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1. Introduction
As discussed by RAN chair in RAN#101 [1], RAN2 has limited TUs for additional RAN2-led WI/SIs.  As a result, if any new WI/SIs will be added to the Rel-19 work, the scope should be very focused and the number of TUs should be small. 

Observation 1: 
New WI/SIs included in the list of additional RAN2-led WI/SIs should be limited to those that have a very focused scope and where work can be completed with limited TUs. 

In the summary of discussion on additional RAN2-led topics in RAN#101, both SL Relay and UAV had significant support and had good progress towards a focused scope [2].  
In this contribution, we discuss a potential scope for these two WIs which can reasonably be included into Rel-19 TU allocation.

2. Discussion 
2.1. SL Relay Work in Rel19 
2.1.1 Motivation
The summary/conclusion for SL Relay from RAN#101 was summarized as follows [2]:

	Summary/conclusions for SL relay:

· There is support from companies for SL relay especially to cover the public safety applications 

· Acceptable objective if it is in Rel-19 package:

· Support for multi-hop L2 relaying for U2N 

· For further discussion: multi-path enhancements multi indirect paths for a remote UE

· Concerns from multiple companies on the time required for this additional scope 


In particular, there was significant support for continuing work on SL Relay in Rel19, and an initial acceptable objective was already proposed.

Observation 2: 
There is significant support to continue work for SL Relay in Rel19, particularly for public safety applications.   

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 limiting given the relatively short range for SL. 
Use of multiple hops would allow more significant range extension for U2N relays.  Several new commercial 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.  
Observation 3: 
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. 

Similar limitations seen with single hop in the commercial use case apply also to public safety.  Specifically, single-hop relay does not provide the necessary coverage extension for out-of-coverage public safety personnel during critical public safety situations, due to for example, terrain limited coverage, temporary blocking, or in building coverage holes.  Furthermore, even without network access, a safety critical device could communicate with nearby devices using multihop U2U.  
Observation 4: 
In public safety scenarios, single hop does not achieve the range needed for most critical applications. 

Furthermore, SA2 has discussed its own Rel-19 work and assumes it will support L3 multihop relaying assuming RAN2 supports L2 multihop relaying.  As was the case with Rel17 and Rel18, it is expected that both RAN2 and SA2 can develop the relaying solution in collaboration, but that the majority of work for L3 relaying falls under SA2 scope while the majority of work for L2 relaying falls under RAN2 scope.
Observation 5: 
SA2 has discussed multihop relaying for Rel-19 and assumes it will support L3 multihop relaying if RAN2 supports L2 multihop relaying. 

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.  
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. UAV
3GPP introduced support for uncrewed aerial vehicles (UAV) in Rel-15 LTE, targeting use cases including drone operation, personal entertainment for flight experience, and cargo delivery. As the basis of the applications, the capability for remote control and data transmissions were key aspects to support, specifically UL and DL interference and mobility.

A new work item on NR support for aerial UEs (UAVs) was agreed for Rel-18. Although NR-specific enhancements can be considered if needed, overall the LTE and NR solutions should be harmonized as much as possible. Specification is nearing completion, and 3GPP has agreed in principle to adopt similar mechanisms as LTE for height-based measurement reporting, flight path reporting, and simultaneous fulfilment of trigger criteria for multiple cells. Location and speed reporting enhancements adopted for LTE UAV are already supported in NR, and further enhancements appear unlikely. Other aspects include enhancements to NR PC5/LTE PC5 to support UAV identification broadcast and UE capability signalling to indicate UAV beamforming capabilities.

The initial Rel-18 NR specification of UAV focused almost exclusively on adaptation of LTE enhancements, with little additional work. A new Rel-19 WI on enhanced NR support for UAV can build upon this initial baseline, further improving aspects like mobility and flightpath reporting for UAV.

Proposed work:

Like conditional handover, the availability of flightpath information makes the UAV scenario well suited to support various aspects of LTM. For example, knowing the future location(s) and time of arrival to each location can support LTM candidate cell selection or configuration handling (i.e., if the UAV knows it will not return to a given location it can release the candidate cell configuration associated with that area). As well, knowing the position of the UAV can support timing advance estimation to be used in the synchronization phase. 

Observation 6:
Flightpath information is useful to support aspects of LTM like candidate preparation or TA estimation, since the network is aware of the future location(s) of the UAV.
Rel-19 UAV specific mobility enhancement’s objective can therefore include possible enhancements to LTM, specifically the incorporation of flightpath information into various aspects of the procedure such as LTM candidate preparation, configuration handling, and timing synchronization.

Proposal 3:
The UAV-specific mobility enhancements objective includes at least: 

· Specifying new CHO triggering events based on Event H1/H2 (UAV height becomes higher/lower than a threshold).

· Studying/specifying LTM enhancements for UAV (e.g., using flightpath information for LTM candidate preparation/synchronization).

In November 2022, CEPT made ECC Decision 22(07) relating to the harmonized technical conditions for MFCN bans and for spectrum compatibility for aerial UEs, which refers to the need to spectrum operational restrictions. One method included in the decision to achieve coexistence is the definition of “no-transmit zones”, which is defined as a geographical area where aerial UE are not allowed to operate at a certain frequency band (a summary of the decision and potential RAN impacts can be found in [2]).

Although proposed by several companies throughout Rel-18, considering the limited time remaining in the current release seems unlikely this will be addressed. It is therefore proposed that Rel-19 study and specify (if needed) potential solutions to support a “no-transmit” zone as described in the ECC decision.

Proposal 4:
Study and specify enhancements to support no-transmit zones (i.e., based on ECC Decision (22)07) for UAV
3. Summary
In this contribution, the topics related to the potential scope of WIs for Rel-19 in SL Relay and UAV are discussed. The following lists the observations made in the contribution: 
Observation 1: 
New WI/SIs included in the list of additional RAN2-led WI/SIs should be limited to those that have a very focused scope and where work can be completed with limited TUs. 

Observation 2: 
There is significant support to continue work for SL Relay in Rel19, particularly for public safety applications.   

Observation 3: 
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 4: 
In public safety scenarios, single hop does not achieve the range needed for most critical applications. 

Observation 5: 
SA2 has discussed multihop relaying for Rel-19 and assumes it will support L3 multihop relaying if RAN2 supports L2 multihop relaying. 

Observation 6:
Flightpath information is useful to support aspects of LTM like candidate preparation or TA estimation, since the network is aware of the future location(s) of the UAV.
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:
The UAV-specific mobility enhancements objective includes at least: 

· Specifying new CHO triggering events based on Event H1/H2 (UAV height becomes higher/lower than a threshold).

· Studying/specifying LTM enhancements for UAV (e.g., using flightpath information for LTM candidate preparation/synchronization).

Proposal 4:
Study and specify enhancements to support no-transmit zones (i.e., based on ECC Decision (22)07) for UAV
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