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1. Introduction

In this paper, we discuss the potential Rel-18 working areas: UE aggregation to improve uplink performance in terms of throughput as well as reliability.
2. Discussion 

For NR, more and more service would require higher uplink system performance such as coverage/throughput/service continuity etc.  For example, AR/VR, video calls, personal video broadcast would normally require data rate in the range of 10-30 Mbps. In vertical industry, smart factory/smart ports would use video monitoring and machine visions to monitor and control of the production which could require data rate 100 Mbps or more [1]. For enhanced public safety, mission critical (MC) transmission such as MCPPT, MCVideo for fire fighters and police official would require higher data rate/less latency than conventional public safety as shown in one example from  Table 1 [2]. All these services would require NR to provide higher system throughput for uplink.
Table 1: Potential Key Performance for UE to network relaying (for public safety) [2]
	Scenario
	Max. data rate (DL)
	Max. data rate (UL)
	End-to-end latency

(note 7)
	Area traffic capacity

(DL)
	Area traffic capacity

(UL)
	Area user density 
	Area
	Range of a single hop

(note 8)
	Estimated number of hops 

	Public Safety

(note 5)
	12 Mbit/s
	12 Mbit/s
	30 ms
	20 Mbit/s /building
	40 Mbit/s /building
	30

devices

/building
	100m x 100m – 3 floors
	>50 m indoor (floor or stairwell)
	2 - 4


Uplink performance has been the bottleneck of the wireless system. The issue becomes more severe in NR when higher frequency is used compared with LTE. Many efforts have been devoted to resolve this issue which include utilizing more frequency resources (e.g., SUL), improving UL MIMO performance (more transmit antennas) etc. However, in some scenarios especially noise-limited scenarios, the key limitation for cell edge performance is the UE transmit power. 
Observation 1：One of the key factors for uplink performance is the transmit power limitation of the terminal.
There could be different approaches to resolve the uplink power limitation problem. One way is to increase the max transmit power in uplink, for example from 23 dBm to 26 dBm.  However that will bring more cost for the terminals.  Another alternative would be to aggregate more terminals (UEs) together to harvest the aggregated capability including transmit power, MIMO, CA etc. The benefit for this approach as compared with the previous one is not only the cost, but                                                                                                                                                                                                                            also the flexibility, as the terminals could be aggregated on need basis. In normal circumstance, they are still individual terminals, and when needed, e.g., for firefighters in emergency mission to feedback real-time video at fire scene, they could be aggregated to achieve higher uplink performance. 
[image: image1.png]



Figure 1 UE aggregation illustration

Figure 1 shows an example of UEs aggregation. The data from one UE (could be called source UE, or SUE) could be dispatched at an anchor point (e.g., at PDCP layer) and routed via the cross-link between two UEs and transmitted by the associated UE (or cooperative UE, or CUE) in UE aggregation. The same data or another part of the data could still be transmitted by the SUE itself. The anchor point could be at one of the L2 layers including PDCP/RLC/MAC. 
To achieve the same purpose, multi-path connection for SL relay is proposed in [1]. Among which, as shown in Figure 2, SL relay based multi-path connection could also improve uplink throughput/reliability of the remote by exploiting multi-path data transmission with the help of relay UE. In essential, that approach utilizes the capability of relay UE to boost the uplink performance of the remote UE. This can be regarded as one technology to fulfill such an aggregation.
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Figure 2 SL relay based multi-path connection
Both SL based relay multi-path connection and UE aggregation could provide flexible and improved capability for data transmission originated from one of the terminals. If multi-path all have good path quality and there is large amount of data to be transmitted, the data could be split and transmitted via multi-path simultaneously to obtain improved data rate. The above principle could also be beneficial for reliability enhancement if data from one of the terminals  is duplicated and transmitted via multi-path. 
Observation 2：Both SL relay based multi-path connection and UE aggregation could improve uplink performance including throughput and reliability.
In general SL relay based multi-path connection and UE aggregation are seen useful for different scenarios. The SL relay based multi-path connection could be used in more open areas and could serves more remote UEs at the same time to boost their UL performance. The relay UE could be deployed with more enhanced capability such as antennas, transmit power etc., and can adapt to different environments by using PC5 interface where wired connections or other connections are difficult to be used.  For example, one scenario is that video cameras are mounted on AGV (automatic guided vehicle) for real time image detection, and another scenario is for enhanced public safety where firefighter are moving around in the building. On the other hand, the UE aggregation can find typical application in more dedicated scenarios. For example for video monitoring, a video camera can use two aggregated UEs with wired connection between them to transmit surveillance video stream together. 
The comparison between SL relay based multi-path connection and UE aggregation are summarized below

Table 2 Comparison between SL relay based multi-path connection and UE aggregation
	
	SL relay based multi-path connection
	UE aggregation 

	Scenarios
	Various scenarios including public service, vertical industry like AGV mounted video cameras, enhanced public safety etc.
	Some specific aggregation scenarios like video monitoring. 

	Protocol structure
	PDCP data split/duplication
	PDCP data split/duplication 

	Cross-link between UEs
	Standardized L2 relay 
	Private 


To support the above various deployment scenarios, both sidelink relay based multi-path connection and UE aggregation are worth studying. In general the standards work to support data split/duplication/aggregation is common for these two. As shown in Figure 1 and  Figure 2, irrespective of whether the multi-path comes from Uu interface or from the sidelink relay path, it requires the network to identify the multi-paths that are associated from the same source, and also requires suitable configuration and criteria to enable such aggregation/split/duplication. 
Observation 3: SL relay based multi-path connection and UE aggregation share commonality of designing the mechanism to enable multi-path with PDCP packets aggregation/split/duplication in Rel-18. 
To summarize, we would like to propose the common aspects for Rel-18 on SL relay based multi-path connection and UE aggregation:

· The configuration of UE aggregation criteria and parameters

· The L2 functions and procedures to enable multi-path data split/duplication and aggregation
Proposal 1: To specify common aspects on SL relay based multi-path connection and UE aggregation to improve uplink performance in Rel-18: 
· The configuration of multi-path data aggregation criteria and parameters

· The L2 functions and procedures to enable multi-path data split/duplication and aggregation

3. Conclusions
In conclusion, the following observations and proposal can be made
Observation 1：One of the key factors for uplink performance is the transmit power limitation of the terminal.
Observation 2：Both SL relay based multi-path connection and UE aggregation could improve uplink performance including throughput and reliability.
Observation 3: SL relay based multi-path connection and UE aggregation share commonality of designing the mechanism to enable multi-path with PDCP packets aggregation/split/duplication in Rel-18. 
Proposal 1: To specify common aspects on SL relay based multi-path connection and UE aggregation to improve uplink performance in Rel-18: 

· The configuration of multi-path data aggregation criteria and parameters

· The L2 functions and procedures to enable multi-path data split/duplication and aggregation
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