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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#91-e meeting, Rel-17 sidelink relay work item was discussed and approved [1]. Due to lack of time, the scope of the Rel-17 sidelink relay work item is rather limited. One the other hand, there is strong motivation to further enhance sidelink relay in Rel-18, which is the main topic of this contribution. 
Discussion
This section investigate the motivation and requirements for sidelink relay enhancement from multiple aspects. 
Service continuity enhancement
Regarding to service continuity, the scope of Rel-17 work item is as below [1]:
	4.   Specify mechanisms for service continuity 
0. Limited to intra-gNB cases [RAN2]

NOTE 4:	Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.


The above scope is very limited, it only focus on intra-gNB indirect/direct and direct/indirect path switch. But in the practical network deployment, UE moving out of one gNB’s coverage is a normal scenario. In addition, Rel-17 also has not consider the mobility between indirect (via a first relay UE) and indirect (via a second relay UE) which is also a normal scenario in practical network deployment. At least for the above two mobility scenarios, service continuity should be enhanced.
Furthermore, in Rel-17, group mobility is not considered. But in practical network deployment, it is useful. Take wearable terminals as example. From the perspective of user experience, these wearable terminals should have long stand-by time. Hence, its transmission power should be limited and they had better connect to network via the phone which works as a U2N relay. In most cases, they will move together with the phone. Hence, group mobility can also be considered in Rel-18.
[bookmark: _Ref73370516]Proposal 1: Further service continuity enhancements, e.g., inter-gNB mobility, indirect/indirect path switch and group mobility, should be considered in Rel-18 sidelink relay enhancement.
U2U relay
In Rel-17 study item, both U2N relay and U2U relay were studied. But in Rel-17 work item, only U2N relay is considered and U2U relay is excluded due to lack of time. But in our understanding, U2U relay is also important at least in road safety scenario and public safety scenario. As shown in the following Figure-1 and Figure-2. In addition, if multi-hop is considered in Rel-18, U2U should also be supported, as shown in Figure-3.
· V2X road safety scenario
For V2X scenario, the traffic alarm can be forwarded by RSU or other vehicle which works as a U2U relay. It is very useful in certain scenarios, e.g., in the crossroad when there is obstacle.


Figure-1 U2U relay in V2X road safety scenario
· Public safety scenario
In some public safety scenarios, e.g., earthquake, field rescue and so on, there may be no network coverage. Considering the UE uplink power is limited, in order to ensure the signaling from the victim can reach the rescuer, U2U relay is useful.


Figure-2 U2U relay in public safety scenario
· Multi-hop scenario
During the discussion in Rel-17, many companies support multi-hop. If multi-hop is taken into account in Rel-18, U2U relay should also be introduced in order to support the multi-hop U2N relay and multi-hop U2U relay.


Figure-3 U2U relay in multi-hop scenario
[bookmark: _Ref73370522][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: U2U relay should be considered in Rel-18 sidelink relay enhancement. 
Multi-paths
In Rel-17, according to [1], for U2N relay, it is assumed that the remote UE has a single active connection towards gNB via only a single relay UE at a given time. The main shortages of the single connectivity are:
· Lack of robustness. If the SL link or Uu backhaul link is RLF, the data transmission will be interrupted.
· Less flexible. Since all services should go through the single path, which cannot provide differentiated service.
In order to improve the performance of Rel-17 sidelink relay, multi-paths can be considered. Once multi-path is introduced, multiple additional enhancements can be considered, e.g.:
· Duplication transmission through different paths which can improve the reliability;
· Aggregation of different paths which can improve the peak data rate;
· Path selection which can provide differentiated service.
If the time is limited in Rel-18, intra-gNB multi-paths can be prioritized.
[bookmark: _Ref73370519]Proposal 3: Multi-paths should be considered in Rel-18 sidelink relay enhancement. To limit the scenario to intra-gNB case can be considered if necessary. 
Supporting MBS
In Rel-17, MBS and sidelink relay was introduced. Hence, in Rel-18, it is time to consider the combination of sidelink relay and MBS. 
The typical scenario for this combination is that the sidelink relay UE receives MBS services from network and then forward them to OOC UE. For example, in V2X scenario, RSU can work as a relay UE, the RSU can receive the Uu V2X services from network through MBS, and then the RSU can forward them to the vehicles. 
[bookmark: _Ref73370525]Proposal 4: Using sidelink relay UE to relay MBS service can be considered in Rel-18 sidelink relay enhancement.  
Power saving optimization between relay and remote UE
In Rel-17 sidelink enhancement, SL DRX is introduced in order to reduce the power consumption for UE using sidelink communication. In sidelink relay scenario, both the relay UE and remote UE are user terminals, power saving is also important for them. Hence the power saving optimization between relay and remote UE should be further studied in Rel-18. In our understanding, most of the Rel-17 SL DRX mechanisms can be reused as baseline in Rel-18, and further optimization can be considered by taking the special characteristics of relay UE into account.
[bookmark: _Ref73374528]Proposal 5: Power saving optimization between relay and remote UE can be considered in Rel-18 sidelink relay enhancement.  
Multi-hops
In Rel-17 WID, only single-hop is taken into account. But according to TS22.261, there are many scenarios needs multi-hops at least for U2N relay:
	[bookmark: _Toc45387775][bookmark: _Toc52638820]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
	[bookmark: _Hlk16163806][bookmark: _Hlk16166851][bookmark: _Hlk16168991][bookmark: _Hlk16172946][bookmark: _Hlk16176931]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

