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1. Introduction
As stated in [1], the objective of work item on NR Sidelink Relay is as follows, which specified solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
	[bookmark: _Hlk67323386]Work Item objectives on aspects common to both L2 and L3:
1. Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]
a. Re-use LTE relay discovery and (re)selection as baseline
2. Specify mechanisms for Relay and Remote UE authorization for L3 and L2 relaying [RAN3]
a. Re-use LTE as baseline
Work Item objectives specific to Layer-2 (L2) relaying:
3. Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
4. Specify mechanisms for service continuity 
a. Limited to intra-gNB cases [RAN2]
5. Specify mechanisms for U2N Adaptation layer design [RAN2]
a. For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
6. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]


We can see that RAN2 impacts cover the main part of the work item objectives, and some RAN3 aspects also need to be explored. In this paper, we will discuss the RAN3 issues for NR Sidelink Relay based on the RAN2 progress.
2. Discussion
2.1 Relay and Remote UE authorization
Note: This section is related to AI 23.2 and the corresponding CRs can be found there.
Related to the Relay and Remote UE authorization for L3 and L2 relaying, which is in the work item objectives, non-relay discovery and communication, i.e. 5G ProSe Direct Discovery, 5G ProSe Direct Communication, also should be authorized to support NR sidelink relay. That is, authorization information for ProSe service is needed. 
As SA2 specification [2] defined, if the UE is authorised to use 5G ProSe services, the AMF shall include in a NGAP message sent to NG-RAN: 
"5G ProSe authorised" information, including one or more of the following:
-	whether the UE is authorized to use 5G ProSe Direct Discovery;
-	whether the UE is authorized to use 5G ProSe Direct Communication;
-	whether the UE is authorized to act as a 5G ProSe Layer-2 UE-to-Network Relay;
-	whether the UE is authorized to act as a 5G ProSe Layer-3 UE-to-Network Relay;
-	whether the UE is authorized to act as a 5G ProSe Layer-2 Remote UE.
Therefore, the above authorization information should be included in related NGAP messages. Accordingly, a CR for TS 38.413 is provided.
Similarly, the 5G ProSe service authorization information should be added in the XnAP messages to propagate during mobility. Accordingly, the CR for TS 38.423 is provided 
Note that, no authorization for L3 remote UE is included in the current SA2 specification, so we can wait SA2 progress and add the Layer-3 Remote UE authorization information later on.
Proposal 1: Include the 5G ProSe service authorization information in the NGAP messages and XnAP messages.
The 5G ProSe service authorization information should be included in the F1AP messages to support sidelink relay in CU-DU split structure. The CR for TS 38.473 is provided.
Proposal 2: Include the 5G ProSe service authorization information in the F1AP messages. 
2.2 support of sidelink relay in CU-DU split structure
In the following, we discuss how to support NR sidelink relay in the CU-DU split structure, especially the CU and DU functions in the control plane.
2.2.1 Common issues for L2 and L3 relaying
First, we consider the common issues for L2 and L3 relaying, including resource pool configuration and relay discovery and (re)selection.
In Rel-16 for sidelink communication, the dedicated resource pool is provided by DU in the sidelink dedicated configuration procedure. Specifically, DU first determines resource pool parameters and includes them in the SL-PHY-MAC-RLC-Config IE. Then, DU sends the SL-PHY-MAC-RLC-Config IE to CU, by carrying it in the DU To CU RRC Information IE of F1AP messages. Finally, CU generates a RRC message towards UE, in which the SL-PHY-MAC-RLC-Config IE is included. Following the legacy, the dedicated resource pool for NR ProSe service can be provided by the DU, and DU send the configuration to CU in the DU To CU RRC Information IE.
Proposal 3: Dedicated Resource Pool for NR ProSe service is provided by DU, as legacy in Rel-16.
To facilitate the relay discovery and (re)selection, NG-RAN has to give the resource pool and thresholds for relay discovery. The thresholds are used by the Remote UE or the Relay UE to determine whether it can transmit Relay discovery messages. As specified in TS 23.304, an UE in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED is allowed to perform relay discovery. 
When the UE is in RRC_IDLE or RRC_INACTIVE, i.e., there is no dedicated RRC signalling available, the UE can get the parameters for relay discovery from pre-configuration or broadcast messages from the NG-RAN, e.g. system information for sidelink communication configuration. In this case, the parameters for relay discovery is determined by DU. 
In case the UE is in RRC_CONNECTED, it can receive the parameters for relay discovery from NG-RAN. In this case, CU can be responsible for determining the dedicated thresholds to be used in the relay discovery procedure of the UE. 
Proposal 4: Dedicated thresholds for relay discovery is determined by CU.
2.2.3 Support of L2 U2N relay
The protocol stack for L2 U2N relay is shown in Figure 1. The adaptation layer is supported at the Uu interface (between Relay UE and gNB) and the PC5 interface (between Relay UE and Remote UE) for both CP and UP. The adaptation layer is placed over the  RLC sublayer. The Uu SDAP/PDCP and RRC are terminated between Remote UE and gNB, while RLC, MAC and PHY are terminated in each link.


