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0. Introduction
This contribution provides summary of offline discussion on NR Sidelink Multi-hop Relay.
1. For the Chairman’s Notes

Propose the following:

Agreements:
Reuse the Peer UE ID IE as counterpart information with the update for the semantics description.
WA: RAN3 supports that the remote UE local ID uniquely identifies a multi-hop remote UE within the last relay UE.
FFS:

FFS whether the same PC5 RLC channel ID can be allocated toward the parent UE and child UE.
FFS whether upon the reception of the RRCSetupRequest message, the gNB-DU needs to know that which Relay UE is the First Relay UE of the U2N Remote UE to configure lower layer configuration of Remote UE’s SRB1.

FFS whether to enhance the F1 signaling to support the multiplexing of PC5 Relay RLC channel is needed can be further discussed in next meeting.
Propose to agree: 

· TP for TS 38.401 in R3-253826 (revision of R3-253399, Nokia, Nokia Shanghai Bell)
· Remove the following Editor’s Notes

· Editor’s Note: The definition of terminologies related to the Multi-hop relay operation is pending to RAN2 progress.

· Editor’s Note: Current signaling flows are based on the agreements that the intermediate Relay UE is in RRC_CONNECTED state. Whether the intermediate Relay UE in RRC_IDLE/RRC_INACTIVE state is supported or not is pending to RAN2.

· Editor’s Note: FFS whether the gNB-DU UE F1AP IDs of the U2N First Relay UE and the U2N Intermediate Relay UE are included in the INITIAL UL RRC MESSAGE TRANSFER message.

· Editor’s Note: FFS whether and how the gNB-DU becomes aware that the U2N Remote UE is connected to the gNB-DU via the U2N First Relay UE, the U2N Intermediate Relay UE and U2N Last Relay UE.

· Change the following Editor’s Notes into the Notes.

· Editor’s Note: FFS whether Step 18 can be performed earlier, e.g., via Steps 6-13.

· Editor’s Note: FFS whether this step may be performed earlier.

· Capture the definition of the following terminologies based on RAN2 running CR

· First U2N Relay UE

· Intermediate U2N Relay UE

· Last U2N Relay UE
· Add the following description “The single-hop relay protocol stack can be applicable to the multi-hop relay case with additional intermediate Relay UEs.”

· TP for TS 38.473 in R3-253827 (revision of R3-253448, CATT)
· Capture the definition of the following terminologies based on RAN2 running CR with Editor’s NOTE

· Child UE 
· First U2N Relay UE 

· Intermediate U2N Relay UE

· Last U2N Relay UE
· Parent UE
· The definition of U2N Relay UE should be aligned with RAN2 running CR

· Update the semantics description of the Peer UE ID IE to cover the MH relay case

· TP for TS 38.470 in R3-253828 (revision of R3-253740, ZTE)
2. Control Plane Procedure for Multi-hop Relay
2.1 Counterpart information
In RAN3 #127bis meeting, RAN3 made the following working assumption on the counterpart information.
· WA: Reuse the Peer UE ID IE as counterpart information.
Regarding this issue, [1][3][9][12] propose to turn the WA into the agreement. However, in [7][14], it is proposed to introduce a new indication to indicate a configured PC5 RLC channel towards a parent UE (Upstream) or child UE (Downstream).
From ZTE in [7],
	PC5 RLC Channel to Be Setup List
	
	0..1
	
	
	YES
	reject

	>PC5 RLC Channel to be Setup Item IEs
	
	1 .. <maxnoofPC5RLCChannels>
	
	
	-
	

	>>PC5 RLC Channel ID
	M
	
	9.3.1.265
	
	-
	

	>>Remote UE Local ID
	O
	
	9.3.1.267
	
	-
	

	>>CHOICE PC5 RLC Channel QoS Information
	M
	
	
	
	-
	

	>>>PC5 RLC Channel QoS
	
	
	
	
	
	

	>>>>PC5 RLC Channel QoS
	M
	
	QoS Flow Level QoS Parameters

9.3.1.45 
	
	-
	

	>>>PC5 Control Plane Traffic Type
	
	
	
	
	
	

	>>>>PC5 Control Plane Traffic Type
	M
	
	ENUMERATED(SRB1, SRB2, …)
	This IE indicates the type of SRB conveyed via the PC5 Relay RLC Channel.
	-
	

	>>>U2U RLC Channel QoS
	
	
	
	
	YES
	reject

	>>>>U2U RLC Channel QoS
	M
	
	PC5 QoS Parameters

9.3.1.122
	
	-
	

	>>RLC Mode
	M
	
	9.3.1.27
	
	-
	

	>>Peer UE ID
	O
	
	BIT STRING (SIZE(24))
	Corresponds to information provided in the sl-DestinationIdentityL2-U2U contained in the SL-TxResourceReqL2-U2U IE, defined in TS 38.331 [8].

