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1. Introduction
The basic functionality of SL relays has been introduced in NR in Release 17 and Release 18 [1][2].  Introduction of the feature has taken a phased approach.  Specifically, Release 17 focused on specification of U2N relays [1].  This allows Uu services to be extended to a remote UE that is outside of network coverage via a L2 or L3 UE to network relay.  Release 17 introduced the basic building blocks of relaying (i.e., discovery and relay selection, adaptation layer, QoS and Uu control plane procedures).  Furthermore, mobility by the remote UE was addressed but was limited to a subset of service continuity scenarios (i.e., intra-gNB only, and no indirect-to-indirect path switch).

Observation 1: 
The Release 17 work on sidelink relays was limited to developing basic functionality for UE-to-Network (U2N) relays to address network coverage extension. 

In Release 18, basic functionality for U2U relays (both L2 and L3) was introduced to allow relaying of V2X and other peer-to-peer services over sidelink [2].  As with U2N relaying in Release 17, specification of discovery, relay selection, adaptation layer, QoS, and PC5 control plane procedures are currently being specified for Release 18 [2].    
Observation 2: 
The Release 18 work on sidelink relays specifies the basic functionality for UE-to-UE (U2U) relays to address range extension for sidelink services. 

Release 18 also addressed some limitations of U2N relays to allow wider applicability of the feature.  Specifically, support for the missing service continuity scenarios (inter-gNB and indirect-to-indirect) is being added.  In addition, multipath support is being specified, whereby an in-coverage remote UE benefits from two different paths (direct path via Uu and an indirect via a U2N relay) to improve reliability and increase throughput [2].  
Observation 3: 
The Release 18 work on sidelink relays also enhances U2U relays to address all service continuity scenarios and to introduce multipath for improved reliability and throughput for a remote UE. 

2. Discussion 
While significant progress has been made on SL relays, additional enhancements would be required in Release 19 to make the feature applicable to a wider variety of use cases and scenarios, and thus a viable deployment option for operators and NW vendors.  First, the assumption of a single hop is quite limiting both for U2N and U2U cases.  Second, the multipath feature is limited to an in coverage remote UE using Uu services and cannot be applied for out of coverage UEs or for emerging peer-to-peer services.  

2.1. Multi-hop U2N and U2U Relays 
2.1.1 Motivation
U2N relays, as specified in Release 17 and Release 18, allow extending network coverage to a remote UE but only via a single in coverage relay UE.  This is clearly quite limited given the relatively short range for SL.  Use of U2N relays in FR2 will further exacerbate this issue.   

Use of multiple hops would allow more reasonable range extension for U2N relays.  Several new use cases would benefit from the extension of U2N relaying to multiple hops.  For instance, IoT devices in disadvantaged deployment locations could be reached in scenarios of factory sensors and smart metering.  In addition, wearables could benefit from a link to a companion smartphone, even when that smartphone is out of coverage and reaches the network via another UE.  These and other use cases have been enumerated by SA1 in TS 22.261 and are listed below along with the expected requirements (including number of hops) [3]. 
	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


	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


	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


	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


	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


	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


	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


Similar motivation applies also to extending the range of sidelink and peer-to-peer applications that may use U2U relays.  In V2X, for example, additional multimedia and autonomous driving applications would be enabled from multi-hop relaying across platoons or congested traffic spanning a large city area or highway.  In addition, new peer-to-peer applications (e.g., XR) could rely on sidelink for more scenarios.  For example, XR devices may achieve significant throughput using FR2 on sidelink while maintaining a significant range by relaying the traffic through multiple smartphones. 
Observation 4: 
Sidelink relays in Release 17 and Release 18 has been focused on developing the basic relay functionality, and its applicability to many use cases is limited because only a single hop is considered. 