	[bookmark: _Hlk16239925]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 Rel-18, if time is allowed, multi-hops can also be considered in order to meet the above KPIs listed in TS22.261. 
[bookmark: _Ref73370529]Proposal 6: Multi-hops can be considered in Rel-18 sidelink relay enhancement. 
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: Further service continuity enhancements, e.g., inter-gNB mobility, indirect/indirect path switch and group mobility, should be considered in Rel-18 sidelink relay enhancement.
[bookmark: _GoBack]Proposal 2: U2U relay should be considered in Rel-18 sidelink relay enhancement.
Proposal 3: Multi-paths should be considered in Rel-18 sidelink relay enhancement. To limit the scenario to intra-gNB case can be considered if necessary. 
Proposal 4: Using sidelink relay UE to relay MBS service can be considered in Rel-18 sidelink relay enhancement.
Proposal 5: Power saving optimization between relay and remote UE can be considered in Rel-18 sidelink relay enhancement.
Proposal 6: Multi-hops can be considered in Rel-18 sidelink relay enhancement.

We provide an initial draft WID in the Annex for information. 
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Annex
 
3GPP™ Work Item Description
Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: 	NR Sidelink Relay Enhancement
Acronym: NR_SL_Relay _enh
Unique identifier: {A number to be provided by MCC at the plenary}
NOTE:	For new WIs/SIs leave the Unique identifier empty and make a proposal for an Acronym.
	For a revised WI/SI: Take Unique identifier and acronym as shown in 3GPP workplan.
	If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI.
	Please tick (X) the applicable box(es) in the table below:
	Either:
	This WID includes a Core part
	X

	This WID includes a Performance part
	


	or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	



Potential target Release: Rel-18
[bookmark: _Hlk24657802][bookmark: _Hlk24657936]Note that this field above indicates the proposed Release at the time of submission of the WID to TSG approval. It can later be changed without a need to revise the WID. The updated target Release is indicated in the Work Plan. NOTE: In case of contradiction with the target dates of clause 5, clause 5 determines the target release.
1	Impacts 	
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	
	
	X
	

	Don't know
	
	
	
	
	



2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a … 
	X
	Feature

	
	Building Block

	
	Work Task

	
	Study Item


NOTE:	Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, they are defined as work tasks. If you are in doubt, please contact MCC.

2.2	Parent Work Item 
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	
	
	
	


NOTE:	RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one 	WID. Therefore the table above should just include the feature WI data (In case the feature covers Core and 	Perf. part, please list under Working Group the leading WG of the Core part).
2.3	Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	800015
	Network Controlled Interactive Service
	Related SA1 work on determine service requirements for commercial use cases, e.g. interactive services. (FS_NCIS)

	830033
	Study on System enhancement for Proximity based Services in 5GS
	Related SA2 work on identifying and evaluating architecture enhancements of 5G System design needed to support proximity based services. (FS_5G_ProSe)

	880005
	Study on Security Aspects of Enhancement for Proximity Based Services in 5GS
	SA3 study item, which studies ProSe security aspects (FS_5G_ProSe_Sec)

	900030
	Proximity based Service in 5GS
	Work Item in SA2 (5G_ProSe)

	860038
	Study on NR Sidelink relay
	Rel-17 Study Item in RAN2 (FS_NR_SL_relay)

	
	New WID on NR Sidelink Relay
	Rel-17 Work Item in RAN2(NR_SL_Relay)


NOTE:	Also related or dependent WIs/SIs in other TSGs should be indicated.