This IE is included if the gNB-CU UE F1AP ID and/or gNB-DU UE F1AP ID are associated with a L2 U2U Remote UE or L2 U2U Relay UE.
	YES
	reject

	>>Counterpart Information
	O
	
	ENUMERATED(Parent UE, Child UE, …)
	Indicates the counterpart of the PC5 Relay RLC channel towards a Parent UE or a Child UE for Remote UE.
	YES
	ignore

	PC5 RLC Channel to Be Modified List
	
	0..1
	
	
	YES
	reject


Considering the support of the majority, it is proposed to reuse the Peer UE ID IE. In addition, the existing Peer UE ID IE is introduced only for the Rel-18 single-hop U2U relay operation. Therefore, the semantics description needs to be updated to cover the Rel-19 multi-hop U2N relay operation. In addition, since the PC5 Relay RLC channel between the First Relay UE and U2N Remote UE is uniquely associated with one U2N Remote UE, the Peer UE ID IE is only included if the gNB-CU UE F1AP ID and/or gNB-DU UE F1AP ID are associated with a L2 U2N Relay UE in the U2N multi-hop relay operation.
Proposal 1: Reuse the Peer UE ID IE as counterpart information with the update for the semantics description.
Proposal 1a: The Peer UE ID IE is only included if the gNB-CU UE F1AP ID and/or gNB-DU UE F1AP ID are associated with a U2N Relay UE in the U2N multi-hop relay operation.
In [3], the followings are also proposed:

· Add Peer UE ID IE in PC5 RLC Channel to be Modified/Released List in F1AP UE CONTEXT MODIFICATION REQUEST message

· Add Peer UE ID IE in PC5 RLC channel related lists in F1AP UE CONTEXT MODIFICATION RESPONSE/REQUIRED/CONFIRM message

Proposal 2: Add Peer UE ID IE in PC5 RLC Channel to be Modified/Released List in F1AP UE CONTEXT MODIFICATION REQUEST message.

Proposal 3: Add Peer UE ID IE in PC5 RLC channel related lists in F1AP UE CONTEXT MODIFICATION RESPONSE/REQUIRED/CONFIRM message.

Whether the same PC5 RLC channel ID can be allocated toward the parent UE and child UE
2.2 DU awareness of MH relay
According to TS 38.473, the sidelink configuration container in the INITIAL UL RRC MESSAGE TRANSFER message contains the PC5 Relay RLC channel configuration for Remote UE’s SRB1. In Rel-19 Multi-hop Relay, this information is the configuration for the PC5 Relay RLC channel between Remote UE and First Relay UE (i.e., first PC5 link). 
Observation 1: In Rel-19 Multi-hop Relay, the gNB-DU includes the configuration for the PC5 Relay RLC channel between Remote UE and First Relay UE in the INITIAL UL RRC MESSAGE TRANSFER message.
Therefore, in [1], it is proposed to agree that the gNB-DU needs to know which Relay UE is the First Relay UE of the Remote UE when receiving the RRCSetupRequest message of the Remote UE.

Proposal 4: 
FFS whether upon the reception of the RRCSetupRequest message, the gNB-DU needs to know that which Relay UE is the First Relay UE of the U2N Remote UE to configure lower layer configuration of Remote UE’s SRB1. 

In current BL CR to TS 38.401, the following Editor’s Note is related to the gNB-DU’s awareness on the multi-hop relay operation.