(a) Control Plane


(b) User plane
Figure 1. Protocol stack for L2 UE-to-Network Relay.

The Uu adaptation layer is introduced to support bearer mapping, namely the different end-to-end SRB/DRBs of the same remote UE or the different remote UE(s) can be multiplexed into the same Uu RLC channel of relay UE. To facilitate the multiplex and de-multiplex, Remote UE local ID and SRB/DRB ID should be included in Uu adaptation layer header of the data. Besides, it has been agreed in RAN2 #115 meeting that Remote UE local ID is allocated by gNB to identify a remote UE. 

Based on the protocol stack above, the following there issues has to be solved to support L2 UE-to-Network relay in CU-DU split structure:
· Issue 1: Which node should be responsible for allocating local ID of Remote UE, CU or DU?
· Issue 2: Which node should host the Uu adaptation layer?
· Issue 3: Which node is responsible for generating the adaptation layer configuration?
1. Uu RLC Channel setup for Remote UE SRB
Before Remote UE’s Initial access, Relay UE should prepare Uu RLC channel(s) to forward the SRB0/SRB1/SRB2 messages from Remote UE. The Uu RLC channel(s) can be configured when the first Remote UE connects to the Relay UE or the NG-RAN gets the "5G ProSe authorised" information of the Relay UE. 
Figure 2 shows the Uu RLC channel(s) setup procedure for Remote UE SRB when it is triggered by the arrival of the first Remote UE. First, the Relay UE sends an UL RRC message, e.g. SUI (Sidelink UE Information, pending RAN2 decision) message, to inform the NG-RAN. The Relay UE would transit to RRC_CONNECTED before RRC message transmission if it is in RRC_IDLE or RRC_INACTIVE state. In step 2, the DU forwards this to the CU. In step 3, CU transmits the SUI message to DU by carrying in the UE CONTEXT MODIFICATION REQUEST message, which indicates DU to configure Uu RLC channel(s) for relaying Remote UE’s SRB messages. Then, DU generates the Uu RLC channel configurations and sends them to the CU. The Uu RLC channel configurations can be included in a container of the UE CONTEXT MODIFICATION RESPONSE message, as shown in step 4. In step5 and 6, CU would generate the RRCReconfiguration message and sends the Uu RLC channel configurations to the Relay UE. In these steps there is (so far) no impact on F1AP.

[image: ]
Figure 2. Uu RLC channel(s) setup procedure for Remote UE SRB.

Proposal 5: DU configures RLC channel(s) for relaying Remote UE’s SRB messages, before Remote UE’s Initial access.
2. Allocation of Remote UE local ID
Before Remote UE’s Initial access, another thing Relay UE should prepare is the local ID of Remote UE. The Relay UE sends an UL RRC message, e.g., SUI message, to request the NG-RAN to allocate the local ID, in which L2 ID or S-TMSI of the Remote UE is contained. The choice of which node is used to determine the Remote UE local ID will influence the scope of the allocated ID. If the CU allocates it, the local ID can uniquely identify a Remote UE in the scope of gNB-CU. If DU allocates it, the local ID can be unique only in the scope of the Relay UE. Figure 3 shows the local ID allocation procedures for these two options. The red part is for the case when the local ID is allocated by the CU, while the blue part is for the case when the local ID is allocated by the CU.
[image: ]
Figure 3. Remote UE local ID allocation.