3	Justification
Release 16 is the first version of NR sidelink, it only focus on V2X use cases. In Rel-17, study item of “Study on NR Sidelink Relay” was agreed, which covers the enhancements and solutions to support the UE-to-Network Relay and UE-to-UE Relay. After the study item, one Rel-17 WID of “NR Sidelink Relay” was agreed, which only focus on single connectivity U2N relay and with very limited scope. Due to lack of time, many sidelink relay issues were de-prioritized in Rel-17 Sidelink Relay WID, e.g., service continuity enhancement for inter-gNB case, U2U, multi-hops and etc. These leftover issues worth to be further investigated in Rel-18 work item.
In addition, in Rel-17, MBS and Sidelink DRX were also introduced. Hence, in Rel-18, it is time to consider the combination of sidelink relay and these new characteristics:
· Combination of sidelink relay and MBS: using sidelink relay to relay MBS service to OOC UE.
· Combination of sidelink relay and sidelink DRX: both the relay UE and remote UE are user terminals, power saving is also important for them. 
4	Objective
4.1	Objectives Core part WI
The objective of this work item is to specify solutions that can enhance NR sidelink relay for the V2X, public safety and commercial use cases.
1. Specify service continuity enhancement mechanisms to support more mobility scenarios which include inter-gNB case, indirect/indirect case, and group mobility [RAN2, RAN3];
2. Specify mechanism to support U2U relay [RAN2];
3. Specify mechanisms to support multi-paths in order to improve the performance of sidelink relay UE, e.g., improve the reliability and reduce the latency [RAN2, RAN1];
4. Specify mechanism to support MBS service forwarding by sidelink relay [RAN2];
5. Specify power saving optimization mechanism between sidelink relay and remote UE [RAN2];
6. Specify mechanism to support multi-hop U2U relay and multi-hop U2N relay [RAN2].

[bookmark: OLE_LINK16][bookmark: OLE_LINK17]4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.

4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:	For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed, then leave the field empty otherwise enter a number >0 in the field.
	For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.
	If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.
additional comments to the time budget request in the attached Excel table:


5	Expected Output and Time scale
	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	
	
	
	
	
	


NOTE:	If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.

	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	38.300
	NR; NR and NG-RAN Overall Description; Stage 2
	RAN#xx
	Core part

	38.304
	NR; User Equipment (UE) procedures in Idle mode and RRC Inactive state
	RAN#xx
	Core part

	38.306
	NR; User Equipment (UE) radio access capabilities
	RAN#xx
	Core part

	38.321
	NR; Medium Access Control (MAC) protocol specification
	RAN#xx
	Core part

	38.331
	NR; Radio Resource Control (RRC); Protocol specification
	RAN#xx
	Core part

	38.3XX
	NR; Sidelink Adaptation layer Protocol
	RAN#xx
	Core part

	38.401
	NG-RAN; Architecture description
	RAN#xx
	Core part

	38.413
	NG-RAN; NG Application Protocol (NGAP)
	RAN#xx
	Core part

	38.423
	NG-RAN; Xn application protocol (XnAP)
	RAN#xx
	Core part

	38.211
	NR; Physical channels and modulation
	RAN#xx
	Core part

	38.212
	NR; Multiplexing and channel coding
	RAN#xx
	Core part

	38.213
	NR; Physical layer procedures for control
	RAN#xx
	Core part


NOTE:	If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6	Work item Rapporteur(s)


7	Work item leadership
RAN2 (Primary)
RAN3, RAN1 (Secondary)

8	Aspects that involve other WGs
{Specify all the other WG(s) to be involved and, if specific, their task. E.g.: "SA2, SA3, SA5. CT6 for storage, and potentially SA4". If not applicable, indicate "None" or "None identified yet".} 
NOTE:	For RAN WIs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.
9	Supporting Individual Members

	Supporting IM name
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