· FFS whether and how the gNB-DU becomes aware that the U2N Remote UE is connected to the gNB-DU via the U2N First Relay UE, the U2N Intermediate Relay UE and U2N Last Relay UE

Since each UE is connected to the gNB in sequence, some companies in [1][4][7][9] think that the gNB-DU can check whether the RRC message is delivered via the multi-hop relay, based on the Remote UE Local ID. Therefore, this FFS can be removed.
Proposal 5: The following FFS can be removed in the BL CR to TS 38.401.
· FFS whether and how the gNB-DU becomes aware that the U2N Remote UE is connected to the gNB-DU via the U2N First Relay UE, the U2N Intermediate Relay UE and U2N Last Relay UE.

2.3 CU awareness of MH relay
In current BL CR to TS 38.401, the following Editor’s Note is related to the gNB-CU’s awareness on the multi-hop relay operation.

· FFS whether the gNB-DU UE F1AP IDs of the U2N First Relay UE and the U2N Intermediate Relay UE are included in the INITIAL UL RRC MESSAGE TRANSFER message

From the gNB-CU’s point of view, each UE is connected to the gNB in sequence. That is, the gNB-CU already knows that the Intermediate Relay UE in RRC_CONNECTED is connected to the gNB via the Last Relay UE. Upon reception of the SidelinkUEInformationNR message from the Intermediate Relay UE, the gNB-CU becomes aware that the First Relay UE is connected to the gNB via the Intermediate Relay UE and the Last Relay UE. Similarly, when the First Relay UE in RRC_CONNECTED sends its own SidelinkUEInformationNR message to the gNB-CU, the gNB-CU becomes aware that the Remote UE is connected to the gNB via the First Relay UE, the Intermediate Relay UE and the Last Relay UE. Therefore, there is no need to provide the gNB-DU UE F1AP IDs of the First Relay UE and Intermediate Relay UE(s) to the gNB-CU in the INITIAL UL RRC MESSAGE TRANSFER message. Therefore, this FFS can be removed.

Proposal 6: The gNB-CU is aware that the Remote UE is connected to the gNB via the multi-hop relays.
Proposal 6a: The following FFS can be removed in the BL CR to TS 38.401.
· FFS whether the gNB-DU UE F1AP IDs of the U2N First Relay UE and the U2N Intermediate Relay UE are included in the INITIAL UL RRC MESSAGE TRANSFER message.

2.4 TP for 38.470
In [15], it is proposed to capture the description related to the counterpart information into the BL CR to TS 38.470 as follows:

----------------Start of Change---------------
5.2.3
F1 UE context management function

The F1 UE context management function supports the establishment and modification of the necessary overall UE context.

<<<<<<<<<<<<<<<omitted>>>>>>>>>>>>>>>>>>>>>
In addition, for IAB-nodes and IAB-donors:

-
The F1 UE context management function is used for managing BH RLC channels, i.e. establishing, modifying and releasing BH RLC channel resources. The establishment of BH RLC channels is triggered by the IAB-donor-CU. The establishment and modification is accepted/rejected by the IAB-node’s parent, based on e.g. resource reservation information and QoS information provided to the IAB-node’s parent.

-
The DRB QoS profile framework is reused for BH RLC channels carrying DRBs. Prioritization of traffic on the F1-C interface is based on traffic type (e.g. UE-associated F1AP signalling, non-UE-associated F1AP signalling) and is enforced in the IAB-donor-DU and in IAB-nodes, considering that the traffic on the F1-C interface has higher priority than other traffic; in-sequence delivery over the signaling connection is always ensured.

-
The IAB-donor-CU associates each BH RLC channel carrying control plane traffic with one of the signaled control plane traffic type values.

For L2 U2N Relay:

-
The F1 UE context management function is used for managing Uu Relay RLC channels and PC5 Relay RLC channels for L2 U2N relay, i.e. establishing, modifying and releasing Uu Relay RLC channel and PC5 Relay RLC channel resources. The establishment of Uu Relay RLC channels and PC5 Relay RLC channels are triggered by the gNB-CU. The establishment and modification is accepted/rejected by the gNB-DU based on resource reservation information and QoS information provided to the gNB-DU. The modification of Uu/PC5 Relay RLC channels can be triggered by the gNB-CU or the gNB-DU.

