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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Sidelink (SL) is introduced in NR Rel-16 to enable D2D communications for V2X applications. However, in the SL discussion in Rel-16, the focus is more on the communication on SL only without much involvement of Uu. Namely, the data transmission on SL is more initiated from an UE on SL and ended at UE(s) on SL, rather than from and to the gNB.  In this contribution, we mainly discuss UE cooperation on SL to enhance Uu performance, benefiting the user experience for eMBB, and improving the reliability and latency requirements for vertical applications. We call such joint design/optimization of Uu and SL through UE cooperation as network assisted UE cooperation (NAUC). 
2 Scenarios and use cases for NAUC
NR is not only designed to enhance the peak and average data rate for eMBB, it also has emphasis on improving user experience of eMBB, as well as meeting the stringent reliability/latency requirements from vertical applications. For example, user experiences of 100Mbps DL and 50Mbps UL data rate for eMBB, or 99.999% reliability and 1ms latency requirements for vertical applications are expected, however in some of the current deployments, such eMBB user experience and some of these requirements for vertical applications may be hard to meet everywhere in the cell even using the techniques developed in NR. With joint design of Uu and SL under the UE cooperation concept, user experience for eMBB will be enhanced and satisfaction for stringent reliability and latency requirements for vertical applications will be improved.
2.1 Using NAUC to boost system capacity
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[bookmark: _Ref2311450]Figure 1:  NAUC could form virtual UE with more antennas
In conventional cellular system, the signal strength on Uu link between gNB and the UE could be weak due to the distance between gNB and UE and due to short and long term fading channel conditions, thus impacting the system throughput. There are various ways to improve this such as boosting the transmit power, using multi-antenna techniques and proper multi-user scheduling etc. On the other band, a large number of UEs could be present in a relatively small area such as dense urban or hot spots. With the help of NAUC, nearby UEs can cooperate via SL and thus improve the transmission/reception for each UE.  With this in mind, the Uu link could be viewed as the link between gNB and the group of UEs in cooperation. For example, as shown in Figure 1, assuming the short distances among UE(s) within a UE group on SL could support a large amount of data exchange among them, such as information bits for transmission or soft-samples at the front-end receivers, multiple nearby UEs can be seen as a virtual UE with more antennas for transmitting and receiving.  This will provide an improved Uu link between gNB and virtual UE with better DL and UL capacity and coverage. In addition, as shown in Figure 1, the multi-TRP system under study in Rel-16 could form a virtual gNB with more antennas,  that in conjunction with virtual UE could further bring improved system capacity and UE experience through cooperation between virtual gNB and virtual UE for both intra-cell and inter-cell scenarios. 
2.2 Using NAUC to enhance coverage
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[bookmark: _Ref2312494]Figure 2: NAUC through the use of Dummy UE
In addition to improved system capacity for applications such as eMBB, the NAUC could also bring enhanced coverage. In the example as shown in Figure 2, a UE with more advanced capability such as more transmit/receive antennas and more advanced processing power may have better link, and can be deployed as a Dummy UE to help nearby UEs with normal capability and worse channel conditions. They could be used to improve the user experience for data transmission while those UE being helped could still maintain a control link with the gNB. For example, the customer premise equipment (CPE), which is the first type of NR UEs deployed by operators, would be a good candidate to act as Dummy UE. In this case, the CPE deployed outdoors with good channel conditions and advanced UE capability would be used to help the data transmission of UEs near the CPE suffering poor channel conditions due to shadowing/indoor penetration loss and improve their user experience. 
2.3 Using NAUC for the vertical applications
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[bookmark: _Ref2956601]Figure 3: Example of applying NAUC to automation for Industrial-IoT 
NAUC will also benefit verticals, including IIoT and V2X. An example of applying NAUC to the automation use case in industrial-IoT is shown in Figure 3. In such a scenario, availability of 99.9999% reliability within 1ms or 2ms of URLLC services is required for hundreds of devices in manufacturing automation. However, such high availability could be impacted by moving objects in the working place such as arms of robots or a moving machinery. If nearby devices such as actuators could support NAUC, then a device in good channel conditions can help nearby devices for passing messages from the controller, so that even if that device experiences sudden poor channel condition due to blockage, they can still meet the reliability and latency requirements for automation. 
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[bookmark: _Ref2958492]Figure 4: Applying NAUC to vehicle platooning case to enhance Uu link transmission
NAUC will also benefit V2X applications such as vehicle platooing and remote driving. Vehicle platooning enables the vehicles to dynamically form a platoon travelling together. All the vehicles in the platoon obtain information from the leading vehicle to manage this platooning. The platooning may need to exchange information with the network. In some situations, if the Uu link of the leading vehicle is blocked or in poor channel conditions, other member of the platooning could help with the information distribution from the network through the UE cooperation, as shown in Figure 4 as an example. Similarly, remote driving requires a vehicle to transmit large amount of video signals back to the network for a remote driver to operate the vehicle. If the remotely driven vehicle is experiencing poor channel conditions on Uu link, it could benefit from the help of other nearby vehicles in better conditions.
3 Initial simulation results
Initial simulation results are provided to show the potential benefits of NAUC. In the simulation, a packet to a target UE (TUE) is transmitted on Uu link by the gNB. If the TUE fails to decode the packet, it could receive the packet forwarded from one of the cooperative UEs (CUEs) in the TUE cooperation group on SL if the CUE has decoded the packet correctly from the Uu link. If the TUE could not decode the forwarded packet either, the TUE will send an NACK to the gNB, who will schedule a re-transmission. In the simulation, multi-cell layout is employed with uniformly dropping of 10 TUEs in each cell; for each of the TUEs in a cell, 5 CUEs are deployed nearby and only one CUE is selected to help and forward the packet to that TUE. More detailed simulation assumptions are provided in the Appendix.
Figure 5 shows the relative throughput gains for TUEs after the deployment of the CUEs as compared with no UE cooperation. About 127% gain is observed for the TUEs at cell edge, and about 57% gain is observed for all the TUEs distributed in the cell. It is noted that smaller gains for the TUEs close to the gNB can be expected as the channel conditions for those TUEs are already good enough, thus leading to smaller cell average gain as shown in the figure.


[bookmark: _Ref2959313]Figure 5: Throughput gain for UE coop where 1 CUE helps 1 TUE
4 Conclusions
In this contribution scenarios and use cases that could benefits from NAUC techniques are discussed. With the help of NAUC, the eMBB system capacity/coverage and user experience would be greatly improved. The vertical applications could also benefit from NAUC to meet ultra-high reliability and stringent low latency requirement. According to the initial system simulation results, significant cell average gains and cell edge gains could be achievable with NAUC. It is therefore proposed to consider NAUC in Rel-17 with a study to confirm the gains followed by a work item to specify the corresponding techniques.

Appendix
Table 1. Main system level simulation parameters
	Parameter
	Setup

	Deployment
	UMA, 57 cells, ISD = 500m

	Number of TUEs
	10 per cell, uniform dropping

	Number of CUEs per TUE
	5 

	CUE deployment
	Uniformly dropped in vicinity of each TUE

	Forwarding method on SL
	Decode and Forward (DF)

	System Bandwidth
	10 MHz DL, 10 MHz SL

	Antenna configuration
	2 Tx at BS 
2 Rx at UE

	Transmission mode
	TxD 

	Receiver type
	MMSE IRC

	Scheduler on Uu
	Proportional fair (PF)

	UE speed
	3 km/h




Throughput gain over Baseline	Cell average gain	Cell edge gain	0.57550000000000001	1.2745	
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