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Discussion
From the perspective of requirements, Rel-19 sidelink relay can be enhanced from the following aspects:
Multi-path enhancement
In Rel-18, multi-path is introduced, but due to the time limitation, it only focuses on intra-gNB case and only one direct path and one indirect path is supported. 
But in [1], it mentioned that:
	The 5G system shall support same traffic flow of a remote UE to be relayed via different indirect network connection paths.
The 5G system shall support different traffic flows of a remote UE to be relayed via different indirect network connection paths.	


In Rel-19, in order to meet the requirement listed in [1], further enhancements on multi-path can be considered. The corresponding enhancements can include:
· Bullet 1: Intra-gNB multi-path including two indirect paths;
· Bullet 2: Inter-gNB multi-path including two indirect paths or one direct and one indirect path.
For Bullet 1, the main motivations are to improve the data transmission reliability and peak data rate of OOC UE.For Bullet 2, it is possible that relay UE and remote UE are under the control of different gNBs. Hence, inter-gNB multi-path can also be considered. Furthermore, if multi-path enhancements are introduced, the corresponding service continuity should also be further considered.
Proposal 1: Multi-path should be enhanced from the following two aspects in Rel-19:
· Intra-gNB multi-path including two indirect paths;
· Inter-gNB multi-path including two indirect paths or one direct path and one indirect path.
Multi-hop 
According to [1], it mentioned that multi-hop is beneficial for serval scenarios and the following KPIs were defined:
	7.7	KPIs for UE to network relaying in 5G system
In several scenarios, it can be beneficial to relay communication between one UE and the network via one or more other UEs. The functional requirements related to relaying can be found in clause 6.9.2. Performance requirements for relaying in different scenarios can be found in table 7.7-1.
Table 7.7-1: Key Performance for UE to network relaying
	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 

	InHome Scenario
(note 1)
	1 Gbit/s
	500 Mbit/s
	10 ms
	5 Gbit/s/ home
	2 Gbit/s /home
	50 devices /house
	10 m x 10m – 3 floors 
	10 m indoor
	2 to 3

	Factory Sensors
(note 2)
	100 kbit/s
	5 Mbit/s
	50 ms to 1 s
	1 Gbit/s /factory
	50 Gbit/s /factory
	10000 devices /factory
	100 m x 100 m
	30 m indoor / metallic
	2 to 3

	Smart Metering
(note 3)
	100 bytes / 15 mins
	100 bytes / 15 mins
	10 s
	200 x 100 bytes / 15 mins /hectare
	200 x 100 bytes / 15 mins /hectare
	200 devices /hectare
	100 m x 100 m
	> 100 m indoor / deep indoor
	2 to 5

	Containers
(note 4)
	100 bytes / 15 mins
	100 bytes / 15 mins
	10 s
	15000 x 100 bytes / 15 mins /ship
	15000 x 100 bytes / 15 mins /ship
	15000 containers /ship
	400 m x 60 m x 40 m
	> 100 m indoor / outdoor / metallic
	3 to 9

	Freight Wagons
	100 bytes / 15 mins
	100 bytes / 15 mins
	10 s
	200 x 100 bytes / 15 mins /train
	200 x 100 bytes / 15 mins /train
	120 wagons /train
	1 km
	> 100 m outdoor / tunnel
	10 to 15

	Public Safety
(note 5)
	12 Mbit/s
	12 Mbit/s
	30 ms
	20 Mbit/s /building
	40 Mbit/s /building
	30
devices
/building
	100 m x 100 m – 3 floors
	> 50 m indoor (floor or stairwell)
	2 to 4

	Wearables
(note 6)
	10 Mbit/s
	10 Mbit/s
	10 ms
	20 Mbit/s per 100 m2
	20 Mbit/s per 100 m2
	10 wearables per 100 m2
	10 m x 10 m
	10 m indoor / outdoor
	1 to 2





In [1], it also mentioned that:
	The 5G system shall support the relaying of traffic between a remote UE and a gNB using one or more relay UEs.


Based on the above tables and statement, it is obvious multi-hop should be supported for many scenarios, such as Inhome, factory sensors, public safety and etc. In Rel-17, U2N relay is specified and in Rel-18, U2U relay is specified. Based on this pre-condition, network coverage extension can be implemented by using multi-hop based on the combination of U2N relay and U2U relay as shown in Figure-1. In addition, sidelink coverage extension can also be implemented by using multiple U2U relays as shown in Figure-2.


              Figure-1 Example of multi-hop for network coverage extension


              Figure-2 Example of multi-hop for sidelink coverage extension
In [1], it also mentioned that:
	The network operator shall be able to define the maximum number of hops supported in their networks when using relay UEs.


That is to say the maximum number of hops should be defined.
Proposal 2: Multi-hop should be considered in Rel-19 and how many hops can be supported needs further discussion.
Relay supports MBS forwarding
In Rel-17, MBS and sidelink relay was introduced. In Rel-18, relay supporting MBS was discussed during the discussion of the WID scope, but it was deprioritized due to lack of time.
In our understanding, there are some scenarios which requires relay UE to forward the MBS services:
· Scenario 1: Public safety scenario. 
Relay supporting MBS forwarding is important for the public safety scenario. For example, in case of earthquake or other disasters, the network may be destroyed, in this case, if relay can forward the MBS service, people can receive the rescue information even if they are out of network coverage.
· Scenario 2: V2X scenario.
In this scenario, RSU can receive MBS service from network, and forward it to the vehicles or passengers in the vehicle.
Furthermore, in our understanding, introducing relay supports MBS forwarding only needs limited specification work, e.g., defining the conditions when the relay UE needs to forward the MBS service, defining the L2 ID used for MBS services forwarding in PC5 and etc.
[bookmark: _Ref73370525]Proposal 3: Relay supporting MBS forwarding can be considered in Rel-19. 
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: Multi-path should be enhanced from the following two aspects in Rel-19:
· Intra-gNB multi-path including two indirect paths;
· Inter-gNB multi-path including two indirect paths or one direct path and one indirect path.
Proposal 2: Multi-hop should be considered in Rel-19 and how many hops can be supported needs further discussion.
Proposal 3: Relay supporting MBS forwarding can be considered in Rel-19. 
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