-
The gNB-CU determines the QoS for the PC5 Relay RLC channel and the QoS for the Uu Relay RLC channel based on the received QoS profile for the L2 U2N Remote UE, and provides the QoS information to the gNB-DU. In multi-hop L2 U2N Relay, the gNB-CU determines the QoS for the PC5 Relay RLC channels over each PC5 hop among U2N Remote UE, Intermediate U2N Relay UE(s) and Last U2N Relay UE, and the QoS for the Uu Relay RLC channel, based on the received QoS profile for the U2N Remote UE. The gNB-CU provides the determined QoS information to the gNB-DU. For the PC5 Relay RLC channel between the Intermediate U2N Relay UE and child/parent Relay UE, the gNB-CU provides the counterpart information of the PC5 Relay RLC channel to the gNB-DU.
-
The gNB-CU configures the gNB-DU about the SRB(s)/DRB(s) to Uu Relay RLC channel(s) mapping, which is used by the gNB-DU to perform data transfer of L2 U2N Remote UE. The mapping between DRB and Uu Relay RLC channel is configured at the granularity of GTP-U tunnel.

-
     The gNB-CU is responsible for the local ID allocation and update for L2 U2N Remote UE.

----------------End of Change---------------
Proposal 7: Agree the TP to TS 38.470 in [15].
2.5 TP for TS 38.401
The follows can be captured into the TP for TS 38.401:
· Remove the following Editor’s Notes

· Editor’s Note: The definition of terminologies related to the Multi-hop relay operation is pending to RAN2 progress.
· Editor’s Note: Current signaling flows are based on the agreements that the intermediate Relay UE is in RRC_CONNECTED state. Whether the intermediate Relay UE in RRC_IDLE/RRC_INACTIVE state is supported or not is pending to RAN2.
· Based on RAN2 agreement
· Editor’s Note: FFS whether the gNB-DU UE F1AP IDs of the U2N First Relay UE and the U2N Intermediate Relay UE are included in the INITIAL UL RRC MESSAGE TRANSFER message. 
· If agreeable during offline discussion

· Editor’s Note: FFS whether and how the gNB-DU becomes aware that the U2N Remote UE is connected to the gNB-DU via the U2N First Relay UE, the U2N Intermediate Relay UE and U2N Last Relay UE.
· If agreeable during offline discussion

· Change the following Editor’s Notes into the Notes.

· Editor’s Note: FFS whether Step 18 can be performed earlier, e.g., via Steps 6-13.

· Editor’s Note: FFS whether this step may be performed earlier.

· Capture the definition of the following terminologies based on RAN2 running CR
· First U2N Relay UE
· Intermediate U2N Relay UE

· Last U2N Relay UE
2.6 TP for TS 38.473

The follows can be captured into the TP for TS 38.473:

· Capture the definition of the following terminologies based on RAN2 running CR

· Child UE 
· First U2N Relay UE 
· Intermediate U2N Relay UE

· Last U2N Relay UE
· Parent UE
· The definition of U2N Relay UE should be aligned with RAN2 running CR

· Update the semantics description of the Peer UE ID IE to cover the MH relay case
· If agreeable during offline discussion
2.7 Multiplexing of PC5 Relay RLC channel
In RAN2 running CR to TS 38.300, it seems that the RBs of different U2N Remote UEs can be mapped into the same PC5/Uu Relay RLC channel in PC5 hop and Uu hop as follows:
	R2-2503088:

…
16.12.2.1
L2 UE-to-Network Relay

The protocol stacks for the user plane and control plane of single-hop L2 U2N Relay architecture are illustrated in Figure 16.12.2.1-1 and Figure 16.12.2.1-2. The protocol stacks for the user plane and control plane of multi-hop L2 U2N Relay architecture are illustrated in Figure 16.12.2.1-3 and Figure 16.12.2.1-4. The SRAP sublayer is placed above the RLC sublayer for both CP and UP at both PC5 interface and Uu interface. The Uu SDAP, PDCP and RRC are terminated between L2 U2N Remote UE and gNB, while SRAP, RLC, MAC and PHY are terminated in each hop (i.e., the link between L2 U2N Remote UE and the L2 U2N Relay UE, the link between L2 U2N Relay UEs, and the link between L2 U2N Relay UE and the gNB).