2.1.2 Proposed Work
Extension to multi-hop U2N relays is expected to require enhancements to discovery and relay (re)selection.  In addition, enhancements in adaptation layer protocol and control plane procedures may be required to support multiple hops.  As per SA1 requirements, QoS will become important for multi-hop U2N in order to meet the latency requirements despite the latency associated with relaying.  To that end, enhancements at the MAC layer associated with mode 2 resource selection that can significantly reduce the latency over end-to-end transmission can be studied.  Finally, enhancements would be required to ensure that robust mobility and service continuity can be maintained despite the increase in the number of hops and the support of mobility of not only the remote UE, but also any of the relay UEs serving it.  Basic path switch procedure, and measurements required to perform them should be revisited.  RAN2 may also consider extending CHO to the remote UE and/or adopting group mobility.
Proposal 1: 
Specify enhancements to support multihop, sidelink based, L2 and L3 UE-to-Network (U2N) relaying [RAN2, RAN3, RAN4]: 
· Specify enhancements for discovery and (re)selection for L2 and L3 relaying [RAN2, RAN4]

· For L2 relaying:

· Specify enhancements to adaptation layer design [RAN2]
· Specify enhancements to ensure service continuity [RAN2, RAN3]
· Specify enhancements to control plane procedures [RAN2]

· Specify enhancements to QoS handling, in conjunction with SA2 progress [RAN2]
· Specify path switch enhancements required for multihop [RAN2, RAN3]
A similar body of work would be required for extension of U2U relays to multihop.  U2U relay discovery and relay (re)selection would need to be extended.  In particular, the extension should cover both standalone discovery as well as integrated connection establishment and discovery procedures, as is the case with single hop.  Multihop addressing and routing functions would need to be built into the adaptation layer.  QoS work would need to consider not only the splitting of QoS over multiple hops but could leverage the work from multihop U2N relays (e.g., SL procedures such as resource selection) to mitigate the increase in relaying latency with increase in the number of hops.      
Proposal 2: 
Specify enhancements to support multihop sidelink based L2 and L3 UE-to-UE (U2U) relaying for unicast [RAN2, RAN4]:
· Specify enhancements for discovery and (re)selection for L2 and L3 relaying [RAN2, RAN4]
· For L2 relaying:

· Specify enhancements to adaptation layer design [RAN2]
· Specify enhancements to PC5 control plane procedures [RAN2]

· Specify enhancements to QoS handling, in conjunction with SA2 progress [RAN2]
2.2. Enhancements for Multipath
2.2.1 Motivation

Multipath is currently being developed for Release 18 UEs.  In multipath, a remote UE can be served by both a direct Uu path and an indirect path via a U2N relay UE.  This enhances the throughput and reliability of the remote UE when it can find a relay while operating in NW coverage.
Due to limited time in Release 18, some significant restrictions have been placed on multipath design.  Firstly, multipath assumes only intra-gNB scenario.  Specifically, the remote UE’s PCell (i.e., on the direct path) and the relay UE’s PCell are assumed to be controlled by the same gNB.  This restriction is similar to the one placed on the service continuity procedures in Release 17 and which was later relaxed in Release 18.  Although limiting Release 18 multipath to intra-gNB has simplified RAN2 and RAN3 work, extension to cover also the inter-gNB case is necessary to fully implement the feature.  Considering the possibility of a remote UE connected via a multihop U2N relay, the scenarios where the two paths are connected to different gNBs may become more widespread. 
Another significant issue with multipath is that it is limited to a remote UE in coverage.  The benefits of reliability and throughput extension offered by multiple paths could be achieved also by a remote UE out of coverage as well as for peer-to-peer services.  For example, two XR headsets located outside of PC5 range of each other would be able connect via an XR session via companion smartphones (headset -> smartphone -> smartphone -> headset) and may require multiple paths to achieve the required data rate for the session.  Multiple paths for U2U relays also expand the applications that can be offered in the peer-to-peer realm by offering service continuity in the case where connectivity is lost via one path.  Specifically, while initial applications (e.g., XR) are expected to be low-mobility, providing service continuity for peer-to-peer services allows the extension of the feature to cover applications which require more mobility (e.g., drones/UAV).      
Observation 5: 
Although multipath work in Release 18 addresses reliability and throughput extensions for remote UEs, its applicability is limited since the scenarios of inter-gNB, OOC remote UE, and sidelink services are not being considered. 

