MMWS needs to have a routing table including the source address and destination addresses of the remote UEs. As the peer PDCP entities of the UE connecting to an IAB node is located between the UE and the IAB-donor, the local breakout service via NR IAB solution appears to be difficult.
2.3 Supporting car communication using relay

According to the analysis given above, in order to fulfil the requirements of the MMWS in car, the MMWS in car needs some technical enhancements on the current NR network. 
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Figure 2: Support of different relay functions
According to the analysis given above, the relay station of 5G NR should support the following functions:
· Inter-cell mobility
· (NR/LTE) Uu/WiFi/Sidelink relay to the gNB/eNB
· Local breakout service between multiple remote UEs connected to the relay station.
· Link adaptation for two simultaneous links (i.e. one direct link to gNB and one relay link via relay station, or two links (one via Uu/PC5 and one via WiFi) to the relay) for remote devices
For the Uu/WiFi relay, the relay node is expected to be gNB/IAB node. For the sidelink relay, the relay node is a UE. While a remote device has two simultaneous links to the same/different gNB(s) or to the relay as illustrated above, the gNB/relay can dynamically decide whether to use the direct Uu link or the relay link or both to send/receive the data to/from the remote UE, based on the link radio condition, the UE power and the required throughput. Regarding the WiFi relay, in order to have more adaptive/dynamic use of the two link, one candidate solution would be to use a technique like the LTE LWA (LTE WLAN Aggregation), and the aggregation anchor could be at the gNB (i.e. WiFi relay) or at the relay (i.e. aggregated WiFi relay). Regarding the Uu/sidelink relay, the NR DC architecture can be considered.
Thus we consider that the 3GPP RAN working group should start the study on supporting the car communication system via a relay station, so as to facilitate the deployment of more in-car smart devices.
Proposal: To support the car communication system, RAN is kindly requested to study the enhancements on the relay station including the following functions:
· Inter-cell mobility
· (NR/LTE) Uu/WiFi/Sidelink relay to the gNB/eNB
· Local breakout service between multiple remote UEs connected to the relay station
· Link adaptation/aggregation for two simultaneous links (i.e. one direct link to gNB and one relay link via relay station, or two links (one via Uu/PC5 and one via WiFi) to the relay) for remote devices

3 Conclusion 
As the thriving smart car market are demanding the equipment of various in-car devices, the improved communication service for the in-car devices would help the deployment of the in-car smart devices and provide more service types to different in-car devices.

Observation 1: A smart car can be equipped with a multi-mode wireless station which provides the internet service (e.g. via 5G NR) and the localized wireless communication service (e.g. local breakout) to mobile devices in a car.

Observation 2: The multi-mode wireless station would support various wireless techniques (e.g. WiFi, BlueTooth, and 3GPP Sidelink/Uu), which allows the mobile devices of different wireless techniques to be connected to the multi-mode wireless station.

Observation 3: A mobile device in car could have multiple wireless links, one link directly connected to the gNB via the Uu interface and another link connected to the multi-mode wireless station.

Proposal: To support the car communication system, RAN is kindly requested to study the enhancements on the relay station including the following functions:
· Inter-cell mobility

· (NR/LTE) Uu/WiFi/Sidelink relay to the gNB/eNB

· Local breakout service between multiple remote UEs connected to the relay station

· Link adaptation/aggregation for two simultaneous links (i.e. one direct link to gNB and one relay link via relay station, or two links (one via Uu/PC5 and one via WiFi) to the relay) for remote devices

4 References
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