For L2 U2N Relay, the SRAP sublayer over PC5 hop is only for the purpose of bearer mapping. The SRAP sublayer is not present over PC5 hop for relaying the L2 U2N Remote UE's message on BCCH and PCCH. For L2 U2N Remote UE's message on SRB0, the SRAP header is not present over PC5 hop, but the SRAP header is present over Uu hop for both DL and UL.
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Figure 16.12.2.1-1: User plane protocol stack for single-hop L2 UE-to-Network Relay
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Figure 16.12.2.1-2: Control plane protocol stack for single-hop L2 UE-to-Network Relay
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Figure 16.12.2.1-3: User plane protocol stack for multi-hop L2 UE-to-Network Relay
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Figure 16.12.2.1-4: Control plane protocol stack for multi-hop L2 UE-to-Network Relay
For L2 U2N Relay, for uplink:

-
The Uu/PC5 SRAP sublayer at the U2N Relay UE performs UL bearer mapping between end-to-end Uu Radio Bearers of L2 U2N remote UE (identified for the purposes of this mapping by the local Remote UE ID and an associated bearer ID) and egress Uu/PC5 Relay RLC channels over the L2 U2N Relay UE Uu/PC5 interface. For uplink relaying traffic, the different end-to-end Uu Radio Bearers (SRBs or DRBs) of the same L2 U2N Remote UE and/or different L2 U2N Remote UEs can be multiplexed over the same egress Uu/PC5 Relay RLC channel;

-
The Uu/PC5 SRAP sublayer at the U2N Relay UE supports L2 U2N Remote UE identification for the UL traffic. The identity information of L2 U2N Remote UE end-to-end Uu Radio Bearer and a local Remote UE ID are included in the Uu SRAP header at UL in order for gNB to correlate the received packets for the specific PDCP entity associated with the right end-to-end Uu Radio Bearer of the L2 U2N Remote UE;

-
The PC5 SRAP sublayer at the L2 U2N Remote UE supports UL bearer mapping between L2 U2N Remote UE end-to-end Uu Radio Bearers and egress PC5 Relay RLC channels.

For L2 U2N Relay, for downlink:

-
The Uu/PC5 SRAP sublayer at the U2N Relay UE performs DL bearer mapping at gNB to map end-to-end Uu Radio Bearer (SRB, DRB) of L2 U2N Remote UE (identified for the purposes of this mapping by the local Remote UE ID and an associated bearer ID) into Uu/PC5 Relay RLC channel. The Uu/PC5 SRAP sublayer at the U2N Relay UE performs DL bearer mapping and data multiplexing between multiple end-to-end Radio Bearers (SRBs or DRBs) of a L2 U2N Remote UE and/or different L2 U2N Remote UEs and one Uu Relay RLC channel over the L2 U2N Relay UE Uu/PC5 interface;

-
The Uu/PC5 SRAP sublayer at the U2N Relay UE supports L2 U2N Remote UE identification for DL traffic. The identity information of L2 U2N Remote UE end-to-end Uu Radio Bearer and a local Remote UE ID are included into the Uu SRAP header by the gNB at DL for the L2 U2N Relay UE to identify the corresponding end-to-end Uu Radio Bearer(s) of L2 U2N Remote UE;

-
The PC5 SRAP sublayer at the L2 U2N Relay UE performs DL bearer mapping between end-to-end Uu Radio Bearers of L2 U2N remote UE and egress PC5 Relay RLC channels;

-
The PC5 SRAP sublayer at the L2 U2N Remote UE correlates the received packets with the right PDCP entity associated with the given end-to-end Uu Radio Bearer of the L2 U2N Remote UE based on the identity information included in the PC5 SRAP header.

A local Remote UE ID is included in both PC5 SRAP header and Uu SRAP header. L2 U2N Relay UE is configured by the gNB with the local Remote UE ID(s) to be used in SRAP header. L2 U2N Remote UE obtains the local Remote ID from the gNB via Uu RRC messages including RRCSetup, RRCReconfiguration, RRCResume and RRCReestablishment.

The end-to-end DRB(s) or end-to-end SRB(s), except SRB0, of L2 U2N Remote UE can be multiplexed to the PC5 Relay RLC channels and Uu Relay RLC channels in both PC5 hop and Uu hop, but an end-to-end DRB and an end-to-end SRB can neither be mapped into the same PC5 Relay RLC channel nor be mapped into the same Uu Relay RLC channel.
It is the gNB responsibility to avoid collision on the usage of local Remote UE ID. The gNB can update the local Remote UE ID by sending the updated local Remote UE ID via RRCReconfiguration message. The serving gNB can perform local Remote UE ID update independent of the PC5 unicast link L2 ID update procedure.