The scope of local ID is FFS in RAN2, thus we can wait for RAN2 agreement to decide this issue. 
Proposal 6: Wait for RAN2 agreement to decide which node should response for allocating local ID of Remote UE.
3. Adaptation layer configurations
Similar to the IAB design, we propose to host the Uu adaptation layer at the DU. Besides, if Uu adaptation layer is at CU, the DU would not be able to differentiate Remote UE’s data from the Uu RLC channel, in which multiple DRBs from different Remote UEs are multiplexed. As a consequence, the radio bearers of different Remote UE is multiplexed over the F1 interface, and carried in the GTP tunnel of the Relay UE.
Proposal 7: The Uu adaptation layer is hosted at DU.
In Layer-2 Sidelink Relay, the adaptation layer configuration includes the mapping between the Remote UE local ID, DRB ID and Uu RLC channel(s)/PC5 RLC channel(s). Besides, in Rel-16, the PC5 RLC bearer is configured by DU. It is straightforward that the node hosting the protocol layer is responsible for the corresponding configuration, thus we use DU to generate adaptation layer configuration.
Proposal 8: DU is responsible for generating the adaptation layer configuration.
Based on proposal 7 and 8, we illustrate the Remote UE’s initial access procedure as shown in Figure 4. 
In step 2, the gNB-DU transfer the initial RRC message of Remote UE in the INITIAL UL RRC MESSAGE TRANSFER message and establish the Remote UE-associated logical F1-connection. The gNB-DU UE F1AP ID of Relay UE should be included, as the CU need to know which Relay UE serves this Remote UE. 
Proposal 9: DU includes Relay UE’s gNB-DU UE F1AP ID in Remote UE’s initial UL RRC MSG transfer.
In step 7 and 9, Remote UE’s UE context is setup. In step 7, CU requests DU to generate the adaptation layer configurations, including the PC5 adaptation layer and Uu adaptaion layer. In step 9, DU carries the adaptation layer configurations in the response message. The configurations can be carried in the DU To CU RRC Information using a new or existing container defined in RAN2 (pending RAN2 discussion). In step 12, CU generates the RRCReconfiguration message which contains the adaptation layer configuration for the Remote UE, and encapsulates it in the DL RRC MESSAGE TRANSFER message. In step a1 (may be performed in parallel) CU generate the RRCReconfiguration message containing the adaptation layer configuration for the Relay UE, and delivers it in the DL RRC MESSAGE TRANSFER message. 
[image: ]
[bookmark: _GoBack]Figure 4. 5G ProSe Layer-2 Remote UE’s Initial Access procedure
Proposal 10: The detailed adaptation layer configurations (to be defined by RAN2) can be carried in a container, e.g., DU To CU RRC Information IE, of a F1AP message.