2.2.2 Proposed Work
Based on the motivation above, we believe an important objective for Release 19 would be to enhance multipath U2N relays to include clear leftover work from Release 18, as well as extend multipath to serve the OOC remote UE.  In Release 18, multipath consisting of a direct path and indirect path is being specified using a DC-based architecture.  This is due mostly from the presence of two paths associated with different technologies (SL vs Uu).  For multipath consisting of different indirect paths via different U2N relay UEs, a CA-based architecture would be more appropriate seeing that the two paths are both via SL.  This would also achieve better scheduling performance, as the path selection can be performed at the MAC layer rather than the PDCP layer (as the latter is the case in Release 18).   Finally, in Release 18, both scenario 1 and scenario 2 were specified for multipath.  We think both can be considered for the enhancements to multipath in Release 19, and the same assumptions as in Release 18 should apply.  Namely, RAN2 can focus on the sidelink case, and assume the solution for that case would be applicable also to the non-3GPP case.  
Proposal 3: 
Specify enhancements for multipath UE-to-Network (U2N) relaying to enhance reliability and throughput, in the following scenarios: [RAN2, RAN3]
· UE connected to different gNBs using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal).  
· UE connected to the same/different gNB(s) using two indirect paths via 1) Layer-2 UE-to-Network relay or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal).  

· Solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation of 2).

Given the similarity between multipath (with multiple indirect) U2N relays and multipath U2U, and the experience gained from previous releases, we believe multipath U2U relays can be at least studied at the same time as multipath U2N relay with multiple indirect paths.  We therefore propose this as a study for Release 19 which can be performed in parallel with other specification work.  
Proposal 4: 
Study the potential solutions for L2 UE-to-UE (U2U) relaying via two different paths in unicast including [RAN2, RAN4]:
· Discovery and Relay (Re)Selection 
· Adaptation Layer

· QoS

· Service Continuity during path change

Summary
In this contribution, the topics related to the potential scope of Rel-19 SL Relay Evolution are discussed. The following lists the observations made in the contribution: 
Observation 1: 
The Release 17 work on sidelink relays was limited to developing basic functionality for UE-to-Network (U2N) relays to address network coverage extension. 

Observation 2: 
The Release 18 work on sidelink relays specifies the basic functionality for UE-to-UE (U2U) relays to address range extension for sidelink services. 

Observation 3: 
The Release 18 work on sidelink relays also enhances U2U relays to address all service continuity scenarios and to introduce multipath for improved reliability and throughput for a remote UE. 

Observation 4: 
Sidelink relays in Release 17 and Release 18 has been focused on developing the basic relay functionality, and its applicability to many use cases is limited because only a single hop is considered. 

Observation 5: 
Although multipath work in Release 18 addresses reliability and throughput extensions for remote UEs, its applicability is limited since the scenarios of inter-gNB, OOC remote UE, and sidelink services are not being considered. 

Based on the observations, the following proposals are made for the potential scope of Rel-19 SL Relays:

Proposal 1: 
Specify enhancements to support multihop, sidelink based, L2 and L3 UE-to-Network (U2N) relaying [RAN2, RAN3, RAN4]: 
· Specify enhancements for discovery and (re)selection for L2 and L3 relaying [RAN2, RAN4]

· For L2 relaying:

· Specify enhancements to adaptation layer design [RAN2]
· Specify enhancements to ensure service continuity [RAN2, RAN3]
· Specify enhancements to control plane procedures [RAN2]

· Specify enhancements to QoS handling, in conjunction with SA2 progress [RAN2]

· Specify path switch enhancements required for multihop [RAN2, RAN3]
Proposal 2: 
Specify enhancements to support multihop sidelink based L2 and L3 UE-to-UE (U2U) relaying for unicast [RAN2, RAN4]:

· Specify enhancements for discovery and (re)selection for L2 and L3 relaying [RAN2, RAN4]
· For L2 relaying:

· Specify enhancements to adaptation layer design [RAN2]

· Specify enhancements to PC5 control plane procedures [RAN2]

· Specify enhancements to QoS handling, in conjunction with SA2 progress [RAN2]
Proposal 3: 
Specify enhancements for multipath UE-to-Network (U2N) relaying to enhance reliability and throughput, in the following scenarios: [RAN2, RAN3]
· UE connected to different gNBs using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal).  

· UE connected to the same/different gNB(s) using two indirect paths via 1) Layer-2 UE-to-Network relay or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal).  

· Solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation of 2).

Proposal 4: 
Study the potential solutions for L2 UE-to-UE (U2U) relaying via two different paths in unicast including [RAN2, RAN4]:

· Discovery and Relay (Re)Selection 

· Adaptation Layer

· QoS

· Service Continuity during path change
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