…


In [1], it is proposed to discuss whether the gNB-CU indicates to the gNB-DU that the existing PC5 Relay RLC channel is also used for a new Remote UE. According to Proposal 4, upon the reception of the RRCSetupRequest message, the gNB-DU should know that which Relay UE is the First Relay UE of the Remote UE. Therefore, even though the gNB-CU decides to reuse the existing PC5 Relay RLC channel to a new Remote UE, it needs to provide the Local ID for the new Remote UE to the gNB-DU. Also, it is possible that one of the U2N Remote UEs mapped to the same PC5 Relay RLC channel is deleted due to e.g., the UE inactivity or the remapping to other PC5 Relay RLC channel. Therefore, it is also needed to introduce a new IE to indicate to the gNB-DU the Remote UE Local ID to delete.
Proposal 8:. Whether to enhance the F1 signaling to support the multiplexing of PC5 Relay RLC channel is needed can be further discussed in next meeting.
Proposal 9: The gNB-CU includes the Remote UE Local ID to Add IE (i.e., local ID for a new U2N Remote UE) to the PC5 RLC Channel to Be Modified List IE in the UE CONTEXT MODIFICATION REQUEST message to indicate that the existing PC5 Relay RLC channel is used for a new U2N Remote UE.

Proposal 9a: The gNB-CU includes the Remote UE Local ID to Delete IE to the PC5 RLC Channel to Be Modified List IE in the UE CONTEXT MODIFICATION REQUEST message to indicate that the PC5 Relay RLC channel is no longer used for the U2N Remote UE.
2.8 Protocol stack for MH relay
In [4], it is proposed to capture the protocol stack for the MH relay as follows:
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Figure 6.1.6-x1: User plane protocol stack for multi-hop L2 UE-to-Network Relay
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Figure 6.1.6-x2: Control plane protocol stack for multi-hop L2 UE-to-Network Relay

However, in F1 interface, there is no difference between the Rel-17 single hop relay and Rel-19 multi-hop relay. Therefore, there is no need to capture this protocol stack in TS 38.401.

Proposal 10: No need to capture the protocol stack for MH relay in TS 38.401.
Add one sentence in BL CR to TS 38.401 “ the single-hop relay protocol stack can be applicable to the multi-hop relay case with additional intermediate Relay UEs.”
2.9 Local ID uniqueness
In [5], it is proposed to send a LS to RAN2 to clarify the uniqueness of the remote UE local ID as follows:

From Huawei [5],

	From RAN3 perspective, the uniqueness of the remote UE local ID would impact the RAN3 spec and would also limit the maximum number of remote UEs connected to the network. 

The available options are:

Option 1. The remote UE local ID uniquely identifies a multi-hop remote UE within the serving cell.

Option 2. The remote UE local ID uniquely identifies a multi-hop remote UE within the last relay UE. 

Option 3. The remote UE local ID uniquely identifies a multi-hop remote UE within the first relay UE.

RAN3 considers option1 as too limiting and concluded that option2 is currently supported in the Rel-18 SL relay. RAN3 considers option3 feasible and would like to ask RAN2 whether there are any obstacles in supporting option3, since this would allow maximize the flexibility regarding the number of remote UEs connected to the network. 


RAN2 already agreed to reuse the single-hop relay mechanism to support the Local ID allocation for multi-hop relay. Also, the uniqueness of the local ID within the cell is assumed to be guaranteed by the gNB by implementation. Hence, there is no need to send a LS to RAN2 for this issue.
Proposal 11: No need to send a LS to RAN2 for uniqueness of Local ID.
WA: RAN3 supports the remote UE local ID uniquely identifies a multi-hop remote UE within the last relay UE.
If needed, we send a LS to RAN2 for this issue.
2.10 Bulk multi-hop relay configuration
In [8], it is proposed to introduce the bulk multi-hop relay configuration procedure. However, RAN2 already agreed that in this release, Approach 1 is only supported. In other words, all Relay UEs should be in RRC_CONNECTED state. The Relay UE in RRC_INACITVE/IDLE cannot forward the RRC message of the child UE to the parent UE.
Proposal 12: Bulk multi-hop relay configuration is not pursued in this release.

3. Conclusion
To be updated…
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