3. Conclusion
Based on the above discussion, we have the following proposes:
Proposal 1: Include the 5G ProSe service authorization information in the NGAP messages and XnAP messages.
Proposal 2: Include the 5G ProSe service authorization information in the F1AP messages. 
Proposal 3: Dedicated Resource Pool for NR ProSe service is provided by DU, as legacy in Rel-16.
Proposal 4: Dedicated thresholds for relay discovery is determined by CU.
Proposal 5: DU configures RLC channel(s) for relaying Remote UE’s SRB messages, before Remote UE’s Initial access.
Proposal 6: Wait for RAN2 agreement to decide which node should response for allocating local ID of Remote UE.
Proposal 7: The Uu adaptation layer is hosted at DU.
Proposal 8: DU is responsible for generating the adaptation layer configuration.
Proposal 9: DU includes Relay UE’s gNB-DU UE F1AP ID in Remote UE’s initial UL RRC MSG transfer
Proposal 10: The detailed adaptation layer configurations (to be defined by RAN2) can be carried in a container, e.g., DU To CU RRC Information IE, of a F1AP message.
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5. Text Proposal
------------------------------------------------------------------- START of TP-----------------------------------------------------------
[bookmark: _Toc20955804][bookmark: _Toc29892898][bookmark: _Toc36556835][bookmark: _Toc45832225][bookmark: _Toc51763405][bookmark: _Toc64448568][bookmark: _Toc66289227][bookmark: _Toc74154340][bookmark: _Toc81383084]8.4	RRC Message Transfer procedures
[bookmark: _Toc20955805][bookmark: _Toc29892899][bookmark: _Toc36556836][bookmark: _Toc45832226][bookmark: _Toc51763406][bookmark: _Toc64448569][bookmark: _Toc66289228][bookmark: _Toc74154341][bookmark: _Toc81383085]8.4.1	Initial UL RRC Message Transfer
[bookmark: _Toc20955806][bookmark: _Toc29892900][bookmark: _Toc36556837][bookmark: _Toc45832227][bookmark: _Toc51763407][bookmark: _Toc64448570][bookmark: _Toc66289229][bookmark: _Toc74154342][bookmark: _Toc81383086]8.4.1.1	General
The purpose of the Initial UL RRC Message Transfer procedure is to transfer the initial RRC message to the gNB-CU. The procedure uses non-UE-associated signaling.
[bookmark: _Toc20955807][bookmark: _Toc29892901][bookmark: _Toc36556838][bookmark: _Toc45832228][bookmark: _Toc51763408][bookmark: _Toc64448571][bookmark: _Toc66289230][bookmark: _Toc74154343][bookmark: _Toc81383087]8.4.1.2	Successful operation
[bookmark: _MON_1561451001]
Figure 8.4.1.2-1: Initial UL RRC Message Transfer procedure.
The establishment of the UE-associated logical F1-connection shall be initiated as part of the procedure.
If the DU to CU RRC Container IE is not included in the INITIAL UL RRC MESSAGE TRANSFER, the gNB-CU should reject the UE under the assumption that the gNB-DU is not able to serve such UE. If the gNB-DU is able to serve the UE, the gNB-DU shall include the DU to CU RRC Container IE and the gNB-CU shall configure the UE as specified in TS 38.331 [8]. The gNB-DU shall not include the ReconfigurationWithSync field in the CellGroupConfig IE as defined in TS 38.331 [8] of the DU to CU RRC Container IE.
If the SUL Access Indication IE is included in the INITIAL UL RRC MESSAGE TRANSFER, the gNB-CU shall consider that the UE has performed access on SUL carrier.
If the RRC-Container-RRCSetupComplete IE is included in the INITIAL UL RRC MESSAGE TRANSFER, the gNB-CU shall take it into account as specified in TS 38.401 [4].
If the gNB-DU UE F1AP ID of Relay UE IE is included in the INITIAL UL RRC MESSAGE TRANSFER, the gNB-CU shall consider that the UE is a NR ProSe Layer-2 Remote UE connected to the indicated Relay UE.
-------------------------------------------------------------NEXT CHANGE -------------------------------------------------------------
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9.2.3.1	INITIAL UL RRC MESSAGE TRANSFER
This message is sent by the gNB-DU to transfer the initial layer 3 message to the gNB-CU over the F1 interface.
Direction: gNB-DU gNB-CU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	NR CGI
	M
	
	9.3.1.12
	NG-RAN Cell Global Identifier (NR CGI)
	YES
	reject

	C-RNTI
	M
	
	9.3.1.32
	C-RNTI allocated at the gNB-DU
	YES
	reject

	RRC-Container
	M
	
	9.3.1.6
	Includes the UL-CCCH-Message IE or UL-CCCH1-Message IE as defined in subclause 6.2 of TS 38.331 [8].
	YES
	reject

	DU to CU RRC Container
	O
	
	OCTET STRING 
	CellGroupConfig IE as defined in subclause 6.3.2 in TS 38.331 [8]. Required at least to carry SRB1 configuration. The ReconfigurationWithSync field is not included in the CellGroupConfig IE.
	YES
	reject

	SUL Access Indication
	O
	
	ENUMERATED (true, ...)
	
	YES
	ignore

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	Ignore

	RAN UE ID
	O
	
	OCTET STRING (SIZE (8))
	
	YES
	ignore

	RRC-Container-RRCSetupComplete
	O
	
	9.3.1.6
	Includes the UL-DCCH-Message IE including the RRCSetupComplete message, as defined in subclause 6.2 of TS 38.331 [8].
	YES
	ignore

	gNB-DU UE F1AP ID of Relay UE
	O
	
	9.3.1.5
	
	YES
	reject



--------------------------------------------------------------------END of TP---------------------------------------------------------------
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